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Abstract

Mobile and smartphone (mHealth) technologies have the potential to improve diabetes care and
self-management, but little is known about their effectiveness and how patients, providers, and
payers currently interact with them. We conducted a systematic review and found only 20 peer-
reviewed articles, published since 2010, with robust evidence about the effectiveness of mHealth
interventions for diabetes. The majority of these interventions showed improvement on primary
endpoints, such as HbAlc; mHealth technologies that interacted with both patients and providers
were more likely to be effective. There was little evidence about persistent use by patients, use by
a patient’s health care provider, or long-term effectiveness. None of the studies discussed
regulatory oversight of mHealth technologies or payer reimbursement for them. No robust studies
evaluated the more than 1100 publicly available smartphone apps for diabetes. More research with
valid study designs and longer follow-up is needed to evaluate the impact of mHealth technologies
for diabetes care and self-management.
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Introduction

The widespread adoption of mobile phones and smartphones provides a promising
opportunity to improve diabetes care and self-management. Telehealth administered through
mobile devices (mHealth) allows health providers to exchange information with patients or
offer services such as direct care, education, or remote monitoring [1]. The approach may be
particularly effective for patients with diabetes given that successful disease management
often relies on adherence to complex care regimens such as blood glucose monitoring,
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medications, and secondary preventive testing, which may benefit from reminders and
behavioral reinforcements.

mHealth technologies are potentially accessible to many patients; in 2014, 90 % of
Americans used mobile phones and 64 % used smartphones [2]. Rates of cell phone
ownership are similar across racial and ethnic groups and between communities with
different levels of geographic access to health care (i.e., urban, suburban, and rural) [2]. If
effective, mHealth technologies could help to reduce disparities in diabetes self-
management, care, and outcomes in underserved communities [3]. Furthermore, some
experts believe that telehealth has the potential to facilitate other key healthcare quality
priorities such as safety, effectiveness, patient-centeredness, and timely, efficient care [4e].

The $1.3 billion mHealth industry is growing rapidly and is projected to reach $20 billion by
2018 [5]. In 2014, 19 % of US adults used at least one health-related mobile application
(“app™) [5] and there are over 1100 diabetes-related smartphone apps currently available [5].
Despite their widespread availability, little is known about the effectiveness of mHealth
interventions for diabetes care and self-management. Most mHealth apps are not evaluated
for effectiveness and lack regulatory oversight [6, 7]. Previous reviews of the mHealth
literature are outdated and largely focus on text messaging interventions rather than features
currently available in smartphone apps [6]. Furthermore, little is known about the adoption
and continuing use of mHealth technologies by patients, providers, and payers. Some
evidence suggests that mHealth technologies are more effective when they interact with both
patients and providers [8], and that providers are more likely to use mHealth if reimbursed
by payers [9]. Of concern, analyses of other health monitoring mHealth technologies, such
as wearable fitness trackers, have reported a high degree of discontinuation after 6 months
[10ee, 11].

In this article, we review the recent peer-reviewed literature on mHealth interventions for
diabetes care and management. Our objectives are to summarize how patients, providers,
and payers use mHealth and to examine evidence of effectiveness of current mHealth
technologies. We also provide an overview of payer reimbursement for, and regulatory
oversight of, mHealth technologies and recommendations for future research.

LU

We searched PubMed for articles that included “mobile phone,” “smartphone,” or “smart
phone” and “diabetes” and found 359 articles published between 2002 and April 2015. We
excluded non-English articles, articles of mHealth interventions in low- and middle-income
countries, study protocols, and articles that did not include an mHealth technology for
diabetes (7=77). Given the rapid advancements in technology over the last 5 years, we also
excluded articles published prior to 2010 (/7=70). Our review included 212 articles.

We reviewed the abstracts of the 212 articles to provide an overview of the types of mHealth
technologies for diabetes represented in the literature. For each article, we noted the year of
publication and type of article (i.e., commentary/narrative, description of technology, study

evaluating an mHealth technology, or review of studies). We identified which studies used a
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robust study design, according to the widely adopted criteria used in Cochrane Collaboration
systematic reviews (i.e., randomized controlled trials (RCTs), controlled before-after studies,
or interrupted time series studies with at least three time points before and after the
intervention [12]), that can provide valid evidence about effectiveness. For these robust
studies, we collected the following information about the mHealth technology: its
description and function, including whether it functions on a mobile phone or smartphone;
whether it has regulatory clearance; whether the technology is patient-facing; whether the
technology interacts with providers and/or health delivery systems; whether the technology
interacts with or is reimbursed by payers; the length of follow-up time and rate of
discontinuation during the study; and, the reported effectiveness of the technology.

Overview of Types of mHealth Technologies for Diabetes in the Literature

The mHealth literature has grown rapidly over the last 5 years, tripling from 18 articles
published in 2010 to 54 articles in 2014 (Fig. 1). The majority of the 212 articles from 2010
to mid-2015 described or evaluated patient-facing mobile phone systems and smartphone
apps for patient self-management or remote monitoring, including self-monitoring of
glucose, medication adherence, diet, and physical activity. Some of these technologies can
interact with providers. Many of the interventions relied on automated text messaging (either
on mobile or smartphones) to provide prompts for monitoring and medication, appointment
reminders, and diabetes education. Many articles described or evaluated smartphone apps for
self-monitoring of blood glucose, while fewer focused on apps that record other
measurements such as blood pressure or insulin doses. Diet-related smartphone apps
described in the literature included food/carbohydrate diaries that work either through
manual entry or capturing photos of meals. Physical activity smartphone apps often made
use of built-in motion sensors or accelerometers to track movement; one app also used
reminders to reduce sedentary time.

Other mHealth approaches make use of specific smartphone technologies. There are a small
number of provider-facing, store and forward (i.e., data are stored and can be viewed or
acted upon at a later time, also known as “asynchronous”) diagnostic apps that leverage
smartphone cameras for retinal screening, wound assessment, or albumin testing. Some apps
run built-in algorithms that provide real-time feedback. A few articles described continuous
glucose measurement systems linked with an insulin pump (i.e., artificial pancreas) that
operate on a closed-loop smartphone platform, or bolus calculator apps in development,
which allow patients to self-titrate insulin doses. Very few articles described the use of real-
time (i.e., synchronous) video-conferencing capabilities on smartphones.

Current Evidence on the Effectiveness of mHealth Interventions for Diabetes

Most of the 212 articles included in our review did not provide robust evidence on the
effectiveness of the diabetes mHealth technologies they described (Fig. 2). A total of 91
(43 %) articles were descriptive in nature, including 71 (33 %) that described a technology
or app and/or tested its accuracy, and 20 (9 %) that provided a narrative overview of
mHealth technologies. While nearly half (7=97, 46 %) of the articles were studies that
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examined the effectiveness of mHealth interventions for improving diabetes outcomes, only
20 (9 % of all articles and 21 % of studies) used robust study designs—all 20 were small-to
medium-sized randomized controlled trials (sample sizes ranged from 30 to 276,
median=118). The remaining studies utilized nonexperimental cross-sectional, post-only, or
pre-post with no control designs, or they used pre-post with control designs but had biased
control groups (i.e., subjects self-selected into treatment or control groups) and/or were pilot
studies with a very small sample size (7<30). A surprisingly large number (24, 11 %) of
articles described reviews of studies. However, only nine of these reviews limit inclusion to
studies that used robust research designs and the majority of articles included in these
reviews were published prior to 2010, when the mHealth industry was substantially different
from today.

Robust Studies—Sixteen unique mHealth interventions were evaluated in the 20 robust
studies (Appendix). Half (#7=7 interventions, evaluated in ten studies) of the 16 interventions
were for patient self-management of blood glucose [13-22]; all consisted of systems that
analyzed patients’ self-measured glucose and most provided real-time feedback via text
messaging. The remaining studies tested interventions for general diabetes education and
self-management (/7=3) [23-25]; medication adherence (/=1 intervention evaluated in 2
studies) [26, 27]; self-management of weight (/=1) [28]; self-management of depression
(rm=1) [29]; self-management of blood pressure (n7=1) [30], self-management of blood
glucose, blood pressure, body weight, and physical activity (#=1) [31]; and text reminders
for gestational diabetes patients to receive a postpartum oral glucose tolerance test (OGTT)
(rm=1) [32]. Most (r=9) of the 16 interventions were smartphone-based; the remaining 6
included text-based interventions that could be utilized on mobile or smartphones. Only 5 of
the 16 technologies were studied in the USA.

The 16 mHealth interventions that were evaluated were all patient-facing. Although study
participants were usually recruited in outpatient or hospital settings, the technologies were
all intended to be used by patients in the community, and not in medical settings. While over
half (7=10) of the interventions allowed interaction with providers (e.g., diabetes educators,
diabetes nurses, nurse practitioners, or physicians), none of the studies involved use of
mobile or smartphones by providers. Communication or feedback from providers was
mainly via web-based servers, presumably accessed on a computer and not a mobile device.
Provider interaction in these studies generally did not reflect real world settings—eight out
of the ten technologies with provider interaction involved providers from the study team.
While four of the technologies had the capability to interact with a patient’s primary care
physician via data reports or alerts for abnormal values from self-measurement, there was no
evidence provided on whether and how real-world physicians actually used the technologies.
None of the studies mentioned provider reimbursement from payers, although one
intervention did explicitly pay primary care providers ($250 per patient enrolled in the
study) for their time to interact with the technology. None of the studies mentioned
regulatory approval (e.g., FDA) for the technologies.

The majority (/=11, represented in 14 studies) of the 16 mHealth interventions were
effective in improving primary outcomes over follow-up periods that were generally less
than a year (median=7 months, range=2—-24 months). HbAlc was evaluated as the primary
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outcome for ten interventions (represented in 12 studies); seven of these interventions
(represented in eight studies) found that the mHealth intervention significantly reduced
HbA1c levels by an average of 0.83 % (range 0.2 to 1.4 %), from a baseline average Alc
level of 8.9 % (range 7.1 to 9.9 %) (Table 1). However, these interventions aimed primarily
at glucose self-management were rarely successful at improving other outcomes, such as
patient-reported self-efficacy, quality of life, self-care, depression, or other clinical endpoints
(e.g., blood pressure, BMI, cholesterol). The interventions to improve medication adherence,
blood pressure, depressive symptoms, and general diabetes education and self-management
all reported statistically significant impacts on primary outcomes, but the weight
management intervention and the text reminder system for patients with gestational diabetes
did not. As with the glucose self-management interventions, very few of these interventions
had an impact on secondary outcomes. While most studies (/=17 out of 20) reported
participant attrition (i.e., loss-to-follow-up or drop out), the persistence of mHealth
technology use during the follow-up period was generally not reported. The three studies
which examined actual use of the mHealth technology during the study period found high
rates of discontinuation among participants: 32 % discontinued use within 2 months [24],

66 % were not active users for at least 6 months [17], and 38% did not complete all six
counseling sessions [29].

Of the 11 interventions that reported a positive impact on primary outcomes, 8 (73 %)
actively engaged patients (via self-measurement, self-help education tutorials, or remote
monitoring) and provided real-time feedback or reminders via text messaging and 8 (73 %)
involved active interaction with study team providers or provided an avenue of
communication with the patients’ primary care provider. Conversely, of the five
interventions (six studies) that showed no impact, only three (60 %) actively engaged
patients and one (20 %) involved interaction with providers (another intervention had very
limited interaction—health counselors were available via text if patient initiated). Of the five
interventions that showed no impact, two were smartphone-based and three used text
messaging available on mobile or smartphones.

Robust Review Articles—Evidence from the nine robust review articles is mixed and
generally outdated; most studies in the reviews were published before 2010 and therefore
focus solely on mobile phone, and not smartphone, interventions. Unlike our review, these
reviews did not exclude studies of technologies from low- and middle-income countries
where the context of mHealth is quite different. Cochrane Collaboration members have done
three reviews on diabetes mHealth interventions and found that these interventions have
limited effectiveness. A 2012 Cochrane review of mobile phone messaging for facilitating
management of chronic illnesses found that text-messaging interventions for diabetes (/=4
studies, all published prior to 2010) had no impact on clinical outcomes (e.g., HbAlc,
diabetic complications, and weight) or disease knowledge, but did improve self-management
capacity and the number of glucose test results reported to the provider [33]. Another
Cochrane review in 2012 on the use of mobile phone messaging for preventive health found
no robust studies that evaluated the use of text messaging for prevention of diabetes [34]. A
2013 Cochrane review and associated meta-analysis found that mobile phone self-
management interventions for adults with type 2 diabetes (/=3 studies, all published in 2011
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or earlier) improved HbA1c levels, but had no impact on other outcomes such as depression,
quality of life, blood pressure, serum lipids, or weight [35e, 36]. Two other reviews
examining the impact of mobile phone interventions on glycemic control (7=22 studies, all
published in 2010 or earlier [37], and =10, six published in 2010 or earlier [38],
respectively) found that the interventions significantly reduced HbA1c levels, and that the
interventions with the greatest impact involved patient feedback and a role for providers [8].
A 2013 review of mobile phone and text messaging interventions to promote physical
activity (77=3 studies, all published in 2011 or earlier) found that the interventions had no
significant impact [39]. To date, there have been no other reviews of smartphone app
effectiveness (as distinct from mobile phone interventions) for diabetes self-management
and care.

Discussion

Mobile phone and smartphone (mHealth) technologies to improve diabetes outcomes are
increasingly available and generally include tools for glucose self-monitoring, medication
adherence, diet, or physical activity. The results of the few (/7=20) robust studies of mHealth
technologies for diabetes show promising short-term results—11 of the 16 mHealth
interventions evaluated in these studies showed significant improvement on primary
endpoints, including HbAlc (seven interventions) and medication adherence, depressive
symptoms, blood pressure, or self-management tasks (one intervention each). Although
HbA1c was the most common outcome in the studies we reviewed, and many studies
showed clinically significant improvement in HbA1c level, there is debate about whether
glycemic control is appropriate as a sole endpoint because changes might not reflect
important patient-centered outcomes [17]. Most of the glycemic control interventions in our
review were not effective at improving secondary endpoints such as quality of life or
depression. However, the few interventions that targeted other outcomes (e.g., depression
and medication adherence) were generally effective. Essential evidence about persistence in
use of mHealth technologies for diabetes and their long-term impacts is missing.

Similar to an earlier review by Mulvaney et al. [8], we found that mHealth interventions with
active patient engagement and a role for providers were more likely to be effective.
However, provider interaction with mHealth technologies in the studies we reviewed was
largely limited to providers on the study team. There is a general lack of evidence regarding
use of these technologies by providers in the community and none of the articles mentioned
payers’ role in reimbursing providers to use the mHealth technologies. The use of mHealth
for care and management is quite low in real-world clinical settings and provider
reimbursement (i.e., payment) is a major barrier to the adoption of telehealth technologies
[1, 9]. A recent Commonwealth Fund survey of community health centers and clinics in the
USA found that one quarter (27 %) of centers used cell phones in care delivery (not specific
to diabetes) [9] and that cell phones were primarily used for appointment reminders rather
than disease management or health promotion activities. Community health center
providers’ top four barriers to implementation of mobile phone interventions for these
functions were as follows: lack of resources to finance the initial investment in mHealth
technologies; limited human and technical resources; challenges of integration with
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electronic health records and other health information technology infrastructure; and lack of
incentives or reimbursement for adoption and use [9].

Payer Reimbursement of mHealth Technologies

Medicare, the largest public payer in the USA and the standard-setter for many private
payers, provides very limited reimbursement of telehealth services and has no mechanisms
to pay providers for interacting with the vast majority of the mHealth technologies in this
review. Medicare has expanded telehealth coverage over the last two decades [4¢] but still
almost completely limits reimbursement to “face-to-face”/”clinic-to-clinic” (i.e., real time)
video consultations for patients from rural geographical areas [40-42]. If passed, the 2015
Telehealth Enhancement Act (H.R. 2066) would reduce geographic restrictions for telehealth
and cover services received in a patient’s home 4s, 43, 44]. The bill would provide
reimbursement for remote monitoring, evaluation, and management of diabetes as well as
congestive heart failure and chronic obstructive pulmonary disease. Depending on
implementation, the law may allow for reimbursement for care delivered through
smartphone apps and non-real-time “store and forward” technologies.

States also play a large role in the reimbursement of telehealth. Forty-five states provide
reimbursement for certain telehealth services through Medicaid [45], and 20 states mandate
that private insurers in the state cover telehealth service [46]. Half (25) of states allow
patients to be at home while receiving telehealth services [47] and most (41) do not place
geographical restrictions. Like Medicare, coverage of face-to-face video conferencing is
widely reimbursed; however, there is substantial variation in coverage for remote monitoring
services and store and forward technologies [45, 47].

In addition to broader reimbursement for telehealth by states and Medicare, the movement
toward outcomes-based payment models, such as accountable care organizations (ACOSs)
and patient-centered medical homes (PCMH), might encourage investment in mHealth in an
attempt to promote efficient, high quality care and management for chronically ill patients

[1].

Regulatory Oversight of mHealth Technologies

Provider use and payer reimbursement for mHealth interventions may also increase if a
regulatory agency (e.g., the US Food and Drug Administration) validates the safety and
effectiveness of these technologies. None of the robust studies in our review mentioned
regulatory clearance or approval for the mHealth technologies. Most of the technologies in
our review fall under the FDA’s definition of “mobile apps” and not “medical mobile apps”
which are considered medical devices requiring FDA approval [48]. According to the FDA,
“mobile apps” can help patients self-manage their disease, provide tools to track health
information, provide health-related information, and communicate their condition with
health care providers, but they cannot provide specific treatment suggestions [48]. While
personalized feedback and prompting behavior “appear to be critical components of
behavior change” [36], it was uncommon for the apps to use self-monitoring data to provide
tailored feedback to patients (e.g., insulin dosing in response to glucose levels) likely
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because that capability would qualify the app as a medical mobile app requiring regulatory
oversight. As of 2013, there was only one FDA-approved app for diabetes management [6].

Research on mHealth Technologies for Diabetes: Challenges and Future Directions

Payers and providers would be more likely to endorse mHealth technologies if there was
strong evidence of effectiveness and cost savings. Our review found that the vast majority
(79 %) of peer-reviewed studies published in the last 5 years did not provide adequate
evidence about mHealth effectiveness. There were no robust studies on the impact of
provider-facing apps (i.e., diagnostic apps that use smartphone cameras), and there were no
articles that described or evaluated provider-facing decision support tools or clinical
information resources that are available on smartphones (e.g., UpToDate®). Also, although
over 1100 consumer-facing diabetes smartphone apps are on the market, none of these
standalone apps have been rigorously evaluated; only one robust study evaluated a publicly
available app (Glucose Buddy), and the app was evaluated in conjunction with a provider
engagement intervention.

It will be especially important to evaluate the impact of mHealth apps in disadvantaged
populations. Despite the narrowing of disparities in ownership of mobile and smartphones,
disparities in use of these technologies for health persist—racial/ethnic minorities, non-
English speakers, older people, and people with lower levels of education are less likely to
download mobile apps for health [49]. Only one of the 20 robust studies in our review
evaluated the impact of an mHealth technology in a low-income, urban population and only
two focused on older adults.

There are many challenges to assessing the impact of mHealth technologies for diabetes in
real-world settings. Selection bias, which occurs when participants self-select into an
intervention or control group, was a common problem in the majority of the nonrobust
studies we reviewed. Participants who actively choose to use mHealth may have unique
characteristics (e.g., greater motivation, faster pre-intervention acceleration of A1C levels,
higher education level, or worse health status) that impact outcomes. Self-selection bias can
be minimized by using robust study designs such as RCTs, interrupted time series, or
controlled before and after designs [50]. Regression to the mean was another potential
problem in the nonrobust studies we reviewed. For instance, many studies of glycemic
control interventions select patients with high HbA1c levels. Without a valid control group,
it is impossible to know if HbAlc reductions are due to the intervention or regression to the
mean. Even with robust controlled study designs, problems such as high participant attrition,
contamination (i.e., participants in the control group get the intervention, which may be
particularly problematic for publicly available apps), and concurrent interventions may bias
study results. For instance, in a study of text reminders for OGTT sent to post-partum
women with gestational diabetes, the majority of intervention and control group members
also received postal reminders for post-partum OGTT from the Australian National Diabetes
Registry program. Finally, authors and journals might be more likely to publish reports of
positive intervention effects (i.e., publication bias [51]), so the generally positive effects
reported in this review may overestimate the overall impact of mHealth technologies for
diabetes.
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A randomized controlled trial of a popular calorie counting and weight loss app
(MyFitnessPal), in a primary care setting demonstrated the difficulty of evaluating apps in
the real world. This app, which is not specific to diabetes and was therefore not included in
our review, had no impact on weight, blood pressure, and most self-reported behaviors,
likely due to low participant utilization [10e¢]. Almost half of participants stopped using the
app after 1 month, two thirds were no longer using the app after 6 months, and those who
continued to use the app did so with less frequency over time. In addition, 13 % of
participants assigned to the control group used the app during the trial, including the person
who used the app the most and lost the most weight. It is likely that rates of discontinuation
are also high for diabetes-specific mHealth technologies—the few (/7=3) robust studies in
our review that examined data on utilization showed high rates of abandonment. However,
mHealth interventions may be a useful tool for highly motivated participants and utilization
may increase with a clinician’s recommendation [10ee].

Conclusions

Mobile and smartphone (mHealth) technologies are likely to have an important, but still
undetermined role, in diabetes care and self-management. More research is needed to
determine the effectiveness of these interventions across a range of possible clinical and
patient-centered endpoints. The quality of research on the effectiveness of mHealth
interventions for diabetes is poor—only 21 % of the studies in the literature provided valid
evidence about the effectiveness of an mHealth intervention. However, the majority of the 20
robust studies in our review found that the mHealth interventions for diabetes were effective
at improving short-term primary endpoints. Successful mHealth interventions will likely
involve active patient engagement and a role for providers. If robust research demonstrates
the long-term effectiveness of mHealth technologies in real-world populations, provider
reimbursement or incentives to use mHealth technologies should be implemented as a
general strategy for improving diabetes outcomes.
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Descriptive Narrative Review Study

M Robust studies

Number of diabetes mHealth articles by type of article (7=212). “Robust studies” utilized
one of the following study designs: randomized controlled trials (RCTs), controlled before-
after (CBA\) studies, or interrupted time series (ITS) studies with at least three time points
before and after the intervention
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