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Review Article

Diabetes is a chronic condition requiring ongoing self-man-
agement and support.1 Education and skill development for 
effective self-management is described in the United States 
National Standards (Standards) for Diabetes Self-Management 
Education and Support (DSMES).2 Self-management support 
is recognized as a key component in new, evolving models of 
care including patient-centered medical homes (PCMH), 
accountable care organizations (ACO), and population health 
programs.3,4,5 Health care payment methods are evolving from 
fee-for-service (per visit) to value-based systems where pay-
ment is based on clinical quality and costs.6

The use of technology in diabetes self-management educa-
tion and support and management has expanded since the 
introduction of mobile technology with ubiquitous availability 

and adoption by all populations.7 These technologies provide 
a platform for the rapid development of person-centered inter-
ventions that support self-management beyond traditional 
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Abstract
Background: Since the introduction of mobile phones, technology has been increasingly used to enable diabetes self-
management education and support. This timely systematic review summarizes how currently available technology impacts 
outcomes for people living with diabetes.

Methods: A systematic review of high quality review articles and meta analyses focused on utilizing technology in diabetes 
self-management education and support services was conducted. Articles were included if published between January 2013 
and January 2017.

Results: Twenty-five studies were included for analysis. The majority evaluated the use of mobile phones and secure 
messaging. Most studies described healthy eating, being active and metabolic monitoring as the predominant self-care 
behaviors evaluated. Eighteen of 25 reviews reported significant reduction in A1c as an outcome measure. Four key elements 
emerged as essential for improved A1c: (1) communication, (2) patient-generated health data, (3) education, and (4) feedback.

Conclusion: Technology-enabled diabetes self-management solutions significantly improve A1c. The most effective 
interventions incorporated all the components of a technology-enabled self-management feedback loop that connected 
people with diabetes and their health care team using 2-way communication, analyzed patient-generated health data, tailored 
education, and individualized feedback. The evidence from this systematic review indicates that organizations, policy makers 
and payers should consider integrating these solutions in the design of diabetes self-management education and support 
services for population health and value-based care models. With the widespread adoption of mobile phones, digital health 
solutions that incorporate evidence-based, behaviorally designed interventions can improve the reach and access to diabetes 
self-management education and ongoing support.
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computer, web-based programs, and underutilized traditional, 
institution-based, diabetes education programs. In this article, 
we refer to DSMES as the traditional, in-person, diabetes edu-
cation programs following the Standards, including services 
that quality for Medicare reimbursement. We define diabetes 
self-management education and support as encompassing a 
wider definition of diabetes education, implemented by the 
health care team including diabetes educators, nurses, dieti-
tians, health care providers, coaches, community health work-
ers, and others that may or may not follow the Standards and 
may not be currently reimbursed.

Technology attributes that support the informed, activated 
patient and the prepared, proactive team to produce out-
comes include a complete feedback loop.8 This feedback 
loop incorporates monitoring, interpretation of data, adjust-
ment of treatment, and communication of tailored advice and 
repetition of the cycle as required elements.9 Diabetes self-
management education and support incorporates analysis of 
patient-generated health data (PGHD) including structured 
glucose data, lifestyle data, and a structured feedback 
loop.10,11 The application of this feedback loop to chronic 
condition management is incorporated in the e-Health 
Enhanced Chronic Care Model.12

Many review articles have been published on the applica-
tion of computer technology in health care. This growing body 
of knowledge includes the impact of technology-enabled self-
management in diabetes. There is a need for a systematic 
review of recent articles to clarify the status of technology in 
diabetes self-management education and support. The 
Standards for DSMES2 and the American Association Diabetes 
Educators 7 Self-Care Behaviors© (AADE7)13 provide a con-
text for evaluating the effectiveness of technology in people 
with type 1 and type 2 diabetes.

By systematically examining high quality published review 
articles this summary provides health care organizational deci-
sion makers with the current evidence to evaluate technology-
enabled solutions for diabetes self-management education and 
support that address the Standards, evolving models of care and 
reimbursement, and appropriate behavioral frameworks.

Methods

The reviewers searched for English language documents pub-
lished between 2011 and 2017. A medical librarian searched 
multiple databases using appropriate subject headings and text 
words related to technology, diabetes mellitus, self-management 
or self-care or patient education, and systematic reviews or 
meta-analysis following Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA)14 recom-
mendations. See Figure 1 for the PRISMA flow diagram.

Sources and Searching

The electronic databases searched were Academic Search 
Premier, Cumulative Index to Nursing and Allied Health 

Literature (CINAHL), Health Source: Nursing/Academic 
Edition, Medline Complete, and PubMed. The initial 
searches were completed in August 2016 and repeated in 
December 2016 to retrieve current literature. The team iden-
tified additional articles from references and hand search-
ing.15 See Appendix A for the search strategy.

Duplicates Removed

After identifying duplicates, researchers screened abstracts 
from 265 articles specific to diabetes self-management or 
education interventions using technology. A total of 145 full-
text articles met our criteria. Articles identified the impact of 
technology on diabetes self-management education and sup-
port; articles without measured outcomes were excluded. If 
technology was not a major focus of the article it was 
excluded. We included 25 articles for data extraction. Each 
full-text article was assigned to 2 reviewers for data extrac-
tion. When there was disagreement between the 2 reviewers, 
a third reviewer examined the article before inclusion.

Screening Criteria

Only high quality systematic reviews were eligible for 
inclusion; reviews lacking multiple elements of Assessing 
the Methodological Quality of Systematic Reviews 
(AMSTAR) methodological criteria16 were excluded. Our 
highest AMSTAR scores of 22 were given for the Pal17 
study in the Cochrane Database and Kitsiou et al;18 the 
average AMSTAR score was 18 (range 22-11). The 
AMSTAR score rated each yes or exact match as a 2 for 
each AMSTAR question; a partial match scored as 1; for 
example, question 5 asks if a list of studies (included and 
excluded) was provided, we scored 1 when the included 
studies were listed in the bibliography and excluded stud-
ies were described by a simple count, a no or can’t answer 
evaluation received a zero score. Risk of bias in the 
selected reviews was assessed by using AMSTAR question 
10. Most selected reviews (16/25, 64%) included graphical 
aids, such as a funnel plot or described the likelihood of 
publication bias in their reviews. See Appendix B for indi-
vidual AMSTAR scores.

Studies of school site or classroom interventions were 
excluded. Studies that focused only on diabetes devices (eg, 
insulin pump, continuous glucose monitors) were excluded. 
The full-text articles from publications older than 2013 were 
removed from eligibility because they did not reflect current 
mobile phone technology. Twenty-five systematic reviews 
met our inclusion criteria. See Table 1 for the list of articles, 
by first author, AMSTAR scores, and study characteristics.

Results

The authors developed tables for data analysis with the type 
of diabetes addressed in the review article, the types of 
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technology used for the intervention along with outcomes 
measured. The most common health outcome measure was 
hemoglobin A1c (A1c). This shared data element allowed 
comparison between the varying interventions addressed in 
these reviews.

Outcomes are listed in Table 2. Table 3 describes the 
intervention features and A1c change. Table 4 identifies the 
AADE7 self-care behaviors addressed by the reviews that 
are essential for diabetes self-management.13 Including other 
core data elements19 from the AADE7 self-care behaviors 
facilitated the generalizability of interventions.

Study Characteristics

Most of the selected reviews used research from locations 
around the globe. Three reviews included only US stud-
ies.20-22 The mean age range reported was from 1 to 80 years 
old. Nine studies did not report age ranges (see Table 1). Six 
studies reported on education, income, socioeconomic sta-
tus, or ethnicity.23-28

Type of Diabetes

Most of the included studies included outcomes in type 1 and 
type 2 diabetes (15/25); 8 focused on type 2 diabetes. Type 1 
diabetes outcomes were addressed in a review of a secure 
message service21 and one study22 did not specify the type of 
diabetes.

Outcomes Measured, Primary Focus

Twenty-two studies included A1c as an outcome. Two reviews 
studied medication adherence and other self-management 
behaviors without reporting A1c levels.29,30 Improvements in 
A1c were reported with reductions ranging from 0.1%31 to 
0.8%.18 Table 3 shows the significant A1c outcomes reported 
as a decrease, a difference between intervention and control, 
or a range of values.

Other reported outcomes included patient satisfaction 
(4/25), self-efficacy (3/25) and engagement with technology 
(5/25). Many studies included blood pressure (7/25) and 

Figure 1. PRISMA flow diagram. Study selection. Searched PubMed, Medline Complete, Academic Search Premier, Cumulative Index of 
Nursing and Allied Health Literature, Health Source: Nursing and Academics.
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weight (6/25) along with other laboratory findings (9/25); 3 
included healthy eating as an outcome 20,24,30 and 3 included 
quality of life measures.18,23,32 Complications, including foot 
health, screening exams and immunizations, were identified 
by Wu et al33 in their review. Smoking status was included in 
2 reviews.28,29

In general, participants with type 2 diabetes improved 
A1c more than participants with type 1 diabetes.18,33-35 
Incorporating multiple modalities, such as text messaging or 
other mobile interventions and web–based tools in combina-
tion, was more effective at improving outcomes compared to 
singular interventions.18,34,36

Type of Technology

Studies reviewed multiple types of technology (Table 2). 
Mobile phones (19/25) were the most frequently evaluated 
technology followed by secure messaging (12/25) and web-
based information (12/25). Mobile phone applications were 
the primary technology of interest by Bonoto et al,23 Kitsiou 
et al,18 and Wu et al.33 Six other reviews included app tech-
nologies (9/25). Nine reviews included text messaging, 8 

included wireless devices, 5 included electronic mail or 
video conferencing, and 4 reviews identified decision sup-
port or telehealth as one of the technologies for diabetes edu-
cation. Three reviews included electronic medical 
records11,20,30 and one described social media technologies.34

Intervention Features

Four key concepts emerged during the analysis of the inter-
vention features in the reviews: 2-way communication, 
PGHD analysis, education, and feedback (Table 3). These 
concepts support the complete feedback loop described by 
Jimison9 as essential for technology-enabled interventions. 
Nineteen of the 25 reviews described communication strate-
gies that are 2-way between participant and health care team. 
Patient-generated health data were analyzed in Cui et al37 
and Garabedian et al.22 Tracking of PGHD was described in 
5 of the reviews.18,21,32,38,39 Tracking and analysis of the 
PGHD together were described in most these reviews (11/19, 
58%) however, Saffari et al36 did not clarify how PGHD 
were used but concluded that interactive data sharing was 
more effective. Education was described in these reviews as 

Table 1. Selected Reviews With AMSTAR Scores, Number of Articles, Number of Research Participants, and Their Mean Age or Age 
Range (n = 25).

Author Date
AMSTAR 

total No. articles No. subjects
Mean age or 
range (years)

Alharbi 2016 17 32 40 454 NR
Amante 2014 17 16 73 579 30-75+
Anglada-Martinez 2015 19 20 7402 1-80
Bonoto 2017 21 13 1263 13-62
Connelly 2013 17 15 4540 51-62
Cui 2016 17 13 1022 45-67
El-Gayar 2013 12 16 NR NR
Garabedian 2015 12 20 NR NR
Greenwood 2014 19 15 3744 47-71
Hall 2015 21 15 50 809 NR
Hamine 2015 11 107 7765 NR
Harrison 2014 17 26 NR 4-79
Hou 2016 19 14 1360 34-62
Kitsiou 2017 22 16 11 833 NR
Kuo 2016 14 11 43 538 4-79
Nelson 2016 13 24 3076 39-62
Or 2014 19 62 NR NR
Pal 2013 22 20 3578 46-67
Pereira 2014 14 14 2802 25-75
Peterson 2014 17 14 422 NR
Saffari 2014 19 10 960 53
Tao 2013 19 43 6486 9-71
Toma 2014 20 34 4977 15-71
Wu 2017 21 12 974 NR
Zhai 2014 20 47 7688 43-71

Abbreviations: NR, not reported, not all the selected systematic reviews identified the total number of people living with diabetes who participated in the 
research, some reported the average number or range of participants and ages.
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either general or customized. Most of the reviews (11/19, 
58%) described a combination of general and customized 
educational content. General diabetes self-management edu-
cation only was described in 5 of the reviews.18,32,34,36 
Generally speaking education was not well defined or 
reported. Two reviews reported on tailored education.11,35 
Feedback to the participant was described in these reviews as 
either live38 (1/19), automated22 (1/19) or a combination of 
both (16/19, 84%). The type of feedback provided was not 
described by Peterson.21

Self-Management Behaviors

The AADE7 self-care behaviors13 provide a framework to 
identify essential behaviors for managing diabetes including 
healthy eating, being active, monitoring, taking medications, 
risk reduction, problem solving, and healthy coping. 
Technology-enabled self-management in the 25 studies 
reviewed addressed many of these behaviors, a few reviews 
did not identify specific behaviors but described the impact 
of the technologies on “lifestyle changes.”18 See Table 4.

Healthy eating was described as “eating,” diet, or nutri-
tion in 19 of the reviews. Being active was described as exer-
cise or physical activity (17/25). Monitoring was referred to 
as remote patient monitoring or self-monitoring of blood 
glucose (17/25). Medications were addressed by medication 
management in 15 of the reviews. Risk reduction included 
the concept of complications and was described in 5  
reviews.24,32,33,36,40 Problem solving (7/25) was described in 
shared decision-making and communication between health 
care providers and participants for the purpose of changing 
medications. Healthy coping strategies (5/15), including peer 
support by others living with diabetes and stress manage-
ment, were less frequently described.

Discussion

The intent of this systematic review was to identify and eval-
uate the results from high quality reviews and meta-analyses 
that measured the impact of technology-enabled diabetes 
self-management education and support. Our team employed 
rigorous methodologies to identify articles that demonstrate 

Table 2. Summary Table of Technology Used and Outcome Measures Reported in Included Reviews (n = 25).

Author Type of technology Outcome measure

Alharbi SP, tHealth, Web A1c
Amante SMS, Web A1c +, BP, usage
Anglada-Martinez SMS Med
Bonoto Apps A1c +, BP, weight, QOL
Connelly CD, C, SP, Text, Web A1c
Cui C, SMS, SP A1c +, BP, weight
El-Gayar Apps, C, EMR A1c +, PA,
Garabedian Apps, SMS, SP, tHealth WD A1c, BP, usage
Greenwood EMR, SMS, tHealth VC, Web A1c
Hall SMS, SP, Text Comp, weight
Hamine C, SMS, SP A1c +, usage
Harrison C, SMS PS
Hou Apps A1c
Kitsiou Apps, C, SP, SMS, Text, WD Web A1c, PS, QOL, SE, weight
Kuo EMR, SMS, WD A1c +, BP
Nelson Apps, SP, Text, Web Usage
Or Apps, C, SP A1c +, QOL, weight
Pal Apps, C, SP A1c, SE
Pereira Apps, EM, SP, Text, Web A1c +, BP, EB, SE, PA
Peterson Apps, SP, Web, VC A1c
Saffari SMS, Text, Web A1c
Tao Apps, C, tHealth, Web A1c
Toma EM, SM, SMS, SP, Web A1c +, BP, PS
Wu Apps A1c
Zhai EM, SP, VC, WD, Web A1c

Abbreviations: A1c, hemoglobin A1c; A1c +, hemoglobin A1c and other laboratory results; apps, mobile applications; BP, blood pressure; C, personal 
computers, laptops, personal digital assistants, tablet computers, touchscreen computers; CD, compact disks; COMP, complications; EB, eating behavior; 
EM, electronic mail; EMR, electronic medical records; Med, medication monitoring; PA, physical activity; PS, patient satisfaction; QOL, quality of life; SE, 
self-efficacy; SM, online social media; SMS, secure messaging system; SP, iPhones, smartphones, mobile phones; tHealth, tele-monitoring, telemedicine; 
Text, text message; VC, video conferencing; WD, wireless devices; Web, Internet, websites, portals.
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a significant reduction in A1c utilizing readily available 
technologies. There was extreme heterogeneity of the inter-
ventions and methodologies given this rapidly evolving 
field. However, this review demonstrates clear evidence that 
technology-enabled diabetes self-management education 
and support is effective in reducing A1c in the context of a 
complete feedback loop. In this review, few studies 
researched the critical self-management concepts of problem 
solving, reducing risk and healthy coping behaviors. 
Systematic reviews published prior to 2013 featured tech-
nologies and interventions that were less mature with mini-
mal benefit on outcomes. More recent reviews demonstrating 
consistent and significant A1c reductions included the tech-
nology intervention components of the complete feedback 
loop between participants and the health care team.9

Technology-Enabled Self-Management (TES) 
Feedback Loop
Effective technology-enabled self-management is facilitated 
by the TES feedback loop between a person with diabetes 
and their health care team. The authors identified 4 key ele-
ments and defined the TES feedback loop that contributed to 
an improved A1c: (1) 2-way communication, (2) PGHD 
analysis, (3) education, and (4) feedback (see Figure 2).

Communication

Communication, in this article, is defined as a 2-way com-
munication where both sender and receiver are engaged, 
facilitated by way of technology. Jimison9 noted that 1-way 
communication had no impact on participant outcomes. 

Table 3. Intervention Features of Studies With Significant A1c Outcomes (n = 18).

Review Intervention features A1cc

Authora,b Communication 
(1- or 2-way)

Patient-generated 
health data  
(tracking or analysis)

Education content
 (general or 

customized)

Feedback
 (automated or 

live)

 

Garabedian 2 Analysis Both Automated −0.8% decreased

Cui 2 Analysis Both Both −0.4% diff
Alharbi 2 Both Both Both −0.5% diff
Bonotob 2 Both Both Both −0.4% diff P < .001
Greenwood 2 Both Both Both −0.2 to −1.2 rangee

Hou 2 Both None Both −0.5% diff
Kuo Both Both Both Both −0.5% diff
Palb Both Both Both Both −0.2% diff P = .009

Mobile:
−0.5% diff P < .00001

Pereira Both Both Both Both Significantf

Saffarib Both Both Both Both −0.5% diff P < .001
SMS and Internet:
−0.9% diff P < .001

Taob Both Both Both Both −0.3% diff P < .00001
Mobile:
−0.4% diff. P < .00001

Wu Both Both Both Both −0.5% diff
T2D: −0. 7% diff

Tomab Both Both General Both −0.5% diff P < .00001
Kitsiou Both Tracking General Both T2D: 0.8% decreased

T1D: −0.3% decreased

Orb Both Tracking General Both −0.3% decreased P < .001
Zhaib Both Tracking General Both −0.4% diff
Hamine Both Tracking None Live 11/26 studiesg

Peterson Both Tracking None None 7/15 studiesg

−0.6% to −0.8% rangee

Abbreviations: Diff, difference-between intervention and control; SMS, text messaging; T1D, type 1 diabetes; T2D, type 2 diabetes.
aAuthors ordered from most features to least features.
bItems signify a meta-analysis.
cA1c was not reported consistently in reviews; P values are included if they were reported.
dDecrease means there was a decrease in A1c reported.
eRange refers to the range of A1c difference reported.
fSignificant means authors did not specify an A1c level.
gStudies indicates the number of studies reporting significant A1C.
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One-way communication typically consisted of personalized 
educational materials.21,33,35,37 Most of the reviews described 
2-way communication strategies. In the review by Peterson21 

focusing on type 1 diabetes, 2-way communication improved 
A1c in 12/14 studies. Greenwood11 documented that 10/15 
studies described an interactive communication process 
between participants and providers using problem solving 
and shared decision-making strategies. Nelson27 and Toma34 
concluded that direct communication with health care pro-
viders improved outcomes and facilitated engagement. 
Several reviews identified the value of communication and 
feedback together.23,24,34,36,38 Bonoto23 determined that 
mobile apps have better outcomes when communication is 
possible with the health care team. Several studies deter-
mined that mobile communication resulted in greater 
improvement in A1c compared to web-based interven-
tions.17,18,21,26,38,40 One finding in a recent descriptive study 
concluded that participants may need training in how to best 
construct appropriate messages to their health care team to 
engage in 2-way communication.41

Patient-Generated Health Data

Patient-generated health data may include glucose and other 
biometric health data, lifestyle choices, symptoms and other 
information created, recorded and shared by the participant. 
However, simply tracking PGHD is not sufficient; data need 
to be analyzed for patterns and trends in relation to the indi-
vidual participant and these data need to be interpreted and 

Table 4. AADE7 Self-Care Behaviors Addressed by Technology (n = 25).

Author Healthy Eating Being Active Monitoring Taking Medications Reducing Risk Problem Solving Healthy Coping

Alharbi X  
Amante X X  
Anglada-Martinez X  
Bonoto X X X X  
Connelly X X  
Cui X X  
El-Gayar X X X X X  
Garabedian X X X X X  
Greenwood X  
Hall X X  
Hamine X X X X  
Harrison X X X X  
Hou  
Kitsiou X X X X  
Kuo X X  
Nelson X X X X  
Or X X X X X X
Pal X X X X X X
Pereira X X X X X
Peterson X  
Saffari X X X X  
Tao X X X X X
Toma X X X X X X
Wu X X X X X X
Zhai X X X X  

Figure 2. Technology-enabled self-management (TES) feedback 
loop.
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shared with the participant in a meaningful way to change 
the plan of care.9,42 Studies show improved A1c when par-
ticipants document their own health data, review data online 
and in real-time.17,22,34,36,38 The generation of structured glu-
cose data (e.g., 3-day profile, checking in pairs, etc) is 
required to analyze glucose data in a meaningful way and 
provide actionable feedback.11,42 The review by Greenwood11 
identified 7 studies that described complex systems to ana-
lyze data and were associated with significant improvement 
in A1c whether through automated algorithms or by skilled 
health care providers.

Health care teams are exposed to an overload of data and 
may not be equipped to analyze and verify the submitted 
PGHD or provide feedback when large volumes of content 
are received.43 Systems that analyze PGHD will relieve some 
of the health care team burden as technology evolves. In 
addition, people with diabetes may need education or train-
ing on how to effectively transmit PGHD to the health care 
team.12

Education

Education is defined as diabetes self-management education 
and support addressing one or more of the AADE7 self-care 
behaviors.44 According to Ceriello et al42 education is the ini-
tial process in personalized care management for the person 
with diabetes. Education from the health care team often 
triggers the TES feedback loop. The person with diabetes 
assimilates the provided education into their own self-man-
agement plan then sends PGHD back to the health care team 
for analysis and interpretation. Finally, customized and tai-
lored education, applying the AADE7 self-care behaviors, 
can be transmitted back to the person with diabetes thus 
completing a cycle of the feedback loop. Importantly, this 
customized education should be based on the interpretation 
of PGHD to provide tailored and targeted content to the indi-
vidual and their unique circumstances.20,33,37 Using technol-
ogy to deliver general education content, for example, 1-way 
text messaging, may be less effective because it may appear 
irrelevant to the participant and may not follow the self-man-
agement goals or plan of care.9 In general, the concept of 
education is the least well defined and reported concept in 
the reviews.

Feedback

Feedback is the essential component to complete the feed-
back loop. Feedback must be individualized and specifically 
target the PGHD and communications. Feedback may be live 
or automated based on algorithms evaluating PGHD. Some 
research indicates that asynchronous feedback—data trans-
fer that takes place in separate time frames, not simultane-
ously—may be more productive as it allows the participant 
to consider the exchange of data, information and knowledge 
without the influence of their current circumstances or 

environmental factors in a “controllable and less stressful” 
environment compared to traditional face-to-face patient-
provider communications.45 Pereira24 noted that asynchro-
nous communication was positive for participants as it 
provided time to process, learn and respond. Significant A1c 
improvement is associated with individualized, personalized 
and tailored feedback, whether through automated algo-
rithms or health care teams.11,36,40,46 Several studies noted an 
improvement in A1c specifically when PGHD were incorpo-
rated11,18,22,23 and when feedback was in real time.11,22,34,38 
Feedback is critical to the success of the TES feedback loop. 
Notably, Cui37 in a meta-analysis showed studies without 
feedback were not statistically significant. The TES feed-
back loop is a continuous process, evolving over time, and 
potentially improving as more data are available to analyze.

Limitations

This review has limitations. In the meta-analysis by Pal,17 11 
studies had nonsignificant differences in A1c, and overall only 
demonstrated a small significant A1c difference of −0.2%; 
however, studies focused on mobile phones showed a −0.5% 
difference. We did not conduct a meta-analysis, however, in a 
large meta-analysis of 111 randomized clinical trials published 
after this systematic review was completed, Faruque47 con-
firmed the significant A1c reductions ranging from −0.57% at 
3 months to −0.26% at 12 months. Several reviews did not 
include A1c as an outcome. Multiple studies indicated that 
although there were significant differences in A1c reduction 
between groups, individuals on average did not attain an A1c 
less than 7%.23 This review did not include studies of diabetes 
devices including insulin pumps and continuous glucose moni-
tors due to the lack of mobile integration into practice.

Implications for Practice

This review demonstrated that utilizing technology-enabled 
diabetes self-management education and support solutions sig-
nificantly impacts health outcomes. Solutions with a TES feed-
back loop offer the greatest impact on A1c outcomes. In the 
evolving health care environment (eg, ACOs, PCMH, etc) 
organizations, payers, and health care teams, making decisions 
regarding incorporating technology-enabled diabetes self-man-
agement education and support solutions, should assess for 
inclusion of the 4 key features of the TES feedback loop. 
Entities that provide in-person DSMES services should con-
sider finding cost-effective ways to incorporate technology-
enabled solutions as part of their existing services to afford 
individualized ongoing support, monitoring of participant 
progress, and to provide data for improving quality of care and 
population health management. Diabetes self-management 
education and support services are required during 4 key 
times—at diagnosis, during an annual assessment by a health 
care provider, when complicating factors arise, and during tran-
sitions in care.44 Technology-enabled self-management 
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solutions will facilitate engagement at these key times by 
reducing barriers of travel time and cost, time away from work 
or family, and timely engagement following hospitalizations. 
Interestingly, several studies18,33-35 found interventions utilizing 
technology improved A1c levels more in people with type 2 
diabetes compared to type 1 diabetes. This may be due to a 
variety of factors ranging from higher initial A1c levels, less 
familiarity with glucose monitoring and the associated thera-
peutics and perhaps less experience with self-management 
resulting in greater opportunities for improvement. Smartphones 
are rapidly being adopted worldwide by people of all socioeco-
nomic and ethnic backgrounds.48 Hispanics and Latinos are 
adopting use of mobile phones more rapidly than other ethnic 
groups in the United States.49 The technologies identified in 
this review were primarily mobile phones that use apps and 
text or SMS messaging. We can conclude that those typically 
affected by the “digital divide” with limited access to technolo-
gies due to economic, social, or geographic inequalities, may 
have greater access to these proven health interventions. The 
expanding smartphone market will enable the incorporation of 
other data sets not typically included in health records includ-
ing GPS location, websites visited, purchasing history, the 
Internet of things and others for the development and imple-
mentation of individualized and precision health care. Privacy 
and security of data will be a consideration as new technologies 
are incorporated. Health care providers can expand their reach 
and access to diabetes self-management education and support 
services with the inclusion of technology-enabled models of 
care into practice. Technology solutions have the potential to 
enhance the previously demonstrated significant 0.6% A1c 
improvement with traditional DSMES programs.50

Chronic conditions involve complex treatment regimens 
requiring long term health care tasks by the person with diabetes 
including medication taking, lifestyle changes, self-monitoring, 
significant paperwork to be completed, learning about reim-
bursement rules and more.51 The minimally disruptive medicine 
(MDM) care model is a person-centric approach focusing on 
helping the person with chronic illness achieve their goals and 
improve health while decreasing the burden of treatment.52 
Health care teams caring for people with diabetes should incor-
porate technologies that focus on decreasing the burden of  
treatment and the “new proactive work of re-engineered patient-
hood” by integrating the tenants of MDM.52 Technology solu-
tions should not add more work and burden for the person with 
diabetes, but through data analysis and feedback, lighten the cog-
nitive load.51 Caregivers and people with diabetes have greater 
access to PGHD via apps to support the individual and partner 
with the health care team. Organizational and professional asso-
ciations developing protocols, guidelines and standards of care 
can substantiate and recommend that technology solutions incor-
porating the TES feedback loop be incorporated in the health 
care plan to increase access to diabetes self-management educa-
tion and support and to improve A1c. A formal evaluation pro-
cess for apps and technology solutions may be needed to help 
consumers, health care providers, and health systems make 

decisions on optimal solutions based on published outcomes and 
system needs. The evidence supports the need for regulatory 
policy makers to incorporate reimbursement for technology-
enabled diabetes self-management education and support ser-
vices. Effective technology solutions must be designed with the 
TES feedback loop to integrate into the clinician workflow and 
improve efficiencies to provide the health care team with infor-
mation for decision-making in the most cost-effective manner 
for both the person with diabetes and the team.

Need for Additional Research

Although there has been tremendous progress in the use of 
technology in diabetes self-management education and sup-
port, there remains a lack of empirical knowledge on how to 
integrate technology into the daily life of the person with 
diabetes, and into the workflow of health care team and in 
new models of care. It is imperative that new technologies 
are designed with a TES feedback loop to optimize partici-
pant-health care team communication, facilitate the analysis 
of PGHD and support decision making. Kulzer and col-
leagues53 are currently conducting clinical trials in primary 
care clinics with a personalized diabetes management (PDM) 
cycle focusing on self-management education and structured 
blood glucose monitoring. Although not focusing on remote 
management, the use of software to upload and analyze 
PGHD may provide valuable support for elements of the 
TES feedback loop, specifically PGHD analysis and feed-
back. The outcomes of the PDM research will help inform 
future analysis of the elements of the TES feedback loop.

Studies in populations of nonwhite, older adult, male gen-
der, and non-English-speaking cohorts, as well as caregivers 
of people with diabetes are needed. Understanding how tech-
nology can enhance care and self-management education and 
support for people with disabilities (cognition, vision, hearing, 
etc) presents another platform for exploration. Focusing on the 
cost effectiveness of these new models, relative access, and 
ongoing engagement will provide decision makers with evi-
dence for adopting these technologies. Researchers need to 
adopt iterative and adaptive designs and evaluation processes 
since technology advances faster than traditional randomized 
controlled trials can be conducted and published.54

In addition, these new technologies need to integrate a 
behavior change, theory-based foundation in their core 
design. Evaluating the concepts of problem solving, reduc-
ing risk and healthy coping will highlight the features of 
mobile technology that enhance daily decision making. 
High-quality research of new apps or technologies with TES 
attributes will be imperative to see real improvements in 
health outcomes. Research on the use of technology-enabled 
diabetes self-management education and support, incorpo-
rating all features of the TES feedback loop, is required to 
determine the nuances of the key elements and to identify the 
minimal level of engagement by the person with diabetes 
that creates the biggest improvements in A1c. Of importance 
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is to design and test technology-enabled solutions that reduce 
the work of chronic disease management while increasing 
the ability of the person with diabetes to engage in self-man-
agement or the “work of being a patient,” and not add an 
additional burden of treatment to an already challenging con-
dition.52 The goal is to make life easier for people with dia-
betes, make work easier for the health care team, improve 
outcomes, and reduce costs for all.

Conclusion

Technology-enabled diabetes self-management solutions 
improve A1c. The most effective interventions incorporated all 
TES feedback loop components that connected people with 
diabetes and their health care team using 2-way communica-
tion, analyzed PGHD, tailored education, and individualized 
feedback. The evidence suggests that organizations, diabetes 
educators, policy makers, and payers should consider these 
solutions in the design of diabetes self-management education 
and support services for population health and value-based care 
models. With the widespread adoption of mobile phones, digi-
tal health solutions that incorporate evidence-based, behavior-
ally designed interventions can improve the reach of and access 
to diabetes self-management education and ongoing support.

Appendix A
PubMed Search

(((“Diabetes Mellitus/self-management education and 
support”[Majr] OR “Diabetes Mellitus/prevention and 
control”[Majr]) OR diabetes[ti]) AND (“self care”[mesh] OR 
self care[tiab] OR “self concept”[mesh] OR self concept[tiab] 

OR “disease management”[mesh] OR ((“disease”[MeSH 
Terms] OR “disease”[All Fields]) AND management[tiab]) 
OR “behavior and behavior mechanisms” [mesh] OR behavior 
and behavior mechanisms[tiab])) AND ((“Biomedical 
technology”[majr] OR biomedical technology[tiab] OR 
“mobile applications”[majr] OR mobile applications[tiab]  
OR “technology”[majr] OR technology[tiab] OR 
“telemedicine”[majr] OR telemedicine[tiab] OR “technology 
assessment, biomedical”[majr] OR biomedical technology 
assessment[tiab]) OR (apps[tiab] OR digital health[tiab] OR 
eHealth[tiab] OR e-health[tiab] OR health policy[tiab] OR 
health technology[tiab] OR mHealth[tiab] OR m-health[tiab] 
OR mobile health[tiab] OR patient portals[tiab] OR personal 
health records[tiab] OR public health informatics[tiab] OR 
remote consultation[tiab] OR remote sensing technology[tiab] 
OR sensor technology[tiab] OR short message service[tiab] 
OR software[tiab] OR teleconsulting[tiab] OR telehealth[tiab] 
OR telerehabilitation[tiab] OR text messaging[tiab]  
OR wearable[tiab] OR wireless technology[tiab]))  
AND (Review[ptyp] AND (“2011/01/01”[PDAT] : 
“2017/12/31”[PDAT]) AND English[lang])

EBSCOHost Search Details

Searched on Academic Search Premier, Cumulative Index to 
Nursing and Allied Health Literature (CINAHL), Health 
Source: Nursing/Academic Edition, and Medline Complete 
(diabetes mellitus OR diabetes) AND (self management or 
self care or patient self-management education and support) 
AND (technology OR biotechnology OR telemedicine) 
AND (systematic review or meta-analysis) Limiters—
Published Date: 20110101-20161231 Language: English

Author Date Amstar1 Amstar2 Amstar3 Amstar4 Amstar5 Amstar6 Amstar7 Amstar8 Amstar9 Amstar10 Amstar11 AmstarTOTAL

Alharbi 2016 2 2 2 0 1 2 2 2 0 0 0 13
Amante 2014 2 2 2 1 2 2 2 2 0 0 2 17
Anglada-Martinez 2015 2 2 2 0 1 2 2 2 2 2 2 19
Bonoto 2017 2 2 2 2 1 2 2 2 2 2 2 21
Connelly 2013 2 2 2 0 1 2 2 2 2 0 2 17
Cui 2016 2 2 2 0 1 2 2 2 2 2 0 17
El-Gayar 2013 2 2 2 2 2 2 0 0 0 0 0 12
Garabedian wood 2015 2 0 1 0 1 2 2 2 0 0 2 12
Greenwood 2014 2 2 2 2 1 2 2 2 2 0 2 19
Hall 2015 2 2 2 2 1 2 2 2 2 2 2 21
Hamine 2015 2 2 2 0 1 2 0 0 0 0 2 11
Harrison 2014 2 2 2 2 1 2 1 1 1 0 2 16
Hou 2016 2 2 2 0 1 2 2 2 2 2 2 19
Kitsiou 2017 2 2 2 2 2 2 2 2 2 2 2 22
Kuo 2016 2 0 1 2 1 2 2 2 0 0 2 14
Nelson 2016 2 1 1 0 1 2 1 1 1 1 2 13
Or 2014 2 2 2 0 1 2 2 2 2 2 2 19
Pal 2013 2 2 2 2 2 2 2 2 2 2 2 22
Pereira 2014 2 1 2 0 1 2 1 1 1 1 2 14

(continued)
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Author Date Amstar1 Amstar2 Amstar3 Amstar4 Amstar5 Amstar6 Amstar7 Amstar8 Amstar9 Amstar10 Amstar11 AmstarTOTAL

Peterson 2014 2 0 2 0 1 2 2 2 2 2 2 17
Saffari 2014 2 2 2 0 1 2 2 2 2 2 2 19
Tao 2013 2 2 2 2 1 2 2 2 2 2 0 19
Toma 2014 2 2 2 0 2 2 2 2 2 2 2 20
Wu 2017 2 2 2 2 1 2 2 2 2 2 2 21
Zhai 2014 2 2 2 0 2 2 2 2 2 2 2 20

Appendix B. (continued)

Abbreviations

A1c +, hemoglobin A1c and other laboratory results; AMSTAR, 
Assessing the Methodological Quality of Systematic Reviews; 
apps, mobile applications; BP, blood pressure; C, personal comput-
ers, laptops, personal digital assistants, tablet computers, touch-
screen computers; CD, compact disks; CFL, complete feedback 
loop; COMP, complications; diff, difference; DSMES, diabetes 
self-management and education support; PDM, personalized diabe-
tes management; PGHD, patient-generated health data; PRISMA, 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses; QOL, quality of life; SE, self-efficacy; SM, online social 
media; SMS, secure messaging system; SP, iPhones, smartphones, 
mobile phones; Standards, National Standards for Diabetes Self-
Management Education and Support; TES, technology-enabled 
self-management; t-Health, telemonitoring, telemedicine; T2D, 
type 2 diabetes; VC, video conferencing; WD, wireless devices.
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