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ABSTRACT

Objective: Diabetes Self-Management Edu-
cation and Support (DSMES) is a critical com-
ponent of diabetes care. This study aims to
examine the effect of online-based educational
interventions on diabetes management com-
pared to face-to-face interventions.

Methods: A systematic review was conducted
by searching three databases for studies in Eng-
lish or Spanish between December 2023 and
March 2024. The inclusion criteria were studies
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that compared face-to-face DSMES with online
interventions.

Results: The follow-up duration of the trials
ranged from 1 to 12 months. Multidisciplinary
teams delivered online DSMES through vari-
ous means, including Short Message Service
(SMS), telephone calls, video calls, websites,
and applications. Online DSMES was found to
be comparable to face-to-face interventions in
terms of glycated hemoglobin (HbA1c) levels in
people with type 1 diabetes (T1D). In contrast,
online interventions that focus on weight man-
agement in people with type 2 diabetes (T2D)
have shown a significant reduction in HbAlc
compared to face-to-face interventions. Online
DSMES was found to be superior in terms of
quality of life and cost-effectiveness in both T1D
and T2D. None of the analyzed studies explored
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the differences between individual and group
methodologies.

Conclusions: The current evidence indicates
that online DSMES services provide at least com-
parable biomedical benefits to face-to-face inter-
ventions, suggesting that online interventions
could be incorporated into clinical practice as a
complement or reinforcement. However, further
research is needed to explore the potential ben-
efits and effectiveness of online group sessions
in DSMES.

Keywords: Diabetes mellitus; DSMES; Online;
Face-to-face; Education; Type 1 diabetes; Type 2
diabetes

Key Summary Points

Diabetes Self-Management Education and
Support (DSMES) is essential for integrated
care of people with diabetes. It may be deliv-
ered face-to-face or online.

Online education has an advantage over
face-to-face interventions because it can be
delivered synchronously or asynchronously,
with multiple benefits in both scenarios.

The present systematic review aimed to
evaluate the potential of online education to
replace face-to-face interventions for individ-
uals with diabetes, taking into account not
only biomedical markers such as HbAlc but
also psychosocial aspects.

Online DSMES was found to be comparable
to face-to-face interventions in terms HbAlc
in people with type 1 diabetes (T1D) but
superior in people with type 2 diabetes (T2D).

Conversely, there was uniformity across both
T1D and T2D in the superiority of online
DSMES over face-to-face in terms of qual-

ity of life and cost-effectiveness. Instead of
replacing one approach with another, online
interventions could complement our clinical
practice.

Given the current time constraints and dif-
ficulties in balancing personal life, work, and
health, online DSMES could provide easier
access to knowledge for managing their
condition on a daily basis, customized to the
unique needs of individuals with diabetes.

INTRODUCTION

Diabetes is a chronic disease that affects 537 mil-
lion adults worldwide, or 1 in 10 people, and it
is expected to increase to 643 million by 2030
[1]. This chronic condition requires continuous
effort from the individual to manage their treat-
ment and health behaviors in order to achieve
an optimal physical and emotional state [2].

Diabetes Self-Management Education and
Support (DSMES) is the cornerstone of integrated
care for people with diabetes. It aims to provide
a person-centered model of care that empowers
individuals to make informed decisions, solve
problems, set personal goals, and cope with the
psychosocial burden of their condition in col-
laboration with their healthcare team [3, 4].
DSMES facilitates the development of competen-
cies in knowledge, skills, and attitudes [5]. Thus,
DSMES has led to a more personalized and com-
prehensive approach to educating people with
diabetes by incorporating behavioral and self-
management techniques into structured edu-
cational interventions [6]. Several studies have
demonstrated the positive impact of DSMES not
only on improving biomedical outcomes such
as glycated hemoglobin (HbA1c), cardiovascular
events, and mortality risk, but also on psycho-
social outcomes such as quality of life, disease
knowledge and daily management, while reduc-
ing healthcare costs [2, 7-11].

DSMES should be provided using technology
to make education and training more accessi-
ble [2], without requiring a change in treatment
type or insulin titration. In particular, online
DSMES has an advantage over face-to-face
interventions because it can be delivered syn-
chronously (in real time) and asynchronously
(delayed), with multiple benefits in both sce-
narios [12]. Health information technologies
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have been shown to effectively improve HbAlc
levels in people with type 2 diabetes (T2D) com-
pared to face-to-face care, as well as in people
with type 1 diabetes (T1D) [12-22]. Although
long-term studies assessing the barriers to proper
self-care are lacking [23], most of the studies
mentioned above compare online interventions
with usual care. This indicates that the telematic
medium could be a useful complementary tool,
and face-to-face and online formats can coexist
to optimize assistance. On the other hand, while
some pre-2020 studies have evaluated the role of
technology in diabetes [13], the COVID-19 pan-
demic undoubtedly triggered the use of online
interventions in clinical practice, being online
DSMES the main delivery method during the
lockdown period [20]. However, further research
is needed to fully understand the experiences
and needs of people with diabetes in relation to
the process of receiving DSMES. This will help
to maximize the benefits of these technologies.

The significant changes in social relation-
ships resulting from the emergence and rapid
development of communication technologies,
as well as the exponential increase in the use of
technology in healthcare, particularly in diabe-
tes, since the COVID-19 pandemic, lead us to
question at what point online education could
be established. Therefore, the aim of this review
was to assess the potential of online education
to replace face-to-face interventions.

METHODS

Study Inclusion and Exclusion Criteria
Population

This review aimed to identify the outcomes of
educational interventions for individuals diag-
nosed with T1D or T2D. Studies involving indi-
viduals with gestational diabetes, pre-diabetes,
and interventions for chronic complications
(retinopathy, diabetic foot, kidney disease) were
excluded.

Intervention

Inclusion criteria included studies that com-
pared outcomes of face-to-face and online
DSMES. A DSMES intervention refers to all
encounters, engagement, and interactions with
the people with diabetes (PWD). A DSMES inter-
vention includes individual and/or group ses-
sions and is initiated with an assessment of the
individual’s current concerns, needs, and priori-
ties to create a DSMES plan of care guided by the
PWD'’s preferred delivery method and timing.
The DSMES plan guides the delivery of sessions,
utilizing a variety of methods, while supporting
and reinforcing positive self-care behaviors [4].

Additionally, studies comparing online edu-
cational interventions with standard care were
excluded (no structured educational interven-
tion was specified to compare with standard
care, which was defined as follow-up clinic visits
with undefined educational content).

Outcomes

Studies that were eligible for inclusion examined
outcomes related to diabetes management, such
as HbAlc levels, knowledge, and quality of life.

Context and Study Design

Studies can be conducted in any context, includ-
ing clinical and community settings, and in
countries of any income level. Excluded from
this review were comments, letters to the editor,
and systematic reviews. Conference or poster
abstracts were excluded due to the limited infor-
mation provided.

Other Criteria

Only studies in English or Spanish were eligible
for inclusion.

Search Strategy

A literature search was conducted using three
electronic databases: PubMed, Cochrane, and
CINAHL. The search terms used were diabetes
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mellitus, education, education programs, self-
management education, telemedicine, tele-
health, telecare, ehealth, online, and Internet
based. The detailed search strategy is provided
in Table S1 (see Table S1 in the electronic sup-
plementary material for details).

The papers were selected from December 2023
to March 2024 without any restrictions on the
date of publication. The articles were manually
searched and stored on Mendeley. The system-
atic review results were presented following the
Preferred Reporting Items for Systematic Reviews
and Meta-Analysis (PRISMA) guidelines [24] (see
Fig. S1 in the electronic supplementary material
for details). No published protocol is available
for this systematic review.

Study Selection

One reviewer (NA) completed the search for
studies and removed duplicates. The titles and
abstracts were then blindly reviewed by two
separate reviewers (NA and VP). Any disagree-
ments regarding article relevance were resolved
through discussion.

Data Extraction

Data extraction was performed by NA and
reviewed by VP. Any disagreements were
resolved through discussion. To ensure qual-
ity, we deemed it important for the studies to
possess some of the characteristics suggested
by the standards for identifying best practices
in education. The 2022 National Standards
include six main points: Standard (1) Support
tor DSMES Services (institutional support is
necessary for the implementation of educa-
tional interventions), Standard (2) Population
and Service Assessment (interventions should
be individualized and tailored to the needs and
preferences of people with diabetes), Standard
(3) DSMES Team (the organization of educa-
tional interventions by a multidisciplinary
team is recommended), Standard (4) Delivery
and Design of DSMES Services (educational
interventions should cover the following top-
ics: ‘pathophysiology, healthy coping, healthy
eating, being active, taking medication,

monitoring, reducing risk, and problem-solv-
ing), Standard (5) Person-Centered DSMES (is
a recurring process over the life span for peo-
ple with diabetes), and Standard (6) Measuz-
ing and Demonstrating Outcomes of DSMES
Services (continuous evaluation of educational
interventions) [4]. Although there are various
types of telematics interventions [25], we chose
to concentrate on those with an educational
focus. This is due to the high heterogeneity
of educational interventions and their primary
objectives.

Regarding the curriculum for these pro-
grams, they should include the following topics
in a person-centered manner: healthy coping,
healthy eating, being active, taking medication,
monitoring, reducing risk, and problem solving
[26]. For all these reasons, the extracted data
includes the author and year, participants and
sampling, compliance with the National Stand-
ards, main outcome, endpoint time, and results.

Ethical Approval

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Study Results and Characteristics

A total of 2041 publications were found in the
three databases, resulting in 1706 for review after
manually removing duplicates. Before screening,
1320 studies were excluded for not being in Eng-
lish or Spanish, being related to prediabetes or
preventing diabetes, or treating diseases other
than diabetes. A total of 386 records were avail-
able for screening, of which 366 were excluded
as they did not compare face-to-face interven-
tions with online interventions. We identified
20 publications. Details of all included studies
can be found in Table S2 (see Table S2 in the
electronic supplementary material for details).
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Findings
Type of Diabetes for Intervention

Of the 20 studies selected, half were aimed
at people with T2D [27-36], seven at people
with T1D [37-43] and three at both type of
diabetes [44-46]. Interventions targeting T2D
addressed weight management, diabetes self-
management, and diet. Interventions targeting
T1D addressed carbohydrate counting, diabetes
self-management, caregiver training, and fast-
ing. Interventions targeting both types focused
on diabetes self-management.

Main Objectives

Thirteen of the studies considered HbAlc as
the primary endpoint [30-36, 38, 39, 41, 42,
45, 46]. Four studies included other metabolic
parameters [29-31, 44], such as glucose, lipid
profile, weight, and blood pressure. Three
studies used validated self-management ques-
tionnaires [28, 31, 39]. Two of these studies
included quality of life as the primary endpoint
[27, 39]. Only one study presented cost as the
primary endpoint [43].

Effect on HbA1c

In people with T1D, online interventions were
not superior to face-to-face DSMES in terms of
HbA1lc levels, neither in short-term (3-month)
nor long-term follow-up (12-month) [38, 39,
41, 42, 47]. In contrast, long-term online inter-
ventions focused on weight management in
people with T2D showed a significant reduc-
tion in HbA1lc [27, 34]. In a 12-month rand-
omized controlled trial including 563 adults
with T2D, the use of online tools for weight
management was associated with a reduction
of 0.32% in HbA1lc compared to an increase
of 0.16% in HbA1lc in the in person-training
group [34]. When interventions focused on
diabetes self-management, only three stud-
ies showed differences in HbAlc between the
interventions. An improvement was observed

in the online group. These studies targeted
adults with both T1D and T2D [29, 32, 44].

Quality of Life

In terms of quality of life, both studies that
investigated this outcome found that the group
that received the online intervention reported
higher levels of perceived quality of life [27, 39].
Ayar et al. found that web-based diabetes edu-
cation was an effective method for enhancing
the quality of life of adolescents with T1D. Simi-
larly, Holland-Carter et al. found that enhanced
online weight program for individuals with T2D
was superior in improving a range of psychoso-
cial outcomes specific to T2D and obesity.

Cost-Effectiveness

Paxton’s study is the only one that presents
results regarding cost. They concluded that
online interventions saved both travel time and
mileage, despite the time dedicated to training
being the same [43]. Online education was asso-
ciated with significant reductions in time and
costs compared to face-to-face education. The
time spent on travelling for delivering face-to-
face education in a year was 124 h. However, in
a year of online education, this time was reduced
to 47 h. This resulted in a savings of 10 work-
ing days and approximately £1420. Additionally,
there was a significant reduction in the number
of miles driven, which had a positive impact on
both the environment and costs.

Characteristics of Online DSMES Programs

The duration of the studies ranges from a mini-
mum of 1 month to a maximum of 12 months:
one study was conducted at 1 month [28], four
at 3 months [30, 37, 44, 47], five at 6 months
[36, 39, 41, 42, 46], one at 9 months [33], one
at 10 months [32], and six at 1 year [27, 29, 31,
34, 35, 38].

Regarding intervention duration, it is often
not reported in publications and can be a com-
plex measure depending on the delivery for-
mat. Several methods exist for delivering online
DSMES, including Short Message Service (SMS),
e-mail, phone calls, video calls, websites, and
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applications. Asynchronous interventions, such
as web consultations [29, 36], videos [30], or
training messages [34, 38], can be difficult to
time accurately. Synchronous interventions can
last anywhere from 4 h to 3 weeks, depending
on the scheduled training [28, 37, 42, 45, 46].

When 2022 National Standards for DSMES
were evaluated, all of the studies meet Standards
1, 2, 5, and 6. However, for Standard 3, eleven
studies described intervention by a multidiscipli-
nary team [29, 30, 32, 35, 36, 38, 41, 42, 44, 46,
47]. Regarding Standard 4, which refers to the
educational content that DSMES services should
include, 12 studies included the required the-
matic completeness [28, 29, 31-33, 36, 38, 39,
43, 44, 46, 47]. None of the analyzed studies
explore the differences between individual and
group methodologies.

DISCUSSION

While many studies have assessed the effective-
ness of online interventions for individuals with
diabetes, only a limited number have utilized
technology to deliver structured education and
included an active comparator. Nevertheless,
current evidence indicates that online DSMES
is at least as effective as face-to-face approaches
in terms of both biomedical and psychosocial
outcomes.

This systematic review described the potential
of online DSMES for individuals with T1D or
T2D, across both adolescents and adult popu-
lations. Most of the studies in this field com-
pared online interventions with routine care
(follow-up visits without any educational inter-
vention defined) [13-18, 20-22, 48]. However,
conclusions derived from these studies could be
more related to DSMES itself than to the specific
delivery method. Thus, the present study only
selected studies with an active comparator. In
contrast to studies without active comparator,
online DSMES was not superior to face-to-face
intervention in terms of HbAlc in people with
diabetes. The effectiveness of online interven-
tions is influenced by the user’s technological
literacy and adherence to technology use [49].
The use of online DSMES was found to be most

beneficial for patients who used the program
more frequently [31, 50]. This relationship has
been observed previously with continuous glu-
cose monitoring systems, where a higher per-
centage of device use was associated with a
greater reduction in HbAlc levels [51]. Various
technologies can be used for online interven-
tions to overcome digital barriers. These include
mobile apps, the web, social media, gamifica-
tion, and artificial intelligence [17, 23, 52-56].
In our constantly and rapidly changing tech-
nological environment, it is crucial to adapt
to social changes in order to provide effective
interventions.

Interestingly, the better results of online
DSMES were observed when the intervention
focused on weight management in people with
T2D. In fact, these results were consistent with
weight loss trials in people with T2D using anti-
obesity drugs [34, 57]. Compared with people
with T1D, those with T2D were older and less
likely to receive diabetes education [58]. It is also
important to note that access to both diabetes
education and online tools is limited. Although
adults over the age of 65 were receptive to using
technology for diabetes education [59], Cherrez-
Ojeda et al. [60], who studied 248 people with
T2D, found that 72.8% did not have Internet
access and less than half owned a smartphone.
Therefore, it is important to consider users’
access to communication technologies in addi-
tion to their preferences. Using an online dia-
betes community can enhance the knowledge,
self-care, and peer support of older adults with
diabetes [61].

While the effect on HbAlc was at least equal
between both delivery methods, there is a uni-
formity in the positive role of online DSMES
over cost-effectiveness. As demonstrated by the
results, Paxton noted a significant reduction in
travel time and mileage when conducting edu-
cation online [43]. Previous studies have shown
that using online interventions in DSMES pro-
grams is a cost-saving strategy for both the
person with T1D and the healthcare provider
[62, 63]. Jansa et al. [16] found that online care,
compared to routine care, resulted in lower costs
for the person with T1D, including less time off
work and lower transport costs, as well as for
the healthcare provider. Similarly, Biermann
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et al. concluded that online management is a
cost- and time-saving procedure [64].

Group-based online DSMES has only been
evaluated to in few studies and in short-term
precluding conclusions [65]. However, face-
to-face DSMES using group sessions is widely
used due to the numerous benefits observed [2,
66-68]. People with diabetes benefit from group
sessions as they experience increased motivation
and engagement in diabetes self-management.
Additionally, group sessions have been shown
to be cost-effective, enabling healthcare profes-
sionals to reach a larger number of people in
each time frame [2, 67]. Online peer-to-peer
interaction could be beneficial for managing
diabetes daily. Internet forums offer a platform
to exchange practical tips and insights based
on personal experience, which goes beyond the
theoretical information provided by healthcare
professionals [69]. These forums also promote
empowerment by encouraging individuals to
take an active role in managing their health and
condition [70]. However, it has been suggested
by user experience data that providing asyn-
chronous access to explanatory videos could be
a beneficial option. This would allow individuals
with diabetes to select content based on their
knowledge or skill gaps. In general, healthcare
professionals should consider exploring Inter-
net forums as a new platform for group based
DSMES [71].

It is important to note that the use of online
tools requires compliance with the General Data
Protection Regulation [72] of the country where
the intervention takes place. Therefore, online
DSMES programs must comply with regulations
to ensure the safe use of user data. Additionally,
new roles should be introduced in multidiscipli-
nary care teams for people with diabetes, includ-
ing those for information and communication
technology, data management and legal depart-
ments [73]. Their collaboration should aim to
reduce the potential risk associated with protect-
ing personal and clinical data [72, 74].

Our study should be interpreted consider-
ing both its limitations and strengths. Among
its strengths, the present review only selected
studies with an active comparator (face-to-face
DSMES). Previous systematic reviews included
studies with an active control arm and routine

care. When comparisons were made using rou-
tine care as a control arm, the conclusion of the
study reflects more on the intervention itself
than the delivery method [13, 14]. Thus, the
inclusion criteria of the present study allowed us
to address the main question about the superior-
ity of one delivery method over another. Second,
the present review evaluated both biomedical
and psychosocial aspects of diabetes manage-
ment, reflecting a comprehensive approach to
the disease and its impact on patients’ well-
being. However, limitations should also be
acknowledged. First, the heterogeneity in the
type of educational interventions presents a lim-
itation in drawing conclusions. It is important
to note that some of the selected studies focus
on a single aspect of diabetes management,
rather than the comprehensive approach that
includes healthy coping, healthy eating, being
active, taking medication, monitoring, reducing
risk, and problem-solving, as per the standards
of care [26]. Second, only six of the 20 studies
included had a duration of 12 months [27, 29,
31, 34, 35, 38]. This duration is relatively short
considering the chronic nature of the disease. To
maintain diabetes control over time, individuals
with diabetes require ongoing self-management
support to sustain necessary self-care behaviors
[4]. The effectiveness of educational interven-
tions depends on maintaining the motivation
of individuals to apply the knowledge and
skills acquired in their daily lives. Therefore, it
is essential to include the perspectives of indi-
viduals with diabetes in educational programs
to ensure that they are tailored to their specific
needs and preferences. Finally, studies involving
individuals with gestational diabetes, pre-diabe-
tes, and interventions for chronic complications
were excluded, precluding conclusions in these
populations.

CONCLUSIONS

Current evidence indicates that online DSMES
can provide similar biomedical benefits to face-
to-face interventions. Therefore, instead of
replacing one approach with another, online
interventions could complement our clinical
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practice. Given the current time constraints and
difficulties in balancing personal life, work, and
health, online DSMES could facilitate access to
knowledge for the daily management of their
condition, adapted to the specific needs of peo-
ple with diabetes.
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