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Abstract

Background: Disease prevention is a central aspect of primary care practice and is comprised of primary (eg, vaccinations),
secondary (eg, screenings), tertiary (eg, chronic condition monitoring), and quaternary (eg, prevention of overmedicalization)
levels. Despite rapid digital transformation of primary care practices, digital health interventions (DHIs) in preventive care have
yet to be systematically evaluated.

Objective: This review aimed to identify and describe the scope and use of current DHIs for preventive care in primary care
settings.

Methods: A scoping review to identify literature published from 2014 to 2020 was conducted across multiple databases using
keywordsand Medical Subject Headingsterms covering primary care professionals, prevention and care management, and digital
health. A subgroup analysis identified relevant studies conducted in US primary care settings, excluding DHIs that use the
electronic health record (EHR) as aretrospective data capture tool . Technology descriptions, outcomes (eg, health care performance
and implementation science), and study quality as per Oxford levels of evidence were abstracted.

Results: The search yielded 5274 citations, of which 1060 full-text articles were identified. Following a subgroup analysis, 241
articles met the inclusion criteria. Studies primarily examined DHIs among health information technologies, including EHRs
(166/241, 68.9%), clinical decision support (88/241, 36.5%), telehealth (88/241, 36.5%), and multiple technologies (154/241,
63.9%). DHIs were predominantly used for tertiary prevention (131/241, 54.4%). Of the core primary care functions,
comprehensiveness was addressed most frequently (213/241, 88.4%). DHI users were providers (205/241, 85.1%), patients
(1117241, 46.1%), or multipletypes (89/241, 36.9%). Reported outcomeswere primarily clinical (179/241, 70.1%), and statistically
significant improvements were common (192/241, 79.7%). Results were summarized across the following 5 topics for the most
novel/distinct DHIs. population-centered, patient-centered, care access expansion, panel-centered (dashboarding), and
application-driven DHIs. The quality of the included studies was moderate to low.

Conclusions: Preventive DHIsin primary care settings demonstrated meaningful improvements in both clinical and nonclinical
outcomes, and across user types; however, adoption and implementation in the US were limited primarily to EHR platforms, and
userswere mainly cliniciansreceiving alerts regarding care management for their patients. Evaluations of negative results, effects
on health disparities, and many other gaps remain to be explored.
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Introduction

TheInstitute of Medicine declared primary careto be*“ essential
health care” and the central feature of an effective health care
system [1]. Primary care has the potential to enhance quality,
reduce costs, and increase equity and accessto care by providing
first contact and easy accessto comprehensive, continuous, and
coordinated medical care for patients [2] and populations, as
articulated in the 4Cs framework by Dr Barbara Starfield [3].
Prevention of diseases and their complications ranks among
primary care’'s most fundamental functions; when performed
effectively, primary care prevention can decrease mortality and
morbidity in both chronic and acute conditions [4]. Various
practitioners, including physicians, nurses, physician assistants,
and pharmacists, recognize its value, but preventive services
are often underutilized [5], despite guideline recommendations
provided by the US Preventive Services Task Force [6].

Many studies have investigated the sources of suboptimal
preventive health service delivery. Among the major barriers
to preventive care implementation by cliniciansistime. Studies
have shown that 8.6 hours per working day are needed for a
clinician to fully satisfy the US Preventive Services Taskforce
preventive care recommendationsfor their patients[7]. A steady
growth in competing demands across the management of acute,
chronic, and preventive needs and an aging population with
increasing comorbidities make it nearly impossible for a
clinician to provide recommended preventive services without
support. Innovations in care delivery, such as the
patient-centered medical home [8], use of community health
workers[9], and integration of primary care with public health
[10], can help reduce this burden on clinicians, but with the
rapid evolution of information technology, digital health
interventions (DHIs) to address prevention are crucial.

DHIsare delivered viadigital technologies to support a variety
of health system needs and are used both formally and
informally by providers, patients, and population stakehol ders.
Examples of these technol ogiesinclude mobile wireless health
devices (mobile health [mHealth]) using SMS or smartphone
apps, telehealth systems for remote clinical services, wireless
medical devices, software as a medical device (eg, clinical
decision support), medical imaging, health information
technology (HIT), and patient portals. Other digital health facets,
such as advanced data analytics and artificial intelligence (Al),
may be used as standalone interventions or integrated
components within digital technologies. Digital health
technologies may or may not be regulated by the US Food and
Drug Administration (FDA) or recognized by the World Health
Organization (WHO).

DHIs can support primary (eg, timely receipt of vaccinations),
secondary (eg, completion of indicated screenings), tertiary (eg,
routine monitoring of chronic conditions), and quaternary (eg,
prevention of overmedicalization) prevention. DHIs have
provided meaningful outcomes via the incorporation of care
management programs, disease registries, and behavioral change
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interventionsto improve medication adherence, promote weight
loss, support smoking and substance abuse cessation, and
enhance mental health [11]. Moreover, DHIs have been
effectively used to address racial, ethnic, and socioeconomic
health disparities [12]. In addition, the COVID-19 pandemic
has accelerated the adoption of DHIs, such astelehealth services,
and raised the possibility of longer-term incorporation of such
technologies by aprimary care community that hastraditionally
lagged hospital and acute care peers.

Although prior studies have examined the impact of individual
DHIs on preventive service receipt, no comprehensive review
of these modalities exists to date. A scoping review with a
subgroup analysis was conducted to understand how DHIs are
being used in US primary care settings to enhance and support
the delivery of preventive care.

Methods

Study Design

A scoping review was conducted in accordance with the
PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Anayses extension for Scoping Reviews)
guidelines [13] to identify studies that examined
patients/consumers, providers, and/or population stakeholders
in primary care settings (eg, limited to outpatient, ambul atory
care, and long-term care) that used at least one digital health
technology asan intervention for prevention (primary [eg, timely
recei pt of vaccinations], secondary [eg, completion of indicated
screenings], tertiary [eg, routine monitoring of chronic
conditions], and quaternary [eg, prevention of
overmedicalization]) and reported beneficial outcomeson health,
health care performance, and implementation science. The
protocol is available upon request.

Search Strategy

Systematic search queries of MEDLINE via PubMed, Embase,
and the Cochrane Library were used to identify references
published or avail able online between January 1, 2014, and July
19, 2020 (Multimedia Appendices 1-7). Studies were limited
to primary designs or systematic reviews (with the same
inclusion criteria) published in English with abstracts. The
rationale for this search cutoff time frame was based upon a
high threshold of eligible providers achieving meaningful use
of certified el ectronic health record (EHR) technol ogy, whereby
82.8% of office-based physicians had adopted any EHR [14].

Screening Process

To ensure screener aignment, dua review of 20% of
randomized titlesand abstracts was followed by group resolution
of conflicts. All remaining titles and abstracts underwent single
review, and full-text articles were examined by 2 independent
reviewers for relevance against the inclusion/exclusion criteria
(Multimedia Appendix 8), with third-party adjudication provided
for any discrepancies in eligibility. Results were tracked in
DistillerSR (Evidence Partners).
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The eligible population criteriaincluded studies that examined
patients/consumers, providers (both licensed and unlicensed),
and/or population stakeholders (eg, payers, employers,
communities, health systems, and the government) in outpatient
care, ambulatory care, and long-term settings of primary care.
Interventions had to target primary, secondary, tertiary, or
guaternary prevention using at least one FDA/WHO approved
or nonregulated digital health technology facet (eg, telehealth,
mHealth, HIT, data analytics, and Al). No comparisons were
required. Outcomes of interest included health (eg, individual-
or population-level outcomes), health care performance (eg, as
per the Agency for Healthcare Research and Quality [AHRQ]:
access, quality, utilization, and efficiency, with measures
categorized as structural, process, or outcomes including
clinical/physiological, surrogate/intermediate, patient-centered,
or patient-reported), and DHI implementation (eg, taxonomy
as per Proctor et al: acceptability, adoption, appropriateness,
costs, feasibility, fidelity, penetration, and sustainability) [15].
Only English-language primary studies or systematic reviews
with the sameinclusion criteria published between January 2014
and July 2020 were included. For definitions and descriptions
of terms, see Multimedia Appendix 8 and Multimedia A ppendix
9. Notable exclusion criteria for interventions included DHIs
associated with treatment or diagnosis (except for preventive
screenings), medical imaging for diagnosis, and tel ehealth using
only noncellular telephone communication. Studies conducted
in critical care (eg, intensive care unit) or inpatient (eg, hospital
admission) settings were excluded.

Data Extraction

After a series of data form piloting and discussions by all
extractors to identify gaps in data extraction forms and ensure
consistency in the application of definitions, datawere abstracted
into standardized forms within DistillerSR (Multimedia
Appendix 10) for synthesis by a single reviewer. All fields of
the data extraction forms for each article were examined for
completeness by a second reviewer. Many data categorizations
were not mutually exclusive, resulting in percentages totaling
more than 100%.

Subgroup Analysisand Data Synthesis

Following title and abstract screening, the large scope (>1000
titles) of the remaining included studies prohibited full-text
review of all preventive DHIs identified globally. To narrow
the scope of the geography and interventions under review, a
subgroup analysis was performed; geography limitswere set to
only include studies conducted in the US. Additionally, it was
apparent that alarge volume of records focused on dataanalysis
methodstangential to the development of DHIs. Assuch, studies
that only used EHRs as a retrospective data capture tool were
excluded. Two examples of excluded studies are aretrospective
analysis of EHRs to determine the prevalence of a preventable
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disease and a study on the use of diagnostic telemedicinereferral
to adermatol ogist.

Content analysis of extracted technology descriptions was
performed to identify recurrent topics and more clearly
understand the types of DHIs evaluated in the included studies
according to a priori research questions in the protocol. This
analysisyielded alist of articles selected to represent innovative
or unique DHIs and their implementation in the final data set.
Selected technol ogies were then narratively synthesized into 5
topical groups (eg, population-centered, patient-centered, care
access expansion, panel-centered [dashboarding], and
app-driven) to provide aframework for their analysis. Selected
outcome (eg, hedth, hedth care performance, and
implementation science) results from these articles were then
extracted by a single reviewer to provide additional context
regarding the impact of these DHIs beyond the directionality
of their results. Details presented from this synthesis are not
exhaustive, and key use cases have been highlighted in the
results.

Study Quality

Study quality was assessed using the Oxford levels of evidence
[16], which alow for the categorization of evidence quality
across heterogeneous study types. Examples of the study types
comprising these evidencelevelsinclude (inincreasing quality)
expert opinion, case series, systematic reviews of case-control
studies, individual cohort studies, randomized controlled trials
(RCTs) with narrow confidence intervals, and systematic
reviews of RCTs.

Results

Literature searches yielded 5274 unique citations, of which
1060 articles were eigible for full-text screening. A subgroup
analysis was conducted to limit geography to US-only settings
and exclude DHiIs that evaluated EHRs as retrospective data
capture tools. These applied limits resulted in 310 articles for
full-text review, of which 241 articles [17-257] were included
for the subgroup analysis (Figure 1). Abstractions of the
included articles can be found in Multimedia Appendix 11. An
overview of the study design and key findings is provided in
Figure 2. The types of DHI articles covered included HIT
(166/241, 68.9%), clinical decision support (88/241, 36.5%),
telehealth (88/241, 36.5%), mHealth (35/241, 14.5%), patient
portals (16/241, 6.6%), wireless medical devices (6/241, 2.5%),
medical imaging (2/241, 0.8%), and other DHIs(31/241, 12.9%)
(see Multimedia Appendix 9 for a description of each). The
integration of multiple types of technologies was commonly
applied to support DHIs (154/241, 63.9%) in practice. The most
commonly identified combination of technology was the use
of clinical decision support agorithms and mHealth to support
more advanced care using HI T-related data.
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Figure 1. The flow diagram illustrates the flow of information through the different phases of the scoping review, including the number of records
identified, included and excluded records, and the reasons for exclusion.
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Figure 2. Summary of the study design and key findings. Scoping review study design and summarization of results across the categories of study

population, intervention, and outcomes. N/A, not applicable.

‘What is the scope and use of
current digital health interventions

(DHIs) for preventive care in
primary care settings?

Datahnﬁea_rches

— e

L&_ﬁ__s,zu A
\ Unigue
\Rﬁ! 1

1,060 full-texts identified,
310 full-text articles reviewed

LITERATURE

RESULTS: Included Studies with Preventive DHIs in United States Primary Care Settings, N=2414

“More than 1 — ) o Z

category may be Users of DHI Types of Providers Specialties
identified per study. 9
“Other included 46% Physicians, 68% Uncharacterized, 50% =
clinical staff, Patients | ™ Nurses (any type), 29% ~ Pediatrics, 14% ﬁ
administrators, | Physician Assistants, 10% Internal Medicine, 13% =)
physical therapists, Pharmacists, 7% Family Practice, 12% o
researchers, health Other*, 17% _| Other, 10% O
:;?:;e ors, an Multiple Types, 33% (=

L Other, =33 (14%) | = Typeof Primary Care
) Preventive Care Function
Wireless Medical Devices, —
n=6 (2%) J - N comprehensive | 88% %
Types of \ Primary 17% =
Digital Patient Portals, n=16 (7%) | —
Health .'_ Secondary 41% continuous 33% %
, mHealth, n=35 (15%) | - L =
Used Telehealth, n=88 (37%) J m
’ Quaternary 11% —~
Clinical Decision Support, | 11% E
=88 (37%) ) .
Health Information | _

Technology, n=166 (69%) '

N

)
\ Structural
s | 0% '
I ﬂi\'l;! ’;." = Process
n ua l'. Outcomes

m Emotional

Health
= Environmental

u Intellectual

= Acoeptability

= Adoption

= Appropriateness

= Costs
Feasibility
Fidelity
Penetration

Physical
Social

Spiritual

J

=

The DHIs predominantly addressed tertiary prevention (131/241,
54.4%), followed by secondary (97/241, 40.3%), primary
(40/241, 16.6%), and quaternary prevention (27/241, 11.2%),
and a combination of prevention levels (43/241, 17.8%). The
4Cs primary care model by Dr Starfield was used as a
framework to identify how DHIs supported delivery of
preventive care; alarge number of articles evaluated DHIs that
demonstrated improvements in comprehensiveness of care
(213/241, 88.4%), continuous care (76/241, 31.5%), coordinated
care (69/241, 28.6%), and first contact care (26/241, 10.8%).
The continuum of comprehensive care by DHIs included

https://medinform.jmir.org/2022/1/e33518
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proactive anticipatory care, self-management support for
patients, community resourcesfor patients, longer patient visits
to improve communication and clinician documentation, coding
practices to improve accuracy, preventive care best practices
(eg, immunizations, disease prevention and management, and
reduction of overmedicalization), support for theincreased scope
of clinician practice, and knowledge-seeking practices.

DHI users were identified as providers (205/241, 85.1%),
patients/consumers (111/241, 46.1%), others (31/241, 12.9%),
or spanning multiple types (89/241, 36.9%). The types of
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providers using DHIs included physicians (163/241, 67.3%),
nurses of any type (71/241, 29.5%), physician assistants (24/241,
10.0%), pharmacists (16/241, 6.6%), others (42/241, 17.4%),
and multipletypes(79/241, 32.8%). The " others” provider type
included various clinic staff, administrators, technicians,
physical therapists, researchers, health counselors, etc. The DHI
user physician specialty characterization was as follows:
uncharacterized (121/241, 50.2%), pediatrics (34/241, 14.1%),
internal medicine (32/241, 13.2%), family practice (30/241,
12.4%), and others (25/241, 10.4%). Notably, 27 (11.2%)
articlesinvolved study settingswith amix of user types among
majority Latino, African American, and Asian American
populations, but only 6 (2%) of them discussed health disparities
asthe primary focus of their DHIs.

Primary and secondary outcomesfor DHIswere predominantly
clinical; 169 (70.1%) articles addressed clinical (eg, health care
performance) outcomes, whereas 119 (49.4%) addressed
nonclinical (eg, implementation science) outcomes. No
identified studies examined health domain-related (eg, outcomes
related to dimensions of wellness such as environmental,
emotiond, intellectual, physical, social, and spiritual) outcomes.
A dstatistically significant improvement in relevant measured
outcomes was identified in 192 (79.7%) articles, with 117
(48.5%) articles reporting improved health care performance
outcomes (eg, preventive care/screening rates, validated tool

Table 1. Population-centered digital interventions for primary care.

Williset &

scores, and medication adherence), 109 (45.2%) articles
reporting improved implementation science outcomes (eg,
intervention acceptability, adoption, and cost), and 34 (14.1%)
articles reporting improvement in both. Among articles
demonstrating statistically significant  improvements in
outcomes, 16 (6.6%) and 15 (6.2%) showed benefits for
racia/ethnic groups specificaly in heath care and
implementation science outcomes, respectively, with 4 (1.7%)
articles identifying benefits for racial/ethnic groups in both.
Moreover, 39 (16.2%) articles demonstrated only nonsignificant
beneficial findings, while 8 (3.3%) articles provided no
beneficial findings and only 1 (0.4%) article reported harm
resulting from a DHI (in this case, limited to a portion of a
subpopulation, whereas other populations received benefit).

Given that DHIs are frequently implemented as a combination
of technologies, acontent analysis was conducted to understand
how DHIsidentified in theincluded studies are collectively and
uniquely being leveraged in care settings to impact prevention.
Five topics were identified following content analysis that
represent the most novel or distinct DHIs from the reviewed
studies as follows: population-centered, patient-centered, care
access expansion, panel-centered (dashboarding), and
app-driven. Selected abstractionsfor the articles matching these
topics are presented in Tables 1-5.

First author, year Study design Description of technology Samplesize Selected outcomes

Nagykaldi, 2014 Pre-post Linking of aregional health system, hospital 346 patients 12%-36% increase in preventive service

[172] organization, and preventive servicesreminder  (20% ethnicmi-  documentation and delivery (P<.001).
system viaHIE? norities) 9.6% increase in medication reconciliation

Nagykaldi, 2017 Pre-post
[171]

Fanizza, 2018 Open label non-
[81] randomized
Shade, 2015 Pre-post

[199]

Wellness coordinator connection to HIE orga-

nizations, PCP<, county health departments,
and hospitals for preventive care outreach for
rural communities.

Pharmacist connection to the state HIE for
comprehensive medication review after dis-
charge and communication with prescribers.

Clinic link to the state surveillance system
providing alertswhen out-of-care HIV patients

present in the ED or other setti ngs.

9138 rura pa-
tients

40 patients

6 sites serving
underserved
communities

(P<.001).

3%-215% increase in delivery of 10 preven-
tive services over 12 months (P=.004).

80% ROI® for selective preventive services
(range, 32%-122%).

40% ROI on wellness coordinator employ-
ment cost.

25.2% decreasein overall 30-day readmission
rates (P=.03).

22.7% decrease in 30-day readmission rates
for initial diagnosis (P=.009).

OR®2.61 (95% Cl 2.11-3.21) for care reten-
tion (P=.001).

OR 1.24 (95% CI 1.03-1.49) for being on
ART' (P=.02).

OR 4.16 (95% CI 2.54-6.80) for undetectable
viral load (P<.001).

3HIE: health information exchange.
bpcp: primary care provider.

CROI: return on investment.

deD: emergency department.

€OR: odds ratio.

PART: antiretroviral therapy.
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Table 2. Selected patient-centered digital health interventions for primary care (direct engagement).
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First author, year Study design Description of technology Sample size Selected outcomes
Grant, 2015[97] RcT? Informatics surveillance and reminder system 4038 patients ~ g4Rr9 1.26 (95% C1 0.99-1.62) for decreased
connected to EHR® 1ab test orders that gener- time to LDLE godl.
ates mailed |etters requesting patient comple- .
tion of labs for hyperlipidemia, diabetes, and aHR 1.15 (95% Cl 1.01-1.32) for earlier LDL
c o |ab assessment.
HTN™ monitoring.
Hess, 2014 [110] Observational  pHRf ddiveri ng active notifications regarding 584 patients 58% of all prevention gaps were closed over
cohort gapsin preventive chronic disease monitoring 12 months.
until patient logs on to the PHR or closes the 61% of notified patients accessed the PHR
prevention gap. or closed the triggering care gap after the 1st
message and 73% after the 2nd message.
Hojat, 2020[112] Controlled tridl  EHR pulk-ordered HCVY antibody testing plus 1024 patients  14% increase in completed HCV tests
automatic PHR messages requesting patients (P<.001; OR"1.7,95% Cl 1.2-2.1). Only
to go to the lab. 3.5% of patients responded to PHR messages,
and repeat messaging had no effect on com-
pletion.
Langford, 2019  Observational ~ SMStext message contact to help underserved 113 patients 84% of patientsreached optimal insulin dose.
[138] cohort patients with diabetes find their optimal basal Age, copay status, and initia fasting blood
insulin dose. glucose were significantly associated with
100% SM S response (P<.03).
Mehta, 2018 RCT Patient portal message containing either opt-in 127 patients 28% higher FIT completion rate for patients
[163] or opt-out for FIT' colorectal cancer screening receiving opt-out messages.
test.
Quanbeck 2018  Observational  Patient discussion board, interactive modules 268 patients 44% reduction in risky drinking days (P=.04),
[185] cohort for health tracking, and self-management and and 34% reduction in illicit drug use days
coping with cravings for addiction manage- (P=.01), over 12 months.
ment. Clinician web portal for patient-generat- 53%-60% of patients accessed the interven-
ed data. tion during thefina week of theimplementa-
tion period.
Smallwood, 2017 RCT Patient portal decision support tool for fracture 50 patients Improved decision quality (P<.001) and
[211] risk and prevention. Includes educational infor- conflict (P<.001) scores after theintervention.
mation, risk calculation, and atreatment deci- 25.7% (P=.046) increase in treatment deci-
sion values elicitation exercise. sions 3 months after the intervention.
Turvey, 2016 RCT Patient portal link to a downloadable and 52 patients 73% increase in the proportion of patients
[234] printable ccpl for sharing with non-VAK sharing the CCD with non-VA providerswith
providers for continuity of care. training on accessing the CCD (P<.001).
No improvement in medication reconcilia-
tions, but significant reduction in duplicate
|aboratory tests ordered by non-VA providers
(P=.02).
Woo, 2016 [241] Pilot Daily customized spinal cord injury/disorder 33 patients Average total response rate of 56%, ranging
disease management questions delivered to from 10% to 93%.
patients via a data messaging device. Provider . I
web portal with patient responses and risk Nearlg 20°/rt>r:llecrease inthe DUSOI" score
level ratings. over & months.
Yakovchenko, RCT Customized SMS reminder messages about 71 patients Lower distress about failing treatment
2019 [245] HCV treatment appointments, labs, adherence, (P=.05) and better medication adherence

and motivation.

(P=.06). 96% of textersvs 94% of nontexters
achieved SVR™.

8RCT: randomized controlled trial.
PEHR: dlectronic health record.
CHTN: hypertension.

daHR: adjusted hazard ratio.
€LDL: low-density lipoprotein.
fPHR: personalized health record.
9HCV: hepatitis C virus.
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"OR: odds ratio.

IFIT: fecal immunochemical test.
Icep: continuity of care document.
KVA: Veterans Affairs.

'DUSOI: Duke Severity of lliness Checklist.

MSVR: sustained virologic response.

Table 3. Selected care access expansion digital health interventions (virtual care/telehealth).

Williset &

First author, year Study design Description of technology Sample size Selected outcomes

Aikens, 2015 Observational  \yeekly I\VR? calls for depression self-man- 221 patients Increases of 20% in the per-week aOR® for

[20] cohort agement. Option to designate alay support medication adherence and 16% for depres-
person to receive email reports summarizing sion remission compared with controls.
reported symptoms and providing problem-
tailored support guidance.

Coker, 2019[58] RcTC Telehealth-enhanced referral to a CMHCY 342 Latino chil- aOR 3.02 (95% ClI 1.47-6.22) for complet-
using informational videos, SMS text mes- ~ dren ing CMHC visits compared with controls.
sages, and telehealth screening at the primary Tel ehe_al threferralstook longer to_comp_l ete
care clinic. screening but reported greater satisfaction

with referral than controls.

Halterman, 2018 RCT Videoconference telemedicinevisitin a 400 urban students  0.69 (95% CI 0.15-1.22) more symptom-

[103] school health office for asthma baseline and free days per 2 weeks (P=.01).
medlcat'on? ;C:'E'SOW(;;(D telemedicine assess- aOR 0.52 (95% Cl 0.32-0.84) for asthma-
MENLS Every &5 Weeks. related ED® visit or hospitalization.

Osofsky, 2017 Pre-experimen-  Onsite and/or telemedicine behavioral-based 235 patients 4.5-point decrease in the PCL-C' score

[178] tal time series trlgu_matreatment delivered in primary care (P=.001), and 1.8-point decrease in the
cnies PHQ-15Y score (P=.001).

Perry, 2018[181] RCT Live video telemedicine asthmaeducationat 393 rural African  No change in symptom-free days, quality
school for achild, caregiver(s), and school ~ American students  of life, or lung function.
nurse; telemonitoring of patient-reported 42% increase in peak flow meter use com-
symptoms, pcP" prompts with guideline- pared with controls (P<.01) and 19% in-
based asthma management. creasein medication adherence (P=.03) over

6 months.

Reeves, 2016 Pre-post Implementation of EH RS in the school s 33 students 39.4% decrease in asthma inpatient admis-

[186] tem for the asthma care program; messaging s ons (P<.001) and 18.2% decreasein exac-
connection to PCP EHR systems; school erbations (P<.05) over 12 months.
nurse asthma template for PCP messaging.

Richter, 2015 RCT Live video telehealth for tobacco cessation 566 patients No difference in biochemically verified

[189] delivered in primary care clinics. prevalence, prolonged abstinence, quit at-

tempts, or number of cigarettes smoked per
day compared with phone counseling.

3 VR: interactive voice response.
b20R: adjusted odds ratio.
®RCT: randomized controlled trial.

deMHC: community mental health clinic.

®ED: emergency department.

pcL-c: posttraumatic stress disorder checklist-civilian version.
9PHQ-15: 15-item patient health questionnaire.

Ppcp: primary care physician.
'EHR: electronic health record.
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Table 4. Panel-centered digital health interventions for primary care (dashboarding).

Williset &

First author, year Study design

Description of technology

Samplesize

Selected outcomes

Allen, 2017 [24] RCT?2

Duquaine, 2015  Observational

[75] cohort

Fiks, 2015[85]  Open-label non-
randomized

Kapoor, 2018 Observational

[127] cohort

Zimmerman, RCT and pre-

2017 [255]; post

Nowalk, 2016

[174]; Zimmer-

man, 2017 [257];
Lin, 2016 [145];
Zimmerman,
2017 [256]

Culturally sensitive team model using an
electronic diabetes dashboard providing aerts
and reportsfor each patient regarding clinical
and behavioral factors and social distress.

CDSP for tobacco use and interventions for
smoking cessation; quarterly communications
with practice-specific and overal program
performance.

Quarterly feedback reports summarizing
personal, practice, and network rates of

missed HPV € vaccine opportunities.

Emailed report of the proportion of atrial
fibrillation patients receiving anticoagul ation
therapy compared to peers plus EHR message
1 day beforevisitswith anticoagulation eligi-
ble patients.

4 Pillars Immunization Toolkit and Practice
Transformation Program.

Web-based dashboard providing and tracking
strategies for increasing practice vaccination
rates, including EHR prompts, digital out-
reach, and standing order programs.

399 L atino patients

19 clinicstreating
low-income and
Medicaid patients

227 PCPs

5406 patients

25clinics[255]; 24
clinics[174]; 11
clinics[257]; 25
clinics[145]; 22
clinics [256]

Social distress score decrease of 0.6 (con-
trols) vs 1.6 (intervention) over 6 months
(P=.01).

Successful implementation at all sites.

Change in EHR® documentation of preva-
lence and cessation rates (NRd).

5.7% (95% Cl 3.8-7.7) increase in HPV
vaccination compared with controls.

Providersreviewed emails (45%) and EHR
messages (96%), demonstrating feasibility.
No changein the percentage of patientsre-
ceiving anticoagulation therapy compared
with controls after 3 months.

2.7% to 10.2% statistically significant in-
creasesin vaccination ratesfor intervention
and control sites during RCT studies.
-1.9%to 17.1% statistically significant in-
creases in vaccination rates for active inter-
vention groups during year 2 of the pre-post

study.

8RCT: randomized controlled trial.
®CDS: clinical decision support.
®EHR: electronic health record.
INR: not reported.

€HPV: human papillomavirus.
pcp: primary care physician.
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Table 5. Selected app-driven digital health interventions for primary care.
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First author, year Study design  Description of technology Sample size Selected outcomes

Bennett, 2018 RCT? App using IVRP and SMS text messaging to 351 patients -4.4 kg (95% CI -5.5t0 —-3.3) weight loss at 6

[35] collect patient behavior change data.and weight mqnths (P<.001); -3.8kg (95% ClI -5.0t0-2.5)
viaasmart scale, provide tailored patient weight loss at 12 months (P<.001).
feedback based on goal progression, and gen- Participants completing =80% of interactions
erate EHRC counseling recommendations for |ost significantly moreweight than lessengaged
clinicians. participants (P<.01).

Brayboy, 2016 Pre-post iPhone-compatible app for providing trusted, 20teenagegirls 3.4%-4.2% improvement in sexua health topic

[45] age-appropriate, straightforward sexual health knowledge.
information and resources to teenage girls. 58.8% increase in the perception that they or

other teenage girls would use the app (P<.001).

Dahne, 2019[64] RCT Self-help app adapFaIi on of Brief. Behgyiorgl 52 patients 63% greater decrease on BDI-119 assessment
Apptivation, including education, identification after treatment compared with usual care.
of values, daily mood monitoring, and social 70% of participant tinued t th 1
support including gamification, to reinforce o OF participants continued to use the app

- month after enrollment, and 50% continued to
continued use. .
useit at 2 months.

Gustafson, 2014 RCT Smartphone app to support acoholism recov- 349 patients 1.37 (95% CI 0.46-2.27) fewer risky drinking

[99] ery using alerts for trigger locations, audio- days than controls over 12 months (P=.003).
guided relaxation, PRO® measurement, and OR 1.65 (95% CI 1.05-2.57) for abstinence
clinician notification, aswell asapanic button prevalence over 12 months (P=.03).
for contacting support persons.

Leddy, 2019 RCT Home smartphone urinalysistest to complete 999 patients 10.9% increasein proteinuria screening comple-

(140] proteinuria screening for HTN' management. tion (P<.002).

SM S text message link for downloading the 89% of hometest patients preferred hometesting
app, obtaining the home testing kit, and receiv- over avisit to the physician’s office.
ing PCPY notification of abnormal results.

Lv, 2017 [149] Pre-post Dashboard of patient’s personalized action 147 patients 55.9% increase in the proportion of patients
plan, trestment goal's, and self-monitoring data meeting office BP goals (<140/90 mmHg) at 6
combined with awireless BP" monitor, smart- months (P<.001).
phone, study app, pedometer, and web messag- 46.2% increase in the proportion of patients
ing system. meeting home BP goals (<135/85 mmHg) at 6

months (P<.001).

Ofili, 2018 [176] Pre-post App with diab_etes curricul_ur_n, goal identifica- 287 patients Improvementsin SBP (6 mmHg), blood glucose
tlon_ and trackln_g,_ connec_tlwty to consumer (15 mg/dL), and physical activity (0.56
devices (eg, activity monitors), and health miles/day) at 12 weeks (all P<.01), which con-
coach consultation. tinued through 52 weeks.

Yu, 2018 [249]  Pre-post App delivering a guided cognitive behavioral 63 patients 3.6-point mean reduction on GAD-7) over 2

program for generalized anxiety disorder along
with in-app coach pairing and messaging.

months for patients with baseline GAD-7 =8
(P<.001).

8RCT: randomized controlled trial.

BIVR: interactive voice response.

®EHR: electronic health record.

9BDI-11: Beck Depression Inventory 1.
€PRO: patient-reported outcome.

THTN: hypertension.

9PCP: primary care provider.

"BP: blood pressure.

ISBP: systolic blood pressure.

IGAD-7: Generalized Anxiety Disorder-7.

Primary prevention targets focused on the use of
population-centered [171,172] and panel-centered
[85,145,175,255-257] DHIs to improve adolescent [256,257]
or adult [145,171,172,174,255] vaccination rates for human
papillomavirus [256,257], influenza [145,171,172,257],

https://medinform.jmir.org/2022/1/e33518
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pneumococcal disease [171,172,255,257], and Tdap (tetanus,
diphtheria, and pertussis) [174,257].

All the above DHIs that targeted primary prevention had
statistically significant health care [145,172,255-257] or
implementation [171,174] outcomesfollowing theintervention.
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| dentifying return on investment (ROI) and val ue on investment
can be large barriers for DHI implementation; however, both
were satisfied when a community wellness registry was
connected to EHRs via a health information exchange (HIE).
This pilot study demonstrated the feasibility and
cost-effectiveness  of technology implementation in a
community-based model with amean ROI of 80% (range, 32%
to 122%) for the improved delivery of 10 selective preventive
services (mean increase 35%, range 3% to 215%; P=.04) in
rural settings[171].

Patient-centered [112,163,211] and population-centered
[171,172] DHIs supported secondary prevention by examining
measures that led to early diagnosis and treatment using
direct-to-patient messaging in an EHR [112,163], decision aids
embedded in patient portals[211], and an intelligent HIE using
clinical decision support [171,172]. These DHIs improved
screening rates for cancer (eg, breast [172] and colorectal
[163,171,172]), hepatitisC virus (HCV) [112], and osteoporosis
[171,211]. Only 1 study inthisgrouping did not have significant
improvements following the DHI, which may be due to the
more invasive and costly colonoscopy procedure itself rather
than the ineffectiveness of the EHR portal messaging
intervention to improve colorectal cancer screening [163].
However, an advanced EHR that used population analytics and
bulk laboratory ordering to directly engage patientsfor universal
HCV screening nearly doubled testing (oddsratio 1.7, 95% Cl
1.2-2.1) in the intervention group [112].

Tertiary prevention for chronic disease management was
supported  primarily by care access expansion
[20,58,103,178,181,189], app-driven [35,64,140,149,176,249],
and patient-centered [ 38,97,241,245] approaches. Overall, DHIs
decreased disease severity and associated comorbidities; lowered
the numbers of emergency department visits, hospitalizations,
and 30-day readmissions; increased the receipt of follow-up
care; improved medication adherence in the identified studies
[20,35,58,64,97,103,149,176,199,245,249]; and improved the
quality or effectiveness of health services by technology
implementation [24,38,103,140,171,178,186,189,249]. Disease
areas targeted by DHIs included diabetes [38,97,171,176],
hypertension [97,140,149], asthma [103,181,186], obesity
[35,171], cardiovascular disease [123], HIV [199], HCV [245],
and hyperlipidemia [97]. Management of behaviora health
included smoking cessation support [75,171,189], promotion
of physical activity [171], substance abuse management
[99,185], and sexua health education [45] using mHealth
technology. Mental health [58] (eg, depression [20,64], anxiety
[249], posttraumatic stress disorder [178], and socia distress
[24]) improved following digital interventions. Notably,
telehealth and mHealth wereleveraged predominantly to support
mental health interventions with care access expansion
[20,58,178] and app-driven [64,249] technologies to improve
patient function, minimize illness impacts, and decrease
associated complications. Behavioral and mental health
conditions and other chronic diseases often occur concurrently
[258]. Two studies [178,185] integrated behavioral or mental
health DHIs for chronic condition care, but only 1 study [178]
reported outcome measures for both mental and physical health,
whereby both improved significantly.

https://medinform.jmir.org/2022/1/e33518
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Notably, none of the studies identified by the content analysis
examined DHIsfor quaternary prevention.

Using the Oxford levels of evidence [16], the quality of the
included studies was moderate to low overall due to many
studies (101/241, 41.9%) presenting level 4 evidence (eg, case
series, poor quality cohort, and case-control studies) and the
remainder displaying level 1b (eg, individual RCTs with a
narrow Cl; 46/241, 19.1%), 2b (eg, individual cohortsincluding
low-quality RCTs; 58/241, 24.1%), 2¢ (eg, outcomes research
and ecological studies; 17/241, 7.1%), 3b (eg, individual
case-control studies; 17/241, 7.1%), or 5 (eg, expert opinions;
3/241, 1.2%) evidence.

Discussion

Principal Findings

Amidst the rapid digital transformation of the primary care
delivery system in response to the COVID-19 pandemic, this
is the first comprehensive summary on DHIs in use by
interdisciplinary clinicians (eg, physicians, pharmacists,
psychiatrists, etc) in primary care. This scoping review and its
subgroup analysis summarized a growing evidence base and
rendered a collection of potentialy successful strategies for
patients, providers, and population stakeholders to improve
outcomes for health, health care performance, and
implementation science through the use of DHIs. Moreover,
important scientific gaps were identified in the contemporary
evaluation and knowledge of DHIs leveraged in primary care,
particularly the scarcity of the evaluation of DHIs in health
disparities and evaluation of the negative effects of DHIs.

A few major themes emerged from our analysis of the extracted
data. First, the digital health technologies identified and
reviewed were highly concentrated in a narrow range of HIT,
most specificaly around EHRs/electronic medical records,
particularly with the use of aerts to help clinicians make
appropriate clinical decisions. Though understandable given
their high use and decade-long attention to increasing adoption
via“meaningful use” in primary care [259,260], the absence of
DHI literature involving other platforms was telling. Despite
unprecedented attention to tel ehealth implementation dueto the
COVID-19 pandemic response, little evidence of effective
implementation of this specific DHI exists to guide primary
care telehealth use for health care delivery in the US. A few
studies did examine more innovative uses of technology,
particularly for the delivery of mental and behavioral health
(Tables 1-5). As HIT continues to rapidly evolve and health
careisdelivered in moreinnovative ways due to the COVID-19
pandemic, more research should focus on novel DHIs applied
to primary care.

Second, despite prevention being 1 of 6 mechanisms
underpinning primary care’s beneficial impact on population
health [261] and an early target for DHIs, studies evaluating
prevention were predominantly focused on secondary or tertiary
preventive interventions. Most would agree that disease
prevention offersthe greatest yield for population health and is
amenable to DHIs via mobile and online apps, clinical kiosks,
and electronic patient portals [262,263]. Primary prevention
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interventions, such asimmunizations, rely on effective patient
counseling and education, which can be difficult and
time-consuming to document and capture in EHRs (the
predominant type of intervention found in our review). This
finding may be a reflection of physician roles in the US.
Traditionally, therole of primary prevention hasrelied on public
health professionals[264], and although primary care physicians
are increasing their ability to address the needs of the
community, most physicians are still focused on the needs of
the individual [265]. As the intersection of public health and
primary care becomes more urgent to strategically improve
individual and population health, future studies should examine
therole of DHI adoption and implementation in their integration.

Third, DHIs enhanced core primary care functions by
contributing to the comprehensiveness of care provided. This
was an unexpected finding given that DHIs are often thought
of in the context of first contact through patient portals,
coordination through electronic referrals and linked EHRS, and
continuity through HIEs and sharing of documents. Many of
the articles reviewed discussed the use of DHIs to identify
patientsin need of servicesand aert cliniciansto provide them.
For example, multiple studies described EHR &l erts that would
prompt clinicians to order viral hepatitis C testing for patients
with indications for screening (Multimedia Appendix 11)
[83,93,112,116,133,150,164,173,207,246]. Other studies shared
examples of how patients could be trained to provide services
for themselves (Table 2) or how DHIs could be used to offer
additional clinical services (Table 3). Thus, it makes sense that
comprehensiveness, or the provision of arobust set of services
to a patient, would be improved with DHIs. In an era where
comprehensiveness of care is said to be declining in primary
care [266-271], DHIs may provide an innovative solution for
primary care practicesto increase and enhance the servicesthey
provide.

Finaly, while the development and release of heath apps
continue to increase, few evaluations of app-driven DHIswere
identified in our study (Table 5). This may be in part because
many apps lacked integration with primary care or other
technology systems or because of the evolving standards for
evaluating these types of interventions, as evidenced by the
recent establishment of the FDA's Digital Health Center of
Excellence [272]. Most app-driven DHIs included in our study
were patient-facing and focused on helping to better involve
patients in their care. However, app-driven DHIs are aso
capable of providing an overwhelming amount of data to
providers. Balancing data collection features from apps by
adding functionalities, such as thresholds triggering clinical
alerts/feedback, designing patient-counseling suggestions based
on gathered data, and pairing with timely coaching/contact is
important to enhance the clinical relevance and quality of these
tools. As the development and clinical adoption of app-driven
DHIs continue to expand, rigorous investigation of their safety,
efficacy, and value in primary care is urgently needed.

Limitations

These results should be interpreted in the context of a few
limitations. Thefindings are limited to studies conducted in US

Williset &

settings, which prohibitsthe generalization of their applicability
and use at aglobal scale. Review of the use of DHIsin non-US
primary care settings should be prioritized in future work.
Further, due to the heterogeneity of identified interventions, it
isnot possible to provide head-to-head comparisons. The large
heterogeneity of DHIsisan additional reason why our synthesis
focused on the novel and distinct DHIs that are collectively
used in primary care practice rather than presenting evidence
collated by distinct DHI technologies. Other limitationsinclude
single screening of titles and abstracts, English language
restriction, and lack of gray literature evaluation. Dataextraction
for each article was not confirmed by a secondary reviewer,
leaving room for bias in the interpretation of the articles. For
example, it was left up to each reviewer to determine the type
of prevention the DHI was addressing, or which primary care
function (eg, the 4Cs by Dr Starfield: first contact,
comprehensiveness, continuity, and coordination) the DHI
enhanced. However, careful and collaborative definition of our
processes and outcomes prior to extraction (ie, types of
prevention or primary care functions) should minimizethisbias.
Lastly, weintentionally selected aquality assessment tool rather
than arisk of biastool, aswe only planned to measure the extent
that methodological safeguards (ie, internal validity) against
bias were implemented. A risk of bias assessment would have
offered abiasjudgement (ie, estimation of intervention effects)
on such a quality assessment, and judgement of the evidence
may have shifted with this approach. It isimportant to consider
that even when a study implements all possible safeguardsin a
tool, it may not be unbiased, and conversely, a study applying
no safeguards is not necessarily biased [273].

Conclusions

Gayle Stephens noted in 1965 that “ One of the paradoxes of
our timeisthat the healing relationship seems most in jeopardy
at atime when we need it most,” commenting on the range of
“forces which threaten to depersonalize the meeting of adoctor
and patient” [274]. That paradox remains in an age where
technology is often seen as distracting rather than enhancing
care. Through further adoption of DHIs with evidence of
effectiveness, providers and patients/consumers can enhance
primary care by improving the delivery of preventive services
and promoting more comprehensive care. Yet, relying solely
on EHR alerts may not lead to substantial improvements in
health care in the US. Moreover, rigorous and prospective
evaluations of the potential negative effects of these DHIs,
particularly for clinical end users of these technologies, will be
needed to ensure holisticimprovement of health care. Innovative
DHIs should undergo evaluation in well-designed studies to
generate evidence and establish best practices that can be
replicated and scaled in diverse primary care settings. Given
the ability of technology to amplify existing health disparities
and biases, the development of DHIs that can help overcome
health disparities and the evaluation of the benefits and harms
of current DHIson health disparitiesareimperative. In addition,
DHIsthat allow integration of public health with primary care
will be essential for rapid and effective responses to health and
health care challenges, such as the COVID-19 pandemic, in an
increasingly technology-driven health care environment.
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