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Introduction: mHealth technologies offer promising solutions to reduce the incidence of falls among older adults. Unfortunately, publications on their application to Low-Middle Income Countries (LMIC) settings have not been collectively examined.



Methods: A triadic research design involving bibliometrics, network analysis, and model-based integrative review was conducted to process articles (n = 22) from 629 publications extracted from major databases using keywords related to mHealth, falls prevention, and LMIC. The web-based application Covidence and stand-alone VosViewer software were used to process data following previously published review standards.



Results: Published articles in the field feature multidisciplinary authorships from multiple scholars in the domains of health and technology. Network analysis revealed the most prominent stakeholders and keyword clusters related to mHealth technology features and applications in healthcare. The papers predominantly focused on the development of mHealth technology, usability, and affordances and less on the physiologic and sociologic attributes of technology use. mHealth technologies in low and middle-income countries are mostly smartphone-based, static, and include features for home care settings with fall detection accuracy of 86%–99.62%. Mixed reality-based mobile applications have not yet been explored.



Conclusion: Overall, key findings and information from the articles highlight a gradually advancing research domain. Outcomes reinforce the need to expand the focus of mHealth investigations to include emerging technologies, update current technology models, create a more human-centered technology design, test mHealth technologies in the clinical setting, and encourage continued cooperation between and among researchers from various fields and environments.
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1 Introduction

The world is rapidly aging at an unprecedented rate, with declining fertility and mortality rates compared to previous years (1, 2). By 2050, the older adult population will comprise 22% of the global population, and 80% can be found in low- and middle-income countries (LMICs) (2, 3). Despite heightened efforts to increase healthcare investments, LMICs continue to struggle with vulnerable and resource-constrained health and social care systems in supporting the health of the aging population to maintain optimum health while reducing age-related challenges and physical decline (4, 5).

In the older adult population, falls remain a significant public health concern globally (6). A fall is described as an event causing a person to come to rest accidentally on the ground, floor, or similar lower level (7, 8). Its high prevalence in the demographic stems from several predisposing factors, such as advancing age, fear of falling, reduced mobility, and gait problems (9, 10). These conditions adversely affect health, leading to disability and even mortality (11, 12). About 28%–35% of older adults experience falls each year globally (13, 14), making it a challenging global health emergency (6, 15, 16).

Interestingly, it was discovered that older adults residing in LMICs are more susceptible to falls, given the lack of accessible facilities and treatment for chronic conditions that increase the risk for falls (17, 18). In the Philippines, for example, about 18% of older adults experience falls due to lack of proper guidance, unconducive living situations, impaired functional status, presence of physical pain, and limited mobility and strength (6).

The incidence of falls is considered preventable (19) through early assessment and effective interventions such as determination of fall risk factors (20, 21), assessment of the risk for fall-related injuries (22), and alleviation of the fear of falling (23). Prevention methods are considered the pillars of fall management, encompassing targeted physical activities such as balance training (24) and physical therapy exercises (25). Health promotion through fall education (26) and environmental modifications such as smart devices installed at homes (27, 28) or attached to bodies (29, 30) to monitor the health of individuals at risk are some emerging solutions to address fall incidence. In addition, there are also multifactorial interventions (31) such as medication management (32), psychological interventions (33), and assistive devices (34, 35). Fall prevention management strategies must be research-based (36) and integrated with technology to address fall-related challenges effectively (37).

One promising and emerging solution to address fall incidences among community-dwelling older adults is using mobile devices (mHealth) to deliver effective healthcare services to patients remotely (38, 39). mHealth encompasses various remote healthcare processes, services, and technologies, including telemedicine (40), medication adherence (41), fitness (42), and gero-technologies for fall detection and prevention (43–46). Due to their popularity, especially in LMICs, mobile phone or smartphone applications are typically used in mHealth (47, 48). Still, other devices, such as smartwatches (49) and other wearable devices (50), are increasingly being popularized.

The application of mHealth in fall prevention is evident in various levels and specific health conditions or diseases (51). At the primary level, mHealth for falls is effective in promoting health education (52) and assisting with older adults' physical activity through strength and balance training (43) and traditional exercises such as Tai Chi (53). At the secondary level, studies have also proven the usefulness of mHealth for falls in preventive screenings and medication management (54), cognitive assessments (55), and fall detection and alert using home cameras (56). Finally, at the tertiary level, there is evidence of the effectiveness of mHealth during patient recovery post hip surgery (57), bone fractures (58), and management of chronic pain in arthritis among older adults (59). mHealth technologies provide an efficient platform for effective monitoring, health education, and communication that empowers older adults to take a more proactive role in their overall health management promoting better functional independence.

The extent of literature regarding mHealth and its usefulness in fall detection and prevention is widely acknowledged, as evidenced by a wide range of studies published in healthcare and technology. Unfortunately, there is a scarcity of studies that review, map, and assimilate mHealth literature related to fall prevention among older adults, specifically in LMICs where a greater density of the graying population can be found. Therefore, this study addresses this oversight by examining the published literature focusing on LMIC's application of mHealth for falls via bibliometric analysis, mapping, and integrative review. The triangulation of these approaches offers a promising lens for a comprehensive understanding of the growth, status, current landscape, and trajectory of mHealth technology for policy development, quality assurance, and practice improvement.



2 The Hamm framework

The conceptual framework proposed by Hamm et al. (60) provides a systematic approach to evaluating technology systems applied in fall prevention. The framework (Figure 1) is formulated with emphasis on five key interconnected components: pre-fall prevention, post-fall prevention, fall injury prevention, cross-fall prevention, and technology deployment. Pre-fall prevention interventions (Pre-FPIs) center on proactive support for older adults at risk of falling but without a history of falls, such as physical activity exercises, education programs, and cognitive training. Post-fall prevention intervention systems (Post-FPIs) focus on assessing and delivering interventions to older adults who have experienced falls to limit recurrent falls. These interventions include diagnostic assessments (e.g., functional and cognitive assessments) and environmental inspection to assess for external risks that can hinder older adults' function and independence. Systems under the fall injury prevention intervention (FIPIs) target older adults with a high probability of experiencing falls. Interventions in this category include systems to detect falls to prevent further injuries, activity monitoring, and medical assistance once a fall is detected. Technologies designed in combination with either of these systems are categorized as cross-fall prevention intervention systems (CFPIs). Technology development consolidates the application types, platforms, information sources, deployment environment, interface type, and collaboration.
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FIGURE 1
Hamm et al. (60) Conceptual model of fall prevention technology.


Recent studies have increasingly used the Hamm framework for understanding fall prevention technologies and their features, thus demonstrating its relevance in addressing the multifaceted nature of fall risks among older adults. The framework emphasizes technology integration and focuses on personalized interventions, which various empirical studies have supported. According to the proponents, technological interventions for fall prevention facilitate multiple purposes ranging from diagnostics to fall injury management, as shown in several literature reviews using the framework (61–63). Empirical studies have also utilized the framework to guide interventions focused on critical areas in fall prevention: exercise interventions, fall risk assessments, education interventions, and home assessments (64, 65). Similarly, related studies complement the framework (66–68) in providing a basis for the importance of fall efficacy, user perspectives, and engagement in fall prevention strategies. Congruent, although broader in scope, is the conceptual framework for Computer-Mediated Reality Technologies (CMRT) mapped by Ibrahim and Money (69), as it parallels the adoption of technologies in healthcare contexts using patient-centered design and systems.

In this study, the Hamm et al. (60) framework provided a structure for mapping existing literature and categorizing mHealth applications for fall prevention among older adults in LMICs. Various mHealth applications for falls were categorized depending on their purpose: prevention (Pre-FPIs), assessment (Post-FPIs), detection and response (FIPIs), and combination (CFPIs). Each of these systems was further analyzed depending on their application type (static, interactive, game-based, virtual reality applications), platform focus (desktop, game console, smart-phone), information sources based on sensor location (context, user), sensor purpose (bespoke, repurposed, co-opted), deployment environment (home, nursing home, hospital), interface type (natural user interfaces, touchscreen), and collaboration (asynchronous, synchronous). This framework also systematically analyzed patterns and specific challenges centered on mHealth applications for fall prevention among older adults in LMICs. Results obtained using the model shall guide future research directions to contextualize specific caveats of mHealth technologies tailored to the chosen demographic within the LMIC ecosystem.



3 Methods

Health informationist-assisted literature search of various databases - Scopus, Web of Science, PubMed, and Embase – was conducted using a combination of keywords and Boolean expressions related to “mHealth”, “mobile health technologies”, “falls”, “fall detection”, and “lower-to-middle-income countries”, and “LMICs”. The eligibility criteria include studies that are (1) theoretical or empirical, (2) published in the English language, (3) focused on mHealth technologies intended for older adult falls, and (4) conducted at LMICs from the Organization for Economic Co-operation and Development (OECD) listing. Studies were excluded if they fall into any of the following categories: (1) literature review, (systematic or narrative reviews), (2) PhD or Master's Theses, (3) non-peer-reviewed articles, (4) non-English publications, or (5) if full-text papers were unavailable. The quality of theoretical papers was assessed through the 6-scale Authority, Accuracy, Coverage, Objectivity, Date, and Significance (AACODS) checklist (70). In contrast, empirical (research) papers were evaluated using the Mixed Methods Appraisal Tool (MMAT) percentage-based scale (71).


3.1 Article bibliometrics and distribution

The articles were categorized based on authorship (i.e., single, double, and multiple), article type (i.e., theoretical/non-research, empirical/research), publication sources (i.e., technology/informatics, health, and health technology, health technology), geographical location according to the WHO classification, and publication year. The articles were also categorized according to their quality appraisal scores, purposes, and critical findings. Furthermore, a map is created through Adobe Illustrator to visually showcase the studies and their origin using the color spectrum technique, where light colors represent areas with fewer studies, and areas shaded with more solid colors indicate greater publication density (72).



3.2 Network analysis

Bibliographic coupling network analysis was utilized to cluster the extant publications and analyze mHealth technologies intended for falls among older adults in LMICs. This method is suitable for researchers to visualize the publication landscape of a field effectively (73, 74).



3.3 Integrative review

The articles on mHealth for fall prevention of older adults from LMICs were also examined using an integrative review approach. Using published guidelines and article benchmarks (75–78), the study adhered to a five-step process covering (1) problem identification, (2) literature search, (3) data evaluation, (4) data analysis, and (5) presentation. As mentioned, this study also used the Hamm et al. (60) framework to categorize the full-text papers using the following criteria: (1) Technology Systems in Practice, (2) intervention types, and (3) Technology deployment. The technology deployment section is further divided into three subsections: (1) the systems used, which includes the application type and platform; (2) the sources of information, addressing the location, purpose, and deployment environment of the sensors; and (3) the type of interface used, encompassing the multimodal interface and collaboration aspects of the mHealth technology. These labels (Table 1) provide a better understanding of the vital features and characteristics of the mHealth technologies available in LMICs.


TABLE 1 Attributes, categories, and types/features of fall prevention technologies (Hamm framework).
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4 Results

A total of 639 publications were generated, uploaded, and screened using the review platform Covidence. After the removal of duplicates (n = 260) and irrelevant studies (n = 233), a total of 136 articles were advanced for full-text screening. The final articles (n = 22) were exported into a CSV file from the Covidence application to extract the relevant data for analysis: citation, bibliographical information, abstract and keywords, funding details, and other article information. The qualified papers were published from 2014 to 2024 and consisted of papers from scholarly conferences (n = 14), peer-reviewed articles in academic journals (n = 7), and a book chapter (n = 1). The VOSViewer application version 1.6.20 (79) was used for bibliographic mapping and visualization of intuitive maps. The software calculates and classifies citation frequencies, number of documents, occurrences, links, and link strength based on parameters such as top participating authors, countries, organizations, journals, and the most prominent keywords and their respective clusters (Figure 2).
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FIGURE 2
Modified PRISMA flowchart incorporating bibliometrics & network analysis.



4.1 Article bibliometrics

The bibliometric characteristics of the 22 articles are shown in Table 2. Most articles have multiple authors (n = 17; 77.27%), while almost a quarter of the documents hold partner authorship (n = 5; 22.73%). Most articles are tagged as empirical (n = 15; 68.18%), while a small portion was theoretical (n = 7; 31.82%). There is a preponderance of articles coming from technology informatics journals (n = 17; 77.27%), compared to health (n = 2; 9.09%) and health informatics (n = 3; 13.64%) publications. As to article sources, 13 articles (61.90%) came from Southeast Asia, with minimal documents coming from the Mediterranean (n = 5; 23.81%), America (n = 2; 9.52%), and Western Pacific (n = 1; 4.76%). Articles related to mHealth technologies in LMICs have been limited since 2014, with notable increases in 2022 (n = 5; 22.73%) and 2023 (n = 7; 31.82%).


TABLE 2 Article bibliometrics.
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4.2 Article information, purpose, and key findings

A robust critical appraisal and evaluation of the articles was employed (see Table 3). The outcome reveals that empirical studies demonstrated robust methodological integrity as evidenced by the average MMAT score of 84%, while theoretical articles yielded an acceptable average AACODS score of 5. Assessment of the purpose and key findings of the articles reveal a substantial focus on developing and evaluating technological solutions designed to monitor and safeguard geriatric health and safety. Fall detection technologies reported a high accuracy rate between 86% and 99.62%. Internet of Things (IoT) devices, wearable sensors, and smartphone applications to formulate full-scale monitoring ecosystems combining several functionalities, including vital sign monitoring (e.g., heart rate, blood pressure, temperature, oxygen levels), real-time geospatial tracking, and emergency alert systems are evident.


TABLE 3 Article information, purpose, and key findings.
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Interestingly, the remote monitoring capability of mHealth technologies is a mainstream function that allows caregivers and healthcare providers to assess patients' conditions even at a distance. Key findings also showed a focus on cost-effectiveness and healthcare accessibility, as several systems were targeted at reducing hospital visits and healthcare costs while optimizing quality of care. Outcomes revealed a clear trajectory towards formulating non-invasive, user-friendly technological solutions to enhance older adults' independence while maintaining safety.



4.3 Network analysis

Using VOSViewer (version 1.6.20), network analyses were done focusing on (1) research location or country of article origin, (2) organizations and journal sources, and (3) Article keywords to reveal dominant clusters and themes.


4.3.1 Research locations, countries, and network maps

As shown (Figures 3A,B), five (5) clusters are generated from the articles based on the locations and participating countries. A majority of documents originated from India (n = 11; link strength = 53), Pakistan (n = 3; link strength = 92), and United States (n = 3; link strength = 168). Prominent authors (Table 4) come from only three (3) organizations and have generated a single article with link strengths of either 267 or 403.
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FIGURE 3
Research locations, and countries of origin.



TABLE 4 Top participating authors.
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Regarding document-producing organizations, two institutions, the University of Alabama in Alabama, USA, and the Pontifical Catholic University of Rio Grande do Sul in Porto Alegre, Brazil, dominated the list (Table 5) with a link strength of 203. Institutions from Iran and Sweden generated a link strength of 91. All organizations have produced one document each.


TABLE 5 Top document-producing organizations.
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The articles originated from various journal publications. The Journal of King Saud University—Computer and Information Sciences and Multimedia Tools and Applications has generated a link strength of 34 each. Notably, most articles were published in information technology and computer science-related journals (Table 6). Only one journal focuses on healthcare: Disability and Rehabilitation: Assistive Technology.


TABLE 6 Top participating journals.
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4.4 Article keywords and clusters

“Fall detection” and “mHealth” are the most frequently occurring keywords in the network map (Figure 4A). Nine keyword clusters or groups, tagged as “moving”, “caring”, “learning”, “sensing”, “monitoring”, “linking”, “connecting”, “curing”, and “aging”, were identified from the set of keywords generated by VosViewer (Figure 4B). Most keyword clusters pertain to the technical characteristics of mHealth technologies, as well as the functions and purposes of mHealth technologies for falls and other health conditions.
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FIGURE 4
Article keywords and clusters.




4.5 Typologies and features of mHealth technologies

Table 7 displays the typologies and features of the mHealth technologies featured in the articles based on the attributes presented in the Hamm Framework (65). The prevailing type of technology system used in falls is FIPIs (n = 15/22; 68.18%), intended for fall detection (n = 16/22; 72.73%). Additionally, nearly all application types are static (n = 21/22; 95.45%) and utilize smartphones as their platform (n = 16/22; 72.73%).


TABLE 7 Typologies and features of mHealth technologies (hamm framework).
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Interestingly, some of the articles highlight the use of emerging devices, notably smart watches (n = 3/22; 13.64%), desktops (n = 2/22; 9.09%), and an intelligent walking cane (n = 1/22; 4.55%). Most of the mHealth applications are attached to the user (n = 17/22; 77.27%), with the majority falling under bespoke (n = 10/22; 45.45%) and co-opted (n = 8/22; 36.36%). The interfaces of the mHealth devices are mainly utilizing touchscreen-based interfaces (n = 15/22; 68.18%), which are asynchronously used (n = 20/22; 90.91%) in a home environment (n = 22/22; 100%). Interestingly, there is an absence of virtual reality and interactive mHealth applications for falls. Additionally, no technology has been piloted or tested in nursing homes.




5 Discussion


5.1 Article bibliometrics

It was found that most articles have multiple authors from various fields, indicating the multidisciplinary nature of mHealth studies for fall prevention among older adults. Projects related to technology applications in health may involve collaborations from private and public stakeholders (100) and healthcare professionals from various practice fields serving diverse clinical populations (101, 102). mHealth solutions to primary care settings are sometimes complex. They may also require expertise from technology personnel to ensure successful implementation (103), particularly among low-income countries where resources must be considered and carefully selected (100). Collaborations in developing and piloting mHealth applications for fall prevention are becoming mainstream and predominant among IT professionals and healthcare scholars. Health researchers collaborating with informaticists and technology engineers can provide practical strategies and quality criteria to optimize mHealth technologies for use among end users such as older adults with fall risks (103–105).

The empirical nature of most mHealth studies bridges technology and healthcare through the postpositivist worldview (106), wherein the potential of mHealth technologies to advance healthcare equates to the quality of mobile interventions formulated through deliberate, empirical research (101). These results emphasize the importance of multidisciplinary collaboration in leveraging technology in fall management to propel healthcare forward, particularly in low-income countries, through data-driven, evidence-based studies.

Notably, both developed and developing nations have their share of scientific studies on mHealth for fall prevention among older adults. Scholars from the Southeast Asia region have led the initiative, alongside developed countries, to benchmark mHealth technologies for fall risk assessment and management. This might be due to fellowships, networks, and interest groups. For instance, the Asia eHealth Information Network, initiated by WHO in 2012, and the Global Digital Health Partnership, launched in 2017 (107), provided avenues for research collaborations among nations. These strategies provide opportunities for professionals to address shared technology challenges and barriers, further advancing mHealth technologies within the region (108) as the last decade has witnessed the emergence of mHealth innovations (109). The technology's expanding usage and advantages have grown dramatically from 2011 to 2020 (110), further fueled by the COVID-19 pandemic (111), and is predicted to continue to grow (112). However, the growth of mHealth publications in LMICs is less active than global trends, as data on mHealth applications between low-income and high-income countries have high discrepancies (110).



5.2 Network analysis

India supplies the most significant share of articles in mHealth for older adults in LMICs. The productive scholarship on studies involving older adults runs parallel with the rising older adult population in India. The country's older adult population is projected to grow by 158.67% in 2050, based on a 2019 report (3). Shortly, older adults will constitute the majority of the epidemiologic landscape of India, and the present is the best time to leverage their experiences (113). Furthermore, falls are common in the Indian older adult cohort. A meta-analysis (114) found that 31% of older adults in community settings in India experience falls. Research on older adults and falls in India is growing due to various demographic and health-related factors, even though the country is resource-restrained (115). However, despite landing on the apex, research on older adults and falls in India and other LMICs remains sparse (114).

Nursing, medicine, engineering, information technology, and computer science authors obtained the highest link strengths based on the generated bibliometric maps. Four out of ten authors on the list belong to organizations related to health, and the others belong to computer science and engineering organizations. Health researchers must be equipped with competencies to engage with researchers from other disciplines, such as technology (116), which are drivers of development in healthcare (117). Technology integration into health research is necessary to address the prevailing challenges in health (118), especially with population growth and the rising prevalence of falls among older adults. The inter- and transdisciplinary collaborations between institutions producing technology- and health-related research are encouraged.

The University of Alabama in the USA and the Pontifical Catholic University of Rio Grande do Sul in Porto Alegre, Brazil, occupied the lead spots for document-producing organizations. On the one hand, this result introduces the idea that some technologically advanced countries are interested in conducting mHealth studies for fall prevention for older adults in LMICs. Patients from LMICs commonly experience a plethora of challenges in healthcare due to insufficiencies in infrastructure and finances (119), and higher-income countries that are technologically advanced are willing to provide aid (120). A study (121) emphasized that research strongly correlates with technological advancements in a country. Therefore, technology-based health interventions such as mHealth at LMICs must involve collaboration between the developed and developing world.

The Journal of King Saud University—Computer and Information Sciences and Multimedia Tools and Applications lead publication of mHealth for fall prevention among older adults. Both journals publish studies on technology- and computer science-related research. On the one hand, the Journal of King Saud University—Computer and Information Sciences Journal's commendable publication processing statistics might impact high link strength in the analysis. On the other hand, the Multimedia Tools and Applications journal accepts papers on networked kiosk systems in medicine related to remote technologies such as mHealth. Interestingly, more authors publish mHealth research in technology-related than in health-related journals. There is a need for mHealth researchers to publish health technology journals, especially in gerontology, to attract parallel discussions from both health and technology clusters of experts.



5.3 Integrative review

The prevailing type of technology used in falls is the fall and injury prevention intervention systems (FIPIs), primarily purposed for detecting falls. The published literature illustrates a trend toward prioritizing fall injury prevention interventions over pre- and post-fall strategies, such as personal alert systems and remote monitoring strategies (122). The interventions also include reactive systems such as fall injury prevention over more proactive measures such as education and physical exercise activities (123, 124).

mHealth technologies are beneficial in fall detection through alert responses to fall incidents (125, 126). Over the years, mHealth technologies have reduced the number of fall-related injuries in both home and clinical settings (127, 128). Likewise, stakeholders favor immediate fall detection and intervention systems rather than preemptive measures, as they provide immediate alerts and support during fall events (122). The current research landscape is increasingly focused on rapid solutions to prevent fall injuries, highlighting the expanding literature on fall injury prevention systems for older adults. System developers should adopt a long-term approach to interventional systems, encompassing pre- and post-fall strategies.

Nearly all application types are static and adopt smartphones as platforms. This may be due to the high usability and adaptability of smartphones in various scenarios. One noted barrier to adopting mHealth is its complexity (129), and older adults with chronic conditions prefer mHealth systems that are user-friendly and straightforward rather than complex and dynamic. Due to the static nature of most mHealth technologies, older adults are most likely to adopt them because of their seamless functionalities and high usability (130). Additionally, smartphone-based systems are the most used platforms because they effectively monitor and detect falls, given their built-in accelerometers and other sensors. Smartphones are widely preferred in mHealth due to their accessibility, portability, user-friendly interfaces, and ability to combine various healthcare management functions into one device (43, 131). This idea was supported by a study emphasizing the flexibility of smartphones as mobile devices (132). However, the static nature of mHealth technologies for falls investigated in this work might hinder system customizations and personalization necessary for fall sensors to function effectively (133). The static feature of mHealth devices can lead to a one-size-fits-all approach that may only apply to some older adult users. Application developers should develop a system that allows older adults to customize features to provide more tailored and personalized care interventions.

Interestingly, some mHealth technologies mentioned in published studies involve advanced devices such as intelligent walking canes and smartwatches that are not included in the original Hamm Framework of technologies for fall prevention. Integrating emerging mobility devices, such as intelligent walking canes and smartwatches, into fall detection technologies shows potential and promise in enhancing the fall detection capabilities of mHealth systems (134). These devices may offer unique abilities to detect changes in gait and monitor environmental conditions, providing feedback about older adults' stability status and fall risk while in use (135). There is also a growing recognition of advanced measures in fall prevention, most notably the usability of smartwatches (136, 137). Wearable accelerometers incorporated in smartwatches collect accurate data to improve fall prevention for real-time monitoring and alerts, especially where medical assistance is not readily available (138). The machine learning features in smartwatches, integrated with their sensors, promise to provide more inclusive healthcare services (44).

Most of the mHealth application sensors are attached to the user and categorized under bespoke and co-opted typologies. According to Broadley's scoping review (139), most accelerometers for fall prevention are practically connected to users to facilitate immediate feedback. Also, emphasis is placed on the user-based location of sensors because they are more effective than environmental sensors in capturing the dynamic movement of older adults (140). Using lightweight sensors for continuous monitoring, user-centric sensors help identify different types of falls in older adults (141). Bespoke sensors are aligned with the practical design of mHealth applications to address the unique needs of older people. mHealth applications with bespoke sensors are designed to meet optimized fall-detection systems, often applied in nursing homes for custom solutions and seamless workflow for care providers (142). For instance, Okubo et al. (143) found that step training programs tailored for falls reduce fall risk in older adults. Since most mHealth applications are smartphone-based, co-opted purposes of mHealth applications are prevalent. The relevance of co-opted smartphone sensors is helpful in accurately detecting falls through wireless sensor insoles and accelerometers (144). Co-opted smartphone sensors also display their effectiveness with wearable devices and other health applications. Therefore, complementing bespoke devices with co-opted ones provides a comprehensive approach to detecting falls, whereas hybrid solutions offer a more accurate sensor to improve fall strategies (145). Research implies that user-worn sensors, whether purpose-built or smartphone-based, offer promising fall detection strategies and interventions among older adults. Technology developers may adopt customized features of bespoke and co-opted devices due to their comprehensive and accurate nature. However, usability, convenience, and safety must be considered and prioritized for older adults.

The mHealth devices mentioned in the articles mostly use interfaces with touchscreen features, as well as asynchronous and in-home environments. Touchscreen-based interfaces are often used because of their intuitive design and controllability. However, potential challenges related to the physical and sensory limitations of older adults in manipulating touchscreen gadgets must be addressed (146). The development of mHealth interfaces should consider older adults' prevailing comorbidities. Additionally, asynchronous communication features of mHealth devices enhance their feasibility among community-dwelling older adults who need flexibility and convenience in communicating with their healthcare providers (147). Home-based mHealth applications are more conducive to implementation because they can easily be integrated into their daily routines (133). For example, a study emphasized that smartphone-based mHealth interventions are prevalent in reaching community-based older adults who might have difficulties accessing healthcare facilities and programs (148). Also, older adults prefer home-based mHealth technologies because they feel a sense of safety and security, ultimately influencing their preference and use intention for effective mHealth interventions (149).




6 Conclusion and recommendation

Health technologies under the mHealth category offer a promising solution to reduce the incidence of falls among older adults. However, literature on their application to LMIC settings has not yet been explored and mapped. The current study examines published articles via bibliometrics, network analysis, and model-based integrative review. Using a web-based application, published papers from major databases were extracted, uploaded, evaluated, and analyzed.

Results show the preponderance of multidisciplinary and multiple authorships from scholars in health and technology domains from developed and developing nations. Collaborations are evident across authors from multiple disciplines, settings, contexts, and working environments, communicating the universality of the topic that interests scholars from territories, even in high-resource settings. Network analysis revealed the most prominent stakeholders and keyword clusters in advancing the science of mHealth technologies for fall prevention among older adults. Previous publications have focused on developing the mHealth technology, its application in fall prevention, usability, and affordances. The integrative review provided a clear picture of the features of commonly used mHealth applications, which are primarily static, smartphone-based, asynchronous, and with features linked with the specific needs of older adult technology users living in home settings. Equally promising mHealth technologies, such as mixed reality applications, have not yet been explored.

The results of this study must be interpreted in recognition of some limitations that might have impacted its outcomes. First, the project utilized peer-reviewed articles that potentially excluded important articles from grey literature that were not indexed in literature databases. Also, the current intent of the study to include only English publications might have prohibited related articles written in foreign languages from being represented in the results. Finally, results of this study only apply to low- and middle-income countries and may not be true to locations with advanced economies.

Overall, the consistent but gradual growth of articles from LMICs in mHealth for fall prevention provided an initial portrait and status of the science in this area of digital health. The mHealth applications for older adults' fall prevention in LMICs are still developing and have not been maximized. Outcomes reinforce the need to update current technology models, typologies, and nomenclatures to include emerging innovations such as mixed reality and their associated mHealth devices. Further studies incorporating variables related to user intention to use, user experience, and physiologic and sociologic attributes of fall prevention using mHealth beyond the technical characteristics of technologies are encouraged. These approaches will encourage healthcare and technology communities to cooperate and co-produce technologies and investigations that are less techno-centric and cognizant of the human-centered design approach.
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Gated Recurrent Unit (GRU) deep learning AAL and mHealth data, respectively.
techniques.

Megalingam et al, | Empirical 60% To describe the design, development, and test of a | Sensors attached to the bodies of older adults monitor

2014 (92) system for continuous monitoring of home-bound | health status and detect falls through an
older adults, including tilt and fall detection. accelerometer. The sensors can notify a caregiver of

any untoward incidents.

Nazeer et al, 2023 | Empirical 100% To propose a human fall prediction system that aims | The proposed human fall prediction system offers a

©3) to predict falls from two positions: walk to fall and sit | reliable and cost-effective solution for predicting falls

| to fall from two positions: walk to fall and sit to fall

Pandhi & Tiwari, | Theoretical 5 ‘To showease a plan for an application design for older | The application contains almost all functionalities that

2022 (94) adult patients with dementia. can aid patients, and their families monitor health and

safety. Notable features are Fall detection, Medicine
Reminder, Location Sharing a TODO list, and a Way
to Home.

Rasheedy et al, Empirical 60% To evaluate the system usability of a self-administered | Using the developed mHealth application in geriatric

2021 (95) geriatric assessment smartphone application. care would lead to greater access to consultations at a

lower cost.

Sarwar etal, 2024 | Empirical 60% ‘To introduce and evaluate a robust fall detection and | Results indicate the potential for proactive fall

©6) prediction system using the MHEALTH dataset, prediction using wearable sensors, which could
combining ConvLSTM and Exponential Smoothing | contribute to improved safety and timely assistance
Forecasting. for individuals with fal risks.

Syafigah Mohd Empirical 100% ‘To develop and evaluate a fall detection system. ‘The system yielded a 93.33% accuracy for fall

Sharif et al, 2023 detection, while ADL was 86.67%.

©7)

‘Taheri-Kharameh | Empirical 0% To describe and assess the development of a mobile | The fall prevention mobile app helps older adults

etal, 2022 (151) application to support self-management of fall risks | identify their risk for falls and provides risk
and client education based on an individual fall risk | management through strength and balance exercises.

| assessment.

Veyilazhagan & | Empirical 100% To develop and evaluate a system that monitors ‘The system can monitor vital signs efficiently and

Bhanumathi, 2018 patients with chronic discases, elevated blood pressure, | reduce hospital visits among older adults.

©8) and older aduls at their homes via an Android
application.

Zia et al, 2020 (99) | Empirical 100% To develop and pilot a system that collects information | The multiclass SVM, together with SBMLR systems,

achieved the highest accuracy, with a rate of 99.40%,
compared to the three other classifiers used.

"Mixed methods appraisal tool (MMAT) score for empirical articles.
b Authority, accuracy, coverage, objectivity, date, significance (AACODS) score for theoretical articles.
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