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Abstract

Background—Mobile- and Internet-delivered (collectively, digital) interventions are widely used
by persons with diabetes (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 recommendations 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
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findings, and many issues remain in order to optimize the impact of digital interventions on the
health outcomes of disadvantaged/vulnerable persons with diabetes.

Keywords

Type 2 diabetes; HbAlc; Technology interventions; Mobile; Lifestyle intervention; Disparities;
Disadvantaged

Introduction

Diabetes is responsible for 12% of the global health expenditure 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 glycemic 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 decisions [6]), and/or persons living in rural areas or a low-/
middle-income country (LMIC). These populations with type 2 diabetes (T2D) have higher
rates of suboptimal glycemic control [7-9], diabetes-related hospitalizations [10] and
complications [9, 11], and pre-mature mortality [12] compared to more advantaged, less
vulnerable populations. Causes underlying these disparities are multifactorial and multilevel,
including patient-level factors (e.g., less adherence to self-management [13-16], lower
participation in diabetes education [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, reinforcements, and/or skills training to people around the world.
Interventions delivered with these technologies can also accommodate different learning
styles, literacy levels, and user-specific needs and preferences (e.g., cultural/linguistic
background) [26]. For example, automated calls recorded in multiple languages benefitted
PWD who either spoke non-dominant languages or reported literacy barriers [27].
According to multiple reviews, digitally delivered interventions can improve the self-
management [28, 29] and clinical outcomes [29, 30] of populations with chronic health
conditions, 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 socioeconomic
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disparities in ownership of Internet and Internet-enabled devices (i.e., smartphones, tablets,
personal 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 interventions 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)
interventions among disadvantaged/vulnerable adults with T2D.

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 outcome. We
searched PubMed and Medline electronic databases with the following terms and key words:
“mobile intervention,” 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 systematic 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 prepost design, (5)
included hemoglobin Alc (Alc) as an outcome, 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
ofthese articles with commentary and recommendations.

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 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 approximately 55 years and two-thirds of the studies were conducted in the
USA. Because vulnerable/disadvantaged was operationalized in various ways across the
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studies, Tables 1 and 2 show reasons for this classification for each study. Of the 21
identified studies, fourteen included = 50% racial/ethnic minorities (primarily African
Americans and Latinos), eight included = 50% persons with low SES (i.e., low education,
income and/or uninsured/publicly insured), two included persons from rural areas, and two
were conducted in LMICs (Bangladesh and Irag). 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 behaviors, 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 Alc improved within the intervention group [52, 53,
54, 55, 56, 58¢, 61°, 62+, 64-69, 70e, 71, 72]. Seventeen studies had a control group [52,
53ee, 55ee, 5Ges, 5700 59, 61e, 620, 65¢, 66¢, 679¢, 68e¢, 69e¢, 71ee, 72], of which seven [54e,
57e¢, 59 61, 66, 67, 72] reported between-group differences favoring the intervention. In
addition to Alc improvements, interventions improved a range of secondary outcomes,
including diabetes distress [68, 71-73], diabetes knowledge [58, 68, 69], diabetes self-
efficacy [68, 73], diabetes self-management behaviors [53ee, 59, 63, 66, 68+, 69, 73] , body
mass index [65¢, 66], and quality of life [73]. Interventions also reduced emergency room
(ER) visits [53¢, 60] and hospitalizations [60, 73].

Discussion and Recommendations for Future Research

We identified notable patterns and important considerations for future digital program
development and related research with disadvantaged/vulnerable PWDs. We summarize
these recommendations in Table 3 and describe 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 messaging interventions. For example, utilization was modest in
the HEAT-1T-UP [70] Internet intervention study, despite investigators giving participants
extensive technical and financial support. Mobile interventions requiring text messaging [29,
58s, 62¢, 74] (vs. data plans or Internet access) may have had more utilization. Adding
Internet-enabled features or requirements 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
intervention 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 accommodate 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, CHWSs, research staff)
bringing the device (e.g., tablet) to, or using it with, participants. Other studies paid for

Curr Diab Rep. Author manuscript; available in PMC 2020 May 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mayberry et al.

Page 5

Internet/mobile phone service [54¢, 57, 65+, 70+, 75], provided devices in clinics [69] or
directly to participants [57¢, 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 supplies,
and staff 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 broadband 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 service, would accelerate our understanding of an intervention’s
real-world reach and impact, and encourage studies to examine interventions using
technologies patients already have and use (e.g., text messaging).

Program Design and Usability

Several studies attempted to make interventions culturally appropriate either by tailoring an
intervention to self-reported personal data (e.g., diabetes barriers [52], psychosocial
challenges [72], personal values and social support [68], glucose 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
evaluating and trusting online health information [77], and often rely on verbal
communication about their health [78]. Lower numerate persons disproportionately have
difficulty navigating online patient portals [79], and interpreting Alc 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 understandability (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
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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, 53es, 55¢¢, 69, 73].
This may reflect a strong desire on the part of users, particularly disadvantaged/vulnerable
populations who disproportionately 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 insufficient to assess the acceptability and adoption of an intervention. 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 [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 interventions
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 beliefs
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 /n 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 functions of healthcare
personnel and CHWSs (whose time and associated costs limit scalability) with the advantages
of technologies (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 implementation). To minimize such
uncertainty, interventions should report information about a sample’s race/ethnicity, income,
education, insurance status, health literacy, and/or numeracy. Alternatively, when person
level data is unavailable, 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.
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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 interventions in real-world
conditions in which vulnerable populations live. We call for innovative research designs to
evaluate digital interventions, particularly among disadvantaged and vulnerable PWD.
Research efforts focusing on comparative effectiveness, how to maximize the reach of a
digital intervention (vs. focusing only on the depth of intervention effects), or pragmatic
trials (i.e., using technology to supplement existing improvement 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 [53¢, 60] reported reductions in
hospitalizations and/or ER visits. As mentioned previously, comparative effectiveness,
equivalency, and superiority trials can illuminate the added value of automated versus
traditional print (i.e., generally lower cost) or inperson (i.e., generally higher cost)
interventions. Cost-effectiveness studies can then determine if any identified differential
effects are worth the investment. We recommend studies 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 devices/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 etal.’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 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 populations 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+e, 64], inaccessible or unreliable transportation
[57+°], longer distances to clinics or study sites [96]) to research 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 intervention, versus inactive controls (i.e., a
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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 (hurses and dieticians) 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 education materials
prepared by the American Diabetes Association (ADA) [71]. Offering an alternative
intervention 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 participants, 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 [54s, 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 incomplete data. Three Internet-delivered [66, 70,
71] interventions lasted longer than 6 months, and found improvements in diabetes 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 period), 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.

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
improvements in diabetes control (i.e., Alc). To advance the field and improve the health of
PWD in LMICs, we recommend more digital self-management interventions be developed
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 interventions
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 particularly true in LMICs [95], where mobile devices can be
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used to engage populations who have been historically difficult to reach via traditional
healthcare delivery or communication channels. Although evidence on the acceptability, use,
efficacy, and cost-effectiveness of digital interventions is increasing, traditional study
designs and measures are becoming inadequate for addressing the questions needed to
optimize the effects of digital interventions on disadvantaged and vulnerable PWD.

To address the challenges outlined in this review, the research community needs new
approaches to the design, implementation, and evaluation of mobile and Internet
interventions for disadvantaged and vulnerable PWD. First, we need to better address the
accessibility and usability of technology interventions for disadvantaged/vulnerable PWD by
leveraging in-place technologies and rigorously applying best practice standards to ensure
digital content sufficiently meets the needs and desires of these populations. Meaningful
implementation of design standards and user-centered design approaches, 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 quality
improvement and rapid iteration [35]. According to Mohr et al. [97], traditional evaluation
methods are fundamentally incompatible with mobile and Internet-delivered interventions,
where technological advances and consumer expectations change quickly, necessitating
rapid changes in program content and delivery. Adopting our recommendations will require
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) /#ow we digitally present and deliver
information, 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 associated 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 vulnerable
patients.
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