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Scale up mHealth HIV interventions: site and public health
perspectives and lessons learned from P3
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Abstract: A number of mobile health (mHealth) interventions have been shown to be effective and highly
acceptable tools for improving human immunodeficiency virus (HIV) prevention and care for youth. Scale-
up of efficacious technology-based interventions is challenging and best practices for scale-up have not
been clearly established. Developers of mHealth interventions should have plans in mind for wide scale
implementation throughout all stages of development including planning, during trials and during analysis
and dissemination. We discuss an approach of focus on researchers, funders and potential implementers
including members of the community, public health practitioners and policymakers during initial planning,
trials, analysis and dissemination, and planning for scale-up. Development of the P3 (Prepared, Protected,
emPowered) mobile application (app), an intervention built to encourage and increase pre-exposure
prophylaxis (PrEP) adherence among young men who have sex with men (YMSM) and young transgender
women who have sex with men (YITWSM), is discussed in terms of designing for scale-up and lessons
learned.
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Introduction of HIV in youth requires that young people are provided

In the United S US ho h b the tools they need to reduce their risk, make healthy
n the United States (US), men who have sex with men decisions, get tested and get treatment and care if needed.
During the 2019 State of the Union address, the Trump

administration announced a plan to ending the HIV

(MSM), people who inject drugs, sex workers, transgender
people, and prisoners are disproportionately affected by

human immunodeficiency virus (HIV). In 2018, young epidemic in the US with an important goal of reducing

people, ages 15-24, accounted for approximately a third of
new HIV infections. Eighty-seven percent [7,125] of youth
in the US who received an HIV diagnosis in 2017 were
young men, and male-to-male sexual contact was the HIV

risk factor for 93% of these men (1). Advancing prevention
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new HIV infections from approximately 38,000 per year to
less than 3,000 per year by 2030. To reduce new infections
to this level means that HIV transmissions would be
rare. To achieve this goal, people living with HIV need
to have their infection identified and effectively treated
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to reduce secondary transmission, and people at risk for
HIV need access to proven HIV prevention interventions.
Achieving these goals will require dissemination of effective
interventions to youth to improve testing, uptake of
prevention, and treatment of young people with HIV.

Mobile Health (mHealth) is a promising venue for
reaching youth in general and may be particularly important
for educating and addressing sensitive topics. In 2018, 95%
of youth aged 13-24 in the US reported owning or having
access to a smartphone (2). Growing evidence supports the
use of mobile applications (apps) as an acceptable and often
preferred way for teens to receive sexual health information
and to successfully engage at-risk youth (2-5). Some efficacy
trials have found an impact of mHealth interventions on
behavior change needed to improve the access of services
along the HIV continuum of care resulting in improvements
in prevention and care (3,6-9). One recent review identified
17 studies that assessed the possible implementation of
mHealth interventions targeting the HIV care cascade by
measuring the acceptability, appropriateness, adoption,
cost, feasibility, fidelity, penetration, or sustainability of
the intervention (7). In spite of these successes of use of
mHealth for HIV prevention and care, few interventions
with evidence of effectiveness for changing behavior to
promote health have achieved widespread use (10).

There are multiple models or theoretical frameworks
to inform efforts at scale-up which, along with reliable,
valid measures, are needed to improve replicability and
generalizability of results (10-17). To date, few mHealth
HIV-focused interventions developed for youth have
utilized an implementation framework to inform scale-up.

One notable exception is Mobile for Reproductive Health
(m4RH). m4RH is a Short Message Service (SMS) or text
message-based, reproductive health information service
that began with vertical dissemination in a single country
and, over a period of 7 years, has been adapted and scaled
to new population groups and new countries. Endorsed by
the World Health Organization (WHO), m4RH relates to
HIV prevention by offering family planning information
to underserved communities including youth in African
countries with high HIV prevalence. The m4RH scale-up
followed 10 steps of adaptation and dissemination labeled
the mHealth adaptation model (mAM) (18). Key principles
for scale up include continuous stakeholder engagement,
ongoing monitoring, evaluation, and research including
extensive content and usability testing with the target
audience, strategic dissemination of results, and use of
marketing and sustainability principles for social initiatives.
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Figure I illustrates the iterative design and stakeholder
engagement with numerous opportunities for feedback and
adaptation of mAM. These factors contribute to vertical,
horizontal and global scale-up of the m4RH program (18).

In order to ensure the scale-up of evidence-based
interventions, developers of mHealth interventions should
have plans in mind for wide scale implementation throughout
all stages of development including planning, during trials
and during analysis and dissemination (19-22). Stakeholder
involvement is crucial at all stages from planning of the
intervention to wide-scale implementation (23). As both
technology and the science of HIV care and prevention are
ever changing, the design of mHealth applications should
allow for adaptation in order to maintain data security
and relevance. We discuss an approach which focuses on
community, potential implementers, researchers, funders
and public health policymakers during initial planning,
trials, analysis and dissemination, and planning for scale-
up. This framework has a focus on clinical research site
and public health lenses and similar themes as presented
in mAM (18). P3, mHealth intervention for youth that is
being evaluated in the Adolescent Trials Network for HIV
Interventions (ATN) iTech U19 Group, was developed
with similar basic principles outlined in mAM, including
stakeholder involvement throughout with interative design.
Our purpose is to discuss aspects of development of P3
using this framework of planning for scale-up and to discuss
successes and lessons learned.

iTech structure

The University of North Carolina (UNC)/Emory Center
for Innovative Technology (iTech) aims to lower the burden
of HIV infection by developing and evaluating innovative,
interdisciplinary research on technology-based interventions
across the HIV prevention and care continuum for at-
risk youth and youth living with HIV aged 15-24 years
in the US. Management, analytic and technology cores
form the research infrastructure for all studies developed
and implemented by i'Tech (4). Ten iTech sites are located
in cities in the US with high prevalence of HIV in youth
[Boston, MA; Philadelphia, PA; Chicago, IL; New York
City, NY (2 sites); Houston, TX; Tampa, FL; Atlanta, GA;
Durham, NC and Los Angeles, CA]. Most recruitment
sites have served youth living with HIV for many years by
providing care and access to research. These youth friendly
sites have linkage to other services including counseling and
housing, mature community connections and strong youth
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Figure 1 mHealth adaptation model. The mHealth adaptation model is a 10-step model used to guide development and adaption of the

m4RH program for new populations and settings. The evidence-based model highlights continual interaction between stakeholders and

end-users of the mHealth program.

advisory boards that are supported by iTech. The P3 mobile
app is currently being studied in iTech in a randomized
control trial to test effectiveness.

All research conducted within iTech is centrally reviewed
and approved by the institutional review board (IRB) of
the UNC at Chapel Hill. This UNC IRB acts as the IRB
of record in accordance with the National Institutes of
Health policies (24) and local IRBs of study recruitment
venues (SRVs) and participating institutions sign reliance
agreements with the UNC IRB. Informed consent is
obtained from participants. A waiver of parental consent
or assent is obtained from the IRB for participants who are

15-17 years old.

Purpose of the P3 app
The P3 (Prepared, Protected, emPowered) mobile app is an

intervention built to encourage and increase pre-exposure

prophylaxis (PrEP) adherence among young MSM (YMSM)
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and young transgender women who have sex with men
(YTWSM) (25). P3 uses gamification and social networking
to educate, entertain and motivate users. Formats used
for engagement included text, video, quizzes, and a social
discussion board that facilitates peer-to-peer sharing of
challenges and successes. Tailored medication reminders
and strategies, in-app rewards related to health behaviors,
and social connectivity encourage behavior change. P3 also
provides in-app adherence counseling based on Next Step
Counseling and delivered by a centrally located adherence
counselor. The P3 team is using social engagement and
support tools for behavior change, namely to increase
uptake and adherence to PrEP to reduce risk for HIV
infection (25).

Developing an app for scale-up and lessons

learned from P3 development

As mHealth interventions for youth are being developed,
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it is important that the developers are building for
implementation. Tzble I provides a framework for
developers to consider which focuses on involvement of
key stakeholders from community, potential implementers,
researchers, funders and public health policy makers during
initial planning, trials, analysis and dissemination, and
planning for scale-up.

Development of P3 mobile app for support of
PrEP scale-up

Developers P3 applied good mHealth intervention
development principles for inception of the app
development process (1able 2). The approach prioritized
flexibility in design and involved planning for scale-up from
the start. App development was guided by theoretical basis
and incorporated many features designed to support youth
engagement. The app is built on both IOS and Android
platforms with standards for app development which
would facilitate scalable and sustainable health information
systems. Members of the community provided input
throughout all steps of development. The efficacy trial is
being conducted in diverse settings where implementers are
providing feedback and trial design has been altered to take
into account real world conditions. Researchers and SRVs
frequently evaluate and share recruitment strategies, study
implementation and retention issues. There is an active
social media component for outreach and recruitment which
is tailored to individual SRVs. A subsample of enrollees (both
high and low app users) participate in a qualitative interview
providing detailed feedback on the app and how it may
have or may have not impacted behavior change. Also a cost
assessment is included in the efficacy trial. This will evaluate
overall cost of app development, implementation as well
as added cost of providing in-app adherence counseling.
The centralized adherence coach offers potential for cost-
efficient scalability with fidelity.

The app was designed specifically to allow for editing,
changes or additions to content. For example, a new
medication was approved for PrEP during the randomised
control trial (RCT). Investigators were able to include
relevant in-app content for end users and make changes
to the protocol to ensure enrolling all potential youth on
PrEP [tenofovir disoproxil fumarate (TDF) or tenofovir
alafenamide (TAF)-based] and to ensure that the app is not
seen as outdated by users based on inaccurate data [e.g., the
only Federal Drug Administration (FDA) approved drug for
PrEP is Truvada].
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Some aspects of development that did not involve an eye
to eventual scale-up or “lessons learned” include addressing
resources for potential scale-up. If P3 is found efficacious
and cost effective, funding is limited for iterative adaptation
and ongoing maintenance of the intervention that would be
required for scale-up. Planning for sustainability including
monitoring of the app to fix bugs and develop and release
software updates and monitoring of the program for
scientific updates and adaptations has begun but could have
been initiated earlier in the planning process. Dissemination
will require a payer source for the technology and
dissemination campaigns. Who should fund sustainable
scale-up? Developers? Health departments? End users?
Insurance companies?

The use of a RCT to evaluate interventions also has
some inherent limitations when planning for scale-up.
An adaptive trial design might have allowed for more
substantial mid-trial changes. Eligibility criteria and rigid
protocol structure restricts users who participate in trials
and users may not reflect potential P3 users on a larger
scale. Also, the way people use P3 in a real-world setting will
likely differ from the way P3 is used in the trial; although,
investigators are evaluating for changes in use based on
whether or not use was incentivized during the trial. For
the first 3 months, participants can earn financial incentives
based on app use which can be redeemed at their 3-month
follow-up appointment. For the next 3 months, participants
are able to use the app but are not awarded financial
incentives. Another limitation is that, while participants
are being evaluated by qualitative exit interviews, to get a
more robust understanding of implementation facilitators
and barriers, providers and other implementers should have
been interviewed as well.

Discussion

Best practices for scale-up of mHealth interventions
involves including stakeholders in formulating interative
changes at multiple stages of development, namely during
initial planning, planning of trials, and during analysis and
dissemination of results to advise with an eye to widespread
utilization.

Planning

In the initial planning stages for an intervention, input
should be obtained from key stakeholders regarding
the intervention, and with the potential for eventual
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Stakeholder

Planning

During trial

Analysis and
dissemination

Planning for scale-up

Community: provides
input, feedback

and suggestions for
adaptation

Potential
implementers:
provide input, assist
with implementation
logistics

Researchers: compile
implementation

data and results for
throughout life of the
study

Funders/public
health: provide input
and support for
sustainability

Assess community
needs—alternatives
already in place

Decide how those most
in need will access
intervention

Discuss feasibility and
acceptability in the
community

Discuss feasibility of
intervention in their setting

Suggest related behaviors
or service uptake that
intervention may influence

Discuss cost evaluation
components

Consult with local health
departments, community
representatives and
funders

Provide information about
how to fund intervention

Ensure evaluation criteria
can speak to public health
investment

Discuss which public
health agencies or
grantees may implement
interventions

Discuss how recruitment
methods are received in
the community (in person
outreach, social media
ads, paper materials)

Assist with venues and
referrals to study

Assist with mechanisms
for linkage to services

Provide mechanisms for
linkage to services

Create provider and
community partnership
and recruitment

Assist with cost
assessment

Provide feedback
mechanisms with
stakeholders and
community partners

Report community
input to protocol teams,
research network and
scientists

Assess impact of
intervention on current
services and resource
gaps

Discuss how policy
changes may impact
intervention approach

Comment on mechanisms
and content for sharing
data in the community
and with youth, such as
reviews of infographics

Give input in to forums for
data dissemination, such
as staff meetings and
CABs

Edit and share social
media ads promoting
apps

Provide mechanisms
for demonstrating
interventions in the
community

Edit and share social
media ads promoting
mHealth

Publish peer reviewed
articles

Present at local and
national meetings

Endorse intervention

Share content and
demonstrate intervention

Formulate direct to
consumer social media

Make adaptations for
additional populations
that maintain fidelity
(language, risk category)

Plan for updates
(technology and science)
to keep the intervention
relevant

Assist with educating key
community and provider
partners

Provide community
outreach for acceptance
and to generate
enthusiasm for uptake
and use

Compile and share trial
and cost data for funders
and policymakers

prior to submission of
publications

Seek opportunities to
share implementation-
relevant findings in
settings outside of
scientific conference and
manuscripts

Become stakeholders to
identify new technology
or scientific content

Identify who and how
users will be recruited,
supported, and engaged

Remove barriers to
implementation through
policy and legal structural
level changes

CABs, community advisory boards.
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Table 2 Stages of development and plan for scale-up of P3 mobile app
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App component or stage of
development

P3

Aspects of development important to the plan for
scale-up

Theoretical framework for
intervention

App development

Formative work: focus groups
and usability testing

Social cognitive theory, principles of persuasive
technology

User centered multi-component care app that
includes multiple formats including text, videos,
quizzes and social discussion board for peer-to-
peer sharing

App included tailored medication strategies and
reminders and personalized messages as well as
in app rewards

Assess user (young MSM or young TWSM)
comprehension of educational content.

Designed for health behavioral change in young
MSM and (Fogg Behavior Model) young TWSM

Technology and science updates planned to keep
the app relevant

Evaluation of app components tied to
engagement and behavior change will determine
what components are kept, removed or adapted
prior to scale-up

Planning for ease of use on a wider scale in a
non-controlled setting

Understanding and use of features. User

assessment of functionality

Formative work: field trial Further app development

Randomized control trial Assess efficacy, assess cost

Community preferences, needs, feasibility
assessed

Real world testing by users to discover app (and
trial procedure) issues and problem solve prior to
wider use

Also assessed implementation of app onboarding
at site level which included assisting users with
app download, initial app set-up and connection
with adherence coach.

Scale-up of mHealth should be preceded by
efficacy and effectiveness trials so that they are
founded on an appropriate evidence

Scale-up of efficacious interventions will be
limited by cost effectiveness in addition to ease
of incorporating into routine provision of care

Provider acceptability and cost effectiveness
assessed to inform feasibility

Assessing utility and cost effectiveness of having
a centralized adherence coach

MSM, men who have sex with men; TWSM, transgender women who have sex with men.

dissemination in mind (26,27). Developing a plan to
engage the community that includes leveraging existing
relationships and initiating new ones is essential. The
community can share insights about dissemination, how to
reach those who may benefit most from the interventions,
and acceptability. SRVs utilize a variety of methods to gain
community insight. Many have established community
coalitions, such as those established through Connect
to Protect, the Adolescent Trials Network community-
level prevention intervention (28,29), where protocols
are reviewed and strategies for recruitment, community

© mHealth. All rights reserved.

education and implementation are discussed. Site-based
youth community advisory boards (YCABS) are supported
by iTech and serve as a tremendously effective way to
receive input in real time. New and long-term relationships
with youth and adult local health experts can be formalized
for feedback throughout the life of the project. The
YCABs can serve as focus groups piloting early versions
of applications and reviewing everything from graphics to
language.

It is also critical to learn about any barriers and facilitators
of mHealth uptake. An initial assessment of existing
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mHealth utilization and those currently endorsed by
providers will inform where the gaps may be. Potential
implementers provide feedback that speaks to the
individual’s acceptability of the intervention, from those
of clients and patients. Their view can shed light on how
the intervention will co-exist with existing programs and
services, whether as an enhancement, a new opportunity,
or is it a duplication (16). Where might they foresee this
intervention co-existing in other venues in the future and
can it be translated to other populations? SRVs have staff
and participants who are active members of community
coalitions and closely connected to community-based
organizations and departments of health; this allows
bidirectional feedback.

Researchers, funders and public health officials can
consider factors related to sustainability in the planning
versus during the trial or end stages. Cost analysis early on
and throughout the study will inform budgets for future
funding opportunities. These data include staffing costs
which translate into future implementers at other agencies
who may wish to be part of the intervention scale up.
Funders will also compare the data points and outcomes
of interventions to the public health needs of their region,
thereby positioning the intervention for potential local
funding for the future.

Preliminary discussions with potential public health
implementers might include discussions of:

% Who would be delivering the intervention;

% What training those implementing staff might need;

% Are there technology or security barriers;

%  What resources within the implementing agency
such as a health department might support
implementation [e.g., sexually transmitted infection
(STT) testing, case managers, disease investigation
specialists];

% Are there existing cost estimates for the delivery of
similar services;

% What sources of money (federal, state, county) might
be used to support implementation; and

% What are the funder’s limitations regarding the
programs they fund?

During trial

Researchers and SRVs work together to assure that testing
of the intervention occurs in the targeted population and
is applicable to future dissemination. Throughout the
data collection phase, sites continue to engage in activities

© mHealth. All rights reserved.
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with community, implementers and funders to receive
feedback about intervention feasibility and acceptability
(includes mechanisms for recruitment of participants).
These activities continue a similar path to those in the
planning stage. Researchers report this information back
to their protocol teams, technology partners, SRVs and
the members of the larger research network, and ensure
that the mechanisms for the feedback loop are consistent
and intact. The information is translated into real time
actions that may alter the way in which study activities are
implemented, such as addressing recruitment or retention
issues through editing social media content, or identifying
new community partnerships. Policy makers and funders
monitor for planned changes in policy or standard of care
that will impact dissemination so that changes can be
made to the trial to maintain the relevancy and protect
participants.

There should also be an ongoing discussion with eventual
implementers [e.g., health departments, community based
organizations (CBOs), payers] about the progress of the
study. Implementers may identify positive or negative
consequences of the intervention in the trial community
because they are providing services to study participants.
Ongoing engagement with eventual implementers also
maintains a sense of investment and awareness of the study,
and might help lower barriers to eventual adoption of the
intervention if it is proven efficacious. In fact, policymakers
and payers have an obligation to consider an effective
mHealth apps’ utility for addressing health disparities in
health systems (30,31).

Analysis and dissemination

The success of future mHealth intervention scale
up is compromised without considered analysis and
dissemination. In addition to answering the questions set
out by researchers and scientists, engaging implementers
and community members in the analysis plan will focus
the analysis plan to specific communities and cities.
Stakeholders can apply results to current programs
in “real time” while contributing to dissemination. In
partnership with researchers, short term data analysis can
be presented to youth and service providers or translated
into infographics shortly after data collection to eliminate
the time lag associated with manuscript publication. This
feedback reinforces youth involvement and empowerment
of the local YCABs. Funders and public health officials
can use these data to endorse the intervention increasing
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acceptability of the intervention and supporting scale up
efforts.

Scale up and localized personalization

mHealth applications have the capacity to be widely
implemented in a broad range of people. Due to the fast pace
of technological development, mHealth research should
be conducted at a rapid pace to maintain relevance (32).
Pragmatic study designs that are conducted in diverse
settings and under diverse conditions while assessing
costs and contextual factors that affect outcomes enhance
the ability for broad-scale dissemination of mHealth
interventions (32). Organizations and individuals who
participate in all previous levels will be crucial to the scale
up and widespread usage of the mHealth interventions.
In order to personalize and embed localized imagery to
increase its relevance to a specific community, it is vital
that community stakeholders within a region continue to
provide insights to implementers, researchers and funders.
Similarly, implementers can keep tabs on changing needs
and document adaptations, while researchers ensure that
the theoretical underpinning guiding the intervention
are not compromised based on adaptation and can test
whether the implemented adaptations across communities
contributes to improved effectiveness. Funders will
determine sustainability based on cost analyses and consider
how the logistics of the scale-up will be supported and best
situated for maximum effectiveness by public or private
partnerships.

An important aspect of scale up is the assessment and
monitoring of needs for specific types of training among
those implementing the intervention. For example, after
the initial public health rollout of Couples HIV Testing
and Counseling, a survey was conducted of implementers
to determine whether the training had provided all of the
needed skills and capacity to effective implementation (33).
The results of the evaluation were used to modify training
content for future implementers.

Conclusions

Bringing mHealth interventions to scale requires input
from a number of stakeholders, especially community
and implementers, from the initial planning to the
dissemination of the intervention. mHealth platforms need
to be easily adaptable and developers must have a view to
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implementation in all stages of the development process
(19-23). Rapid adaptation during scale-up taking into
account contextual differences allows for more broad
dissemination. Public health policy makers and funders
must see the value in the mHealth approach and be
committed to enact policy and health systems changes that
enhance the feasibility and sustainability of the intervention.
The American Medical Association and the WHO are two
bodies that believe that mHealth apps that promote safe and
effective patient care have the potential to be integrated into
routine practice and aim to foster integration by promoting
exploration of costs and cost effectiveness for healthcare
delivery systems and coverage and payment policies to
support their use (34,35).

Regarding the HIV epidemic in the US, the White
House, National Institute of Health (NIH) and Centers
for Disease Control and Prevention (CDC) are aligned in
support of goals for dramatic increases in uptake of HIV
testing, prevention strategies, and treatment resulting
in marked reduction of new cases of infection with HIV.
mHealth interventions offer promising tools for reaching
these goals. To realize their potential, CDC should build
capacity through its capacity building programs to support
CDC grantees to implement mHealth interventions,
including training of staff, development of evaluation
mechanisms, and support for implementing agencies who
encounter challenges with deploying technology-based
interventions, achieving suitable uptake, or reaching the
populations in most need of the interventions. Steps to
improving scale-up of mHealth interventions to support
prevention and treatment of HIV might include improving
the capacity of health departments and community-based
organizations to deploy and support the use of these apps.
Tool boxes of shared resources of common elements of
technology-based interventions including, for example,
informational resources, testing locators, survey utilities,
and administrative components, would extend the reach
and focus of an individual app designed for a specific
population by allowing more rapid cultural tailoring to
a new subpopulation. Public-private partnerships to fuel
innovations, accelerate development to dissemination and
increase potential impact might be beneficial to sustainable
implementation.
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