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Abstract
Background: Virtual health assistants (VHAs), interactive digital programs that emulate human communication, are being
increasingly used in health care to improve patient education and care and to reduce the burden on health care providers.
VHAs have the potential to promote cancer equity through facilitating patient engagement, providing round-the-clock access to
information, and reducing language barriers. However, it is unclear to what extent audience-centeredness is being considered in
the development of cancer-related applications.
Objective: This systematic review identifies and synthesizes strategies used to make VHA-based cancer prevention and
screening interventions audience-centered.
Methods: Following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 guidelines, we
searched 4 databases (PubMed, Embase, Web of Science, and EBSCOhost) for peer-reviewed studies on VHA interventions
promoting cancer screening (January 2022). Included studies focused on adult populations in primary care settings, with
interventions emphasizing interactivity and immediacy (key VHA features). Excluded studies were on cancer treatment,
noninteractive decision aids, or technical VHA development. Screening, data extraction, and quality assessment (Mixed
Methods Appraisal Tool) were performed independently by multiple reviewers. Thematic synthesis was used to analyze
audience-centered strategies.
Results: Of 1055 records screened, 17 studies met inclusion criteria. Most (n=11) targeted colorectal cancer, with others
addressing prostate, breast, cervical, or lung cancer. A total of 16 studies were US-based; 1 study focused on Uganda. Key
strategies for audience-centered design included: (1) Demographic Concordance: Race or gender alignment between VHA
and users (eg, African American participants interacting with Black-coded avatars); (2) User Feedback: Iterative testing via
interviews, think-aloud protocols, or pilot studies to refine interventions; (3) Preintervention Needs Assessment: Identifying
cultural, linguistic, or literacy barriers (eg, myths about screening in Ugandan communities); (4) Theoretical Frameworks:
The Health Belief Model (most common), the Modality, Agency, Interactivity, and Navigability (MAIN) model, or tailored
messaging theories guided design; (5) Information Customization: Culturally adapted content (eg, Spanish-language interfaces,
narratives addressing racial disparities); and (6) Feature Customization: Adjusting VHA appearance (eg, animations and
fonts) based on user preferences. Notably, 7/17 studies focused on racially minoritized groups (eg, African Americans,
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Hispanic farmworkers), addressing systemic barriers like mistrust in health care. However, gaps persisted in intersectional
tailoring (eg, rurality and income) and non-English languages (only 2/17 studies). Recruitment methods influenced diversity;
community-based strategies yielded more representative samples than solely internet-based recruitment approaches.
Conclusions: The systematic review identified the audience-centered development practices currently being used for VHA-
based interventions in preventive cancer care. The majority of the studies included processes to diversify and segment the
intended audience, focused on medically underrepresented population groups, and implemented strategies to be culturally
sensitive to the population of interest. However, opportunities remain to address multidimensional inequities (eg, rural access
and low literacy). Future interventions should integrate intersectional frameworks, expand language diversity, and measure
social presence to enhance engagement. This review provides a roadmap for developing equity-focused eHealth tools in cancer
prevention.
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Introduction
Innovative eHealth interventions address barriers to cancer
screening and improve screening rates [1]. Providing patients
with customized information enables barriers to be over-
come. For instance, eHealth interventions enhance patients’
knowledge, increase awareness, and alleviate embarrassment
or fear about the screening procedure [2-4].

eHealth interventions can be integrated into current
workflows and alert patients due for screening as automated
recommendations from their clinicians [5]. Moreover, eHealth
interventions are typically accessed from personal phones or
computers, which reduces access barriers [6].

To ensure these eHealth interventions have the intended
health outcomes for their intended audiences, they need to
be audience-centered [7]. We conceptualize “Audience-cen-
tered” in this study as having a specific intended audi-
ence and identifying and addressing the specific needs of
that intended audience [8]. In health intervention design,
such audience-centeredness can be achieved with different
approaches. Interventions can have customization of their
content, language, and content; such customization can also
be made at a broader level, like a group of people segmented
by specific demographic characteristics, or at an individual
level [8-10]. Audience-centeredness can also be achieved by
getting direct input or active participation of individuals from
the intended audience segment to codevelop an intervention
[11,12].

Notably, we avoid the terms “patient-centered” and
“person-centered” in this paper, as both have established
definitions in health care communication. Patient-centered
communication involves understanding patients within their
sociocultural contexts to reach shared decisions about
problems and treatment preferences [13]. Person-centered
communication similarly emphasizes relational interactions
between patients and providers [14]. We elected not to use
these terms because they specifically describe interpersonal
communication (whether in-person or mediated) between
patients and providers. By contrast, the VHAs in our study
were designed to address the needs of broader population
groups (eg, stratified by race, gender, or culture) rather than

individual patients. Thus, “audience-centered” more precisely
describes our communication framework.

Audience-centeredness considers the intended audience’s
unique or specific need for information, their cultural
values, health-related beliefs, health literacy level, and trusted
sources of health information [15-17]. Interventions that are
audience-centered, as opposed to standardized, thus address
the specific needs of the intended audience, such as their
beliefs, habits, or goals [18]. For example, customizing
the content of the intervention message (eg, information,
language, and framing of the message) or the look and feel of
the intervention delivery platform (eg, imagery, color scheme,
and font) according to the intended audience’s specific needs
has been shown to help reduce breast cancer survivors’ fear of
recurrence compared to standardized care [19].

On the other hand, eHealth interventions designed without
an audience-centered approach, that is, without audience
segmentation or without identifying the specific needs of
different groups, may have unintended consequences [20].
For example, an mHealth intervention promoting contracep-
tives among women in a collectivist society in the Global
South that was developed without understanding the cultural
context of the society (eg, gender relations, familial relations,
beliefs about women using contraceptives, participant safety
and privacy, and literacy about contraceptives) ended up
increasing reported domestic violence by the participants who
were in the intervention group [21]. A lack of audience-cen-
teredness may not result in such violent consequences all
the time, but it may increase the digital divide if developed
without evaluating the eHealth literacy or internet accessibil-
ity of the intended audience [22]. This is especially true for
medically underserved ethnic populations because mHealth
interventions are predominantly developed in English and
with Western or White cultural values, which creates barriers
to comprehending or accepting the intervention’s messaging
for individuals who speak languages other than English or
have Eastern, African, or Indigenous cultural values [23].

Virtual health assistants (VHAs) are one of the emerg-
ing mHealth technologies that are being increasingly used
for numerous health issues, including cancer prevention
and screening. VHAs are defined as digital assistants that
emulate human communication [24]. Human communication,
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in turn, is defined as having the quality of interactivity and
immediacy [25,26]. Use of VHAs is increasing in cancer
prevention because of their interactivity and engagement,
ability to provide customized information, and accessibility
[27]. VHAs are also being used as decision aids to help
increase informed and shared decision-making regarding
cancer screening [28]. However, this being a new technol-
ogy, it is important to understand and identify whether
interventions using this technology are being developed with
audience-centered approaches due to the previously discussed
importance of audience-centered intervention development.
We focus on cancer prevention and screening because a lack
of audience-centered communication can drastically change
the outcome of a patient’s decision to screen or adhere
to clinician recommendations and result in adverse health
outcomes [18]. We conducted a mixed methods systematic
review to identify the audience-centered approaches used to
develop interactive eHealth interventions, VHAs, for cancer
screening and prevention promotions. We selected a mixed
methods systematic review because our goal was to include
studies with diverse methodologies (eg, qualitative, quan-
titative, and mixed method studies)—consistent with the
definition of a mixed methods review as one that incorpo-
rates multiple study designs [29]. The research question that
this systematic review aims to answer is “What strategies
have been used to make VHA-based cancer prevention and
screening interventions audience-centered?”

Methods
Overview
The current systematic review thematically synthesized
relevant published, peer-reviewed studies to identify
audience-centered approaches applied in VHA-based
intervention development. We selected thematic synthesis
as our synthesis method because it allows for integrat-
ing findings across different study types (eg, qualita-
tive, quantitative, and mixed methods studies) [30,31].
The PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines provide international
standards for reporting systematic reviews. This review
followed the PRISMA 2020 checklist for systematic reviews
[32] for its methodology. The following methodological steps
were taken to identify, screen, assess, and synthesize relevant
literature for this review.
Inclusion Criteria
Studies were included if they were primary research,
published in a peer-reviewed journal, and written or available
in English. All studies were required to contain research
regarding the development or evaluation or both of VHA
to promote cancer prevention or screening or both among
adult populations in a primary care setting. We also included
those studies that focused on the audience-facing aspects
of the intervention, for example, VHA-audience interaction,
message content, look, and feel of the intervention.

Exclusion Criteria
Studies were excluded if their sample focused exclusively
on cancer treatment and survivorship or on the technologi-
cal development of the VHA (ie, algorithms, programming
language, and software development). Studies were also
excluded if they focused on primary prevention mecha-
nisms, such as smoking cessation without explicitly mention-
ing cancer prevention as an outcome. In addition, studies
were excluded if the full texts were not available in Eng-
lish, the studies were literature reviews themselves, were
not published in peer-reviewed academic journals, or were
editorials or commentaries.
Information Sources
We searched 4 electronic databases between January 12,
2022, and January 14, 2022: MEDLINE (PubMed), Academic
Search Premier (EBSCOhost), Embase (Embase), and Web of
Science (Web of Science).
Search Strategy
The search strategy was developed collaboratively by the
authors (including 1 systematic review expert, CLB and 1
VHA specialist, BL) through identification of key concepts.
Synonyms for these concepts were identified by review-
ing highly cited literature, examining search terms from
prior relevant reviews, considering database suggestions,
and leveraging the authors’ and colleagues’ field expertise
[27,33,34]. The complete search strategy is available in
the Multimedia Appendix 1. The generic search query was
as follows: (“virtual health assistant*” or Clinical Decision
Support System or embodied conversational agent*)—AND
(cancer* or neoplasm* or early detection or education or
awareness or information) AND (prevention or screening)
(The * or asterisks symbol is a commonly used wildcard
symbol that broadens a search by finding words that start
with the same letters preceding the symbol). Medical Subject
Heading (MeSH) terms for the MEDLINE search on PubMed
were acquired through rigorous MeSH library searches for
cancer prevention and VHA. Similarly, Emtree terms on
Embase were acquired using the built-in Emtree library.
Selection Process
Search results from each of the 4 databases were imported
to the systematic review management software Covidence
(Veritas Health Innovation Ltd [35], where duplicates were
automatically removed by the software. A review team was
set up so that each study was reviewed by 2 researchers,
and any conflict over the decision was resolved by a third
researcher.

The review process was conducted in two stages: (1)
title and abstract screening and (2) full-text screening.
The first author (AR) trained the coscreeners (XC, EGB,
and LT) with the definitions of each term and the inclu-
sion and exclusion criteria. The coscreeners reviewed the
definitions and the inclusion and exclusion criteria and
provided feedback on confusing terms and processes. Based
on their feedback, we revised the verbiage of definitions and
inclusion and exclusion criteria on Covidence. As a group,
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we then practice-screened 5 titles, resolved conflicts through
discussion, and further revised the definitions and inclusion
and exclusion criteria. Notably, 3 screeners (2 screeners and 1
tiebreaker) completed the abstract and title screening within 3
months.

For the second review step, full-text screening, AR created
a hierarchy-based list of exclusion criteria on Covidence [36].
As in the first step, 2 researchers (AR and XC) screened each
full-text study to make inclusion or exclusion decisions, and
a third researcher (EB) acted as a tiebreaker if there were any
conflicts.
Data Collection Process and Data Items
For data collection, we developed a preliminary data
extraction template in Covidence, aligned with our research
question and standard guidelines [37]. To refine this template,
the first 2 authors (AR and XC) piloted it on 3 stud-
ies[38,39,40] representing different methodologies (quantita-
tive, qualitative, and mixed methods). After comparing their
extractions, they revised the template to better focus on the
research question. Both authors then independently extracted
data from the remaining studies, reconciling findings through
weekly discussions. Each of us then independently extracted

each study and consolidated the data through weekly
discussions. We collected bibliographic details (eg, author,
publication date, and journal), sample characteristics, VHA
features, needs identified (from “Introduction,” “Result,”
or “Discussion”), and needs addressed (from “Results” or
“Discussion”). When information wasn’t explicitly stated, we
conducted thorough reviews before coding items as “unavail-
able.” The complete data dictionary appears in the Multime-
dia Appendix 1.
Study Risk of Bias Assessment
For quality assessment, we used the mixed methods appraisal
tool [41], as it allows an appraisal of qualitative, quantita-
tive, and mixed methods studies. Two researchers independ-
ently appraised each study, and consensus was reached upon
discussion. Each study was assessed using 5 criteria (Table
1) drawn from the method used in Hong et al’s [41] study.
These evaluation criteria were used to score each study, rating
a study with 5 stars when 100% of the quality criteria are met,
4 stars when 80% of the quality criteria are met, 3 stars when
60% of the quality criteria are met, 2 stars when 40% of the
quality criteria are met, and 1 star when 20% quality criteria
are met (see Multimedia Appendix 1 for details).

Table 1. Bibliographic information and study characteristics.

Study ID Journal Cancer Study purpose Method
Sample
size Main findings Qualitya

Menon et al
[40]

Medical Care CRCb Develop and test a
theory-based computer
program to boost CRC
screening.

Mixed methods:
focus groups and
survey

199 Pilot test interventions
that address doctor
recommendations and
fears.

3

Allen et al
[42]

American
Journal of
Men’s Health

Prostate Test a computerized-
tailored decision aid to
increase prostate cancer
screening among African
American men.

One-group pre- and
post-test quasi-
experiment

108 Knowledge and
confidence improved
significantly;
significant effects were
only seen in low-
income men for
decision-making
change

3

Mosen et al
[38]

Medical Care CRC Determine the effect of
an automated telephone
intervention on
completion of FOBTc.

RCTd 5905 CRC screening
increased most among
71-80-year-olds versus
51-60-year-olds
postintervention.

3

Rawl et al
[43]

Health
Education
Research

CRC Compare tailored digital
versus print intervention
effects on CRC
knowledge or beliefs at
1-week postintervention

RCT 556 The intervention group
showed improved risk
perception, reduced
barriers, increased
screening benefits, and
greater knowledge, but
no self-efficacy
difference versus
control.

3

Wu et al [44] 2014 IEEE
Systems and
Information
Engineering
Design
Symposium

Cervical Develop a Spanish VPEe
app to boost PNf-led
cervical screening for
rural Hispanic women

Survey N/Ag Enhance VPE: Increase
smiles, use comfier
furniture, and replace
paintings with plants
for relaxation.

3
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Krist et al [45] Annals of
Family
Medicine

CRC,
breast,
and
prostate

Evaluate whether
patients and clinicians
will use a technology-
based decision module
and its impact on care,
using 3 cancer screening
decisions as test cases.

Pragmatic
observational cohort
study

11,458 Boosting intervention
uptake remains key;
visit-linked invitations
improved responses,
with the greatest
benefits for men,
African Americans,
and prostate cancer
screeners.

5

Champion et
al [46]

Journal of
Cancer
Epidemiology,
Biomarkers,
and Prevention

CRC Compare web or phone
or web+phone CRC
screening messages
versus usual care on
completion and
screening intention

Prospective
randomized factorial
design

1196 Phone interventions
showed the highest
adherence,
outperforming tailored
web versions, which
matched usual care in
stool testing, with
tailoring proving
inconsequential for
outcomes

3

Owens et al
[47]

American
Journal of
Health
Promotion

Prostate Evaluate the effects of
iDecide (University of
South Carolina) on
prostate cancer
knowledge, informed
decision-making self-
efficacy, technology use
self-efficacy, and
intention to engage in
informed decision-
making among African
American men.

Nonrandomized
controlled trial, 1-
group posttest only

354 Intervention improved
knowledge, decision-
making, and
technology self-
efficacy, but benefits
were greater among
previously screened
men

5

Griffin et al
[48]

JMIR Human
Factors

CRC Present a case study on
the design and
development process for
an eHealth app that uses
virtual human
technology to encourage
CRC screening among
patients aged 50 years
and older.

Multimethod design:
interviews, focus
groups, think-aloud,
participant
observation, survey

354 User-centered VHAsh
need iterative feedback,
multidisciplinary
expertise, and
credibility through
accurate content,
institutional backing,
and professional design

5

Carter-Harris
et al [49]

Journal of
Medical
Internet
Research

Lung Estimate the effects of a
computer-tailored
decision support tool
that meets the
certification criteria of
the International Patient
Decision Aid Standards
will prepare individuals
for and support shared
decision-making in lung
cancer screening
decisions.

Survey 60 Both groups gained
knowledge (the
intervention group
more), with additional
increases in perceived
benefits and self-
efficacy only in the
intervention group.

2

Vilaro et al
[50]

Psycho-
Oncology

CRC Describe participant
responses to a VHA-
delivered intervention
promoting CRC
screening with a home
stool test.

Multimethod design:
focus group and
think-aloud interviews

53 Participants identified
26 VHA cues
categorized into 4
affordances (modality,
agency, interactivity,
and navigability), with
acceptance improving
iteratively during
development.

5

Zalake et al
[51]

Intell Virtual
Agents

CRC Propose VHA design
guidelines by assessing
visual, medium, and
linguistic impacts on
CRC communication

Mixed methods: focus
groups (study 1),
experiment (study 2)

1473 User perceptions
depended on VHA
realism, role, and
provider branding;
CRC intentions varied

5
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significantly by
intervention format.

Wilson-
Howard et al
[52]

JMIR
Formative
Research

CRC Integrate Black men’s
views to design a VCi
for FITj kit promotion in
future CRC screening
clinical trials

Focus groups 25 Men’s feedback refined
the VC’s visuals and
movement, while
heuristics (social
presence, novelty, and
authority) boosted
credibility, earning the
trusted “brother-
doctor” role, with
many preferring it over
physicians.

5

Vilaro et al
[53]

BMC Medical
Informatics and
Decision
Making

CRC Describe specific design
features (eg, cues)
adapted to improve the
acceptability and
usability of a web-based
intervention promoting
CRC screening.

Multimethod design:
focus groups, think-
aloud interviews

53 Users prioritized VC
interactivity, trust, and
expertise, with iterative
comments
progressively refining
source credibility cues

5

Krieger et al
[54]

American
Journal of 
Preventive
Medicine

CRC Determine the efficacy
of the ALEXk VHA
intervention to increase
patient intentions to talk
to their doctor about
CRC screening.

RCT 1363 Animated VHAs
outperformed on
discussion intentions
with doctors; race
concordance mattered
only for static VHAs
for intention to screen,
alongside
demographics and trust
predictors

3

Kabukye et al
[55]

JMIR mHealth
and uHealth

Generic Assess Ugandan cancer
awareness, develop IVRl
education, and evaluate
its adoption

Mixed methods: focus
group, interviews,
survey, cocreation
workshops

113 Participants sought
comprehensive cancer
information. IVR
familiarity was high;
they praised
convenience but
requested live agents
and better marketing

3

Vilaro et al
[39]

Health
Communication

CRC Describe and compare
perceptions of CRC
screening among adults
at average risk of CRC
and identify appropriate
strategies and messages
to facilitate guideline-
concordant screening.

Focus groups 154 All groups valued
friendly, trustworthy
VHAs. Black adults
preferred CRC risk info
from VHAs and
sharing interventions
more than Whites

5

aThe number of asterisks (*) refers to Hong et al’s [41] quality evaluation criteria, which rate a study with 5 when 100% of the quality criteria are
met, 4 when 80% are met, 3 when 60% are met, 2 when 40% are met, and 1 when 20% are.
bCRC: colorectal cancer.
cFOBT: fecal occult blood testing
dRCT: randomized controlled trial.
eVPE: Virtual patient educator.
fPN: patient navigator.
gNot available.
hVHA: virtual health assistant.
iVC: virtual clinician.
jFIT: fecal immunochemical test.
kALEX: Agent Leveraging Empathy for eXams.
lIVR: Interactive voice response.

Synthesis Methods
Using our standardized template, we exported all extrac-
ted data to Excel (Microsoft Corp) for analysis. First, we
synthesized VHA intervention characteristics across studies
(Table 2) and participant demographics (Table 3), com-
paring them with each intervention’s intended audience.

For thematic synthesis [30], we examined the “Introduc-
tion,” “Methods,” “Results,” and “Discussion” sections to
identify audience-centered strategies (Table 4). The first
author conducted initial coding of “needs identified” and
“needs addressed” text segments, creating descriptive labels
for audience-centered approaches. These codes were then
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collaboratively reviewed by the first 2 authors and grouped
into thematic strategies through an iterative process, with
final themes corresponding to those presented in Table 4

Table 2. Virtual health assistant characteristics of the interventions.

Study ID Intervention name VHAb purpose VHA modality VHA appearance
Participant input
method

Menon et al [40] TIMSc Increase CRCd screening. Text N/Ae Touchscreen
Allen et al [42] Decision aid Promote informed decision-

making for prostate cancer
Visual, voice N/A Touchscreen

Mosen et al [38] Automated call Induce completion of CRC
screening.

Voice N/A Touchscreen or dial
button

Rawl et al [43] Colon Testing:
Celebrate Life for
Years to Come

Improve CRC-related
knowledge and health beliefs.

Visual, voice, text Black men and women in
social and clinical settings
emulating real-life
experiences of Black
Americans and the process of
CRC screening

Click or touchscreen

Wu et al [44] ECAf Increase CRC screening rate. Visual, voice, text An animated, professionally
attired Hispanic woman
sitting in a generic setting

Click or touchscreen

Krist et al [45] Informed decision-
making module

Aid decision-making for 3
cancers.

Visual, text Interactive web page with
tailored images and options

Click or touchscreen

Champion et al
[46]

Tailored web-based
intervention

Increase completion of CRC
screening.

Visual, voice, text N/A Click or touchscreen

Owens et al [47] iDecide Promote informed decision-
making about prostate cancer
screening.

Visual, voice, text An animated Black man,
wearing a white coat like a
clinician in an office-like
environment (with computer
desks and computers)

Touchscreen

Griffin et al [48] Agent Leveraging
Empathy for eXams
(ALEX)

Encourage CRC screening. Visual, voice, text N/A N/A

Carter-Harris et
al [49]

LungTalk Prepare individuals and
support shared decision-
making for lung cancer
screening.

Visual, voice, text N/A Click or touchscreen

Vilaro et al [50] VHA Promote CRC screening
using home stool test.

Visual, voice, text Variations in doctor-looking
VHAs (in white coats or in
scrubs) were tested among the
target audience

N/A

Zalake et al [51] ALEX Deliver information related to
CRC.

Visual, voice, text Doctor-looking male and
female Black and White
animated characters in white
coats, in a hospital-looking
room

Touch or tap or
click

Wilson-Howard
et al [52]

ALEX Deliver precision messages
promoting the FITg kit for
CRC screening.

Visual, voice, text Black male animated
character in different poses
and settings

N/A

Vilaro et al [53] VHA Promote CRC screening. N/A Black female animated
character in a doctor’s white
coat in different settings

N/A

Krieger et al
[54]

ALEX Deliver the CRC screening
message.

Visual, voice, text Black and White male and
female animated characters in
a hospital-like setting wearing
white coats

N/A

Kobukye et al
[55]

IVRh Deliver a cancer awareness
message.

Voice N/A Touchscreen

Vilaro et al [39] Meet ALEX Embody culturally sensitive
CRC screening message.

Visual, voice, text N/A N/A
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Study ID Intervention name VHAb purpose VHA modality VHA appearance
Participant input
method

bVHA: virtual health assistant.
cTIMS: Tailored Intervention Messaging System.
dCRC: colorectal cancer.
eNot available.
fECA: embodied conversational agent.
gFIT: fecal immunochemical test.
hIVR: interactive voice response.

Table 3. Audience characteristics of the interventions.

Study ID
Intended
audience Sample race

Sample age
(years)

Sample
gender Sample education

Sample
income Justification for using VHAa

Menon et al
[40]

Average-risk
patients in
primary care
clinics

Black or African
American (78/101,
52.3%, other
(23/101, 46%)

55-64 Men and
women

Secondaryb and
higherc education

Low • Tailored health education
improves health
behavior.

Allen et al [42] African
American men

Black or African
American

more than
40

Men Secondary and
higher education

Low to
middle

• Accessibility
• Modifiability
• Lack of need for

communication with a
doctor

• Usability in nonclinical
settings

Mosen et al [38] Average-risk
patients who are
out of the
guideline for
screening

White or European
American
(2729/2943, 92%),
other or unknown
(214/2943, 8%)

40-64 Women N/Ad N/A • Automated reminder calls
can improve adherence
to screening while being
cost-effective compared
to live human agent calls.

Rawl et al [43] Average-risk
African
American men
and women

Black or African
American

55-64 Men and
women

Secondary
education

Lowe • Increasing use of eHealth
interventions.

Wu et al [44] Hispanic
farmworkers in
Dover, Florida

Latina N/A Women N/A N/A • Effectiveness of
interactive multimedia
interventions among the
target audience.

• Effectiveness of tailored
digital communication
to enhance and
supplement patient-
clinician communication
among the target
audience.

Krist et al [45] Patients who are
likely to be
making
decisions for
cancer
screening

Asian American
(60/903, 6.6%),
Black or African
American (63/903,
7%), White or
European

40-54 Men and
women

N/A N/A • Effectiveness of decision
aids and digital
health technologies
in systematically
automating decision-
making processes outside
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Study ID
Intended
audience Sample race

Sample age
(years)

Sample
gender Sample education

Sample
income Justification for using VHAa

American
(618/903, 68.4%)

the constraints of clinical
encounters.

Champion et al
[46]

Average-risk
American
women who are
out of guideline
for screening

Asian American or
Pacific Islander or
other (40/1196,
3.4%), Black or
African American
(124/1196,
10.4%), White or
European
American
(1032/1196,
86.3%)

55-64 Women Higher education Low to
middle

• Customizability of
VHAs.

• Effectiveness of tailored
interventions to improve
health behavior.

Owens et al
[47]

African
American men

Black or African
American

55-64 Men Secondary and
higher education

Low to
middle

• VHAs incorporated with
decision aids have been
proven an effective
technique for promoting
knowledge and behavior
change, as it uses
human-like interactivity.

• Pilot research showed
that the target audience
was open to the
intervention.

Griffin et al
[48]

Average-risk
Americans aged
50 years or
older

N/A more than
40

Men and
women

N/A N/A • Focus group discussions
showed that participants
were open to discussing
their health with a VHA.

• VHA provides a sense
of anonymity to discuss
sensitive health issues.

• Tailored information
improves health behavior
change. Demographically
concordant care
can address poor
health outcomes seen
in demographically
discordant care.

Carter-Harris et
al [49]

Individuals
eligible for
cancer
screening

Black or African
American (10/60,
17%), White or
European
American (48/60,
80%),
Other (2/60, 2%)

55-74 Men and
women

Secondary and
higher education

Low to
middle

• The lung cancer
screening rate is low.

• Discussion with
clinicians is important
for high-risk individuals
(smokers or former
smokers).

• An interactive decision
aid tailored to
individuals’ varying
needs can help discussion
with clinicians.

Vilaro et al [50] Black adults Black or African
American

more than
40

Women N/A N/A • VHAs can be culturally
tailored and can
help disclose sensitive
information, especially
among minoritized
groups who have stigma
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Study ID
Intended
audience Sample race

Sample age
(years)

Sample
gender Sample education

Sample
income Justification for using VHAa

and fear of being judged
by health care providers.

Zalake et al [51] Not specified Black or African
American
(319/1473,
21.7%), White or
European
American
(1152/1473,
78.2%),
Other (2/1473,
0.1%)

more than
40

Men and
women

N/A N/A • VHAs combine the
benefits of digital
intervention (ie, low
costs) and interpersonal
communication.

Wilson-Howard
et al [52]

African
American men

Black or African
American

more than
40

Men Secondary and
higher education

Low • eHealth interventions
can be low cost,
easier to disseminate,
and provide modifiable
or personalized health
information in real time
(no specific benefits of
VHAs mentioned).

Vilaro et al [53] Older, racially
minoritized
patients

Black or African
American

more than
40

Women None to secondary
education

Low to
middlef

Not specified

Krieger et al
[54]

Adults eligible
for CRCg
screening

White or European
American
(1076/1363,
78.9%),
Black or African
American
(287/1362, 21.1%)

55-64 Men and
women

N/A N/A • COVID-19 presented an
opportunity to leverage
technology to improve
screening adherence.

• VHAs can be easily
tailored to patient
preferences.

• VHAs provide better
accessibility.

Vilaro et al [39] Rural Black and
White adults

Black or African
American (85/154,
55.2%), White or
European
American (69/154,
44.8%)

more than
40

Men and
women

Higher education Low • VHAs can be customized
to provide racially
concordant care.

Kabukye et al
[55]

General
Ugandan
population

N/A 18-39 Men and
women

None to higher
education

N/A • eHealth is cost-
effective, and especially
beneficial in low-
and middle-income
countries to improve
health communication,
education, and awareness
of chronic illness.

• eHealth addresses access
and cost barriers.

aVHA: virtual health assistant.
bsecondary education (grades 7-12).
chigher education (post grade 12).
dN/A: not available.
elow income (less than US $52,000/year).
fmiddle income (US $52,000-US $156,000/year).
gCRC: colorectal cancer.
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Table 4. Strategies used to make the virtual health assistant–based interventions patient-centered.

Study ID
Race gender
concordance User feedback

Preintervention needs
exploration

Theoretical
framework

Message
customization

VHAa features
customization

Menon et al [40] ✓ • Focus group
feedback is
used to
customize
intervention.

• An RCTb is
used to test
intervention

• Cost-effective
strategies to
provide
integrated,
accessible health
care services in
practical settings

• Health
belief
model

N/A • Navigation,
color, font,
and graphics,
cultural
sensitivity to
the intended
audience

Allen et al [42] ✓ • Pre and
posttest quasi-
experiment
was used to
test the effect
of the
intervention

• Blackc adults are
60% more likely
to develop CaPd

and 2.4 times
more likely to
die from it.

• Most
interventions for
CaP screening
among Black
men have been
educational as
opposed to
promoting IDMe

• Ottawa
Decision
Support
Framewor
k

• Personal
risk
assessment

• Audiovisual
cues that are
culturally
appropriate

Mosen et al [38] ✓ • Users tested
the
intervention
through RCT

• Low uptake of
CRCf screening
among eligible
adults compared
to other cancer
screening rates

N/A • Reminder
calls to
participants
who
requested a
screening
kit but had
not returned
a stool
sample

N/A

Rawl et al [43] ✓ • A community
advisory
group
evaluated
messages and
provided
feedback

• Users tested
the
intervention
through RCT

• Lack of
knowledge about
test options

• Importance of
screening in the
absence of
symptoms

• Curability of
CRC when
detected early

• Lack of time,
inconvenience,
lack of interest,
cost, fear of
positive result,
embarrassment,
and cancer
fatalism

• Health
belief
model

• Personal
colon cancer
risk profile
based on
age, gender,
and family
history of
the
participant

• Racially
concordant
characters in
video
demonstration

• Culturally
relevant
family setting
(birthday party
of a screening-
eligible
person)

Wu et al [44] ✓ • Participants
interacted
with the
intervention
in different

• US Hispanic
women are twice
as likely to have
cervical cancer

N/A • Options for
users to
choose what
kind of
information

• Spanish
language,
dialect
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Study ID
Race gender
concordance User feedback

Preintervention needs
exploration

Theoretical
framework

Message
customization

VHAa features
customization

phases,
providing
feedback for
improvement

as Whiteg

women
• Disparities are

influenced by
cultural beliefs,
linguistic
barriers,
socioeconomic
status, health
literacy, and
provider
behaviors and
practice patterns
that add to the
disparities

they want to
know more
about

• Reduced
medical
jargon

• Talking speed,
tone, and
volume

• Camera angle
of the VHA

• Ambient
sound

• VHA
appearance

Krist et al [45] ✓ • Participants
completed the
decision
module,
invited to test
the module
over 3 phases,
and
provided
feedback to
modify the
next phase

• Limited support
for patients 
during the
screening
decision-making
process

• Time constraints
inhibit
clinicians’
ability to
provide detailed
information

• Patients want
decisional
support and to
be included in
the decision-
making process
for cancer
screening

N/A • Risk of
cancer

• Benefits or
harms of
screening,

• Screening
logistics
based on
each
participant’s
readiness
for a cancer
screening
decision,

• Fears,
• Desired

assistance,
• Information

al needs,
• Preferred

format for
receiving
information
and
statistics

• Planned
next steps

• The decision
module
customized the
page with the
preferred
format of each
patient, for
example,
words,
numbers,
pictures, or
stories

Champion et al [46] ✓ • Users tested
the
intervention
through RCT

• Tailoring to
demographic
and belief
variables (eg,
perceived risk,
perceived
benefits,
perceived
barriers, self-
efficacy,
fatalism, and
fear) increases
relevance of
intervention

• Health
Belief
Model

• Transtheor
etical
model

• Elaboratio
n
likelihood
model

• CRC risk
information,
benefits of
screening,
suggestions
to overcome
barriers
based on
participant
response to
perceived
risk and
benefits, and
personal

N/A
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Study ID
Race gender
concordance User feedback

Preintervention needs
exploration

Theoretical
framework

Message
customization

VHAa features
customization

messages,
thereby
increasing
intervention
effects for
various health
behaviors

barriers–
related
questions

Owens et al [47] ✓ • Iterative
process used
to develop the
intervention
with feedback
from Black
men

• Participants
tested the
intervention
in a one-
group pre or
posttest
experiment

• CaP rates are
highest among
Black men

• Few studies
focus on
increasing CaP
knowledge
among Black
men despite it
being a critical
component for
IDM

• Racially
minoritized
individuals are
less likely to
engage in IDM
partly due to
lack of decision
self-efficacy

• Unified
Theory of
Acceptanc
e and Use
of
Technolog
y model

• Cognitive
Theory of
Multimedi
a Learning

• Information
about
informed
decision-
making,
including
risk and
benefits of
screening

• Questions
and
exercises to
help with
information
retention

• Black male
animated
avatar
providing
information

• Buttons to
click on to
repeat the
information

Griffin et al [48] ✓ • Participants
were
observed
while using
the
intervention

• Members of
the
development
team were
interviewed
for feedback

• Increased use of
eHealth

• Common
barriers to
screening (eg,
cost, time, and
embarrassment)

• Theory-
based
constructs

• Common
barriers to
screening,
including
cost, time,
and feelings
of
embarrassm
ent caused
by
collecting a
fecal sample

• VHA
appearance,
environment,
and other
symbols (eg,
credible logo
or name)

Carter-Harris et al
[49]

✓ • Users tested
the
intervention
through pilot
RCT

• Due to potential
risks of
screening using
low-dose
computed
tomography,
lung cancer
screening is a
preference-
sensitive
decision and
requires patient-
clinician
discussion and a
shared decision-
making process

• Conceptua
l model for
lung
cancer
screening
participati
on
(combinati
on of
Health 
Belief
Model and 
Precaution
Adoption
Process
Model)

• Lung health
and
screening
information
tailored by
smoking
status

• Offers
questions
the user can
ask to
initiate a
discussion
with their
clinician

N/A
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Study ID
Race gender
concordance User feedback

Preintervention needs
exploration

Theoretical
framework

Message
customization

VHAa features
customization

• Knowledge and
awareness of
lung cancer
screening among
the general
population are
extremely low

• Includes
specific
questions
identified by
the user

Vilaro et al [50] ✓ • Participants
tested the
intervention
in focus
groups and
think-aloud
interviews

• Only 8% of
Black adults use
FITh to screen
for CRC

• Possible barriers
include low
acceptance or
knowledge of
the noninvasive
options among
both physicians
and patients

• Black adults rely
on physician
recommendation
s for screening

• Modality,
Agency,
Interactivit
y, and
Navigabilit
y model

• Credibility

• Information
consistency
and
understanda
bility of the
message
were
modified
based on
audience
feedback

• Participants
also
identified
missing
content and
confusing
information
to improve
message
content

• VHA attire,
voice, talking
speed
modified
based on
participant
feedback to
increase
trustworthines
s, credibility,
expertise, and
social
presence

Zalake et al [51] ✓ • Participants
provided
feedback
through focus
groups (phase
1); and
through
survey (phase
2)

• User perceptions
of VHA (eg,
likability,
friendliness, and
trustworthiness)
are affected by
change in visual
design, hence
appropriate
VHA design is
essential in
medicine

N/A N/A • Organizational
branding,
VHA visual
framing
changed based
on participant
feedback to
increase VHA
credibility and
trustworthines
s

Wilson-Howard et
al [52]

✓ • Participants
provided
feedback in
focus groups

• Multiple factors
contribute to
CRC inequities
among Black
men, including
poorer access to
preventive
screening,
aversion to
colonoscopy,
and limited
knowledge of
alternative
screening
modalities

• Modality,
Agency,
Interactivit
y, and
Navigabilit
y model

N/A • VHA
modality,
navigability,
interactivity,
and other
visual
perceptions
adapted based
on user
feedback
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Study ID
Race gender
concordance User feedback

Preintervention needs
exploration

Theoretical
framework

Message
customization

VHAa features
customization

Vilaro et al [53] ✓ • Participants
tested the
intervention
in focus
groups

• FIT can be a
good screening
option to reduce
racial inequities
faced by Black,
rural adults

• VHA-based
information
delivery can be
used to promote
FIT in rural
places.

• Technolog
y
acceptance
model,
social
presence

• Accuracy
and
relevance of
information
adapted
based on
user
feedback

• VHA
appearance,
movement,
attire,
ambience, and
navigability
adapted based
on user
feedback

Krieger et al [54] ✓ • Users tested
the
intervention
through RCT
and provided
feedback
through
questionnaire

• Patients are
more likely to
follow screening
recommendation
s when delivered
by a race-
concordant
clinician

N/A N/A • Racial
concordance
between
VHAs and
intended users

Kabukye et al [55] ✓ • Participants
tested and
provided
feedback on
the
intervention
in focus
groups and
workshops

• Geographic
barriers to
cancer care

• Lack of cancer
information

• Stigma of cancer
• Technology-

based
interventions can
address
accessibility
issues

• Health
belief
model

• Unified
Theory of
Acceptanc
e and Use
of
Technolog
y

• Information
on what
cancer is,
what causes
cancer,
cancer
screening
and
diagnosis,
and
practical
information
on what to
expect
during
cancer care
incorporated 
into the
intervention
based on
user
feedback

• Options for
people to
speak with a
real live agent
if preferred

Vilaro et al [39] ✓ • Users tested
the
intervention
in different
phases in
focus groups

• Studies show
that racial
discordance in
health care
interactions, in
which patient
and provider
perceive each
other as
belonging to a
different race,
reduces patient
compliance with

• Critical
race theory

N/A • VHA
appearance,
ambience, and
voice changed
to improve
trustworthines
s, expertise,
and authority
cues
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Study ID
Race gender
concordance User feedback

Preintervention needs
exploration

Theoretical
framework

Message
customization

VHAa features
customization

medical
recommendation
s, lowers
patients’
perceptions of
the quality of
medical care,
and reduces
patients’
communication
satisfaction and
perceptions of
trust in providers

aVHA: virtual health assistant.
bRCT: randomized controlled trial.
cBlack: Black or African American.
dCaP: prostate cancer.
eIDM: informed decision-making.
fCRC: colorectal cancer.
gWhite: White or European American.
hFIT: fecal immunochemical test.

Results
Study Selection
A search of the 4 databases yielded 1055 results, 27 of
which were removed as duplicates. During the first step
of screening, title and abstract screening, 893 studies were

excluded as irrelevant. In the second step, full-text screen-
ing, 118 more studies were excluded for not meeting the
inclusion criteria (Figure 1). The majority of the studies
during full-text screening (n=94) were excluded because they
were not VHA-based interventions as defined in the inclusion
criteria. For the detailed screening process, please see Figure
1.
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Figure 1. PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart.

Study Characteristics
A total of 17 studies [38-40,42-55]. These studies were
published between 2008 and 2022, with 6 [39,51,52,53,54,55]
of them published since 2021 alone. Of the 17 stud-
ies [38-40,42-55] included, 9 [38,42,43,44,45,46,47,49,54]
were quantitative, 3 mixed methods [40,51,55], 2
qualitative [39,52], and 3 multimethod qualitative stud-
ies [48,50,53]. The majority of the studies (n=11
[38,39,40,43,46,48,50,51,52,53,54] focused on colorectal
cancer while others addressed prostate cancer (n=2 [42,47]),
lung cancer (n=1 [49]), cervical cancer (n=1 [44]), combined
prostate, colorectal cancer, and breast cancers (n=1 [45])
or general cancer (n=1 [55]; Table 1). Notably, 16 of the
studies were conducted in the United States; 1 study [55]
was conducted in Uganda. Two interventions were developed
in languages other than English: one in Spanish [44] and

the other in Luganda [55]. The majority of the studies (n=9
[39,40,43,45,48,49,51,54,55]) included both men and women
in the sample, 3 studies [42,47,52] included men only and
5 studies [38,44,46,50,53] included women only. Around 6
studies [42,43,47,50,52,53] focused exclusively on African
Americans, 1 study [44] focused on Hispanic women, and
1 study [55] focused on a Ugandan population. Two studies
[39,40] had multiple races with a Black majority, 1 study
[48] did not mention sample race. The remaining studies (n=6
[38,45,46,49,51,54]) had participants from multiple races and
ethnicities in their samples, but predominantly European
Americans (Table 3).
Risk of Bias
Altogether, 8 [38,40,42,43,44,46,54,55] out of the 17 studies
[38-40,42-55] satisfied 3 of the 5 quality assessment criteria
while another 8 studies [39,45,47,48,50,51,52,53] satisfied
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all 5. Notably, one study [49] satisfied 2 quality assessment
criteria (Table 1). All 17 studies [38-40,42-55] satisfied the
2 screening questions pertaining to having clear research
questions and a data collection method appropriate for the
research questions. Hence, despite the varying levels of
quality, none of the studies were excluded from the synthesis
(see Multimedia Appendix 1).
Characteristics of VHAs
Studies used inconsistent definitions of Virtual Health
Assistants (VHAs), and some provided no definition at all.
There was no consensus on the definition of virtual assis-
tants, or even any standard terminology, between studies
conducted by different research groups. The terms used for
virtual assistants differed and included embodied conversa-
tional agent, VHA, decision aid, and other generic names
such as interactive web interventions or tailored web-based
interventions. The modality of the interventions evolved over
time, starting with text-based web interventions and expand-
ing by adding audio or voice and visuals for participants
to interact with. Three of the interventions [38,46,55] used
tailored automated voice calls as part of the intervention, and
all other studies were web-based (Table 2).

Common characteristics of the VHAs in these studies
included being web-based, providing tailored information
based on user responses to certain questions or cues, and
providing some interactivity in terms of the user being able
to select responses. None of the VHAs used natural language
processing. All the VHAs were preprogrammed with specific
options, from which the users could select the most suitable
options for themselves.

The VHAs that used animated characters for communica-
tion applied appearance-based concordance with the intended
audience, with either race or gender or both (Tables 2 and
3). Notably, 8 [43,44,47,50,51,52,53,54] of the studies used
animated characters to convey cancer-related information; 1
study [42] did not explicitly mention whether the characters
were animated or were recordings of real humans. Specifi-
cally, 6 studies [39,50,51,52,53,54] that were all about the
same intervention used an anthropomorphic name for the
intervention: ALEX (Agent Leveraging Empathy for eXams)
(Table 2).
Strategies of Audience-Centered
Development
Thematic synthesis of the studies resulted in 6 major
strategies used to make the interventions audience-centered.
These strategies can be categorized broadly into two types:
(1) how the intervention was developed to be audience-cen-
tered and (2) what was customized in the interventions
to make them audience-centered. The interventions were
developed to be audience-centered by using 4 strategies, such
as gender and race concordance, user feedback, preinter-
vention needs exploration, and theoretical framework. Two
aspects of the interventions were customized for audience-
centeredness, namely information and VHA features.

Gender and Race Concordance
All 17 studies [38-40,42-55] recruited participants from
the population groups for which the interventions were
intended (Table 3). Such concordance was specifically
based on race and gender. Six studies [42,43,47,50,52,53]
were designed for African American adults and recruited
accordingly. One study [44] recruited Hispanic farmwork-
ers, and another study [55] recruited Ugandan adults,
each in concordance with their intervention’s intended
audience. Studies that targeted a general population ten-
ded to recruit mostly European (White) American partici-
pants. Although none of the studies mentioned location,
education level, or income when describing their intended
audience, many studies coded these characteristics for data
analysis. In total, 8 [ 39,40,42,43,46,47,49,52] of the 10
studies [39,40,42,43,46,47,49,52,53,55] that reported sample
education level recruited participants with higher education
(ie, with college, university, or graduate degrees). Notably, 5
[42,46,47,49,53] of the 9 studies [39,40,42,43,46,47,49,52,53]
that reported sample income recruited mostly low-to-middle-
income participants, and the other 4 studies [39,40,43,52]
recruited exclusively low-income participants. Around 8
studies [39,40,42-44,52,53,55] reported sample locations. Of
these, 4 studies [40,42,43,55] were exclusively recruited from
urban areas, and 4 studies [39,44,52,53] from rural areas.

User Feedback
Regardless of study design, all the interventions were
tested among study participants to collect their feedback.
Such feedback was collected to understand what needed
to be changed or modified in the intervention to make
it more audience-centered. The qualitative (monomethod
and multimethod) studies (n=5 [39,48,50,52,53]) collected
feedback with interviews, think-aloud interviews, and focus
group discussions. Sample participants interacted with or used
the intervention and provided feedback. Based on participant
feedback, researchers recommended improvements to the
intervention. In the mixed-method studies (n=3 [40,51,55]),
the qualitative part of the studies had participants interact
with or use the intervention and provide feedback. In the
quantitative part of the mixed methods studies, the newer
versions of the interventions developed from the audience
feedback were tested using statistical methods to make
inferences about intervention effectiveness. The quantita-
tive studies (n=9 [38,42,43,44,45,46,47,49,54]) pilot-tested,
fully tested, or observed the interventions’ effectiveness on
outcome measures among participants.

Preintervention Needs Exploration
All the studies (n=17 [38-40,42-55]) provided a rationale for
developing a cancer prevention intervention in their “Litera-
ture Review” or “Introduction” section, based on previous
publications. The studies based their rationale on a lack of
uptake in the relevant cancer screening among a general or
specific population group. However, these rationales were
not specific to VHA-based interventions but rather justified
a need for any or a better intervention to promote cancer
screening or awareness, or both. The most cited audience
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need specific to VHA interventions was the need for tailored
information based on intended audiences’ preferences (n=11).
Studies also cited various other benefits of eHealth interven-
tions, including accessibility, lack of need to visit a clinical
setting, and cost-effectiveness.

Benefits specific to animated VHAs included interper-
sonal communication and demographic concordance. The
studies focusing on minoritized populations (n=7) explicitly
mentioned specific barriers of accessibility, discrimination
faced in the health care system, cultural values not being
addressed in traditional health care settings, and lack of
demographically matched clinicians.

Theoretical Framework
A total of 11 studies [39,40,42,43,46,47,49,50,52,53,55]
explicitly mentioned using one or multiple theories, mod-
els, or frameworks (henceforth called theory) in the develop-
ment of the intervention. One study [48] mentioned specific
theoretical constructs instead of a single theory. The rest
of the studies (n=5 [38,44,45,51,54]) did not report the
use of any theory. However, each of these studies men-
tioned at least 1 construct drawn from established behav-
ioral theories (eg, behavioral intention) or intervention
development frameworks (eg, tailoring). In the studies that
mentioned theories explicitly, the health belief model was
the most frequently used (n=4 [40,46,49,55]. The second
most frequently used theories were the Modality, Agency,
Interactivity, and Navigability (MAIN) model and the Unified
Theory of Acceptance and Use of Technology (n=2 each
[50,52]. All the other theories mentioned were used in 1 study
each (Table 4).

Theory was mainly applied to identify behavioral
constructs that needed to be incorporated into the interven-
tion to achieve the intended outcomes (eg, improve intention
to screen). The incorporation of the theoretical constructs
into the interventions was 2-fold. First, the constructs were
used to develop the (verbal and nonverbal) message delivered
through the intervention. Second, the constructs were used to
develop the intervention platform (eg, navigation, look, and
feel).

Information Customization
Information about cancer was the most common aspect
of the VHAs that was customized to make the interven-
tion audience-centered. Information regarding the audience’s
cancer-related informational needs, screening knowledge, and
concerns was incorporated into the interventions. Some of
the studies specifically focused on cultural tailoring of the
intervention, including surface-level tailoring, namely race
and gender matching and deep-structural tailoring, such
as addressing values and beliefs related to racial identity,
cancer, and cancer screening, and addressing myths or stigma
regarding cancer or cancer screening.

VHA Features Customization
Customizing VHA features based on audience input depends
on the type of intervention. The VHAs in the included

studies can be categorized into 4 types: text only (n=1),
voice only (n=2), visual and voice and text combined (n=3)
and visual, text, and voice combined (n=10). The features
of the text-only and voice-only (n=3) interventions were not
modified. However, the VHAs that provided information with
any combination of voice, text, and visuals (n=13) were
modified based on audience input. For the animated VHAs,
their movements, facial expressions, voice, and settings were
modified based on the audience feedback. Moreover, the
animated VHA interventions’ color palettes, text size, and
fonts for subtitles were also modified based on audience
feedback.

Discussion
Principal Findings
The current systematic review identified existing practices
in the development of VHA-based interventions for cancer
prevention and screening. There are 4 key takeaways from
this review. First, we found that there is an intentional effort
to make VHAs audience-centered, as opposed to develop-
ing generic interventions without any audience segmentation.
The studies included in this review focused on providing
customized information regarding cancer and screening to
the intended audience. The information was customized
based on the specific cancer(s), individual risk of the
cancer, guideline for screening, and screening methods. Some
studies also customized different features of the intervention
with surface-level cultural attributes, such as using race-
and gender-matching pictures or animation and delivering
information in the native language of the intended audience.

Second, the current review identified an emphasis
on developing audience-centered eHealth interventions
to address cancer screening barriers faced by racially
minoritized groups in the United States. Around 6
[42,43,47,50,52,53] of the 17 studies [38-40,42-55] focused
exclusively on developing or testing or both of VHA-based
interventions to improve cancer screening among African
Americans, and 1 study [44] focused exclusively on cancer
screening among Hispanic American women. This is an
important step toward reducing health disparities, since
racially minoritized individuals often face discrimination
in health care systems due to unconscious biases held by
clinicians [56]. VHAs developed with the needs of racially
minoritized individuals can address and mitigate such biases
in preventative cancer care.

Third, of the 17 included studies [38-40,42-55], 12
[39,40,43-45,47,48,50-53,55] mentioned the importance of
cultural sensitivity of eHealth interventions, and 3 [39,43,48]
explicitly explained how culture was incorporated in the
intervention. Rawl et al [43] evaluated the cultural appropri-
ateness and relevance of the intervention through a commun-
ity advisory board. Griffin et al [48] mentioned using cultural
probing as a method for audience need assessment and
the effectiveness of iterative testing of interventions among
intended audiences to improve the cultural competency of
the messages. Vilaro et al [39] included subjective culture
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and critical race theory to delve deeper into the structures of
culture by exploring the individual and racial identities of the
intended audience to explore the relationship between identity
and perceptions of the VHA.

Studies that did not detail the incorporation of culture in
the interventions or did not mention culture did not neces-
sarily fail to incorporate cultural sensitivity. As mentioned,
all studies had their interventions tested by members of
the intended audience and incorporated this feedback into
the intervention design. This process alone provides ample
opportunity to incorporate participants’ cultural needs, even
when culture is not explicitly mentioned [11]. For example,
Kabukye et al [55], who conducted the study in Uganda
to improve cancer awareness among the general Ugandan
population, developed their intervention using interview and
focus group data from Ugandan health care workers, cancer
specialists, cancer survivors, and lay audience members
without cancer to incorporate a multitude of perspectives in
the message design.

Finally, this review identified certain areas of improve-
ment for greater audience-centeredness of cancer preven-
tion and screening interventions in the future. First, future
research needs to identify the minoritized status of a group
or individual multidimensionally (eg, including economic
background, location, and education) rather than unidimen-
sionally (eg, race only). Most of the studies in this review did
not address or explore the multidimensional and intersectional
aspects of being minoritized, such as income level, education
level, and population location, which also affect adherence to
cancer screening recommendations and screening rates [57].

eHealth literacy and education level influence individu-
als’ self-efficacy to use interventions, such as VHAs [58].
However, the included studies rarely recruited individuals
from educationally disadvantaged backgrounds. Most of the
study participants had at least a high school education.
Moreover, while the majority of the studies mentioned
accessibility being a barrier to cancer screening, the study
participants’ location or lack of health care services in their
location was not mentioned, and how eHealth technology
could address such barriers was not clarified. In fact, one of
the most frequently cited justifications for using VHA-based
interventions is geographic accessibility. However, only 4
[39,44,53,54] of the studies explicitly mentioned recruiting
rural participants. Four studies [40,42,43,55] recruited urban
participants only, and the rest did not mention the rural or
urban location of the participants.

In addition, studies using exclusively internet-based survey
platforms or electronic health records yielded a lack of
diversity in their samples [38,45,46,49,54]. Studies that
specifically recruited Latina farmworkers or Black men and
women used community-based recruitment or a combina-
tion of internet-based and community-based recruitment
[42-44,53]. One study [39] that recruited both Black and
White participants and had 55% (85/154) Black participants
in the sample used community-based recruitment strategies
instead of internet-based recruitment [39]. Another study
recruited participants in 2 phases [51]. In the first phase,

it recruited participants from a senior recreation center and
recruited 24/73 (33%) Black participants and 47/73 (67%)
White participants. However, for the second phase of the
study, they recruited through Qualtrics (Qualtrics Interna-
tional Inc), with 295/1400 (21%) Black participants and
1105/1400 (79%) White participants. This finding points to
a need for using multipronged strategies, or community-based
recruitment, when using a single strategy to ensure equitable
participation from the different racial and ethnic groups.

The second recommendation to improve audience-centered
VHA development is to diversify intervention languages and
implementation locations. In the current review, only 1 study
[55] included a population in an African, Black-majority
country, and only 2 [44,55] of the 17 studies discussed
interventions available in languages other than English. The
final recommendation for future researchers is to measure
the social presence, that is, whether users perceived the
interaction with the VHAs as an interaction with another
social actor (eg, health care provider) [59] of VHAs. Though
VHAs have the potential to increase social presence and
thus improve patient engagement in virtual settings [25], it is
rarely measured or mentioned in the review studies. Hence, in
the studies included, while the communication was 2-way and
immediate, whether there was a perception of social presence
could not be identified. Future studies can explore how much
interactivity and anthropomorphous communication VHAs
can provide with intended audiences, compared to traditional
or noninteractive eHealth interventions (eg, pamphlets, web
pages, and emails).
Comparison With Prior Work
The current review adds to the existing literature on digital
interventions for cancer prevention and screening. Recently
published systematic reviews of eHealth interventions for
cancer prevention and screening have focused on specific
cancers (eg, cervical cancer [60,61], colorectal cancer [62],
and breast cancer [63]), specific population groups (eg,
Hispanic Americans [64]), or the effectiveness of the eHealth
interventions (eg, increasing screening compared to usual
care [65]. The current systematic review, on the other
hand, has focused on eHealth interventions’ development
process and identified specific strategies used for audience-
centered development. In addition, previous reviews on
VHA-like interactive interventions have either focused on a
specific modality of the VHA (eg, animated [34], web-based
interactive tools [66], chatbots [67]). The current review
included a broader description of interactive digital interven-
tions and included VHAs of any modalities available.

Although the synthesis of the included studies in the
current review was inductive, the findings can be com-
pared to existing frameworks for developing audience-cen-
tered interventions. For example, recruiting and testing the
intervention on participants who are members of the intended
audience is in accordance with the principles of cultural
grounding, a framework for culturally sensitive intervention
development [11]. The interventions in the included studies
were also customized informationally, racially, and gender-
wise. Customizing has been empirically proven to be an
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effective way to improve health outcomes, especially among
minoritized groups [9]. Finally, one of the cornerstones
of audience-centered intervention development is audience
segmentation, that is, developing the intervention for a
specific demographic rather than a generic demographic [8].
The current review identified that the studies used some type
of audience segmentation by gender, race, or age.
Strengths and Limitations
The systematic review provides a framework for audience-
centered eHealth intervention development by identifying the
strategies. In identifying these strategies, we extended our
synthesis to “Introduction” or “Literature Review” sections
of the studies, going beyond the “Methods” and “Findings”
of the included studies, a standard practice in systematic
reviews, but expanded the synthesis. This helped us identify
rationales used to justify the usage of VHAs. Whether a
new innovation addresses an existing problem needs to be
evaluated to avoid techno-solutionism —the ideology that
any societal issue, such as health inequities, is a discrete
one and can be addressed by technology, without consider-
ing the multidimensional context (eg, sociopolitical, cultural,
financial, and geographical) in which the issue is embedded
[68]. The strategies identified in this review can be used as a
framework for future intervention developers.

While the study systematically identified the major
strategies used to develop VHAs for cancer prevention, we
need to acknowledge its limitations. First, since there was no
consensus in the literature about the definition of a VHA,

the search terminologies included “decision aids” to ensure a
more comprehensive result. However, based on the definition
of VHA used in the study (2-way interaction and immedi-
acy of communication), many of the decision aid–based
studies were eliminated. This was because the description
of the decision aid did not clarify whether the intervention
had interactivity and immediacy of communication. Finally,
the study included studies published only in the English
language and in English-language journals. Hence, when
making inferences or conclusions from this study, we must
proceed with caution and acknowledge that this review is
limited by language.
Conclusion
This systematic review establishes an audience-centered
framework for developing effective VHA interventions in
cancer prevention. The identified strategies, from demo-
graphic concordance to iterative user testing, provide a
blueprint for creating equitable digital health tools. How-
ever, the field now faces 3 key challenges: moving beyond
Western-centric models, addressing intersectional health
disparities, and developing standardized measures of VHA
effectiveness. Future work must prioritize interventions that
account for the complex interplay of cultural, linguistic, and
structural barriers to care. By adopting this comprehensive
approach, researchers can ensure VHAs fulfill their potential
as transformative tools in the global effort to reduce cancer
disparities through technology.
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