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Abstract

Background: Digital health interventions (DHIs) aim to support health-related knowledge transfer e.g., through websites or
mobile applications (apps). They have the potential to either increase health inequalities due to the digital divide or to reduce
health inequalities by making healthcare available to those who might not otherwise be able to access it, such as geographically
remote populations. They can also overcome language barriers though translated content and enable people to access support and
advocacy from family members or friends. However, public health programmes and patient-level healthcare delivered digitally
need to consider ways to mitigate the digital divide through DHI design, deployment, and engagement mechanisms, to reach
digitally excluded populations.

Objective: The objective of this systematic scoping review was to identify the features of DHI design and deployment conducive
to improving access to, and engagement with, DHIs by people from demographic groups likely to be affected by the digital
divide. The review was conducted during the evolving Covid-19 pandemic, and its findings informed the rapid design,
deployment, and evaluation of a post-Covid-19 rehabilitation DHI called ‘Living With Covid Recovery’ (LWCR). LWCR
needed to be engaging and usable for patients with a wide range of demographic characteristics, to avoid exacerbating existing
health inequalities as far as possible. LWCR was introduced as a service in 33 participating NHS hospital clinics from August
2020, was used by 7,679 patients, and the study ran until 20th December 2022.

Methods: This systematic scoping review followed the methodology recommended by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping Review (PRISMA-ScR) guidance. The following databases were
searched for primary research studies published in English from 1 October 2011 to 1 October 2021: Cochrane Library,
Epistemonikos, NICE Evidence, PROSPERO, PubMed (with MEDLINE and Europe PMC) and Trip. In addition, we used
OpenGrey and Google Scholar to search for grey literature. We selected publications that met the following inclusion criteria:
primary research papers that explored and/or evaluated features of DHI design and deployment intended to enable access to and
engagement by adults from demographic groups likely to be affected by the digital divide (e.g., older age; minority ethnic
groups; lower income/education level). The data from studies that met the review inclusion criteria were extracted, narratively
synthesised, and thematically analyzed.
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Results: A total of 22 papers were included in the review. Inclusion criteria were met for 19 papers of 1245 hits retrieved by the
search and three further papers were added from a search of publications included in relevant reviews. DHIs evaluated in the
studies included:
telehealth, virtual assistants, text message interventions, decision aids and e-health learning programs. The main themes resulting
from analysis of extracted data relating to design considerations included: co-development with end-users and user testing for
iterative design cycles to produce DHIs that help improve digital skills and digital health literacy through use; tailoring for low
literacy levels through animations, pictures, videos and writing for a low reading age; use of virtual assistants to collect
information from patients and guide use of a DHI. For deployment, themes revealed included: provide devices and data, if
possible, otherwise use text messages or signpost to sources of cheap/free devices and free WiFi; provide ‘human support’ for
implementation / onboarding and troubleshooting; provide tailored digital skills education as part of the intervention; and
incorporate peer/family support.

Conclusions: Taking these “universal precaution”’ can help reduce the digital divide. The results helped guide the iterative
design and successful deployment of the LWCR DHI. They also have wider implications for practitioners, policy makers, and
researchers, and will inform best practices in the design and delivery of DHIs for equitable health improvement
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Abstract

Background: Digital health interventions (DHIs) aim to support health-related knowledge transfer
e.g.,  through websites or mobile applications (apps). They have the potential to either increase
health inequalities due to the digital divide or to reduce health inequalities by making healthcare
available to those who might not otherwise be able to access it, such as geographically remote
populations.  They  can  also  overcome  language  barriers  though  translated  content  and  enable
people to access support and advocacy from family members or friends. However, public health
programmes and patient-level healthcare delivered digitally need to consider ways to mitigate the
digital  divide through DHI  design,  deployment,  and engagement mechanisms,  to  reach digitally
excluded populations.

Objective: The objective of this systematic scoping review was to identify the features of DHI design
and deployment conducive to improving access to, and engagement with, DHIs by people from
demographic groups likely to be affected by the digital divide. The review was conducted during the
evolving Covid-19 pandemic, and its findings informed the rapid design, deployment, and evaluation
of a post-Covid-19 rehabilitation DHI called ‘Living With Covid Recovery’ (LWCR). LWCR needed to
be engaging and usable for patients with a wide range of demographic characteristics, to avoid
exacerbating existing health inequalities as far as possible. LWCR was introduced as a service in 33
participating NHS hospital clinics from August 2020, was used by 7,679 patients, and the study ran
until 20th December 2022. 

Methods: This systematic scoping review followed the methodology recommended by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping Review (PRISMA-
ScR) guidance. The following databases were searched for primary research studies published in
English from 1 October 2011 to 1 October 2021: Cochrane Library, Epistemonikos, NICE Evidence,
PROSPERO, PubMed (with MEDLINE and Europe PMC) and Trip. In addition, we used OpenGrey and
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Google  Scholar  to  search  for  grey  literature.  We  selected  publications  that  met  the  following
inclusion criteria: primary research papers that explored and/or evaluated features of DHI design
and deployment intended to enable access to and engagement by adults from demographic groups
likely  to  be  affected  by  the  digital  divide  (e.g.,  older  age;  minority  ethnic  groups;  lower
income/education  level).  The  data  from  studies  that  met  the  review  inclusion  criteria  were
extracted, narratively synthesised, and thematically analyzed.

Results: A total of 22 papers were included in the review. Inclusion criteria were met for 19 papers
of  1245  hits  retrieved  by  the  search  and  three  further  papers  were  added  from  a  search  of
publications included in relevant reviews. DHIs evaluated in the studies included:
telehealth,  virtual  assistants,  text  message  interventions,  decision  aids  and  e-health  learning
programs.  The  main  themes  resulting  from  analysis  of  extracted  data  relating  to  design
considerations included: co-development with end-users and user testing for iterative design cycles
to produce DHIs that help improve digital skills and digital health literacy through use; tailoring for
low literacy levels through animations, pictures, videos and writing for a low reading age; use of
virtual  assistants to collect  information from patients and guide use of  a DHI.  For deployment,
themes revealed included: provide devices and data, if possible, otherwise use text messages or
signpost  to  sources  of  cheap/free  devices  and  free  WiFi;  provide  ‘human  support’  for
implementation / onboarding and troubleshooting; provide tailored digital skills education as part
of the intervention; and incorporate peer/family support.

Conclusions: Taking these “universal  precaution”’ can help reduce the digital  divide. The results
helped guide the iterative design and successful deployment of the LWCR DHI. They also have wider
implications for practitioners, policy makers, and researchers, and will inform best practices in the
design and delivery of DHIs for equitable health improvement.

Keywords

digital  divide;  digital  health;  digital  health  literacy;  eHealth  literacy;  grey  literature;  healthcare
inequalities; internet-based intervention; mHealth; telemedicine
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Introduction

The Covid-19 pandemic led to very rapid widescale adoption of digitally delivered healthcare, while
also  revealing  the  impact  of  systemic  societal  health  inequalities  1.  Covid  inflicted  a  “double
whammy”, with deprived people, older people, and those from ethnic minority groups getting sicker
and more likely to die whilst at the same time making healthcare even less accessible for these
groups  2,3.   Belonging  to  one  or  more  of  these  groups  (intersectionality)  was  a  risk  factor  for
experiencing disproportionately more severe illness and mortality 4. 

It also quickly became apparent that large numbers of patients would need rehabilitation following
hospital admission for Covid-19. A large proportion of these, and others who were not hospitalised
went on to develop “long COVID” with distressing symptoms including breathing pattern disorders,
anxiety, and fatigue 5–7. 

In the context of an already stretched National Health Service (NHS) in the United Kingdom (UK),
deploying its resources to the ongoing pandemic, combined with an increasing backlog of deferred
treatment, it was clear that digitally delivered rehabilitation had the potential to help manage the
demand for remote rehabilitation. The Living With Covid Recovery (LWCR) study was designed to
deliver and evaluate remote rehabilitation for patients with ongoing severe symptoms immediately
post-hospital discharge and for people who developed long COVID through the development and
deployment of a digitally-delivered and supported rehabilitation programme 8.

In  brief,  the  LWCR  system  consisted  of  an  app-based  digital  health  intervention  (DHI)  with
programmes to address the symptoms of long COVID, including self-management programmes for
breathlessness, fatigue, or anxiety, the most disabling symptoms of long COVID, along with a library
of  information  about  other  common  symptoms,  e.g.,  brain  fog  8.  The  app  supported  self-
management (a health coaching approach), regularly prompted users to complete patient-reported
measures  (PROMS) questionnaires to populate  a  clinician-facing dashboard,  allowing healthcare
practitioners (HCPs), usually senior physiotherapists, to provide two-way support via app messages. 

From the outset,  the LWCR study team sought ways to mitigate the risk of exacerbating health
inequalities resulting from low health literacy, low digital health literacy and the digital divide, terms
which we define and describe in the next section. We needed to ensure the digital offer could be
integrated into long COVID clinical pathways and would allow patients to receive adequate human
support 9. 

Due to the fast pace of intervention development necessitated by the ongoing pandemic, an initial
rapid literature review was conducted to ensure the LWCR app’s design, content, and presentation
of  learning materials  and PROMs would be accessible  to  people  from a  range of  demographic
groups, and that the LWCR system could be equitably deployed in NHS clinics. 

The rapid review expanded into a systematic scoping review 10 to bring together the evidence base
of strategies to reduce the digital divide through design and deployment of the DHI in long COVID
clinics, and to support the app through iterative design cycles, a methodology based on a human-
centered design approach which uses a cyclical  process starting with development of a minimal
viable product (MVP) or prototype, testing it,  getting feedback from stakeholders,  analyzing the
results, and refining the product or process 11,12. 

For the purpose of this review, we define DHI, as we did in the published protocol, as ‘any service
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intended to improve physical or mental health, or to promote health improvement through, for
example, lifestyle change, delivered digitally (formally or informally), such as via smartphone apps,
social media, email, SMS text message, using wearable technologies, video games (e.g., for motor or
cognitive training), websites, or telehealth (e.g., remote consultations) but excluding telemedicine if
this consists solely of remote monitoring without any input from the patient’ 10.

This review will provide a comprehensive summary of the published literature on ways to reduce
the  digital  divide  through  the  design  and  deployment,  or  implementation,  of  digital  health
interventions.

Health Inequalities, Health Literacy, and the Digital Divide
There are several overlapping definitions for the term ‘health inequalities.’ For this paper, we will
use the King’s Fund definition 13, which builds on McCartney and colleagues’ 2019 definition of “the
systematic,  avoidable and unfair  differences in health  outcomes that can be observed between
populations, between social groups within the same population or as a gradient across a population
ranked by social position” 14, and broadens it to include “differences in access to health care, quality
of care received, wider determinants of health such as housing and education, and opportunities to
lead healthy lives, including differences in risky behaviours such as smoking”, which brings in a
social justice aspect, also expressed by the related term “health inequity” 15. 

The term ‘Digital divide’ describes “the gap between people in society who have full access to digital
technologies (such as the internet and computers) and those who do not” and is a clear example of
digital heath inequity. This is caused not just by lack of access to affordable and reliable internet and
devices, including mobile phones and apps etc., but also lack of skills and resources  needed to use
and benefit from such devices, compounded by a lack of trust or motivation to do so, or lack of
saliency  16.  Ensuring digital  health equity,  ‘equal  opportunity for  individuals  to benefit from the
knowledge and practices related to the development and use of digital technologies to improve
health’ is the focus of the WHO global strategy on digital health 2020-2025 17.

One approach to reducing the digital divide is to improve people’s digital health literacy (or eHealth
literacy). Digital health literacy is a subtype of health literacy associated with poor health outcomes
and is defined as “the degree to which individuals can access, understand, and apply (digital) health
information and services to make informed decisions about their health”  18.  It also refers to the
need for digital health information and services to be designed to be usable and responsive to the
digital health literacy of the populations they serve 19. 

Rationale for conducting a systematic scoping review

We chose this methodology as the best way to provide a preliminary assessment of the size, scope,
and nature of the research evidence available, in order to synthesise the evidence base for ways to
reduce the digital divide through design and deployment of DHIs. This methodology is best suited
for pooling evidence from a wide range of sources, including grey literature and any studies missed
from the search that might be included in relevant systematic reviews20,21. 

Methods

The methodology for review was based on that of the Joanna Briggs Institute,22 with guidance from
Peter’s et al  23. In brief, this covers clarifying the review’s aims and research questions, searching
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appropriate evidence sources, charting the data extracted from included publications, analysing the
data, and consultation with stakeholders, including patient and public involvement and engagement
(PPIE) representatives, to validate emerging results. 

Review question
The aim of this systematic scoping review was to identify research that has evaluated features of
design and deployment that are conducive to improving access to (and engagement with) DHIs by
people from demographic groups likely to be affected by the digital divide.

The review aimed to answer the following two research questions:

1. Relating to design: How can a DHI’s design, and digital skills training for users as part of the
DHI delivery mechanisms, be optimised to reduce digital health inequalities arising from low
digital health literacy?

2. Relating to deployment: How should the DHI be delivered to mitigate the digital divide?

Eligibility criteria
We included primary research studies of any design, published from 1 October 2011 to 1 October
2021, set in any part of the world, with participants aged 16 years and over from one or more of the
following demographic groups:  ethnic minorities, socially  disadvantaged people, and the elderly
(aged over 65 years), as these groups have been identified as highest risk of digital divide  24. We
included  population-based  samples  if  participants  from  the  groups  of  interest  could  be
disaggregated. Included studies needed to focus on a specific DHI containing elements of its design
or deployment that were intended to reduce the digital divide through design or deployment, and
measures reported needed to reflect these outcomes. We excluded reviews, opinion pieces, blogs,
summaries with lists of recommendations, as these did not fulfil the criterion of primary research.
We also excluded those which were not published in English. 

Decisions on whether publications retrieved should be included or excluded from further analysis
were iteratively refined based on increasing familiarity with the literature, in line with systematic
scoping review methodology. Following discussions at  our regular team meetings,  we made the
following clarifications to the eligibility criteria that were originally listed in the published protocol
paper 10: 

 We  agreed  that  we  would  not  include  studies  that  only  described  lists  of  barriers,  or
demographic characteristics of groups likely to be subject to the digital divide. These are
likely moderators of digital engagement but were not the focus of this review as they did not
identify features of DHIs’ design and deployment that are conducive to improving access to,
and engagement with, DHIs, and are well described in the literature. 

 Equally, the focus of the review was not on studies that assessed standalone interventions to
increase people’s digital skills, outside the context of a DHI. Our research focus was on those
studies that evaluated specific DHIs that incorporated purposeful facilitators for the DHI’s
use, built  into the design or  deployment mechanisms, and reported results  to show the
effectiveness or acceptability of these measures. 

 We also agreed to include only those qualitative studies whose participants were actual or
potential users of a specific DHI, e.g., to inform or co-design its development, rather than
qualitative studies that explored barriers/facilitators to using a DHI in general  but not in
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relation to a specific DHI or its features. 
 For  grey  literature,  we  decided  to  include  only  those  that  reported  results  of  primary

research  e.g.,  conference  abstracts  or  reports  by  charities  that  described the  results  of
studies carried out by the charity itself, not those that summarized the literature and gave
recommendations.

 We  also  decided  to  exclude  reviews  because  we  were  not  doing  a  review  of  reviews.
However, if the search identified any reviews that were highly relevant to our review, but
with a different research focus, we checked their lists of included studies in case any eligible
studies had not been captured by our search.

The final list of eligibility criteria is shown in Supplementary data, Table 1.
Evidence sources and search strategy
The  following sources  were searched:  Cochrane Library,  Epistemonikos,  Europe PMC,  MEDLINE,
National  Institute  of  Health  and  Care  Excellence  (NICE)  Evidence,  GreyNet,  PROSPERO,  Turning
Research into Practice (TRIP) Pro, Cumulative Index to Nursing and Allied Health Literature (CINAHL
Plus), PsycINFO, Conference Proceedings Citation Index, Google Scholar, and OTseeker.

The  search  strategy  was  based  on  three  categories:  terms  for  health-related  apps,  terms  for
interventions/process, terms relevant to the priority demographic groups – combined using Boolean
‘AND’ to ensure that references captured contain at least one term from each category. The full
search strategy is shown in Box 1:

Box 1: Full search strategy

(app*  OR  ehealth  OR  mhealth  OR  telemedicine  OR  smartphone  OR  tablet  OR  computer  OR
internet OR wearable OR device OR technology) AND (interven* OR program* OR mitigate OR
change*  OR  modif*  OR  implement*  OR  process*  OR  approach*  OR  facilitat*  OR  enabl*  OR
barrier) AND (ethnic minorit* OR disadvantage* OR underserved OR elderly OR geriatric OR older)
AND ("digital divide" OR "digitally excluded" OR "digitally-excluded" OR "digital exclusion" OR "low
digital health literacy" OR "low ehealth literacy" OR "low e-health literacy").

Limits:
Date range 1 October 2011 to 1 October 2021.
Adults aged 16+ years.
Published in English.

PRISMA-ScR 
The Preferred Reporting Items for  Systematic Reviews and Meta-Analyses extension for  Scoping
Reviews (PRISMA-ScR) 25 was used to record processes of selection, de-duplication and screening for
inclusion. 

Twenty-five of  the hits  were randomly selected and screened for  inclusion or  exclusion  by  the
members of the review team, with 92% agreement. We divided the remaining hits between the
team to screen, with reasons for exclusion being documented, and any disagreements resolved by
consensus  among the  study  team.  Those  publications  that  met  the  inclusion  criteria  were  not
subject to quality appraisal, as this is not recommended for scoping reviews, where the focus is on
eliciting as complete a picture as possible of current knowledge about the subject of interest 26.
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Data extraction and charting
Data were extracted from full-text items that met inclusion criteria using the JBI data extraction
guidance for scoping reviews into an Excel spreadsheet under the following headings:

1. Author(s)
2. Year of publication
3. Origin
4. Publication type
5. Funding source
6. Stakeholder involvement
7. Population and sample size
8. Name of the DHI (incl. any comparator and details of duration)
9. Purpose of the DHI
10. Outcome measures relating to design and deployment features intended to facilitate use by
people from demographic groups likely to be subject to the digital divide (incl.  how these were
measured, with effect sizes, if reported) and qualitative data if collected
11. Key conclusions that related to the review question
Collating, summarising, and reporting results
A  narrative  synthesis  and  thematic  analysis  27of  the  findings  from  the  included  studies  was
conducted by one member of the team (FH). Emerging results were discussed in team meetings
prior to wider consultation with the LWCR Steering group.

Results

The initial search resulted in 1245 hits. The grey literature search identified very few relevant hits so
further searches were not conducted due to time and resource constraints.
After removing 942 duplicates before screening, 303 hits were screened by title and abstract. Of
these, 119 did not meet the inclusion criteria, leaving 184 publications for full text review. From
these, 166 were excluded because they did not meet our inclusion criteria for one or more of the
following reasons: 64 were review articles (not primary research); in 62, there were no details of
design or deployment mechanisms intended to help reduce the digital divide for a specific DHI; in
seven  publications  there  was  no  focus  on  a  specific  DHI;  and  three  papers  had  a  focus  on
participants  who  did  not  meet  the  inclusion  criteria,  but  were  under  16  years  of  age,  college
students, and healthcare professionals, respectively. This left 19 publications that met the inclusion
criteria and were included in our study. 
In addition, of the 64 review articles screened out (of the 184 publications that underwent full text
review),  six  of  these had a focus  that  was highly  relevant  to our review,  so we screened their
included papers. From one of these reviews  28, we found three studies that fulfilled the eligibility
criteria for our review and so were added to the included studies. 
In total, 22 papers were included in the systematic scoping review. The selection process is shown in
Figure 1:
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Figure 1: PRISMA flow diagram29

A summary of the included studies’ characteristics is given in Box 2 and described in the text below.
More detail  of each study’s DHI of interest,  methodology, and summary of relevant results,  are
given in Supplementary Data, Table 2.

Box 2: summary of included studies’ characteristics

Region / setting Study design Digital divide populations recruited

United  States  of  America
(n=13)

Canada (n=1)

Multicentre  (Spain,  Italy,
Greece,  The  Netherlands,
Slovenia, France, Serbia, and
Israel) (n=1) 

Mexico (n=1)

The Philippines (n=1)

Uganda (n=1)

Burkina Faso (n=1)

Randomised
controlled trial (n=8)

Qualitative (n=9)

Mixed  methods
(n=3)

Cross-sectional (n=1)

Pre-post  single  arm
(n=1)

Older adults (n=10) including:

• 2 studies with caregivers for older adults
(mainly elderly themselves)
•  1  study  with  low  socio-economic  status
older adults
• 1 study with older African Americans

Low socio-economic status adults (n=6)

Minority ethnic groups (n=2)

Adults in under-resourced settings (low- or
middle-income countries (LMICs) (n=3)

Homeless adults (n=1)
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The Netherlands (n=1)

The United Kingdom (n=1)

Cambodia (n=1)

Study characteristics
Most studies were conducted in the USA (12/22). The others were carried out in Canada, Mexico,
Philippines, Uganda, Burkina Faso, Cambodia, The Netherlands, The UK, and there was one multi-
centre study conducted in Spain, Italy, Greece, The Netherlands, Slovenia, France, Serbia, and Israel.
There were eight randomised controlled trials (RCTs), eight qualitative studies, three were mixed
methods, one cross-sectional, and one was a pre-post single arm study, source of study. The studies
were all published between March 2013 and August 2021.
Participants

Most of the studies focussed on older adults (10/22) including two studies with caregivers for older
adults, who were mainly elderly themselves. One study recruited low socio-economic status (SES)
older adults and another enrolled older African American patients. There were six studies where
participants were low SES adults (6/22), three recruited adults living with HIV in under-resourced
settings,  two  focussed on  minority  ethnic  groups,  and  one  on  homeless  adults  who were  war
veterans.

Digital Health Interventions studied

There was a wide range of DHIs covered by the included studies, which could be categorised into
four groups: e-health learning programmes to help patients use specific digital health interventions,
patient portals, or decision aids (n=10), text messaging interventions (n=7), telehealth interventions
(n=3), and virtual assistants (n=2). The DHIs for each category are described in more detail in Box 3.

Box 3: DHI categories

Decision aids / e-health learning programs
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1. “mPATH”, a novel iPad decision aid app program (mobile Patient Technology for Health) aimed at
increasing  uptake  of  colorectal  cancer  (CRC)  screening  among  low SES  older  people  in  North
Carolina, USA 30.

2. “T-PeP” an e-learning program (Theory-based, Patient Portal) developed for older adults to learn
to use patient portals to manage their health 31.

3. Videos about accessing and using an online patient portal, aiming to increase digital health literacy
in English and Spanish speakers of lower SES living in San Francisco, USA 32.

4. “URHealth” smartphone DHI developed and customized for people living with HIV (PLWH) in New
York and New Jersey, USA 33.

5. Unguided  web-based  DHI  targeting  complaints  such  as  sleep  problems,  stress  and  worry
(complaint-directed mini-interventions, CDMI), with nurse-led facilitation for low SES people, in
the Netherlands 34.

6. A DHI with a web portal for older people in Quebec, Canada which aimed to mitigate the digital
divide through participatory facilitated sessions 35.

7. “VOCALE”, an online DHI promoting problem solving about health management (Virtual Online
Communities for Older Adults in Louisville and Kentucky, USA 36.

8. “ehcoBUTLER”, a multi-use digital platform with apps to help elderly people access the internet in
order to improve their health, independence and quality of life 37.

9. "Active  Brains",  a  web-based  programme  to  support  dementia-protective  behaviors  in  older
people recruited from general practices in the UK 38.

10. "PREPARE for your Care", a multimedia interactive e-health tool for diverse older adults in San
Francisco, USA, to increase their engagement with advance care planning 39.

Text messaging interventions

11. “TEXT”, a bidirectional text messaging for ART adherence among nonurban substance users with

HIV in Virginia, USA (qualitative and usability study) 40.

12. “TEXT” pilot RCT 41.

13. A text message intervention for people diagnosed with HIV in Uganda 42.

14. A self-management and text message program for adults with Type 2 Diabetes mellitus targeted at

low socio-economic status (SES) groups in Mexico City, Mexico 43. 

15. An app-based text messaging service aiming to increase physical activity among patients with type

2 diabetes and depression and lower SES backgrounds in San Francisco, USA 44.

16. A text messaging intervention for PLWH in Burkina Faso which aimed to improve adherence to ARV

medication and retention to the clinics 45.

17. A peer education program aiming to improve adherence to evidence-based treatment guidelines
for diabetes and hypertension delivered via mobile-based text messaging in Phnom Penh and four

other rural districts in Cambodia, provided by MoPoTsyo, a Cambodian NGO 46.

Telehealth interventions

18. A care management programme for homeless veterans in Los Angeles, USA 47.

19. A telehealth programme for older adults in rural areas of The Philippines 48.

20. web-based  mobile  health  information interface  for  older  African  American  patients  and  their

doctors, Ohio, USA 49.
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Virtual assistants

21. An  Embodied  Conversational  Agent  (ECA)  community  based  virtual  health  educator  for  older
adults in San Jose, California, USA 50.

22. “VICKY” (Virtual  Counselor for Knowing Your Family History),  an animated computer character
designed to collect a detailed family health history from a diverse, vulnerable patient population
living in Boston, USA, who had low health literacy and a low reading age, which could be used in
English- or Spanish-language versions 51.

Design and deployment features likely to help reduce the digital divide

The results of the individual studies were synthesised into design and deployment themes. 

Design features 

Design features associated with positive impact are shown in Box 4 and described further in the
section below.

Box 4: Design features associated with positive impact

Animated virtual assistants (n=2):

 Embodied conversational agent (ECA) virtual adviser (n=1)
 Virtual counsellor (n=1)

Self-management eHealth programmes or advice:

 Interactivity e.g., eHealth tool which focuses on advance care planning (n=1)
 Tailoring to low socio-economic status, low education or reading levels, options for translations n=

(3)
 Use of pictures/videos (n=1)  
 Co-creation with end-user and user-testing/Think Aloud e.g., information/self-help web portal (n=3)
 Use of  focus groups with target users when planning to design DHI/ eHealth interventions (low

socio-economic status, minority ethnic group, chronic diseases) (n=3)
 e-Learning self-help programme: how-to use module in the intervention, a moderated discussion

board, virtual library & human support (n=3)
 iPad decision aid / self-management learning programs delivered via video (n=2)
 Telehealth care management programme with healthcare professional feedback (n=1)
 Use of text messages e.g., condition specific/self-care programme (n=3)

Design features that were found to improve engagement by participants from demographic groups
subject to the digital divide could be divided into three categories: involving end-users in the design
process and in user testing of the DHI; tailoring the presentation/interface and content; and using
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virtual assistants.

a) Involving end-users in the design process user testing 

The studies that involved end-users in the design process and undertook user testing with Think
Aloud methodology, were viewed positively by the participants. For example, a diverse group of 30
caregivers of  functionally dependent  older persons in Quebec,  Canada, took part  in a series of
workshops to inform the design of a DHI to facilitate the process of help-seeking for older people.
The authors found that participation of end-users of the DHI in the development of the tool was an
integral part of the design process and that “compliance with the desired eHealth literacy level, the
help-seeking  process,  and  cultural  context,  were  integrated  into  the  eHealth  tool  by  the  co-
designers’ discourse and, more importantly, by the caregivers themselves” 35. For example, relating
to the content of the DHI, one caregiver participant of a Think Aloud session conducted as part of
the study was quoted,  “The text is very heavy. The first thing I  would do is click on the
video”]. There  was  also  a  suggestion by  caregiver  participants  that  alternative versions  of  the
information in a DHI should be provided for people who do not have access to the internet or
devices: “we need a paper version”.

There was also positive feedback for involving 41 end-users in Think Aloud interviews to inform a
prototype  web-based  "Active  Brains"  programme to  support  dementia-protective  behaviors  for
older people, and then test in a qualitative study conducted in the UK. The authors found that
participants helped improve the usability of the intervention, through their feedback on the layout
and usability, with positive comments about the uncluttered web-pages with only a few necessary
buttons, 'like turning a page of the book' 38.

b) Tailoring

Greater levels of uptake and usage were seen in those studies that tailored content for low literacy
levels/illiteracy through use of animations 38, pictures 33,37,43, videos  30,32,35,37,39 and writing for a low
reading age 30,39,48. 

In a questionnaire study that recruited elderly participants in the Philippines, ‘effort expectancy’
was  found  to  be  the  most  likely  influence  on  their  future  use  of  a  Telehealth  intervention,
suggesting “elderly respondents are most likely to adopt Telehealth interventions if they experience
no difficulty  in  using the system”  48.  The use of  a  touch screen interface,  an uncluttered visual
display,  narrated  content  with  feedback,  and  verbal  navigation  commands  built  into  the  DHI’s
interface  were  found  to  enhance  usability  for  older  people  in  a  study  evaluating a  novel  iPad
decision aid designed to increase uptake of colorectal cancer (CRC) screening among low SES older
people  30. Using large text and clear iconography was also found to improve readability for older
people 36. A clear layout was also recommended by older participants in a qualitative study using a
web-based  intervention  to  support  dementia-protective  behaviours  34.  For  example,  in  a  Think
Aloud session, one participant in the study noted “I immediately look at this page and find it untidy
and as a,  not  a struggle,  but  as a barrier  there to reading it  clearly  and understanding it.  I’m
struggling to find what to click to go to next.”

c) Virtual assistants
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The use of virtual assistants to collect information from patients and guide use of DHI was received
well  by  the  two  studies  that  tested  them  with  older  people.  In  the  RCT  of  an  embodied
conversational  agent  (ECA)50,  use  of  the  ECA  led  to  greater  increases  in  4-month  self-reported
minutes of walking per in the virtual advisor arm (mean increase of 253.5 ± 248.7 minutes/week
compared  with  to  the  wait  list  control  group’s  mean  increase  of  26.8  ±  67.0  minutes/week;
p=0.0008), and the intervention was rated as acceptable by participants (mean score of 5.7 out of 7
(± 0.67) across the 19 program acceptability scale items).  In the RCT conducted with  a diverse,
vulnerable, older patient population with low reading age and low health literacy 51, the participants
randomised to the  virtual  counselor  were significantly  more likely to complete a  family  history
questionnaire  compared  to  those  randomised  to  a  web-based  questionnaire  (97%  vs.  51%;  p
<0.0001) and more likely to divulge sensitive subjects such as alcohol use or addiction than they
were to genetics counsellors.

The results of the individual studies were synthesised into design and deployment themes. Design
features associated with positive impact are shown in Box 4 and described further in the section
below.

Deployment features

Deployment aspects that were found to improve uptake fell into two main areas: taking steps to
improve access (to devices and/or internet); and   divided into three categories: involving end-users
in  the  design  process  and  in  user  testing  of  the  DHI;  tailoring  the  presentation/interface  and
content; and using virtual assistants; digital skills training with human support integrated with the
deployment strategy, i.e., not signposting to separate services available elsewhere. These features
are summarised in Box 5 and described in more detail below.

Box Deployment features associated with positive impact

a) Improving access:

 Providing internet access (n=1)
 Providing devices (n=2)

b) Human support
 Training nurses to recognize and assist low socio-economic status patients (n=1)
 Involving research assistants (n=3)
 Peer / family support (especially for elderly people) (n=4)

c) Digital skills education as part of the DHI implementation
 Interactive group-based educational sessions (n=2) 
 Web-based training programme (n=4)
 How-to videos on accessing and using an online patient portal; in-person tutorial more

effective than self-guided link (n=1)
 Information  and  communication  technology  (ICT)  training  within  the  digital  health

interventions (n=3)
 Tailoring education to low socio-economic status / low education or reading level &

translations (n=2) 
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d) Addressing trust issues

 Text messages as a way of maintaining confidentiality (n=1)
 Voice messages more likely to ‘communicate trust’ than text messages alone (n=1)

a) Overcoming access issues

Two studies provided participants with free devices to avoid access difficulties 33,41, one of which was
a text messaging intervention. The six other studies text messaging studies did not do this,  but
because they considered that basic mobile phone ownership was sufficiently widespread that their
text messaging interventions could overcome problems with access to healthcare, particularly in
places  with  inconsistent  cellular  or  internet  service,  as  participants  could  usually  receive  text
messages  without  difficulty  40–44,  46.  However,  in  one  of  these  studies,  the  older  participants
expressed a preferred to voice messages over texts, as they felt they communicated trust, and the
authors found that voice messages also had the advantage of increasing accessibility for persons
with limited literacy, vision, and smartphone access 46. 

b) Human support

Positive  impact  on  access  and  use  outcomes  was  seen  if  ‘human  support’  was  part  of  the
implementation package, such as in one study in which nurses were trained to proactively identify
lower-SES patients so they could provide them with extra guidance and help 34. Other studies used
research assistants  32,42,44, community centre staff or volunteers50, and peer-educators  33,37 to help
with downloading apps, accessing the internet, setting up logins, using a DHI, and for sorting out
technical difficulties. In these studies, if participants needed further help, for example in one of the
studies with virtual advisors, five participants in the intervention arm experienced minor difficulties,
such as forgetting their login information or difficulties in printing out information, but this was
reported to need only a few minutes of staff time to sort out, because staff were on site 50. In the
study with older adults in the Philippines, participants said they were more likely to use a Telehealth
DHI  if  they  had social  support  from family  members  48.  Family  support  to  use  a  DHI  was  also
recommended by participants in a co-design study for a DHI for older people, incorporating Think
Aloud and qualitative interviews 35. 

c) Digital skills education as part of the DHI implementation

Other  features  that  helped  uptake  and  use,  with  positive  impacts  on  the  primary  outcomes
examined, included tailored digital skills education as part of the intervention 31,36,43. For example, in
the RCT which trialled a 3-week  e-learning program developed to help older adults learn to use
patient portals (PP) to manage their health, the intervention group showed greater improvements
than controls for outcomes relating to PP knowledge (p=0.019) and self-efficacy (p=0.003) 31. 

d) Addressing trust issues
Text messages were seen as a way of maintaining confidentiality and contributed to DHI acceptance
in a study conducted among PLWH in Uganda 42. However, the use of voice messages was perceived
by older people as more likely to ‘communicate trust’ than text messages alone in a peer education
program delivered via mobile-based text messaging in Cambodia 46.
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Discussion

This  review  has  synthesized  the  evidence  regarding  key  strategies  for  optimising  the  design,
deployment, and engagement mechanisms of DHIs to mitigate the effects of the digital divide on
health inequalities. 

In summary,  there needs to be a two-pronged approach to mitigating the digital divide. Firstly, to
explicitly  increase  the  motivation  of  people  at  risk  of  the  digital  divide  to  engage  with  digital
devices, and online health information and services, including DHI, and to develop their skills in
accessing,  understanding,  and  using  DHI.  Secondly,  to  improve  the  digital  health  literacy
responsiveness  of  the  people  responsible  for  implementing  the  use  of  any  DHI  in  healthcare
systems, encouraging and enabling them to support people to register with and use a DHI as a
‘treatment programme’. 
A  key  design  recommendation  elicited  from  studies  included  in  the  review  was  that  user
involvement from the beginning of a DHI’s development is vital, preferably through co-design, and
user-testing. This approach has been shown to improve health equity in research, and in the context
of  digital  health  requires  active  collaboration  between  patients  and  researchers  to  make  the
intervention more user-friendly  and acceptable  12.  The intervention itself  needs to be culturally
appropriate, and available at a low reading age, with translations, if possible, animations or video
content to help with engagement and use by people with low literacy levels.  Including tailored
digital skills education as part of the intervention appeared to improve the participants’ digital skills.
Usability considerations identified in this review include those described by the studies with older
people  that  can  be  extended  to  anyone  with  low  literacy  and  low  digital  health  literacy.  For
example, the Think Aloud evaluations with older people identified universal  design solutions to
make them easy to use such as uncluttered web pages, judicious use of colour, keeping text to a
minimum, clear formatting, and simplifying the interface e.g., using a minimum of essential buttons
34,36. 

For deployment, although some studies provided free devices, this may not always be an option for
publicly funded health services. Many of the included studies made the point that mobile phone
ownership is becoming widespread, so text messaging interventions can be useful as they do not
need costly  data  or  the infrastructure  of  fast  and reliable  internet  access.  Most  impactful  was
‘human support’ especially for older people. This could be a family member or partner, but older
people are less likely to develop digital skills if they rely on family members to help 46. The studies
that provided members of staff or peer-supporters to help the patient with the technical aspects of
using a DHI, found this only required a few minutes of staff time if they are already on site 50. These
results  suggest  there  may  be  a  role  for  community  hubs  where  vulnerable  people  can  access
support with digital technologies.
This  review is  one of  the first  to  examine how design and deployment aspects of  DHIs can be
optimised to address the digital divide at individual and system levels. Its strengths include the JBI
methodology that we followed for  the review  52,  which allowed us to assess the extent of  the
relevant literature. We developed a comprehensive and systematic literature search strategy, which
was peer reviewed by an information specialist,  as  recommended by Peer Review of  Electronic
Search Strategies (PRESS) guidelines  53.  In addition, four members of the team screened 25 test
papers randomly selected from the initial hits, achieved high inter-rater reliability, and all decisions
on exclusion and inclusion of publications were taken at regular review team meetings.
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Our findings align with the  Framework for Digital Health Equity,  published by Richardson et al in
2022 54, and can be mapped on to the levels corresponding to steps that can be taken at individual,
interpersonal,  community,  and  societal  levels,  to  improve  digital  health  equity.  The  design
considerations  we  identified  map  onto  the  individual  level,  with  tailoring  of  the  interface  and
usability to appeal to a diverse group of end-users, allowing people with low literacy/health literacy
and low digital health literacy to use the DHI. Enabling people to access free or low-cost devices and
reliable  low-cost  data  and  WiFi,  are  examples  of  deployment  mechanisms  that  map  onto  the
community level  (e.g.,  through charities or  local  libraries)  and societal  level  (policy making that
enables low-income groups to access devices, data, and skills). Virtual assistants deployed through
local centres also fit with the community level, whilst deployment using ‘human support’, either
through family or peer support, or through healthcare staff, maps onto the interpersonal level of
the framework. 
Findings from this review also agree with those of Veinot et al in their 2018 paper 55, which called
for a “universal precautions” approach to health literacy, including using plain language, visuals and
minimising text-based input. Our recommendations regarding the need for healthcare organisations
utilising DHI for healthcare to recognise people at risk of the digital divide and to facilitate access to
devices, data, skills etc. also support those of Busse et al  56 for ways to improve patients’ digital
health literacy in the context of person-centred care.
Limitations

We recognize that our search extended to late-2021, and there has been a massive increase in the
literature regarding inequalities since the Covid-19 pandemic. However, we wanted to situate the
review in  the context  of  the LWCR DHI  design and deployment,  and to report  the results  that
informed this work.  We also acknowledge that given the fast pace needed to develop the LWCR
DHI, and the requirement to make the intervention available for clinical use as soon as possible, we
had to be pragmatic in our consultation with stakeholders. We therefore limited this to presenting
emerging,  and  final,  results  to  members  of  the  LWCR  steering  committee  for  validation  and
feedback. The steering committee members included HCPs, digital health experts and patient and
PPIE  representatives,  but  arguably  were  less  impartial  than  the  larger  group  of  independent
stakeholders we had initially planned to consult. 

The studies included in the review were heterogeneous, so generalizability may be limited. Most of
the studies focussed on elderly populations as opposed to lower SES or inclusion health groups,
potentially due to ‘societal’ implementation barriers, with wider SES barriers being harder to tackle
in a research study. 
Only a few of the included RCTs assessed the impact of the interventions on digital health skills
using validated measures e.g., eHEALS 57. The qualitative and mixed methods explored participants’
motivation to use the DHIs being evaluated, their satisfaction with the DHIs, and facilitators that
helped them use the DHIs (as well as barriers, but we were more interested in the facilitators for
this review) rather than the DHIs’ impact on participants’ digital skills and confidence specifically. 

Implications  for  developers  of  DHIs,  policy  makers,  commissioners,  clinical  practitioners,  and
researchers
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The findings of this systematic review reinforce the persuasive argument for following the ‘universal
precautions’ approach to try to design out the digital divide from DHIs and to include strategies to

improve digital health literacy either in the design of the DHI or as part of its implementation 55.  

For developers, the recommendations are to co-design DHIs with a diverse group of end-users from
the outset and throughout, using iterative cycles of user-testing and redesign, so that the product is
acceptable and usable for the people it is intended for. In the design, culturally and linguistically
adapted content should be made available.  User testing can ensure the DHI has clear navigation,
with easy-to-read content that uses plain language. Using animation, visuals such as pictographs,
and minimal text, can help users with low literacy. The functionality of the interface can support
users  to  improve  their  digital  skills.  Further  help  can  be  included  by  signposting  to  external
resources,  e.g.,  human  support  or  virtual  assistants. We  also  suggest  using
deployment/communications strategies from the outset  with the assumption that  any end-user
may need support to use the DHI. As mentioned in the limitations section, there appeared to be less
focus on DHI for low SES groups than for elderly groups, which may be another cause of increased
health  inequalities  if  not  addressed,  potentially  due  to  who  is  developing  these  technologies
(private as opposed to public interests).

Our  recommendations for  commissioners  of  healthcare  services are  to include criteria  for  how
digital  services  and products  might  mitigate  the digital  divide,  and work  to reduce subsequent
inequalities  in  commissioning  guidelines.  For  clinicians,  we  suggest  that  when  using  DHIs  for
healthcare or recommending them to patients for self-management, they are aware of the digital
divide, and use evidence-based strategies for helping patients to use digital health interventions. It
is  better to assume from the outset  that  patients  will  need digital  literacy support.  Healthcare
professionals  may need training to recognise individuals who need more support if a DHI is being
recommended and allow time for explanations and clarification as part of a blended model of DHIs’
delivery. Pragmatically, this help could come from non-clinical staff such as administrators or staff in
social prescribing roles, given that healthcare professionals are likely to have less time within time-
limited  consultations  to  help  with  these  aspects  personally.  Providing  human  support,  or  peer
support, to help patients subject to the digital divide to e.g., download apps to their devices and to
sign up to the DHI, will be more effective than just signposting them to other services e.g., for digital
skills training. Factoring in additional staff time for this help represents a hidden cost of using some
digital technologies and should be included in any service cost calculations.

Recommendations for  researchers  are  to  include in  their  research  people  who are  likely  to be
subject to the digital divide and to keep eHealth equity front of mind. Participants’ digital skills and
confidence should be assessed by validated measures at baseline and follow up, not just usage and
acceptability measures. Design and deployment aspects of DHIs need to be evaluated to investigate
how these considerations can improve digital literacy and mitigate the digital divide. 

Conclusion

The Covid-19 pandemic worsened existing health inequalities and shone a light on the digital divide.
Since then, there has been an acceleration of plans to move to a default ‘digital first’ delivery of
healthcare, and there has been a corresponding increase in the number of publications reporting
the  results  of  research  studies  focusing  on  strategies  to  mitigate  the  digital  divide.  We  have
presented a summary of these strategies with a particular focus on  features of DHIs’ design and
deployment that are conducive to improving access to, and engagement with, DHIs by people from
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demographic groups likely to be affected by the digital divide.

The results of this review were critical for the success of the LWCR study at a time of great need: the
early days of the Covid-19 pandemic. Its findings informed the iterative design and implementation
of the intervention, helping the LWCR developers and study team take steps to mitigate the digital
divide by incorporating the review’s recommendations into the design of the LWCR programme. Co-
design with,  and user-testing by,  PPIE representatives led to the patient-facing app being more
usable and acceptable. Findings also helped the intervention’s deployment into clinical practice. For
example, clinic staff provided human support to introduce the LWCR DHI to patients, and to check in
with patients  by in-app messaging.  Trusts  also provided access  to devices as needed and sign-
posted patients to help with digital skills 58. Beyond benefitting the LWCR programme, these results
have wider implications for designers, policymakers, practitioners, and researchers. We need to take
‘universal precautions’ to enable equitable access and use of DHIs by a diverse range of people.

Declarations 

Ethical approval and consent: Not applicable. 

Consent for publication: Not applicable. 

Availability of data and materials: To request access to the underlying research data, please contact
Dr Fiona Hamilton f.hamilton@ucl.ac.uk. 

Competing interests: None declared.

Acknowledgments

Sarah Rudd, Clinical Librarian, Library and Knowledge Service, North Bristol NHS Trust; Dr Catherine
Jenkins; the late Professor Elizabeth Murray; Dr Henry Goodfellow, and the members of the wider
LWCR study collaboration*.

Funding statement

This  study  is  funded  by  the  National  Institute  for  Health  and  Care  Research  (NIHR)  Cross-
programme [HS&DR] COVID-19 [project reference NIHR132243]. The views expressed are those of
the author(s) and not necessarily those of the NIHR or the Department of Health and Social Care. 
This report is independent research supported by the NIHR ARC North Thames, NIHR ARC Wessex
and NIHR ARC West. 

Copyright statement: 
For the purpose of open access, the author has applied a Creative Commons Attribution (CC BY)
licence to any Author Accepted Manuscript version arising. 
Access to data: 
Access  to  data:  To  request  access  to  the  underlying  research  data,  please  contact  Prof  Fiona
Stevenson f.stevenson@ucl.ac.uk

Authors’ contributions

FH, KB and EM conceived the initial idea for the review. CLJ developed the protocol, which was then
revised and approved by all authors. CLJ conducted the initial search strategy.  CLJ, SI, AM, JS, FT, JD,

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

SB and FH screened the papers to select those that met the inclusion criteria and also extracted
data from the included papers. FH conducted the analysis and wrote up as first author with support
and contribution by all authors. All authors approved the final manuscript.

LWCR collaboration 
Co-investigators: 
Elizabeth  Murray,  Co-Chief  Investigator,  UCL,  e-Health  unit,  Dept  of  Primary  Care  and
Population Health, Institute of Epidemiology and HealthcareHenry Goodfellow, Co-Chief
Investigator, UCL, Dept of Primary Care and Population Health, Institute of Epidemiology
and  Healthcare;  Fiona  Stevenson,  UCL,  Dept  of  Primary  Care  and  Population  Health,
Institute of Epidemiology and Healthcare; Manuel Gomes, UCL, Applied Health Research,
UCL Institute of Epidemiology and Health Care; Fiona L Hamilton, UCL, Dept of Primary
Care and Population Health, Institute of Epidemiology and Healthcare ; Ann Blandford,
UCL Interaction Centre, Department of Computer Science; Delmiro Fernandez-Reyes, UCL,
Department of Computer Science; John Hurst, UCL, Department of Respiratory Medicine;
Katherine Bradbury, Southampton University, Dept of Health Psychology; William Henley,
Exeter University, Dept of Medical Statistics, University of Exeter Medical School; Melissa
Heightman,  UCLH NHS Foundation Trust;  Paul  Pfeffer,  Barts  Health NHS Trust;  William
Ricketts, Barts Health NHS Trust;Richa Singh, Barts Health NHS Trust;Hannah Hylton, Barts
Health NHS Trust;Stuart Linke, Camden and Islington NHS Foundation / UCL, Department
of Primary Care and Population Health, Institute of Epidemiology and Healthcare; Julia
Bindman, PPI (Patient and Public Involvement) lead;Chris Robson, CEO, Living With Ltd. 

Academic contributors: 
David  Sunkersing,  UCL,  Dept  of  Primary  Care  and  Population  Health,  Institute  of
Epidemiology  and  Healthcare;Tahreem  Chaudhry,  UCL,  Dept  of  Primary  Care  and
Population Health, Institute of Epidemiology and Healthcare; Encrico Costanza, UCLIC (UCL
Interaction Centre),  Department of Computer Science;Jiunn Wang, UCL, Applied Health
Research,  UCL  Institute  of  Epidemiology  and  Health  Care  Sarah  Walker,  University  of
Exeter Medical School.
 
Clinical contributors: 
Charlotte  Foster,  Barts  Health  NHS  Trust;Jane  Simpson,  Barts  Health  NHS  Trust;Heidi
Ridsdale, Central and North West London NHS Foundation Trust; Rachel Okin, Central and
North West London NHS Foundation Trust.
 
Other contributors: 
Jonathan Waywell, Living With Ltd.
LWCR Patient and Public Involvement Group.

 

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

References

1. Bambra C, Riordan R, Ford J, Matthews F. The COVID-19 pandemic and health inequalities. J Epidemiol

Community Health. 2020;74(11):964-968. doi:10.1136/jech-2020-214401

2. Mueller AL,  McNamara MS, Sinclair  DA.  Why does COVID-19 disproportionately affect older people?
Aging. 2020;12(10):9959-9981. doi:10.18632/aging.103344

3. McGowan VJ, Bambra C. COVID-19 mortality and deprivation: pandemic, syndemic, and endemic health
inequalities. Lancet Public Health. 2022;7(11):e966-e975. doi:10.1016/S2468-2667(22)00223-7

4. Hankivsky O, Kapilashrami A. Intersectionality offers a radical rethinking of Covid-19. The BMJ. Published
May 15, 2020. Accessed June 4, 2021. https://blogs.bmj.com/bmj/2020/05/15/intersectionality-offers-a-
radical-rethinking-of-covid-19/

5. Walker S, Goodfellow H, Pookarnjanamorakot P, et al. Impact of fatigue as the primary determinant of
functional  limitations  among  patients  with  post-COVID-19  syndrome:  a  cross-sectional  observational
study. BMJ Open. 2023;13(6):e069217. doi:10.1136/bmjopen-2022-069217

6. Castanares-Zapatero  D,  Chalon  P,  Kohn  L,  et  al.  Pathophysiology  and  mechanism  of  long  COVID:  a
comprehensive review. Ann Med. 54(1):1473-1487. doi:10.1080/07853890.2022.2076901

7. Taylor RR, Trivedi B, Patel N, et al. Post-COVID symptoms reported at asynchronous virtual review and
stratified  follow-up  after  COVID-19  pneumonia.  Clin  Med.  2021;21(4):e384-e391.
doi:10.7861/clinmed.2021-0037

8. Murray E, Goodfellow H, Bindman J, et al. Development, deployment and evaluation of digitally enabled,
remote,  supported  rehabilitation  for  people  with  long  COVID-19  (Living  With  COVID-19  Recovery):
protocol  for  a  mixed-methods  study.  BMJ  Open.  2022;12(2):e057408.  doi:10.1136/bmjopen-2021-
057408

9. Poduval S, Marston L, Hamilton F, Stevenson F, Murray E. Feasibility, Acceptability, and Impact of a Web-
Based  Structured  Education  Program  for  Type  2  Diabetes:  Real-World  Study.  JMIR  Diabetes.
2020;5(1):e15744. doi:10.2196/15744

10. Jenkins CL, Imran S, Mahmood A, et al. Digital Health Intervention Design and Deployment for Engaging
Demographic  Groups  Likely  to  Be  Affected  by  the  Digital  Divide:  Protocol  for  a  Systematic  Scoping
Review. JMIR Res Protoc. 2022;11(3):e32538. doi:10.2196/32538

11. Blandford A,  Gibbs  J,  Newhouse N,  Perski  O,  Singh A,  Murray  E.  Seven lessons  for  interdisciplinary
research  on  interactive  digital  health  interventions.  Digit  Health.  2018;4:2055207618770325-
2055207618770325. doi:10.1177/2055207618770325

12. Sucala M, Ezeanochie NP, Cole-Lewis H, Turgiss J. An iterative, interdisciplinary, collaborative framework
for developing and evaluating digital behavior change interventions. Transl Behav Med. 2019;10(6):1538-
1548. doi:10.1093/tbm/ibz109

13. William E, Buck D, Babalola G, Maguire, D. What Are Health Inequalities? The King’s Fund. Published
March  26,  2024.  Accessed  March  26,  2024.  https://www.kingsfund.org.uk/insight-and-analysis/long-
reads/what-are-health-inequalities

14. McCartney G, Popham F, McMaster R, Cumbers A. Defining health and health inequalities. Public Health.

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

2019;172:22-30. doi:10.1016/j.puhe.2019.03.023

15. Kawachi I, Subramanian SV, Almeida-Filho N. A glossary for health inequalities.  J Epidemiol Community
Health. 2002;56(9):647-652. doi:10.1136/jech.56.9.647

16. Poduval  S,  Ahmed  S,  Marston  L,  Hamilton  F,  Murray  E.  Crossing  the  Digital  Divide  in  Online  Self-
Management Support: Analysis of Usage Data From HeLP-Diabetes.  JMIR Diabetes. 2018;3(4):e10925.
doi:10.2196/10925

17. World Health Organization. Global strategy on digital health 2020-2025. Published online 2021. Accessed
April 25, 2024. https://www.who.int/publications/i/item/9789240020924

18. Nutbeam D. From health education to digital health literacy – building on the past to shape the future.
Glob  Health  Promot.  Published  online  October  31,  2021:17579759211044079.
doi:10.1177/17579759211044079

19. O’Connor S, Hanlon P, O’Donnell C, Garcia S, Glanville J, Mair F. Understanding factors affecting patient
and public engagement and recruitment to digital health interventions: a systematic review of qualitative
studies. BMC Med Inform Decis Mak. 2016;16(1):120. doi:10.1186/s12911-016-0359-3

20. Arksey H, O’Malley L. Scoping studies: towards a methodological framework.  Int J Soc Res Methodol.
2005;8(1):19-32. doi:10.1080/1364557032000119616

21. Adams  J,  Hillier-Brown  FC,  Moore  HJ,  et  al.  Searching  and  synthesising  ‘grey  literature’  and  ‘grey
information’  in  public  health:  critical  reflections  on  three  case  studies.  Syst  Rev.  2016;5(1):1-11.
doi:10.1186/s13643-016-0337-y

22. Peters MDJ, Godfrey C, McInerney P, Munn Z, Tricco AC, Khalil H. Chapter 11: Scoping reviews (2020
version). In: Aromataris E, Munn Z, eds. Joanna Briggs Institute Reviewer’s Manual. JBI; 2020. Accessed
April 11, 2020. https://wiki.jbi.global/display/MANUAL/Chapter+11%3A+Scoping+reviews

23. Peters MDJ, Godfrey CM, Khalil H, McInerney P, Parker D, Soares CB. Guidance for conducting systematic
scoping reviews. Int J Evid Based Healthc. 2015;13(3):141-146. doi:10.1097/XEB.0000000000000050

24. Beaunoyer E, Dupéré S, Guitton MJ. COVID-19 and digital inequalities: reciprocal impacts and mitigation
strategies. Comput Hum Behav. 2020;111:106424. doi:10.1016/j.chb.2020.106424

25. Tricco AC, Lillie E, Zarin W, et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and
Explanation. Ann Intern Med. 2018;169(7):467-473. doi:10.7326/M18-0850

26. Peters MDJ, Marnie C, Colquhoun H, et al. Scoping reviews: reinforcing and advancing the methodology
and application. Syst Rev. 2021;10(1):263. doi:10.1186/s13643-021-01821-3

27. Flemming  K,  Booth  A,  Garside  R,  Tunçalp  Ö,  Noyes  J.  Qualitative  evidence  synthesis  for  complex
interventions and guideline development: clarification of the purpose, designs and relevant methods.
BMJ Glob Health. 2019;4(Suppl 1):e000882. doi:10.1136/bmjgh-2018-000882

28. Cheng  C,  Beauchamp  A,  Elsworth  GR,  Osborne  RH.  Applying  the  electronic  health  literacy  lens:
systematic review of electronic health interventions targeted at socially disadvantaged groups.  J Med
Internet Res. 2020;22(8):e18476. doi:10.2196/18476

29. Page  MJ,  McKenzie  JE,  Bossuyt  PM,  et  al.  The  PRISMA  2020  statement:  an  updated  guideline  for
reporting systematic reviews. BMJ. 2021;372:n71. doi:10.1136/bmj.n71

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

30. Miller D, Weaver K, Case D, et al. Usability of a novel mhealth ipad application by vulnerable populations.
J Gen Intern Med. 2016;31(2):S450-S451.

31. Nahm E, Zhu S, Bellantoni M, et al. The effects of a theory-based patient portal e-learning program for
older adults with chronic illnesses. Telemed J E Health. 2019;25(10):940-951. doi:10.1089/tmj.2018.0184

32. Lyles C, Tieu L, Sarkar U, et al. A randomized trial to train vulnerable primary care patients to use a
patient portal. J Am Board Fam Med. 2019;32(2):248-258. doi:10.3122/jabfm.2019.02.180263

33. Carroll  J,  Tobin  J,  Luque  A,  et  al.  “Get  Ready  and  Empowered  About  Treatment”  (GREAT)  Study:  a
Pragmatic  Randomized  Controlled  Trial  of  Activation  in  Persons  Living  with  HIV.  J  Gen  Intern  Med.
2019;34(9):1782-1789. doi:10.1007/s11606-019-05102-7

34. Leone S, Lokman S, Boon B, et al. Implementing complaint-directed mini-interventions for depressive
complaints in primary care to increase participation among patients with a lower socioeconomic status:
design of a cluster randomised controlled trial. Trials. 2020;21(1). doi:10.1186/s13063-019-3890-6

35. Latulippe K, Hamel C, Giroux D. Integration of conversion factors for the development of an inclusive
ehealth tool with caregivers of functionally dependent older persons: social justice design.  JMIR Hum
Factors. 2020;7(3):e18120. doi:10.2196/18120

36. Chen AT, Chu F, Teng AK, et al. Promoting Problem Solving About Health Management: A Mixed-Methods
Pilot Evaluation of a Digital Health Intervention for Older Adults With Pre-Frailty and Frailty.  Gerontol
Geriatr Med. 2021;7:2333721420985684. doi:10.1177/2333721420985684

37. Contreras-Somoza LM, Irazoki E, Castilla D, et al. Study on the acceptability of an ICT platform for older
adults with mild cognitive impairment. J Med Syst. 2020;44(7):1-12. doi:10.1007/s10916-020-01566-x

38. Essery R, Pollet S, Smith KA, et al. Planning and optimising a digital intervention to protect older adults’
cognitive health. Pilot Feasibility Stud. Published online January 28, 2021. doi:10.21203/rs.3.rs-20513/v2

39. Scheerens C, Gilissen J, Volow A, et al. Developing eHealth tools for diverse older adults: lessons learned
from  the  PREPARE  for  Your  Care  Program.  J  Am  Geriatr  Soc.  Published  online  2021.
doi:10.1111/jgs.17284

40. Ingersoll K, Dillingham R, Reynolds G, et al. Development of a Personalized Bidirectional Text Messaging
Tool for HIV Adherence Assessment and Intervention among Substance Abusers.  J Subst Abuse Treat.
2014;46(1):10.1016/j.jsat.2013.08.002. doi:10.1016/j.jsat.2013.08.002

41. Ingersoll  KS,  Dillingham  RA,  Hettema  JE,  et  al.  Pilot  RCT  of  Bidirectional  Text  Messaging  for  ART
Adherence Among Nonurban Substance Users with HIV.  Health Psychol  Off J Div Health Psychol  Am
Psychol Assoc. 2015;34(0):1305-1315. doi:10.1037/hea0000295

42. CAMPBELL JI, ATURINDA I, MWESIGWA E, et al. The Technology Acceptance Model for Resource-Limited
Settings (TAM-RLS): A novel framework for mobile health interventions targeted to low-literacy end-users
in resource-limited settings. AIDS Behav. 2017;21(11):3129-3140. doi:10.1007/s10461-017-1765-y

43. Whittemore R,  Vilar-Compte M, De La Cerda S,  et  al.  ¡Sí,  Yo Puedo Vivir  Sano con Diabetes!  A Self-
Management Randomized Controlled Pilot Trial for Low-Income Adults with Type 2 Diabetes in Mexico
City. Curr Dev Nutr. 2020;4(5):nzaa074. doi:10.1093/cdn/nzaa074

44. Hernandez-Ramos  R,  Aguilera  A,  Garcia  F,  et  al.  Conducting  internet-based  visits  for  onboarding
populations with limited digital literacy to an mhealth intervention: development of a patient-centered

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

approach. JMIR Form Res. 2021;5(4):e25299. doi:10.2196/25299

45. Geldof  M,  Thiombiano  B,  Wagner  N.  “When  I  receive  the  message,  it  is  a  sign  of  love”:  symbolic
connotations of SMS messages for people living with HIV in Burkina Faso.  AIDS Care. 2021;33(6):810-
817. doi:10.1080/09540121.2020.1769832

46. Steinman L, Heang H, van Pelt M, et al. Facilitators and barriers to chronic disease self-management and
mobile health interventions for people living with diabetes and hypertension in Cambodia: qualitative
study. JMIR Mhealth Uhealth. 2020;8(4):e13536. doi:10.2196/13536

47. Gabrielian S, Yuan A, Andersen RM, et al. Chronic disease management for recently homeless veterans: a
clinical practice improvement program to apply home telehealth technology to a vulnerable population.
Med Care. 2013;51(3):S44-51. doi:10.1097/MLR.0b013e31827808f6

48. Diño  MJS,  de  Guzman  AB.  Using  partial  least  squares  (PLS)  in  predicting  behavioral  intention  for
telehealth  use  among  Filipino  elderly.  Educ  Gerontol.  2015;41(1):53-68.
doi:10.1080/03601277.2014.917236

49. Winbush GB, McDougle L,  Labranche L, Khan S, Tolliver S.  Health empowerment technologies (HET):
building a web-based tool to empower older african american patient-doctor relationships. J Health Care
Poor Underserved. 2013;24(4, Supp):106-117.

50. King  A,  Bickmore  T,  Campero  M,  Pruitt  L,  Yin  J.  Employing  virtual  advisors  in  preventive  care  for
underserved communities: results from the COMPASS study. J Health Commun. 2013;18(12):1449-1464.
doi:10.1080/10810730.2013.798374

51. Wang C, Paasche-Orlow MK, Bowen DJ, et al. Utility of a virtual counselor (VICKY) to collect family health
histories  among  vulnerable  patient  populations:  A  randomized  controlled  trial.  Patient  Educ  Couns.
2021;104(5):979-988. doi:10.1016/j.pec.2021.02.034

52. Aromataris  E,  Munn  Z,  eds.  JBI  Manual  for  Evidence  Synthesis.  JBI;  2020.  Accessed  June  4,  2021.
https://doi.org/10.46658/JBIMES-20-01

53. McGowan J, Sampson M, Salzwedel DM, Cogo E, Foerster V, Lefebvre C. PRESS Peer Review of Electronic
Search  Strategies:  2015  Guideline Statement.  J  Clin  Epidemiol.  2016;75:40-46.
doi:10.1016/j.jclinepi.2016.01.021

54. Richardson S, Lawrence K, Schoenthaler AM, Mann D. A framework for digital health equity.  Npj Digit
Med. 2022;5(1):1-6. doi:10.1038/s41746-022-00663-0

55. Veinot TC, Mitchell  H, Ancker JS. Good intentions are not enough: how informatics interventions can
worsen inequality. J Am Med Inform Assoc. 2018;25(8):1080-1088. doi:10.1093/jamia/ocy052

56. Busse TS, Nitsche J, Kernebeck S, et al. Approaches to Improvement of Digital Health Literacy (eHL) in the
Context  of  Person-Centered  Care.  Int  J  Environ  Res  Public  Health.  2022;19(14):8309.
doi:10.3390/ijerph19148309

57. Norman  CD,  Skinner  HA.  eHEALS:  The  eHealth  Literacy  Scale.  J  Med  Internet  Res.  2006;8(4):e27.
doi:10.2196/jmir.8.4.e27

58. The Impact of Our Digital Champion Programme: The St. Bart’s. Primary Goal. Published November 22,
2023.  Accessed  April  24,  2024.  https://primarygoal.ac.uk/blog/the-impact-of-our-digital-champion-
programme-the-st-barts-multi-academy-trust/

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

Supplementary Files

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

Multimedia Appendixes

Supplementary Table 1- Systematic scoping review eligibility criteria (PICO, context, and publication type).
URL: http://asset.jmir.pub/assets/803f67d17d9ac97e3930d1c200b68ec2.docx

Table 2 - Overview and characteristics of the 22 included studies, ordered by DHI category and date.
URL: http://asset.jmir.pub/assets/b3372796c72e95781b717d8e2624c6c6.docx

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

TOC/Feature image for homepages

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Hamilton et al

close-up-senior-person-while-learning.

Powered by TCPDF (www.tcpdf.org)

https://preprints.jmir.org/preprint/59973 [unpublished, non-peer-reviewed preprint]

http://www.tcpdf.org

	Table of Contents
	Original Manuscript
	Supplementary Files
	Multimedia Appendixes
	Multimedia Appendix 1
	Multimedia Appendix 2

	TOC/Feature image for homepages
	TOC/Feature image for homepage 0



