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Abstract

Introduction: Type 2 diabetes mellitus (T2DM) is a highly prevalent chronic disease with an increasing mortality rate
over the last decade. Diabetes self-management education (DSME) programs have been reported as essential to improve
survival; however, patient adherence rates are very low. Therefore, digital devices have been created to deliver DSME at a
distance and enhance program attendance. This study aims to assess the effects of digitally delivered DSME programs on
the glycosylated hemoglobin (HbA1C) of patients with prediabetes and T2DM.
Methods: We researched PUBMED databases for randomized controlled trials (RCT) and observational studies (OS)
published between 2012-2022 in English, Portuguese, or Spanish. The selected articles tested digital DSME interventions
against treatment as usual (TAU) on adults (>18 years) previously diagnosed with T2DM or prediabetes. The result was
measured by determining the HbA1c levels.
Results: Out of 261 articles, 14 RCTs were selected based on eligibility criteria. Digital DSME technologies have different
objectives, including monitoring glycemic fluctuation, insulin titration, nutritional guidance, sleeping assessment, enhance-
ment of physical activity, control of comorbidities, relevant task notifications, personalized treatment recommendations,
educational content, and patient/medical staff remote interaction. Some of the technologies combined machine learning
techniques for different functions, including detecting adverse glycemic events, physical activity, and blood pressure, among
others. Although the level of adherence varied among the various trials, 4 of the 14 RCTs analyzed reported a significant
reduction of HbA1c levels using these digital devices compared to TAU.
Discussion: Programs providing digital DSME education is a potentially cost-effective tool to improve diabetes care
worldwide by overcoming distance barriers, facilitating physician-patient communication, and reducing HbA1c levels.
Future improvements in implementing these technologies could enhance user compliance and contribute effectively to
diabetes management.

Introduction

Type 2 diabetes mellitus (T2DM) is a chronic
metabolic disease with a global prevalence of 10.5%
among adults (Sun et al., 2022). Diabetes-related
mortality has been increasing in the last decade, es-
pecially in developing countries (WHO, 2016).
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The American Diabetes Association (ADA)
strongly recommends a diabetes self-management
education (DSME) program for patients with T2DM
to achieve the skills needed for self-care management
and decision-making (American Diabetes Association
Professional Practice Committee, 2022b). Although
this method has been demonstrated to improve the
quality of life of these patients and to reduce glycosy-
lated hemoglobin (HbA1c) levels, mortality risk, and
health care costs (American Diabetes Association Pro-
fessional Practice Committee, 2022b; Li et al., 2018);
adherence rate is approximately 10% (Coningsby et
al., 2022).

Recently, new digital instruments have been en-
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gineered to deliver DSME programs remotely cost-
effectively, facilitating attendance and motivating
more people with diabetes to participate in these
activities (Bassi et al., 2021). Furthermore, these tech-
nologies have shown similar or even greater results
regarding HbA1C reduction and patient engagement
than in-person methods (American Diabetes Associa-
tion Professional Practice Committee, 2022b). How-
ever, a comprehensive analysis of the available DSME
programs still needs to be improved. Therefore, our
objective is to review the effectiveness of the leading
digital DSME tools in relation to HbA1c levels in
adults with prediabetes or T2DM.

Materials and Methods

Eligibility Criteria

Randomized controlled trials (RCTs) or observational
studies (OSs) that gathered all the following criteria
were included in the analysis: 1) comparing a
digital DSME device against in-person treatment
as usual (TAU); 2) in adults (>18 years) diagnosed
with T2DM or pre-diabetes according to ADA’s
guidelines; 3) using HbA1c as an outcome; 4) and
being written in English, Portuguese, or Spanish.
Studies were excluded if they involved children or
patients diagnosed with non-T2DM.

Design and Data Sources

This review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (Page et al.,
2020). Digital Intervention was defined as using digi-
tal and technology resources to educate the patients
about their disease, such as cellphones, tablets, tele-
health, or other forms of web-based conferencing or
interface for exchanging information about disease
or health behaviors.

The following search strategy was conducted
on 9th September 2022, using Medline database:
(diabetes[Title]) AND ((Digital[tw]) OR (Digital
platform-based[tw]) OR (Digital health tools[tw])
OR (Digital health intervention[tw]) OR (Digital
health profession[tw]) OR (digital media[tw]) OR
(Digital intervention self-management education[tw])
OR (Digital communication[tw]) OR (Digital ed-
ucationassisted[tw]) OR (Digital education[tw])
OR (Digital education methods[tw]) OR (Digital
technology[Mesh])). Filters: Clinical Study. Sort by:
Most Recent.

Data collection

Two reviewers (LS and KPB) independently screened

and reviewed the articles and extracted study data.
A third author (CVM) resolved any disagreements.
Data were generated by reporting the digital DSME
interventions’ characteristics, their role in T2DM
prevention, and their impact on HbA1c reduction
and patient adherence. All data were organized into
a table (table 1) and a narrative description.

Data Extraction

From the included studies, data on HbA1c was
extracted as the primary outcome.

Synthesis methods

A qualitative systematic synthesis was performed
using a critical interpretive method based on the
studies’ key concepts, such as DSME technologies’
characteristics, effectiveness, and intervention adher-
ence. The included articles are summarized in Table
1. The assessment of the risk of bias was evaluated
by applying the Risk of Bias 2 (RoB2) tool, which
is displayed in Figure 2. 58,3% of articles showed
a low risk of bias, 16,7% raised some concerns, and
25% classified as at high risk. The features that rep-
resented an increased risk of bias were those related
to the outcome analysis (measurement of the out-
come and missing data) or a possible selection of the
reported results.

Results

The study selection process is displayed in Figure 1,
a flow diagram adapted from PRISMA´s guidelines.
The initial search displayed 261 studies. Two authors
(LS and KPB) reviewed the titles and abstracts of all
261 articles, excluding 208, for the following reasons:
they were not related to diabetes (n = 146), were
about gestational diabetes (n = 9), assessed type 1
Diabetes (n = 16), or did not evaluate digital interven-
tions for DSME (n = 37). The same two authors (LS
and KPB) excluded one report because of restricted
access to the full text. Moreover, these two authors
reviewed the full text of the 53 remaining articles,
excluding 39 articles for the following reasons: they
were protocols or ongoing trials (n = 16), did not
assess the outcome of interest (n = 26), the control
group did not receive in-person TAU (n = 2), there
was no control arm (n = 1), the target population
was not correct (n = 1), or did not assess digital in-
terventions for DSME (n = 2). A third author (CVM)
resolved any discrepancies. A total of 14 articles
were eligible for full-text screening (Christensen et
al., 2022; Farmer et al., 2021; Fortmann et al., 2017;
Frias et al., 2017; Gong et al., 2020; Hilmarsdóttir et
al., 2020; Kassavou et al., 2020; Katula et al., 2022;
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Figure 1: Flowchart adapted from the PRISMA flow diagram template.
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Figure 2: For randomized (left) and cluster randomized trials (right). RoB2 applicative is available at:
https://www.riskofbias.info/welcome.

Kleinman et al., 2017; Kulzer et al., 2018; Lee et al.,
2022; McLeod et al., 2020; Middleton et al., 2021; Xu
et al., 2020).

Discussion

Cases of T2DM have been increasing globally, re-
sulting in higher costs. Management and follow-up
of patients with chronic conditions such as T2DM
solely based on direct patient interaction with their
primary care physician can hinder the overall control
and progression of the disease. They may result in
insufficient management of the patient’s needs en-
tirely. Using new technologies can result in better
follow-up and control, resulting in patient compli-
ance and adherence to the established treatments by
their primary care physicians.

It is possible to extend the services offered by a
healthcare system through digital health interven-
tions. One clear example is the DSME interventions
that can be achieved through the digital strategies
discussed in this review.

DSME technologies have been reported to help
manage patients with type 2 diabetes and cardio-
vascular risk factors. Although the management of
glycemic levels has been reported to decrease the inci-
dence of microvascular complications, macrovascular
outcomes were not significantly different in patients

with better glycemic control (King et al., 1999). In
recent years, the strategy of reducing cardiovascu-
lar risk to reduce mortality and microvascular com-
plications has received further attention (American
Diabetes Association Professional Practice Commit-
tee, 2022b). Additionally, novel medications such as
Liraglutide and, more recently, the Sodium-Glucose
Co-Transporter 2 (SGLT2) inhibitors have reduced
mortality by interfering with other biological path-
ways and moving beyond just the glycemic control
(Lopaschuk & Verma, 2020; Marso et al., 2016). But
all these pharmacological or non-pharmacological
life-saving interventions only work if the patients
adhere to the treatment regimen. Previous studies
suggest that DSME is part of the multidisciplinary
management required by the patients, which empow-
ers them to participate in their disease monitoring
actively.

Technology and data monitoring devices have been
studied in patients with T2DM treated with insulin.
These studies suggest that such devices facilitate per-
sonalized diabetes-care models, helping the physi-
cian in decision-making and encouraging patient
communication with the healthcare team (Heine-
mann et al., 2020). However, most apps lack rein-
forcers for improving medication adherence (Huang
et al., 2019).

There are some limitations in our study. Although

24 Principles and Practice of Clinical Research (2023) 9; 2



Systematic Review

Table 1: Summary of the articles included for the review.
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Table 1: Summary of the articles included for the review (continued).
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Pubmed is one of the most commonly used and ideal
databases for reviewing biomedical electronic liter-
ature (Falagas et al., 2008), adding other databases
would have broadened our study and included more
studies. To reduce this bias, we developed a broad
initial search strategy to screen many articles to be
included in our review appropriately. However, an-
other limitation is the final low number of pieces
included because of our stringent criteria. Because of
the high heterogeneity of the population and proto-
cols used in this area of ongoing research, we decided
to limit our scope further to increase the validity of
our results. Despite including a limited number of
studies, our results and conclusions are coherent with
the existing literature (Mayberry et al., 2019; Pal et
al., 2018; Sly et al., 2022). Finally, the use of HbA1c as
a surrogate outcome might be statistically significant,
although it might not reach a clinically significant
improvement. Nonetheless, digital interventions that
can improve HbA1c could also improve adherence,
and lifestyle changes, among others; thus, the impact
of an intervention with a subsequent improvement in
HbA1c could also give rise to improvement in other
areas outside the scope of this review.

Conclusions

Future research should focus on different patient
populations to increase the adoption of diabetes
self-management technologies. This is because the
current technologies may not be accessible or user-
friendly for everyone. Additionally, the differences in
socio-cultural backgrounds and age groups among
patients in different geographical locations can result
in inconsistent results from various studies. Thus,
the impact of these factors needs to be further inves-
tigated. Furthermore, multiple DSME technologies
are designed for different purposes and approaches.
However, there is currently no standard multidisci-
plinary approach for managing these patients. A
standardized and effective intervention is needed to
make DSME a viable option for healthcare providers
in all income settings. In the future, randomized con-
trolled trials that analyze specific DSME protocols as
part of a comprehensive treatment plan may lead to
the wider adoption of DSME in clinical practice.
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