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Abstract

Background Mobile- and Internet-delivered (collectively, digital) interventions are widely used by persons with dia-
betes (PWD) to assist with self-management and improve/maintain glycemic control (hemoglobin Alc [Alc]).
However, evidence concerning the acceptance and benefits of such interventions among disadvantaged/vulnerable
PWD is still quite limited.

Purpose of Review We reviewed studies published from 2011-April 2019 evaluating the impact of diabetes self-management
interventions delivered via mobile device and/or Internet on glycemic control of disadvantaged/vulnerable adults with type 2
diabetes (T2D). Included studies reported > 50% of the sample having a low socioeconomic status and/or being a racial/ethnic
minority, or living in a rural setting or low-/middle-income country (LMIC). We identified 21 studies evaluating a digital
intervention among disadvantaged/vulnerable PWD.

Recent Findings Although many digital interventions found within-group Alc improvements (16 of 21 studies), only
seven of the seventeen studies with a control group found between-group differences in Alc. Three studies found
reductions in emergency room (ER) visits and hospitalizations. We synthesize this information, and provide recom-
mendations for increasing access, and improving the design and usability of such interventions. We also discuss the
role of human support in digital delivery, issues related to study design, reporting, economic value, and available
research in LMICs.

Summary There is evidence suggesting that digital interventions can improve diabetes control, healthcare utilization, and
healthcare costs. More research is needed to substantiate these early findings, and many issues remain in order to optimize the
impact of digital interventions on the health outcomes of disadvantaged/vulnerable persons with diabetes.
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Introduction

Diabetes is responsible for 12% of the global health expendi-
ture and is the world’s fifth leading cause of death [1]. The
human and economic burden of diabetes is growing rapidly,
with 415 million adults currently affected and a projected
increase to 642 million by 2040 [1]. Self-management (e.g.,
medication adherence, physical activity, maintaining a healthy
diet, and self-monitoring of blood glucose) optimizes glyce-
mic control, which can prevent complications associated with
diabetes [2]. However, marked disparities persist in diabetes
prevalence, self-management, and outcomes [3—5].

Disadvantaged/vulnerable populations can include people
with low socioeconomic status (SES), members of a racial/
ethnic minority group, persons with limited health literacy or
numeracy skills (i.e., the inability to understand and apply
basic written or numerical information to make health deci-
sions [6]), and/or persons living in rural areas or a low-/mid-
dle-income country (LMIC). These populations with type 2
diabetes (T2D) have higher rates of suboptimal glycemic con-
trol [7-9], diabetes-related hospitalizations [10] and compli-
cations [9, 11], and pre-mature mortality [12] compared to
more advantaged, less vulnerable populations. Causes under-
lying these disparities are multifactorial and multilevel, in-
cluding patient-level factors (e.g., less adherence to self-
management [13-16], lower participation in diabetes educa-
tion [17]), community-level factors (e.g., limited access to
healthy foods and places for physical activity [18, 19]),
healthcare-level factors (e.g., disparities in healthcare delivery
[20], provider bias [21, 22]), and system-level factors (e.g.,
lower rates of health insurance [23], differential access to
medical care [24], and health and social policies [25]).

Mobile phones and Internet browsers are delivering health
education, motivating messages, prompts, coaching, rein-
forcements, and/or skills training to people around the world.
Interventions delivered with these technologies can also ac-
commodate different learning styles, literacy levels, and user-
specific needs and preferences (e.g., cultural/linguistic back-
ground) [26]. For example, automated calls recorded in mul-
tiple languages benefitted PWD who either spoke non-
dominant languages or reported literacy barriers [27].
According to multiple reviews, digitally delivered interven-
tions can improve the self-management [28, 29] and clinical
outcomes [29, 30] of populations with chronic health condi-
tions, including diabetes [30-33].

However, knowledge on efficacy and acceptance of these
interventions among disadvantaged and vulnerable PWD is
limited [30-32, 34, 35], but must be studied rigorously to
avoid generating or widening disparities [36]. In the USA,
the “digital divide” between racial/ethnic minorities has
narrowed somewhat in recent years [37, 38], but socioeco-
nomic disparities in ownership of Internet and Internet-
enabled devices (i.e., smartphones, tablets, personal
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computers) persist [39]. Thus, focusing interventions solely
on Internet-delivered programs could subsequently widen
health disparities [40]. Internet access, even on smartphones,
remains unavailable to segments of the population [38] who
cannot afford such services [41], do not live in areas with
access [42], or do not have the requisite skills to use them
[43]. In contrast, basic mobile phones are now ubiquitous
across sociodemographic strata [44] and geographic regions
[44-46], increasing the potential reach of health promotion
content and messages. However, few studies of digital inter-
ventions include underserved/vulnerable populations, and
some factors which work well in high-resource setting may
be inaccessible and ineffective for these patients [31].
Therefore, in May 2019, we reviewed studies published in
the past 8 years evaluating digital (mobile and Internet) inter-
ventions among disadvantaged/vulnerable adults with T2D.

Methods

We searched studies published from Jan 2011 to April 2019
evaluating a digital intervention with disadvantaged/
vulnerable persons with T2D which measured Alc as an out-
come. We searched PubMed and Medline electronic databases
with the following terms and key words: “mobile interven-
tion,” or “mobile program,” or “Internet intervention,” or
“Internet program,” or ““‘web intervention,” or “web program,”
or “cell phone intervention,” or “cell phone program” and
“self-care,” or “self-management,” or “behavior” and “type
2 diabetes.” Next, we hand-searched five relatively recent sys-
tematic reviews [31, 47-51] on digital interventions among
PWD to identify any studies meeting our inclusion criteria
not identified in our original search.

Included studies were (1) published as original research
articles (excluding review articles and meta-analyses), (2)
written in the English language, (3) sampled people with
T2D defined as >50% of the sample (excluding those with
samples > 50% having type 1 diabetes, gestational diabetes, or
prediabetes), (4) employed a randomized control trial (RCT),
non-randomized quasi-experimental design, or a one-arm pre-
post design, (5) included hemoglobin Alc (Alc) as an out-
come, and (6) sampled people with low SES or racial/ethnic
minorities defined as > 50% of the sample, or sampled people
from rural areas or LMICs. We extracted key attributes of the
study and then performed a narrative synthesis of these articles
with commentary and recommendations.

Results
We identified and screened 205 articles and excluded 184 of

them; 13 were not original research studies, 1 was not in
English, 90 included a study sample with <50% T2D, 26
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did not meet study design criteria, 31 did not include Alc as
an outcome, and 23 did not include a sample with at least 50%
vulnerable or disadvantaged PWD. The remaining 21 studies
met our inclusion criteria.

The characteristics of identified studies are presented in
Tables 1 and 2. The average age of participants was approxi-
mately 55 years and two-thirds of the studies were conducted
in the USA. Because vulnerable/disadvantaged was opera-
tionalized in various ways across the studies, Tables 1 and 2
show reasons for this classification for each study. Of the 21
identified studies, fourteen included >50% racial/ethnic mi-
norities (primarily African Americans and Latinos), eight in-
cluded >50% persons with low SES (i.e., low education, in-
come and/or uninsured/publicly insured), two included
persons from rural areas, and two were conducted in
LMICs (Bangladesh and Iraq). Most interventions were
“patient-facing,” although some included a “provider-
facing” component such as a dashboard for clinicians
(e.g., electronic medical record alerts/reminders, clinical
encounter forms to document diet and exercise behav-
iors, or educational resources) [72], clinical support for
nursing staff [56], teleconferencing between nurses and
participants [66], and/or support for community health
workers (CHWSs) [68]. Most mobile interventions used
text messaging. In general, few studies reported user
satisfaction but those that did [52, 53¢, 55, 69, 73]
were well-received, even among programs with low engagement
[70].

Most studies (76%; 16 of 21) reported A 1c improved with-
in the intervention group [52, 53, 54¢, 55, 56, 58, 61°, 62,
64-69, 70, 71, 72]. Seventeen studies had a control group
[52, 53¢, 550, 5602, 57%, 59, 61e, 62¢, 65°, 662, 672, 68ee,
69ee, T1ee, 72], of which seven [54¢, 57, 59, 61, 66, 67,
72] reported between-group differences favoring the in-
tervention. In addition to Alc improvements, interven-
tions improved a range of secondary outcomes, includ-
ing diabetes distress [68, 71-73], diabetes knowledge
[58, 68, 69], diabetes self-efficacy [68, 73], diabetes
self-management behaviors [53es, 59, 63, 66, 68, 69,
73], body mass index [65°, 66], and quality of life [73].
Interventions also reduced emergency room (ER) visits
[53¢e, 60] and hospitalizations [60, 73].

Discussion and Recommendations for Future
Research

We identified notable patterns and important consider-
ations for future digital program development and relat-
ed research with disadvantaged/vulnerable PWDs. We
summarize these recommendations in Table 3 and de-
scribe in detail below, drawing examples from studies
included in this review.

Access Issues

Among identified studies, disadvantaged/vulnerable PWDs
used Internet-dependent interventions less than text messag-
ing interventions. For example, utilization was modest in the
HEAT-IT-UP [70] Internet intervention study, despite investi-
gators giving participants extensive technical and financial
support. Mobile interventions requiring text messaging [29,
58e, 62, 74] (vs. data plans or Internet access) may have
had more utilization. Adding Internet-enabled features or re-
quirements to existing mobile phone-delivered interventions
can enhance their functionality, but may leave some users
behind. For instance, Bell et al. [54¢] sent video messages
requiring broadband via text message; one-third of the inter-
vention group never viewed the videos or viewed them only
briefly. Agboola et al. [52] reported that requiring computers
with Internet access contributed directly to attrition.

Among the studies in this review, it was common to ac-
commodate users’ limited access to certain types of devices
(e.g., computers) and/or the Internet. Several Internet-
dependent interventions [66, 67¢¢, 68+, 69] relied on people
(e.g., providers, CHWs, research staff) bringing the device
(e.g., tablet) to, or using it with, participants. Other studies
paid for Internet/mobile phone service [54¢, 57, 65¢, 70e,
75], provided devices in clinics [69] or directly to participants
[57ee, 61°, 65¢, 66, 76], or compensated participants extra to
cover these costs [60]. For instance, Ryan et al. [70] supplied
free desktop computers, Internet access, computer literacy
training, telephonic technology support, glucometers and sup-
plies, and staft support to participants. Carter et al. [66] found
participants in an urban setting often lived in “dead zones”
where broadband access was unavailable or insufficient, and
supplied participants with both laptops and wireless broad-
band cards to support teleconferencing with nurses and
accessing a portal.

The cost of access to a technology can be a substantial
barrier to initial intervention use, ongoing engagement, and
the ability to evaluate effects. Although paying for service
plans and/or providing devices facilitates tests efficacy, it does
not tell us if disadvantaged/vulnerable PWD would use the
intervention and benefit from it on their own. Choosing to
appropriately compensate for research participation (e.g., data
collection), but not pay for or provide the technology or ser-
vice, would accelerate our understanding of an intervention’s
real-world reach and impact, and encourage studies to exam-
ine interventions using technologies patients already have and
use (e.g., text messaging).

Program Design and Usability
Several studies attempted to make interventions culturally ap-

propriate either by tailoring an intervention to self-reported
personal data (e.g., diabetes barriers [52], psychosocial
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Vulnerable/ Intervention characteristics  Intervention tailoring Control group Glycemic control
disadvantaged
classification

Sample characteristics

duration

First author, Study design &

Table 2 (continued)

year

@ Springer

communication with providers and

peers.
None.

results daily and log-in every other

day.
The Comprehensive Diabetes

Alc reductions in the intervention

Control group received 7 1-h visits

100% Latino

25
21 control) from

46 patients with T2D (n

Two-arm randomized

Welch, 2011

group were greater than

over 12 months with bilingual
clinic staff using paper diabetes

education materials.

Management Program is an

intervention, n

controlled trial

12 months.

[71]

reductions in the control group
(— 1.6% + 1.4% versus

Internet-based diabetes care

an urban community health center

in Springfield, MA, USA. Mean
age 56 years, 65% female, with

baseline Alc 8.8%.

program focusing on clinical

.01).
Between-group difference was

not significant.

~0.6%+1.1%; p

management, psychosocial health,

and lifestyle modification provided
by certified diabetes educators to

patients in-person during 7 visits.

The Comprehensive Diabetes

Control group received usual care, Alc decreased in the intervention

Providers tailored sessions on clinical

399 adults with T2D (n =199 100% Latino

Two-arm randomized

Welch, 2015

group by 0.8% (p <.001). More
intervention participants than the

control group participants

which included individual patient
visits with education content,

data from medical records and

Management Program is an

200 control)

intervention, n

controlled trial

6 months.

[72]

patient-reported behaviors, barriers,

Internet-based diabetes dashboard

from urban community health

access to lifestyle and diabetes

and psychosocial challenges. Also
tailored to preferred language

management tool used by clinicians
in-person with patients during 5

visits.

centers in Western Massachusetts,
USA. Mean age 55 years, 60%

achieved A1C <7.0% (15.8% vs.

self-management support groups
run by peer volunteers and
clinical staff, with no use

requirements.

=.01). Intervention was
more effective among patients
with baseline A1C > 8.0%

7.0%, p

(Spanish or English), literacy level,

desire to include far

female, with baseline Alc 9.0%.

ly members,

and preference for alternative

medicine.

(45.2% vs. 25.3% achieved

A1C<7.0%, p<.001).

challenges [72], personal values and social support [68], glu-
cose and physical activity data [52, 61, 65¢]), by modifying
content to languages and/or cultures [52, 57¢¢, 63, 70¢°], or by
utilizing personnel familiar with the study population (e.g.,
health coaches [63, 64, 65¢], CHWs [68], case managers
[60], or nurses [66, 70, 73]).

Only 14% of studies reported the literacy or numeracy
status of the study sample [63, 68, 72]. Sensitivity to literacy
and numeracy concerns are especially important in the design
of digital interventions and their content, as both are prevalent
barriers to understanding and acting on health information.
Lower literate and numerate persons often struggle with eval-
uating and trusting online health information [77], and often
rely on verbal communication about their health [78]. Lower
numerate persons disproportionately have difficulty navigat-
ing online patient portals [79], and interpreting A 1 ¢ test results
presented in a patient portal-like format [80]. Some of the
studies factored in computer literacy/usability considerations
[52, 68, 70] or the piloting of an intervention in previous work
[53ee, 72, 73], suggesting a responsiveness to the understand-
ability (of function and/or content) for end users.

We recommend study authors be more explicit about the
process used to develop and/or adapt intervention content and
technical functionality for disadvantaged/vulnerable PWD.
Existing standards [78, 81] outline key design principles to
improve accessibility and better meet the needs of digital users
with limited literacy. Similarly, given the numeracy demands
of diabetes self-management tasks (e.g., self-monitoring of
blood glucose, insulin titration, Alc interpretation), existing
numeracy-friendly print materials [82] could be adapted for
digital use. There should be short summaries of this process in
manuscripts evaluating the impact of these interventions, in
addition to citing publications with more lengthy descriptions
and/or lessons learned during feasibility/usability studies.

Despite heterogeneity in intervention utilization,
disadvantaged/vulnerable PWD had high rates of satisfaction
with the full range of intervention platforms [52, 53¢e, 55¢e,
69, 73]. This may reflect a strong desire on the part of users,
particularly disadvantaged/vulnerable populations who dis-
proportionately report negative healthcare experiences, to feel
supported and “cared for” by their healthcare team [21, 22,
83]. Given this possibility, satisfaction data alone may be in-
sufficient to assess the acceptability and adoption of an inter-
vention. The addition of usability data (e.g., how often/how
much users engaged with the intervention and how easy/how
helpful they found it to be) or data on reach and sustained use
would provide a more comprehensive assessment.

The Human Element
CHWs, patient navigators, and case managers often provide

an important cultural bridge between disadvantaged/
vulnerable populations and the rest of the healthcare team
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Table 3

Key recommendations for the design and research of mobile and Internet interventions for disadvantaged and vulnerable persons with diabetes

Access issues

Program design and usability

The human element

Understand the user
population

Use more agile science

Long-term evaluation

Economic evaluations

Use technology patients already access and use

Compensate for participation, but do not pay for technology to understand potential real-word use and sustainability
If providing/paying for technology, consider cost analyses to determine sustainability

Tailor content on the individual level (e.g., person-reported personal data)

Apply existing standards to make digital design acceptable to persons of all health literacy and numeracy levels

Consider literacy and numeracy when designing content and functionality; report how design accommodates all
levels

For now, disparities in internet access persist, so consider non-internet-dependent technology
Test interventions for usability with the target population; report usability data (not just self-reported satisfaction)
Utilize personnel familiar with/known to the study population (e.g., community health workers)

Trained personnel can tailor to individuals’ needs and experiences with the technology and may help overcome
mistrust

Systematically evaluate when and how humans can and should be used to improve the reach or effectiveness of
digital interventions

Report data on socioeconomic status (e.g., income, education, insurance status), health literacy and numeracy of
study samples or study catchment populations to inform next steps for interventions

When possible, examine differential effects by socioeconomic status, health literacy status
When possible, examine differential engagement with the intervention by socioeconomic and/or health literacy status

Focus on comparative effectiveness/superiority trials, pragmatic trials and cost analyses rather than efficacy trials
with a treatment-as-usual control group

Studies with an active comparison are more likely to engage disadvantaged/vulnerable persons with diabetes
Use adaptive study designs to address the need for continued quality improvement and rapid iteration
Studies with interventions lasting longer than 3 or 6 months are needed

Studies with post-intervention follow-up periods are needed

Make efforts to understand costs and savings associated with digital interventions to determine if effects are “worth”
costs associated with the technologies

Consider cost analyses in two ways: (1) without providing/paying for technology, (2) evaluating whether
providing/paying for technology is cost-effective in light of savings associated with improvements in health

outcomes

Conduct studies in
low-/middle-income

countries context

More studies in low-/middle-income countries are needed

Develop interventions specifically for the population or describe rigorous efforts to adapt existing interventions to the

[84-87]. They can often address patient barriers of mistrust in
providers and health systems [24, 88], literacy barriers [89],
and language and cultural discordance [90, 91]. Several inter-
ventions utilized CHWs [68], health coaches [63, 64, 65¢], or
case managers [60, 67¢¢] as integral components alongside the
technical elements. Nurses [66, 70, 73] were also used in this
capacity. Trained CHWs or other healthcare team members
can tailor information to cultural values/context [66, 92, 93],
literacy and numeracy abilities [90, 91], and/or personal be-
liefs and concerns [66, 92] in real time, thereby increasing the
applicability of a technology to different types of populations
[84, 93].

Digital interventions alone are likely insufficient to address
the full range of self-management support needs of
disadvantaged/vulnerable populations with T2D. Automated
interventions that act in concert with human capital may have
more potential for success among disadvantaged/vulnerable
PWD than stand-alone digital interventions. To fully realize

this potential, we must first identify ways to leverage the func-
tions of healthcare personnel and CHWs (whose time and
associated costs limit scalability) with the advantages of tech-
nologies (e.g., potential for scale, rapid dissemination, and
real-time interactions).

The User Population

Many studies did not report data on patient income, insurance
status, and/or education level [52, 54, 55, 58, 59, 61, 72, 76].
Not reporting participants’ SES creates barriers to the effective
translation of interventions. If a study reports efficacy, but
pertinent characteristics of the sample are absent, the next
steps are unclear (i.e., additional tailoring for specific user
subgroups vs. readiness for broader dissemination and imple-
mentation). To minimize such uncertainty, interventions
should report information about a sample’s race/ethnicity, in-
come, education, insurance status, health literacy, and/or
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numeracy. Alternatively, when person level data is unavail-
able, studies should report on clinic- or population-level data.
Differential intervention effects and engagement by users’
SES and/or literacy/numeracy status should also be pursued
when possible.

Scientific Methods

Typically, researchers study an intervention’s impact in terms
of depth (i.e., improved individual outcomes) and breadth
(i.e., impact across the entire group). Highly controlled RCTs
limit our understanding of the depth and breadth of interven-
tions in real-world conditions in which vulnerable populations
live. We call for innovative research designs to evaluate digital
interventions, particularly among disadvantaged and vulnera-
ble PWD. Research efforts focusing on comparative effective-
ness, how to maximize the reach of a digital intervention (vs.
focusing only on the depth of intervention effects), or pragmat-
ic trials (i.e., using technology to supplement existing improve-
ment efforts) may be more informative and useful. We also
echo calls for more agile and iterative approaches to develop,
improve, and evaluate digital interventions [94] to ensure that
the pace of development and research keeps with the pace of
technology and patient expectations.

In addition, we need more studies evaluating costs and
healthcare utilization, in order to maximize our understanding
of the impact of digital interventions, and to identify the most
cost-effective “real-world” interventions. Nundy et al. [73]
found an 8.8% reduction in health plan costs for diabetes care
and improvements in healthcare utilization in a 6-month trial of
their mobile program CareSmarts. Two other studies [53e¢, 60]
reported reductions in hospitalizations and/or ER visits. As
mentioned previously, comparative effectiveness, equivalency,
and superiority trials can illuminate the added value of auto-
mated versus traditional print (i.e., generally lower cost) or in-
person (i.e., generally higher cost) interventions. Cost-
effectiveness studies can then determine if any identified dif-
ferential effects are worth the investment. We recommend stud-
ies look at the “cost-efficacy” of interventions in two ways.
First, evaluate an intervention’s reach in real-world settings
(i.e., without studies paying for devices or Internet/mobile
phone service). Second, if studies do provide or pay for de-
vices/services, economic analyses are needed [95] to evaluate
whether providing devices/services is cost-effective, taking into
consideration any cost savings associated with improvements
in health outcomes. Healthcare systems or communities may
adopt plans to support use of digital interventions once cost
savings associated with their use have been established.

One example of a pragmatic randomized trial was Arora
et al.’s [53+¢] TEXT-MED intervention that sent text messages
twice daily to resource-poor PWD recruited from an ER,
which found that TExT-MED improved medication adherence
and reduced the ER utilization [53¢¢] among users in the

@ Springer

intervention group [53e¢]. Because TEXT-MED relied on the
technical capabilities of the target audience, and reached PWD
who recently used the ER, there is generalizability for broader
implementation of this intervention.

Intervention studies with disadvantaged/vulnerable popu-
lations must be careful about using usual care control groups,
because of ethical challenges arising from such study designs
in resource-poor settings. Disadvantaged/vulnerable persons
have disproportionately more barriers (e.g., inflexible work
schedules [57¢¢, 64], inaccessible or unreliable transportation
[57¢¢], longer distances to clinics or study sites [96]) to re-
search participation than advantaged persons, and may be less
inclined to participate if assigned to a usual care control [64].
The use of active controls (e.g., waitlist controls, alternative
interventions) that give all PWD access to some type of inter-
vention, versus inactive controls (i.e., a confirmatory trial),
can address the ethical issues and support retention in the
control groups. Several studies used an active comparator in
their randomized trials (i.e., a superiority trial). For example,
Welch et al. used certified diabetes educators (nurses and die-
ticians) to deliver 7 h of diabetes care visits for the intervention
group, while the attention control participants received 7 h of
visits with trained clinic support staff to review diabetes edu-
cation materials prepared by the American Diabetes
Association (ADA) [71]. Offering an alternative inter-
vention to ensure control group retention may produce
greater effects for all, but may dampen the ability to
detect between-group effects [97]. On the other hand,
active comparator studies may engage clinics in research
partnerships, engage and improve outcomes for all par-
ticipants, and—if designed correctly—help parse out the
effects of individual intervention components and make
decisions about scalability.

Long-Term Evaluation

Although several interventions noted a faster initial rate of
Alc decline in the intervention group relative to controls
[S54e, 65¢, 67¢¢], there was little attention paid to long-term
effects. Most interventions lasted 6 months or less, with a
few notable exceptions. Only one mobile phone intervention
was 12 months; it used a pre-post design [60] and was unable
to assess within-group improvements in Alc due to incom-
plete data. Three Internet-delivered [66, 70, 71] interventions
lasted longer than 6 months, and found improvements in dia-
betes control at 9, 12, and 13 months. Only one study had a
post-intervention follow-up period; Bell et al. [54¢] tracked
participants for 6 months (after a 6-month intervention peri-
od), and found a between-group difference in Alc at
12 months. More work should focus on examining long-
term efficacy of interventions as well as post-intervention
(sustained) effects.
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Studies in LMICs

Three quarters of the world’s diabetes population live in low to
middle-income countries [LMICs] [1], but there is limited
evidence on the effect of mobile and Internet interventions
on diabetes control in LMICs. Only two of the 21 studies in
our review were conducted in a LMIC (i.e., Iraq [58] and
Bangladesh [59]). Both showed clinically meaningful im-
provements in diabetes control (i.e., Alc). To advance the
field and improve the health of PWD in LMICs, we recom-
mend more digital self-management interventions be devel-
oped for and tested with PWD in LMICs, and that studies
measure and report on the clinical outcomes of these users.
Consistent with our above recommendations, such interven-
tions must be appropriately adapted and contextualized to the
language, culture, literacy and numeracy skills, local context,
health systems, and the access and availability of the Internet
and digital devices in these countries.

Summary and Conclusions

Technology can offer access to information, support, and
healthcare providers to improve diabetes health outcomes of
disadvantaged/vulnerable patients, communities, regions, and
countries. Technology can also automate the delivery of health
information and support, with relatively limited demand on
healthcare system resources. The rapid adoption of mobile
devices throughout the world is redefining how healthcare is
delivered and how PWD manage their disease. This is partic-
ularly true in LMICs [95], where mobile devices can be used
to engage populations who have been historically difficult to
reach via traditional healthcare delivery or communication
channels. Although evidence on the acceptability, use, effica-
cy, and cost-effectiveness of digital interventions is increasing,
traditional study designs and measures are becoming
inadequate for addressing the questions needed to opti-
mize the effects of digital interventions on disadvan-
taged and vulnerable PWD.

To address the challenges outlined in this review, the re-
search community needs new approaches to the design, im-
plementation, and evaluation of mobile and Internet interven-
tions for disadvantaged and vulnerable PWD. First, we need
to better address the accessibility and usability of technology
interventions for disadvantaged/vulnerable PWD by leverag-
ing in-place technologies and rigorously applying best prac-
tice standards to ensure digital content sufficiently meets the
needs and desires of these populations. Meaningful imple-
mentation of design standards and user-centered design ap-
proaches, with rigorous reporting, should be a priority. The
research community also needs more dynamic approaches and
adaptive study designs to address the need for continued qual-
ity improvement and rapid iteration [35]. According to Mohr

et al. [97], traditional evaluation methods are fundamentally
incompatible with mobile and Internet-delivered interven-
tions, where technological advances and consumer expecta-
tions change quickly, necessitating rapid changes in program
content and delivery. Adopting our recommendations will re-
quire even more transdisciplinary approaches to evaluation
that strongly emphasize evaluation of the user experience,
engagement, and “real-world” value and costs.

To move the field forward and enhance the public health
significance of these interventions, we recommend that future
studies explore (a) how we digitally present and deliver infor-
mation, support, and skills to disadvantaged and vulnerable
PWD, (b) what is the reach relative to traditional forms of
intervention delivery, and (c) what is the cost-efficacy relative
to other interventions and/or relative to the cost savings asso-
ciated with improvements in outcomes. Pursuing between-
group Alc improvement via traditional confirmatory/
efficacy RCTs may be less innovative or informative than
using comparative or cost-effectiveness designs or performing
equivalency or superiority trials. Thus, the question is not
whether technology can improve the health of PWD, but
how to best design intervention studies to maximize these
effects to improve health for all, especially high-risk and vul-
nerable patients.
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