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Abstract

Health promotion intervention theory must adapt as evidence grows to support the complexities of social and behavioral health fields.
Following the COVID-19 pandemic, digital health continues to grow, requiring a re-evaluation of traditional models’ applicability to
these approaches. The authors propose adapting and integrating the Socio-Ecological Model (SEM) and Diffusion of Innovation (DOI)
models for application with digital health to deliver interventions. We also describe the application of the SEM-DOI integration in
conjunction with a demonstration project, a digital intervention to improve Metabolic Syndromes (MetS) health outcomes. Future
health interventions may consider the proposed SEM-DOI model to account for individual and community-level factors during
implementation and use as a guide for meaningful evaluation. Adaptations of theoretical models to current-state interventions and

integration of multiple, established models are needed to sustain prevention efforts and efficacy over time.
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INTRODUCTION

Scientific theory continues to advance across fields of study
with the purpose of identifying approaches and components of
interventions that effectively translate practice to outcomes.
Theoretical models have been proposed and combined from
multiple fields, ranging from sociology to public health,
integrating designs and strategies for novel practices based on
efficacious past models. Across varying disciplines, the need to
continuously adapt models in parallel with new scientific
discoveries — both delivery approaches and clinical therapies —
requires ongoing inquiry into the relevance of the theoretical
frameworks and has raised questions regarding the flexibility
and adaptability of the models themselves and their relevance
to new intervention delivery.

In early 2020, the COVID-19 pandemic necessitated the broad
implementation of remote, digital, and tele-health services,
required for the continuity of care. In today’s digital era,
theoretical grounding models do not always adequately
account for the increased fluidity between model domains and
care modalities (e.g., in-person vs. digital care) and for the
lessening of the tangible nature for other domains (e.g., the
definition of ‘communities’ changing in the digital age).
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The authors propose the adaptation and integration of two
theoretical models: the Socio Ecological Model (SEM),
developed by Uriel Bronfenbrenner (Bronfenbrenner et al
1986; McLeroy, K.R. et al 1988), and the Diffusion of Innovation
(DOIl), developed by Rogers Everett M. (Rogers E.M. 1983;
Rogers 2014). The SEM examines health outcomes through a
holistic lens and captures the influence of multiple levels of
influence. These levels range from individual to societal factors,
all of which play a role in shaping health behaviors. For
example, at the societal level public policies—such as federal
and state regulations that promote or hinder access to
telemedicine greatly influence health care access and
outcomes. Policies that support reimbursement parity for
telehealth services can increase access to care, particularly for
those in rural or underserved areas. Similarly, community level
factors might include the availability of telehealth
infrastructure, such as broadband access, and interpersonal
factors, such as the influence of family members encouraging
the use of telehealth services. At the individual level, a person’s
comfort with technology and belief in the effectiveness of
telehealth may impact willingness to adopt these services.

The Diffusion of Innovation (DOI) theoretical model describes
how new ideas, behaviors, or technologies spread through
populations. This DOI model highlights key factors that promote
the adoption of new innovations, such as relative advantage
(how much better the innovation is compared to what it
replaces), compatibility (how well it fits with the values and
needs of the population), complexity (how difficult the
innovation is to understand and use), trialability (how easily
people can try the innovation), and observability (the visible
benefits of adopting the innovation) (Rogers E.M. 1983; Rogers
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2014). In the context of telehealth, DOI would support ways in
which adoption is dependent on how these factors, together,
influence healthcare providers and patients to accept and
integrate telehealth into their practices and daily lives.

In the present paper, authors, describe the integration of the
SEM and DOI models and demonstrate how the proposed SEMI-
DOI integrated model may be applied to a health promotion
intervention  supporting metabolic syndromes (MetS)
examining the model’s alignment with SEM-DOI components.

APPROACH

The SEM integrates intra and interpersonal factors, community,
and organizational factors, and public policies, thereby offering
a broad, multi-level perspective to managing health conditions
(Bronfenbrenner,1986; Stokols, 1996). The SEM underpins the
multiple levels at which barriers to development and adoption
of health interventions may occur. The SEM model has been
successfully applied to describe individual health behaviors (Ma
et al., 2017), nutritional practices among racial/ethnic minority
groups with lower incomes (Robinson, 2008), and health care
generally (Phelan et al., 2020). Additionally, the SEM may be
applied to guide the exploration of the links between the social
determinants of health (SDOH).

The DOI theory (Rogers, 2014) was created from two
components: innovation and diffusion. ‘Innovation’ refers to
novel thoughts, ideas, practices, services, or products that are
perceived and recognized as ‘new’ by individuals or groups.
There are five elements of ‘innovation’ within DOI that
determine whether the adoption or diffusion of a novel activity
will occur. These levels are relative advantage, compatibility,
complexity, trialability, and observability. These levels are
defined in Table 1.Diffusion’ is the process by which an
innovation is communicated through channels within a specific
period. The process of diffusion involves the following stages:
dissemination, adoption, implementation, and maintenance
(Rogers, 2014). The DOI model has been successfully applied to
health promotion programs for diabetes care (Lien et al., 2017),
autism (Pickard et al., 2016), HIV/AIDS (Wu et al., 2021), and the
adoption of new healthcare information technologies (Zhang et
al., 2015). In one example, the authors Lien and Jiang (2017),
highlight a successful application of the DOI model to a health
promotion intervention where the prevalence of tobacco use
was reduced from 40% in 1983 to 15.9% in 2015 in Australia.

By integrating these two models, a robust framework is created
that can explain both the contextual factors that influence
health behaviors (through SEM) and the mechanisms by which
new health innovations spread (through DOI). Continuing with
a telehealth example, the diffusion of telehealth services during
the COVID-19 pandemic highlights how public policies (SEM’s
societal level) and organizational adoption (SEM’s institutional
level) interact with DOI factors such as relative advantage (the

ease and efficiency of telehealth) to influence individual and
community-level adoption.

The SEM- DOI Integrated Framework

The impetus for the SEM-DOI integrated framework (Figure 1)
development was the need to identify a model that identifies
the layers of influence on health behavior, explains how new
innovations, can be successfully adopted across these levels for
both intervention adaptation, and subsequent spread of
innovations.

The SEM is a grounding theory that anchors the elements of
intervention adaptation from individual to community. The
application of the first two levels of the SEM is critical to gain a
better understanding of areas of consideration at multiple
micro levels (e.g. individual and interpersonal) and improve the
ability to develop multi-pronged approaches and improve
quality of care across macro societal levels. SEM’s broader focus
on environmental and policy-level factors can enhance DOI’s
ability to account for external barriers to adoption. In turn, the
DOI theory works at a macro level by which community-level
innovations are adopted to change a population's health
behavior. DOI is based on the premise that decision-making by
individuals is faster than that by an organization or a group
(Rogers, 2014). Therefore, to increase the acceptance rate of
innovation, decision-making should focus on individual society
leaders first and then disseminate through the entire
population. The DOl provides a detailed framework for
understanding the process of change within SEM’s individual
and interpersonal levels. For example, public policies
promoting telehealth (SEM’s societal level) can be better
understood when simultaneously DOI’s concepts of trialability
and observability, whereby a positive trial of telehealth services
may encourage policymakers to adopt supportive policies.

The DOI theory also offers an actionable framework for the
implementation and adoption of health promotion strategy
with concepts on how and at what rate of change new
technologies spread through social systems given the
differences in adopter groups, including innovators, early
adopters, early majority, late majority, and laggards. Each
group has distinct motivations, characteristics, and barriers to
adopting new health behaviors (Rogers, 2003). Practically,
examining these categories enables program planners to tailor
interventions and outreach strategies to specific healthy
behaviors across diverse patient populations. For example,
early adopters may consist of patients who are highly
motivated to change their lifestyles after receiving personalized
education and support. These early adopters may then
influence the early majority by sharing positive experiences,
helping to accelerate the spread of new health practices within
communities (Jolibert & Baumgartner, 2021). Similarly,
programs can use data from early adopters to address the
barriers faced by laggards, such as skepticism or lack of access
to resources (Greenhalgh et al., 2004). By considering the
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specific needs of each adopter category health promotion
efforts may achieve more effective, quality, and widespread
adoption of health interventions.

SEM-DOI Framework: MetS Case Study

The application of proposed theoretical frameworks to real-
world interventions is essential to examine feasibility and
applicability of new theory to practice. Here, we applied the
SEM-DOI framework to a community-based health promotion
project. The project addressed MetS and quality of care during
the COVID-19 pandemic among a sample of 40 participants
representing historically marginalized populations in Queens,
New York. MetS poses a serious health and economic burden to
adults aged 40 years and older, is associated with comorbidities
including Type -Il diabetes mellitus and cardiovascular diseases,
and renders patients more susceptible to COVID-19 (Gou et al.,
2024; Huang et al., 2020). The application of the SEM and DOI
integrates an approach that may inform quality of care across
micro and macro societal levels among low-income populations
and minority groups, those who are essential to benefit from
novel public health interventions.

This study was administered during a one-year period in 2020.
Study data were collected remotely and on-site. Institutional
Review Board approval was obtained from St. John’s University,
Queens, NY (FWA # 00009066) prior to the start of program
activities. Participant data were assessed through medical
charts abstraction to compare number and types of medical
visits, and differences in health outcomes pre and during the
pandemic. Three focus groups were conducted with
participants, and one conducted with providers to elicit barriers
and facilitators to care and telehealth uptake. Though this study
was a demonstration project, authors explored access and
utilization factors that may inform the development of a
culturally sensitive telehealth intervention.

Applying the SEM-DOI Integrated Framework

The proposed, integrated framework (Figure 1) summarizes the
interrelationship between MetS (pre-disease and diseased) and
digital health intervention.

Implementation of MetS interventions is often not systematic
across different strata of the community, limiting their reach
and effectiveness. The SEM framework helps identify the
factors that make individuals susceptible to MetS and pre-MetS
at the individual, organizational, and community levels,
providing a foundation for designing targeted interventions.
However, applying the Diffusion of Innovation model is crucial
to ensure these interventions are systematically disseminated
and adopted across all community strata. Additionally, the
frameworks help identify which strategies may sustain and
allow for remote continuity of care during the pandemic and
beyond.

SEM-DOI Alignment with Intervention Components

The focus groups illuminated areas along the SEM framework
levels where additional attention may be required to ensure
alignment for new interventions, particularly for telehealth or
smart app-based interventions.

At the individual level, age and familiarity with new
technologies were cited barriers whereas interpersonal level
factors included reduced face-to-face interaction with
providers, which has both positive and some negative
implications. At the organizational level, providers noted that
there was still the need to send (mail) participants medications,
a feature of the intervention which could not be changed
through a smart-app intervention.

Complexity: Individuals who lack access to technology to
maintain health services may experience a gap in healthcare
quality and continuity. In the focus groups, providers spoke to
the challenges of using health monitoring tools. [Table 1]

Relative Advantage: Factors directly interact with the
individual and intrapersonal SEM levels to decrease disparities
in intervention non-adherence to the digital health program or
related therapies. Participants spoke about the helpfulness and
enjoyment in using smart-app technologies, particularly for
those integrated onto existing smart devices. [Table 1]

Compatibility: This DOIl-model factor directly influences
organization, community, and interpersonal SEM levels. The
pandemic created a need for the rapid adoption of technology
to access care, as well as sustain continuity of care while
providing an opportunity to connect with social networks,
especially for those who were in nursing home facilities.
Furthermore, when the Center for Medicare and Medicaid
Services approved the reimbursement parity for telehealth
services, it created a pathway to increase and sustain utilization
(Centers for Medicare & Medicaid Services (CMS), 2021). There
remain disparities in the use of telehealth among marginalized
communities, requiring that the digital technology should be
compatible across different income groups and population
demographics (rural and marginalized communities) and
should ensure its adoption both on an interpersonal level, and
organizational level and holistically across the community.
Participants spoke about their existing health data tools, and
how helpful these tools have become in their health
monitoring. [Table 1]

Trialability and Observability: These DOI factors influence the
interpersonal, community and organization levels of the SEM. A
culturally sensitive, remote health intervention for MetS that
can be deployed through inexpensive means will allow different
segments of the population to simultaneously test the solution,
provide feedback and allow for the development of a more
comprehensive solution. Addressing these syndromes thereby
decreases complications associated with COVID-19 infections
and severity. Participants spoke about how having apps on their
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existing phones, was helpful in adopting the app and using it.
Because technology was integrated it was also immediately
useful and helpful to participants. [Table 1]

CONSIDERATIONS AND RECOMMENDATIONS

The integration of the SEM and DOl models supports a novel
intervention development approach which will allow
researchers and health care professionals to develop informed
digital health solutions that promote successful adoption
through the validated channels of the existing SEM and DOI
models. Previously, both the SEM and DOI theories have been
successfully applied to the development, management, and
evaluation of health promotion interventions. Our
demonstration project illustrates how the SEM-DOI integrated
framework may be applied to a health promotion intervention
and may be used to inform future studies.

Further research must focus on the evaluation of the SEM-DOI
integrated framework to assess broader feasibility and
acceptability in health care programs and document uptake
considerations. The SEM-DOI framework may be used to both
guide and ground the development of new interventions, tailor
existing interventions, and evaluate interventions to gaining
insights and generating recommendations based on the
components.

Additionally, future research of the SEM-DOI framework should
evaluate the multiple contextual factors that influence
adoption of a new program: social structures, organization,
environmental, and cultural. For example, both social
structures and culture including dynamics of peers may
influence the uptake of new technology. Research shows that
individuals are more likely to adopt new health technologies if
trusted peers or community leaders have already done so,
suggesting that early adopters can significantly influence the
diffusion process (Greenhalgh et al., 2004). There are significant
factors across organizations and environments, impacted
nationally by geography like State-level policies, where access
to telehealth or other health care may vary across State lines.
The Socio-Ecological Model underscores that these
environmental and institutional structures—such as geographic
location, access to digital services, and economic conditions—
are crucial determinants of health behaviors (McLeroy et al.,
1988). Additionally, cultural factors and cultural competency
impact how both patients and providers interact with new
health care interventions.

From a policy and practice perspective, new health promotion
interventions must consider sustainability and be adopted by
payors, including Medicare and Medicaid, to ensure patient
access and adequate providers reimbursement for services
associated with the program. Over time, relative advantage, a
key component of the SEM-DOI framework, would create cost-
effectiveness and accessibility considerations between health
care intervention modalities across payors. The shift in health

care delivery modalities, particularly to telehealth, has raised
challenges for provider reimbursement, and, while many states
have changed policies to improve parity between telehealth
and in-person health care visits, there are still areas for
improvement, particularly in historically under-funded areas of
care. Adequate reimbursement rates for providers will
encourage more widespread adoption of new interventions
and ensure long-term program sustainability, both critical to
ensure innovation in practice and equity in health.
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Figure 1: Socio Ecological — Diffusion of Innovation (SEM-DOI) Integrated Framework
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Table 1: Interrelationships Within Socio Ecological — Diffusion of Innovation (SEM-DOI) Model and select focus group

qguotes from the ‘quality of care during the COVID-19 pandemic, among hypertensives and type Il diabetics pilot study.’

Diffusion of Innovation
Model (DOI) Levels

Soco-Ecological Model (SEM)
levels

Focus Groups Quotes(s)

Relative Advantage -The

degree to which an
innovation is seen as better
than the idea, program, or

product it replaces.

Individual — health

technology usefulness

C-FG Speaker 3: My Fitbit makes me aware of my heart rate and the fact that
when I'm working out, it'll reach a certain level, and it won’t go higher than

that, and I'm aware.

P-FG-Speaker 2: Having the monitors accessible to [the patients], if there's an
emergency, whether it's a pandemic or whether there's a snowstorm, or just
something going on and the client cannot leave home - they can still monitor
their health.

Community — food pantries
(delivering food directly to
clients' homes offered a clear
relative advantage over the
traditional in-person pantry
visits, thus providing a more
effective and safer method of
distribution for both clients and
staff)

P-FG Speaker 4: | also want to add that most of the time, because of the
pandemic, a lot of clients, even staff could not go outside. We were
concentrating more on providing food, things that [clients] are going to need
while sheltering in. We deliver pantries, we call them and send them food, go
to their homes... So that's what we were doing during the pandemic, making

sure we served as a community also so as pantry and food.

Compatibility- How
consistent the innovation is
with the values,
experiences, and needs of

the potential adopters.

Individual — health

technology usefulness

C-FG 1 Speaker 2: my diabetes machine is what | use to keep track and
monitor. | can always tell that | ate something wrong in the morning when |
check my blood sugar, or | must monitor what I'm eating right. When I'm

eating wrong to keep my sugars at a level that's supposed to be just right.

Interpersonal — delivery of

food, medication delivery

P-FG Speaker 3: Providers did send medication throughout the whole
pandemic. Medication delivery was up and running in AIDS Healthcare
Foundation (AHF). And because they were considering [providers] essential
staff, we were at the site and some of my clients were coming to the site for

services.

Public policy -
Reimbursement issues-

allowed for use of telehealth.

P-FG Speaker 3: And [a patient] had her Medicaid and the services are
billable encounters. It doesn't really affect us because | talked to my clients,
[telehealth] is a billable service. Even if | was calling clients and asking them
about their medication adherence, asking whether they’ve taken their

medicine, today, and how? That counts as a billable service. (policy)

Complexity- How difficult
the innovation is to

understand and/or use.

Individual - Age of Patients/

Familiarity with Technology

Challenges in using health monitoring tools

P-FG Speaker 3: We're [seeing] barriers because a lot of our clients are older;
they don't know how to use smartphones........

P-FG Speaker 3: Even internet access, [the clients] can’t pay for internet.
They don't know, [will ask] “Can | come to your place and use the internet if

you have it” We've gotta look at what the lack of resources in the area, really.
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Community/Interpersonal —

education on technology

P-FG Speaker 6: | would recommend that, but just as [other provider
participant] said, you have to be educating [the patients], letting them know
how to use these devices because you have a lot of clients who don't even
know how to go on to do a zoom or email or an email. You understand that
the [clients] would have to do maybe a mini workshop or have someone come
in and show them how to work the devices. And then | think that would be a

really good

Trialability - The extent to
which the innovation can be
tested or experimented with
before a commitment to

adopt is made.

Individual — health

technology usefulness

C-FG Speaker 3: It was extremely helpful. It was extremely helpful. Because
you can go on your phone and do so many things, like if you want to walk you
can track on your phone. You don't have a bigger Fitbit - you can use your
phone. So, if | go walking and | forget my Fitbit, I'll remember, wow! you have

a tracker on your phone, use your phone! So, it was extremely helpful.

Observability - The extent
to which the innovation

provides tangible results.

Individual — health

technology usage

C-FG 1 Speaker 3: For me, due to my high blood pressure, | have a pressure
kit at home. My doctor would call me, and say, listen, my pressure may have
been a certain number. Say when | went in the office to do my blood work and
blood pressure, they monitored me and said, ‘| need you to go home and, in
the morning, take the pressure at night, take a pressure, screenshot it and
send it to me.” That was a plus, that continued monitoring because there was
days that | would go to the clinic and my pressure was like to the roof. They

told me this must be a white coat syndrome thing.

Interpersonal — provider
interaction and importance of

face-to-face interactions

C-FG 1 (Speaker 2): | think | got one (appointment) in person and that was
right when [COVID-19 hit], but for the most part, my doctors did call and check

on me, to see where I'm at, and did | need anything? Which is awesome.

http://z.umn.edu/INNOVATIONS

2024, Vol. 15, No. 4, Article 6
DOI: https://doi.org/10.24926/iip.v15i4.6271

INNOVATIONS in pharmacy




