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Abstract

Over the past quarter-century, mobile health (mHealth) technologies have experienced significant changes in adoption rates,
adaptation strategies, and instances of abandonment. Understanding the underlying factors driving these trends is essential for
optimizing the design, implementation, and sustainability of interventions using these technologies. The evolution of mHealth
adoption has followed a progressive trajectory, starting with cautious exploration and later accelerating due to technological
advancements, increased smartphone penetration, and growing acceptance of digital health solutions by both health care providers
and patients. However, alongside widespread adoption, challenges related to usability, interoperability, privacy concerns, and
socioeconomic disparities have emerged, necessitating ongoing adaptation efforts. While many mHedl th initiatives have successfully
adapted to address these challenges, technology abandonment remains common, often due to unsustainable business models,
inadequate user engagement, and insufficient evidence of effectiveness. This paper utilizes the Nonadoption, Abandonment,
Scale-Up, Spread, and Sustainability (NASSS) framework to examine the interplay between the academic and industry sectors
in patterns of adoption, adaptation, and abandonment, using 3 major mHealth innovations as examples. health-related SM S text
messaging, mobile apps and wearables, and social mediafor health communication. Health SM S text messaging has demonstrated
significant potential as a tool for health promotion, disease management, and patient engagement. The proliferation of mobile
apps and devices has facilitated a shift from in-person and in-clinic practices to mobile- and wearable-centric solutions,
encompassing everything from simple activity trackersto advanced health monitoring devices. Social media, initially characterized
by basic text-based interactions in chat rooms and online forums, underwent a paradigm shift with the emergence of platforms
such as MySpace and Facebook. This transition ushered in an era of mass communication through social media. The rise of
microblogging and visually focused platforms such as Twitter(now X), Instagram, Snapchat, and TikTok, along with theintegration
of live streaming and augmented reality features, exemplifies the ongoing innovation within the social media landscape. Over
the past 25 years, there have been remarkabl e stridesin the adoption and adaptation of mHealth technol ogies, driven by technological
innovation and a growing recognition of their potential to revolutionize health care delivery. Each mobile technology uniquely
enhances public health and health care by catering to different user needs. SMS text messaging offers wide accessibility and
proven effectiveness, while mobile apps and wearabl es provide comprehensive functionalities for morein-depth health management.
Social mediaplatforms amplify these efforts with their vast reach and community-building potential, making it essential to select
the right tool for specific health interventions to maximize impact and engagement. Nevertheless, continued efforts are needed
to address persistent challenges and mitigate instances of abandonment, ensuring that mHealth interventions reach their full
potential in improving health outcomes and advancing equitable access to care.
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Introduction

mHealth, short for mobile health, represents a transformative
approach to health care delivery by harnessing the power of
mobile devices such as smartphones, tablets, and wearables to
enhance communication, collect health data, and monitor
well-being [1]. Thistechnology hasthe potential to revolutionize
health care services by offering personalized care, improving
access, reducing costs, and empowering patients in managing
their health [2]. With the proliferation of smartphones, even
among traditionally underserved popul ations, and the widespread
availability of internet access, the stage is set for the broad
adoption of mHealth solutions[3,4]. However, thefull potential
of mHealth has yet to be realized [5].

At the heart of mHealth’s potential isthe theory of diffusion of
innovations, which explains how new ideas, technologies, and
practices spread within a society or organization [6]. In the
context of mHealth, this diffusion processinvolvesthe adoption
of mHealth technologies by various stakeholders, including
health care providers, patients, and policy makers. Several
factors influence the diffusion of mHesalth innovations. First,
the perceived benefits of these technologies play acrucial role.
Innovations that promise to improve health care access,
efficiency, and outcomes are more likely to be embraced by
users. Second, the ease of use and accessibility of mHealth
solutionsare critical determinants of their adoption. Particularly
among marginalized populations, including racial and ethnic
minorities, individuals with low socioeconomic status, older
adults, and those with disabilities, ensuring that mHealth tools
are user-friendly and accessible is essential for equitable
adoption.

Despite the promise of mHealth, challengesremain in achieving
widespread adoption. Concerns regarding usability, privacy,
data security, and the potential replacement of in-person care
with virtual interactions have led to hesitancy among both
patients and providers[7]. Additionally, interoperability issues
between mHealth apps and electronic health record systems
pose challengesfor seamlessintegration into clinical workflows,
potentially increasing provider burden [8]. Furthermore, the
complexity of reimbursement and regulatory mechanisms
presents obstaclesto the large-scal eimplementation of mHealth
solutions [9]. Without clear guidelines on reimbursement for
mHealth services and adherence to regulatory requirements,
health care organizations may hesitate to invest in these
technologies. While mHealth holds tremendous promise for
revolutionizing health care delivery, its widespread adoption
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depends on addressing implementati on challenges and ensuring
that innovations are accessible, user-friendly, and aligned with
regulatory and reimbursement frameworks. By leveraging the
principles of diffusion of innovations and addressing barriers
to adoption, mHealth has the potential to transform health care
and public health, improving outcomesfor individuals, families,
and communities.

In thisviewpoint, we use the innovation-diffusion Nonadoption,
Abandonment, Scale-Up, Spread, and Sustainability (NASSS)
framework [10] to examine the dynamic relationship between
the academic and industry sectors concerning adoption,
adaptation, and abandonment patterns of 3 prominent mHealth
innovations: health-related SMS text messaging, mobile apps
and wearables for chronic disease management, and the use of
social media for health communication. By utilizing these
innovations as case studies, the paper will exploretheir potential
in heath promotion, disease management, and patient
engagement. This viewpoint aims to provide insights into the
ongoing trends in innovation and adoption within the mHealth

landscape.

Innovation and Diffusion

To consolidate variousinnovation diffusion theories, the NASSS
framework emerged. It aims to guide the devel opment of novel
technologiesthat are conducive to widespread scal ability while
also identifying emerging technologies with limited potential
[10]. NASSS represents a comprehensive, health care-specific
paradigm that underscorestheinterplay among individua factors
(micro), organizational dynamics(meso), and overarching policy
frameworks (macro) in facilitating or hindering technology
adoption. By harnessing the analytical power of NASSS, insights
into technological shortcomings can be gathered, enhancing
preparedness for implementation. NASSS notably delineates
several key domains: (1) the nature of the health condition(s);
(2) the technological features and types of data collected; (3)
the value proposition for patients, industry, and clinical
stakeholders; (4) the composite adopter system, including health
care professionals, patients, and informa caregivers, (5)
organizational structures such as capacity and readinessto adopt;
(6) broader ingtitutional, societal, and cultural contexts; and (7)
the dynamic interactions and reciprocal adaptationsamong these
domains over time. While barriers to adoption and adaptation
are categorized as simple, complicated, or complex, technology
solutions addressing complex challenges that span multiple
domainsrarely achieve mainstream acceptance. A summary of
our viewpoint is provided in Table 1.
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Table 1. Viewpoint summary by NASSS? dimension.
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NASSS dimension

SMSS text messaging

Mobile health and wearables

Social media

Condition

Technology

Value proposition

Adopters

Organization

Effectivenessin promoting healthy be-
haviors, smoking cessation, weight
management, and chronic condition self-
management.

SMSS text messaging was invented in
1984; widely used by 1999; popular by
2000; and now an average of 32
texts/day.

Limitationsin addressing cultura differ-
ences and sociocultural context.

SMS text messaging is highly accessi-
ble, easy to implement, and scalablein
health programs. Automated systems
can be developed in-house or through
third-party vendors.

Difficulty in verifying SMS text mes-
sage comprehension and engagement.

Cost-€ffective promotion: SM S text
messaging programs are |ow-cost.
Health care systems can reach thousands
with minimal cost per SM'S text mes-
sage.

Effectiveness: Texting interventions can
be effective, but impact istypically
small to medium; scaling is necessary
for significant impact.

Health care providers: Providersendorse
SM Stext messaging but are reluctant to
engage directly due to concerns about
boundaries and being overwhelmed with
SM Stext messages. Automated systems
alow delegation, limiting direct
provider-patient communication.
Challenges: Older adults and the visual-
ly impaired engage less with texting.
Limited use of literacy-sensitive and
multilingual SM Stext messaging. Lim-
ited evidence of SMStext messaging's
impact on caregivers.

Organizations use SM S text messaging
for appointment reminders and medica-
tionrefills. Regulatory barrierslimit the
widespread use of prevention and self-

management programs.

Barriersto making texting a standard of
care include resource constraints, moti-
vation, and regulatory issues.

Mobile apps offer health track-
ing, personalized coaching, edu-
cational resources, behavioral
interventions, and remote moni-
toring. Wearables monitor met-
rics, such as physical activity,
sleep, heart rate, and nutrition,
integrated into mobile apps.
The early 2000s saw arisein
health-related mobile apps with
basic tracking functions. Now
over 350,000 health apps are
available.

Limitationsin addressing cultur-
al differences and sociocultural
context.

Mobile apps require diverse
technologies and skills, devel-
oped for operating systems such
asiOS and Android.

Security measuresare crucial for
protecting user data, and regular
updates and maintenance arevi-
tal for app reliability and user
experience.

User empowerment: Apps and
wearables offer personalized
tools for health management,
fostering autonomy, self-effica-
cy, and empowerment.
Bidirectional engagement: Per-
sonalization, gamification, and
social support enhance user en-
gagement and mativation.

Widespread use: Mobile apps
and wearables are used across
diverse populations, but adop-
tion variesdueto clinical, demo-
graphic, and technological fac-
tors.

Challenges: Challengesinclude
technology literacy, cost, securi-
ty concerns, accessibility for
older adults and low-income
communities, and limited inter-
net connectivity in rural areas.

Facilitated by seamless integra-
tion into workflows. Engage-
ment with user feedback pro-
motes effective adoptionin clin-
ical care settings.

Challenges including organiza-
tional resistance, limited re-
sources, data privacy concerns,
and interoperability issues hin-
der adoption.

«  Technology for communication
and information sharing among
virtual communities.

. Early systemssuch as bulletin

board systems, Usenet®, and Inter-
net Relay Chat (1980s); web-
based communities such as we-
brings and GeoCities (1990s); first
social media platform: Six De-
grees (1997). Now over 5 hillion
users worldwide, representing
62.3% of the global population.

o  Limitationsin addressing cultural
differences and sociocultural con-
text.

«  Variesin communication modali-
ties (text, image, audio, and
video).

« Central to social media; includes
replies, shares, likes, and other
engagement types, often permis-
sion-based.

.  Extensive reach: Ability to tailor
messages to specific communities
and transmit information rapidly.

o  Cost-effective promotion: Low-
cost messaging with potential for
viral spread.

. Dataandysis: Identifiesemerging
health concerns, traces outbreaks,
and tracks disease spread.

o Widespread use: Nearly ubiqui-
tous among technology users; bil-
lions on platforms such as Face-
book.

« Challenges: Adoption varies by
platform and demographics;
health campaigns should tailor
messages to specific populations.

. Engagement is affected by poli-
cies on who can post and what
content is shareable.

« Involves content experts and
communications experts; slow
approval processes can hinder
timely responses.

«  Requiresunderstanding of cultural
contexts and platform-specific
norms for successful strategies.
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NASSS dimension SMS text messaging

Mobile health and wearables

Socia media

Wider system « Regulatory challenges, security and .
consent, and potential for sociocultural
tailoring of SM S text messages, yet set

up is costly and complex.

Embedding and adap- -
tation over time

Interestin Al%-enabled chatbotsasaso-  *
phisticated iteration of SM Stext messag-
ing. Al chatbots offer interactive and
personalized communication but face
similar implementation challenges as
current texting programs.

Regulatory challenges, interoper-  «
ability with existing systems,
digital divide, and resistance

from health care providers.

Approachability and trust of social
media by health care systems;
navigating health policies along-
side social mediapoliciesiscom-
plex; and theimportance of main-
taining accountability, combating
misinformation, and addressing
harassment in social media.

Requirescollaboration, resource  «
allocation, long-term funding,

and viable business models to
expand initiatives and reach
broader populations effectively.

Health communication strategies
must consider potential negative
impacts to avoid unintended con-
sequences.

3NASSS: Nonadoption, Abandonment, Scale-Up, Spread, and Sustainability.

bUsenet: User's Network.
CAl: artificial intelligence.

SMS Text Messaging

Condition

SM S text messaging can be used to promote healthy behaviors
and address various conditions and comorbiditiesin aculturally
responsive manner. Although SM Stext messaging wasinvented
in 1984, it was not widely adopted until 1999, when users began
texting across different phone carrier networks. By 2000, SMS
text messaging had become popular, with SMS text message
volumes averaging around 35 texts per person per month in the
United States [11]. The earliest evidence of SMS text
messaging'’s efficacy for health emerged in the first decade of
the 21st century, with publications demonstrating its potential
impact on self-management of type 1 diabetes, drinking
behaviors, and medical appointment adherence [12-14]. The
popularity of SMS text messaging in daily life has continued
to accelerate, with people now receiving an average of 32 texts
per day (range 16-128 texts per day). A lower number of SMS
text messages is typically sent among older individuals, while
younger people tend to receive higher volumes [15]. With this
increased popularity, there has been aconcomitant risein studies
exploring how SM Stext messages can impact health behaviors,
prevention, and the self-management of both chronic and
infectious conditions. We now have arobust body of literature,
including meta-analyses, demonstrating that SM Stext messaging
can be effective in facilitating healthy behaviors [16-22].
Numerous meta-analyses have focused on smoking cessation,
weight management, medication and appointment adherence
[23-28], and self-management of chronic conditions [29-32].
Whilethisliterature is extensive, researchers have consistently
acknowledged limitationsin using SM S text messaging to create
robust programs that incorporate cultural differences and the
sociocultural context of patients and populations. However,
there are notable exceptions that demonstrate the feasibility of
integrating cultural context into SM Stext messaging programs.
Examples include a smoking cessation program for Maori in
New Zealand [33] and another focused on promoting healthy
behaviorsin low- and middle-income country settings [34].

https://www.jmir.org/2024/1/e62790

Technology

SMS text messaging is a highly accessible and
easy-to-implement technol ogy, which enhancesits potential for
scal ability and widespread dissemination in health care. It does
not require complex technological architecture. Automated
programs can be developed in-house or utilized through
third-party vendors contracted with health care delivery systems.
However, it can be challenging to obtain clear evidence that
people are reading and understanding SMS text messages.
Automated systems can document that SM S text messages are
sent and received, but they cannot confirm that they have been
read or that people comprehend them [35]. Thisis particularly
truefor unidirectional SM S text messages, where peopl e cannot
respond to an SMS text message or their responses are not
cataloged. Given that smartphone ownership with texting
capability is nearly universal in the United States [36], and
texting behaviors are widespread among smartphone users[15],
there is no additional knowledge required for people to access
and engage with SMS text messages. However, we note that
there are barriers for some people in accessing and using SMS
text messaging, which we will discuss further below.

Value Proposition

The value proposition of SMS text messaging can only be
realized when programs are scaled. Developers stand to gain
significantly from building SM S text messaging programs due
to the relative simplicity of coding such systems, which results
in relatively low production costs. However, thislow cost also
means that a return on their development investment will be
achieved only when thousands of users access and utilize these
systems [37]. Headlth care delivery systems also face very low
costs in implementing texting programs; SMS text messages
are sent and received for just a few cents and can easily reach
thousands or even tens of thousands of patients through texting
campaigns. While SM Stext messaging interventions have been
shown to be effective, their effects are generally small and
occasionally moderate [38]. Texting campaigns can only be
impactful when scaled to thousands of users. The widespread
use and growing popularity of texting asadaily communication
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medium mean that it may become increasingly difficult for
health care delivery systems to send SMS text messages that
resonate or compete for attention against the dozens, or even
hundreds, of SMS text messages individuals receive each day
[15].

Adopters

While people have adopted SMS text messaging with
enthusiasm, challenges with reach and engagement remain.
Although health care providers may support the use of SMS
text messaging from their clinicsand care delivery organizations
to patients, they often show reluctance or resistance to directly
engage with patients via SMS text messages. Providers cite
concerns such as being inundated with SM S text messages from
patients and having professional boundaries violated, such as
being expected to respond to SM S text messages at night and
on weekends [39]. The widespread use of automated systems
to send SM S text messages to patients across entire health care
systemsallows providersto del egate texting tasksto other staff,
keeping their involvement limited to a more tangentia role.
While this approach may effectively manage patient-provider
communication, it also means that providers might not see the
SMS text messages patients are sending, potentially missing
opportunitiesto better understand the daily challenges patients
face with prevention and self-management behaviors.

Whiletexting ishighly popular and accessible at the popul ation
level, some groups, such as older adults and individuals with
visual impairments, engage less with SM S text messages due
to accessibility concerns, such as font size or limited access to
text-to-speech features [40]. Ongoing critiques of SMS text
messaging literacy suggest that greater accessibility could be
achieved by paying more attention to literacy levels [41].
Additionally, there is alack of widespread use of multilingual
SMS text messaging, which could improve accessibility for
non-English speakers[42]. Much of the literature on SM S text
messaging in health hasfocused on theimpacts of interventions
at theindividual level. Thereisless evidence showing theimpact
on caregivers[43], which represents amissed opportunity given
that caregivers could help older adults or individuas with
impairments access and improve care with support from SMS
text messages.

Organization

While organizations have adopted SMS text messaging for
certain tasks, there is a lack of consistent adoption and
implementation of prevention and self-management programs
across patient lifespans. There are multiple examples of
organizations using SM S text messaging to remind patients to
schedule and keep appointments and to pick up or refill
prescribed medications [23]. While the capacity to innovate
may have driven earlier adoption of SMS text messaging
systems, organizations still face challenges in widespread use
for diverse prevention and self-management programs due to
regulatory barriers, which we discuss below. The ability for
organizationsto devel op texting programsin-house may beless
relevant given the widespread availability of texting platforms
from third-party vendors. Organizations can make texting
campaigns attractive and valuable when they focus on key
objectives, such asincreasing childhood vaccine coverage [44]
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or screening for colorectal cancer [45]. However, the widespread
institutionalization of systems integrating texting for primary
prevention, health behavior, and self-management asa standard
of care remains elusive. It is unclear whether this is due to
resource constraints, motivation, willingnessto change, or other
unknown factors.

Wider System

Understanding the context of texting within the framework of
policies and regulations is crucial. While individual
organizations and health care delivery systems might be able
to implement texting as a standard of carefor specific use cases
(eg, to encourage flu vaccine uptake), several regulatory
requirements limit its widespread institutionalization as
envisioned. The Health Insurance Portability and Accountability
Act (HIPAA) requirements for confidentiality and privacy
restrict what can be shared in outbound patient messages and
necessitate security measures that may complicate access via
cell phones. Additionally, the security protocols in electronic
health records have created firewalls that make direct texting
to patients difficult without complex integrations with patient
portals. Organizational adherence to HIPAA isinfluenced by a
recent ruling from the Federal Communications Commission,
which requires organizations sending SMS text messages to
obtain explicit permission from individuals. This adds an
additional layer of effort for organizations to enroll patientsin
SMS text messaging programs and may bias program
participation by excluding those who cannot be reached or
choose not to opt-in [46]. While automated texting has the
potential to enhance attention to sociocultural variability by
allowingindividual tailoring to patients, setting up the necessary
infrastructure and programming can be daunting and initially
costly for health care delivery systems. We will elaborate on
thistopic in the following paragraphs.

Embedding and Adaptation Over Time

Embedding and adapting texting over time requires aligning
incentives for health care organizations. As discussed in the
preceding paragraphs, there is substantial evidence that SMS
text messaging can improve health behaviors and outcomes.
Given that this evidence has been availablefor nearly 2 decades,
what prevents texting from being embedded in health care
delivery systems as a standard of care to support healthy
behaviors and self-management across the lifespan? The
regulatory challenges mentioned above, the complexity of
integrating texting with el ectronic health records, and concerns
about overwhelming patients and providerswith texting fatigue
are key reasons for the lack of universal texting integrations
despite their potential. Additionally, there is insufficient
alignment of incentives for organizations to use texting
alongside other interventions. Numerous incentives within
value-based care frameworks can be enhanced through texting
interventions, such asimproving colorectal, breast, and cervical
cancer screening; screening for diabetes, hypertension, and
cholesterol; and increasing flu, COVID-19, and childhood
vaccine coverage.

While our assessment here has focused specifically on texting,
it is important to note the growing interest in exploring the
potential of more advanced SM S text messaging technologies,
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such asartificially intelligent (Al) chatbots[47-50]. Al-enabled
chatbots advance automated communication beyond
unidirectional texts and bidirectional texts with fixed response
options (eg, text “1” if you need information on smoking
cessation). Unlike these methods, Al-enabled chatbots allow
users to initiate and direct their questions, providing a more
personalized interaction. These systems interpret and classify
queriesusing advanced language model s—large neural networks
trained on extensive text corpora and fine-tuned for accurate
classification in domain-specific text processing. They can
engage in conversations with patients on topics of their choice.
However, embedding these advanced systems into health care
delivery systemswill face the same challenges as current texting
programs.

Mobile Apps and Wearables

Condition

Mobile apps and wearables offer versatile functionalities for
promoting healthy behavior and managing various health
conditionsand comorbidities. The earliest health-related mobile
apps emerged in the early 2000s with the advent of smartphones
and the integration of basic health features [51]. These early
apps primarily focused on basic health tracking, such as
recording physical activity, monitoring nutrition intake, and
tracking vital signs (eg, heart rate and blood pressure) [52].
Modern mobile apps typicaly offer a broader range of
functionalitiesbeyond SM Stext messaging. They ofteninclude
features for health tracking, personalized coaching, access to
educational resources, behavioral interventions, and remote
health monitoring, among others. Combined with wearables
equipped with sensor technology, these tools enable
comprehensive health tracking and monitoring of metrics such
as physical activity, sleep patterns, heart rate, and nutrition
intake. This empowers individuals to gain insights into their
health status and make informed decisions [53,54]. There are
over 350,000 health-related mobile apps available, with
approximately 250 new appsreleased daily, accounting for 47%
of all apps[55,56]. Health-related app use varies by individual
characteristics, but an estimated 70% of adults in the United
States have used an app to track their health [57]. Early
wearables, such as pedometersand heart rate monitors, primarily
targeted individuals interested in exercise and fitness. By the
mid-2010s, the rise of smartwatches and fitness trackers led to
the integration of wearable data directly into mobile apps
[58,59].

The scientific evaluation of effectiveness and safety has not
kept pace with the rapid expansion of the commercia
health-related app market, creating a disconnect between
scientific literature and available apps [50,60]. Mobile apps
developed and tested in clinical settings are rarely widely
available in app stores, while commercially developed apps
often lack high-quality effectiveness testing [61-63]. Despite
the growing interest and proliferation of apps across popular
platforms, as well as increased research focus on their
evauation, their influence on outcomes related to chronic
diseases remains uncertain [64,65]. Systematic reviews and
meta-analyses have produced varied findings regarding the
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impact of apps on clinical outcomes, self-management, and
behavior change. This inconsistency raises concerns about the
ability of scientific research to keep pace with rapid
technological advancements. Many trials suffer from biases,
such as high attrition rates and incomplete outcome data, and
the effects on health outcomes and participant engagement often
decline over time in longer-duration studies [66]. Existing
evidence suggests that while mobile apps might offer some
benefit compared with having no intervention at all, there is
limited high-quality evidence demonstrating their effectiveness
in enhancing health outcomes. This contrasts with lower-tech
alternatives, such as SMS text messaging, which has a more
robust evidence base. Similarly, wearablesareincreasingly used
for various conditions and health topics [67]. They arereliable
for measuring steps and heart rate but may be less accurate for
capturing other sensor data, such as energy expenditure [68].
The impact of wearables on health outcomes such as exercise,
weight, and biomarkers in populations with chronic conditions
isalso mixed [69].

Technology

Developing amobile app requires adiverse set of technologies,
tools, and skillsto create afunctional, secure, and user-friendly
app that meets the needs and expectations of itstarget audience
[70]. Mobile apps are built on operating systems such as iOS
by Apple Inc. and Android by Google (Alphabet Inc.). While
these systems have similarities, they require different
development kits and tools. Devel opers choose between them
based on factors such as target audience, market share, and
moneti zation models, which can impact an app’s success. There
are 4 major development approaches. native, cross-platform
native, hybrid, and progressive web apps, each with its own
advantages and disadvantages [71]. Native apps are
platform-specific and written in languages provided by the
platform. Cross-platform apps, by contrast, compileinto native
code. Hybrid apps use web technologies bundled into app
installation packages, while progressive web apps offer an
app-like experience through browsers. Developers may prefer
hybrid or cross-platform approaches dueto the specialized skill
set required for native development. These approaches utilize
web technologies and frameworks within containers to mimic
native apps. Backend development involves creating and
managing services that support the mobile front end, known as
an application programming interface (APl). Cloud-based
backend servicesareincreasingly popular compared with on-site
solutions, as they allow developers to focus on app features
without worrying about additional infrastructure. The mobile
front end, which is the user-facing aspect of the app, includes
thevisua andinteractive elements, typically residing on devices
or accessed through browsers. Development involves various
team members, including designers and devel opers. Front ends
interact with backend services via APIs, accessing data and
updating backend systems. APls facilitate communication
between components and often integrate third-party
functionalities, such as payment processing and social media
integration, which enhances the user experience and enables
cross-platform compatibility [72].

mHealth apps generate awide range of datatypesto help users
monitor and manage their health [73]. These include biometric
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data, such as heart rate and blood pressure; physical activity
data, such as steps and calories burned; sleep data for tracking
sleep patterns and quality; and nutrition data for logging food
intake and monitoring dietary habits. Additionally, medication
adherence apps record medication schedules and doses [74],
symptom tracking apps allow usersto monitor health indicators
and communicate with health care providers [75], and health
record apps provide easy access to personal electronic health
records [76]. Developers build backend services or leverage
databases from third-party providers, which are typically
cloud-based but can also be on-site, to improve efficiency and
productivity. Security measures safeguard user data through
encryption techniques and secure authentication methods.
Efficient database management dictates how an app stores,
retrieves, and manages data, ensuring seamless user experiences
and system reliability. Regular updates and maintenance are
essential for sustaining app performance and delivering areliable
user experience amid evolving user needs and technological
advancements.

Value Proposition

The health-related mobile app and wearable market features a
wide range of developers, from established health care
organizations and technology companies to start-ups and
independent devel opers. Monetization model sinclude free apps
with in-app purchases, subscription-based models, and paid
apps. However, the majority of apps and wearables are currently
not reimbursed by insurance or Medicare [77,78]. The market
ishighly competitive, with a continuousinflux of new appsand
features. The value of mobile apps and wearables for patients
and consumers lies in their ability to empower individuals by
providing personalized resources and tools for effective health
management. These technologies are generally well-perceived
by users, offering convenient access to health-related
information and services and alowing individuals to monitor
their health [79]. Personalization and tailoring, along with
features such as gamification and social support, enhance
engagement and motivation, encouraging usersto adopt healthier
habits and achieve their goals. Ultimately, mHealth apps and
wearables empower individuals to actively participate in their
health care, fostering autonomy, self-efficacy, and empowerment
in managing their well-being.

Adopters

People use mobile apps and wearables across different ages,
genders, races, ethnicities, and health systems [36]. However,
several factors contribute to the nonadoption of mHealth apps.
Usage and access vary by clinical and demographic factors,
with challenges including technology literacy, interest, cost,
and security concerns [7]. Older adults and individuals with
sensory impairments may have difficulty navigating touch
interfaces or small screens, whilelow-income communitiesface
obstacles related to the affordability of smartphones and data
plans[80,81]. Additionally, rural populations may struggle with
limited internet connectivity, non-English speakers may find
comprehension challenging, and individualswith limited digital
literacy skillsor accessto technical support may have difficulties
effectively using mobile apps. These factors impact adoption
rates among diverse user populations.
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In addition to adoption challenges, barriersinclude insufficient
early engagement with users to ensure successful app
installation, a lack of direct communication with health care
professionals, and limited interactive features. Concerns about
technical issues and data security also deter sustained
engagement. App usage initiation often depended on the ease
of downloading and the individua’s moativation. Factors
influencing engagement included perceptions of the app's
benefits and drawbacks, its relevance and quality, and the
incorporation of behavior change techniquesto promote health.
User engagement is also influenced by individual health goals,
user feedback, timely reminders, in-app social support, and
coaching, with users having the potential to disengage and
reengage as needed [82].

Organization

Organizational barriers and facilitators play a significant role
in the adoption and success of mobile appsin clinical care. Key
barriers include staff resistance to change, limited resources,
concerns about data privacy, interoperability challenges with
existing systems, and the need for additional training [8].
Conversely, facilitatorsinclude strong | eadership support, clear
communication and education about benefits, seamless
integration into  workflows, evidence-based practice
demonstrations, and user feedback engagement. Addressing
these factors can optimize the adoption and integration of mobile
apps into clinical care settings, promoting their effective use
for improved patient outcomes.

Wider System

Addressing system barriers requires a multifaceted approach
involving collaboration among policy makers, health care
providers, technology devel opers, and community stakeholders
to create supportive regulatory frameworks, enhance
infrastructure, improve digital literacy, and foster a culture of
innovation and acceptance within the health care ecosystem.
Key barrierstoimplementing and scaling health-related mobile
apps and wearables include regulatory and legal challenges,
particularly concerning data privacy, security, and compliance
with medical device regulations across various regions.
Additionally, interoperability issues with existing health care
systems and electronic health records pose technical hurdles
that demand complex solutions and coordination. Disparities
in access to technology and digital literacy skills further
contributeto adigital divide, limiting the effectiveness of mobile
apps among underserved populations. Resistance from health
care providers, along with insufficient training and support,
hinders adoption, while low user engagement and adherence
rates highlight the need to sustain motivation and address
usability issues. Achieving sustainability and scalability requires
careful resource allocation, long-term funding, and the
development of viable business models to expand mobile app
and wearable initiatives beyond the pilot and efficacy phases,
effectively reaching broader populations.
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Social Media

Condition

Social mediabroadly refersto the use of technology to connect
individuals for communication and information sharing within
virtual communities. The origins of social media, both as a
concept and as apractice, can be traced to early internet systems
with group communication features, such as bulletin board
systems, USENET newsgroups, and online messaging services
such as Internet Relay Chat. These platforms, popular in the
1980s, enabled communities of users with shared interests to
communicate with one another. Early 1990s web-based
distributed communities, such as webrings and GeoCities
(GeoCities/'Yahoo!), also represent early forms of social media.
Webrings linked websites with similar content through
embedded referential links, based on user self-identification
and requestsfor inclusion to a“ringmaster.” GeoCities allowed
users to define themselves through virtual geographic
neighborhoods. However, thefirst platform explicitly designed
to create and establish online socia networks of family, friends,
and acquaintances was Six Degrees (MacroView/YouthStream
Media Networks), launched in 1997. Since then, global social
media use has surged to over 5 hillion users in 2024,
representing 62.3% of the world's population [83].

Technology

Social media platforms are diverse, each focusing on different
modalities for group-oriented communication. Content is
published as posts, which may include text, images, audio, or
video, depending on the platform. A key aspect of social media
is the ability for users to interact with others posts. These
interactions aretypically permission-based and can berestricted
to a closed-circle community or made available for public
engagement, depending on platform settings and user
preferences. Interaction types are as varied as content types and
may include replies, reposts or shareswith or without additional
content, and acknowledgments of engagement such as likes,
didlikes, and favorites. Examples of historical and current social
media platformsinclude those focused on long-form essay and
blog posting (eg, LiveJournal [Rambler Media Group], Blogger
[Google LLC/Alphabet Inc], Medium [A Medium
Corporation]), short-post microblogging sites with posts
originally limited to SMS text message length and remaining
generally brief (eg, BlueSky [Bluesky Social, PBC], X [formerly
Twitter], Mastodon [Mastodon gGmbH], Plurk [Plurk, Inc.]),
image and video-oriented platforms (eg, Instagram [Meta
Patforms], Pinterest [Pinterest, Inc.], YouTube [Google LLC],
TikTok [ByteDance]), instant messaging platforms (eg, AOL
Instant Messenger [AOL ], Snapchat [ Snap Inc.], QQ [Shenzhen
Tencent Computer System Co., Ltd.], WhatsApp [Meta
Patforms]), and multimodal social media sites (eg, Friendster
[Friendster Labs Inc.], Myspace [Viant Technology LLC],
Tumblr [Automattic], Baidu [Baidu, Inc.], Facebook [Meta
Patformg]).

Value Proposition

The primary value of social media for health communication,
promotion, and intervention liesin its extensive reach, the ability
to tailor messaging to specific community or user group interests
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at scale, and the speed of information transmission among
platform members. Social media offers a relatively low-cost
means of message promotion, with the potential for broad
audience reach through reposting, thereby requiring minimal
investment. The concept of “going viral,” where asocial media
post rapidly spreads from user to user, and even across
platforms, at a speed and scope far beyond the initial audience,
is often considered a measure of significant success in
information dissemination. Another area of high value is the
data analysis of social media content. Such analyses have been
successfully used to identify emerging health concerns and
health beliefsheld at the popul ation level among specific groups
[84,85], trace outbreaks of foodborneillness[86], and track the
spread of infectious diseases such asinfluenzaand COVID-19
[87,88].

Adopters

Individual adoption of social media use is so widespread as to
be nearly ubiquitous among technology users. Asof 2019, there
were 3.5 billion people online, of whom 2.4 billion used
Facebook, which at the time was the dominant social media
platform. This means that 2 out of every 3 people online use
social media [89]. Community formation on socia media
platforms may include individuals who know each other from
offline environments or those who solely share similar interests
and characteristics online. Trust and influence are aso
significant factors in social media adoption. Trust among the
initial group of contacts who see an original post is extended
across networkswith each interaction through friend-of-a-friend
socia acceptance. Parasocial relationships with celebrities and
influencers, established through the perception of interacting
with their posts as if interacting directly with the person
themselves, lead to additional credence being placed in social
media content from such individuals. This, in turn, results in
increased adoption of promoted messaging. However, social
media adoption differs greatly by platform type and user
demographic. Health promotion and outreach campaigns, patient
recruitment initiatives, or community organizing involving
social media can be extremely effective. However, they should
consider the population distributions and primary languages of
various platforms and tailor messages accordingly to achieve
maximum reach and benefit [90].

Organization

Engagement with social mediaplatformsand systemsfor health
communication at organizational levels can be influenced by
institutional policies regarding who is authorized to make and
respond to posts and what content is permissible for sharing
with apublic audience. Content expertswho devel op messaging
and communications expertswho tailor it for social mediamay
be different individual s or teams. Often, the process of obtaining
group or institutional approvals for specific content is much
slower than the speed at which messages spread across social
media. Thisdelay can be problematicif required authorizations
prevent an organization from responding effectively to questions
or comments, or from addressing negative replies in a timely
manner. In situations where a topic might be perceived as
sensitive or controversial, a lack of response can be both
detrimental and damaging. Understanding the cultural contexts
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of social mediause in general, as well as the unique dynamics
of specific platform environments, is essential for successfully
developing and implementing health communication strategies
on these networks.

Wider System

In addition to the factors noted at the organizationa level,
health-related institutions at governmental levels often possess
or are perceived to possess an authority that can make navigating
questions of approachability and trust challenging. This is
especialy truein asocial media environment where there must
be a balance between adopting a less formal manner of
communication and maintaining the formality required to
accurately represent the organi zation and convey health-related
content [91]. Differing policies anong social media platforms
can be challenging to navigate alongside health policies and
regulations for data privacy and security, such as HIPAA.
Important ethical considerations also arise, including how to
maintain accountability and responsibility for content, combat
misinformation, and respond to aggressive and harassing
behaviorsin social media spaces, whether directed at those who
post health information or those who react to it.

Embedding and Adaptation Over Time

In the last 25 years, social media has evolved from a niche
technology to a central means of engaging communities and
the public. Today, the majority of users under the age of 30
years consider social media sources to be as valid as, or even
more valid than, traditional news media[92]. The challengeis
that the same factors driving the positive aspects of social media
can also lead to negative ones. For instance, the rapid pace of
information distribution facilitates the spread of both
misinformation and disinformation [93,94]. Social media
interventions have proven successful inimproving mental health
status through interpersonal connections and increasing
self-esteem and belonging. However, social media can aso
promote poor self-image through comparisons with artificially
high standards, serve as a source of extreme stress, and
potentially worsen mental health status [95]. Future work in
using social mediafor health communication and intervention
must be mindful of these considerations to avoid unintended
consequences.

Discussion

By applying the NASSS framework, this paper elucidates the
complex interplay among individual, organizational, and societal
factorsinfluencing the adoption and implementation of mHealth
technologies. The framework provides a comprehensive
perspective to understand the dynamics of technology adoption
in health care over the last 25 years. Each mobile technology
offers distinct advantages and disadvantages for promoting
public health and health care services. SM S text messaging is
widely accessible and effective for reaching large populations,
especialy in low-resource settings. Its simplicity has proven
successful in behavior change and medication adherence.
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However, SMS text messaging is limited in functionality,
supporting only basic text communication, which may be less
engaging for users seeking interactive or multimedia
experiences. Mobile apps and wearables offer acomprehensive
range of functionalities, including health tracking, personalized
coaching, and integration with wearables, making them ideal
for in-depth health management. Yet, they face higher adoption
barriers due to the need for smartphones, app literacy, and
potential costs, with user engagement often declining over time.
Social media platforms, with their extensive reach and rapid
information dissemination capabilities, are valuablefor building
communities and promoting health interventions. However,
they carry risks such asthe spread of misinformation and require
careful management of privacy and data security. Each maobile
technology servesdifferent user needs and contexts, highlighting
the importance of choosing the appropriate tool for specific
health interventions.

Our retrospective discussion highlights the potential of SMS
text messaging, mobile apps, wearables, and social media to
promote healthy behavior and manage diverse health conditions,
underscored by their accessibility and ease of implementation.
However, challenges such as provider reluctance, accessibility
barriers, and regulatory constraints impede the widespread
adoption and integration of mHealth into health care delivery
systems. SMS text messaging, while effective, often leads to
abandonment due to its limited interactivity, as users may seek
more dynamic tools. Mobile apps, despite their comprehensive
features, face adoption challenges, including the need for
smartphones, app literacy, and potential costs, with user
engagement often declining if the apps are not well-designed
or integrated into clinical or daily workflows. Social media
campaigns struggle with user engagement dueto misinformation
risks, privacy concerns, and the need for constant content
management, which can lead to distrust and abandonment.

Moreover, we emphasize the importance of addressing
sociocultural variability and literacy concerns to enhance the
inclusivity and effectiveness of mHealth interventions. While
these technologies offer personalized resources and empower
usersto actively participatein their health care, challenges such
as limited scientific evidence, technological complexity, and
organizational barriers hinder their widespread adoption and
impact. Moreover, disparities in access, digital literacy, and
user engagement underscore the need for a holistic approach to
address systemic barriers and optimize the effectiveness of
mHealth interventions.

Thelast 25 years have seen remarkable strides in adopting and
adapting mHealth technologies, driven by technological
innovation and a growing recognition of their potentia to
revolutionize health care delivery. Nevertheless, continued
efforts are needed to address persistent challenges and mitigate
instances of abandonment, ensuring that mHealth interventions
can fully redlize their potential in improving health outcomes
and advancing equitable accessto care.
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