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Abstract

Background: Type 2 diabetes, a lifestyle-related disease demanding daily self-management, is a significant health concern.
In this context, the use of telemedicine as a management tool is a relatively new and promising approach. This study aims
to contribute to the growing body of knowledge by identifying the effectiveness of telemedicine in managing type 2 diabetes
through a systematic review approach.

Methods: Four databases were searched including PubMed, Virtual Health Library, Global Health Library, and Google
Scholar on 27 July 2022. Additionally, a manual search was performed to identify any relevant articles that may have been
missed. The quality of the included articles was rigorously assessed using the Study Quality Assessment Tools of the National
Institute of Health.

Results: We analyzed data from 134 articles. All 134 studies were published between 2002 and 2022, including 103 controlled
intervention trials, |3 cohort studies, 7 before—after (pre—post) studies with no control group, | initial trial, | case study, |
pilot study, and 8 two-arm studies that did not report the study design. Accordingly, most studies show positive changes in
glycemic index in every group using telemedicine. Overall, although the BMI and weight indices in the studies improved at
the end of the course, the improvement values were considered insignificant.

Conclusion: Telemedicine may be a valuable solution for blood sugar management in patients with type 2 diabetes. However,
the effectiveness of telemedicine in improving BMI and quality of life is unclear.
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Introduction A new technology called Telemedicine—a delivery of
health-related services and information via telecommunica-
tions technologies—could be a method to address these chal-
lenges. This allows clinical services to leverage information
technologies, video imaging, and telecommunication linkages

The world is witnessing an increasing number of people hav-
ing diabetes, in which type 2 diabetes is the predominant
case. It is estimated that approximately 1.31 billion people
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to enable doctors to provide healthcare services at a distance
by using two-way video, smartphones, wireless tools, and
other telecommunications technology.* Throughout the dec-
ade, telemedicine has been applied in many countries with dif-
ferent approaches. One such approach was installing an
integrated app “Mobile Health” on patients’ electronic
devices.> With this installed application, healthcare profes-
sionals or providers can collect data, monitor lifestyle, and
evaluate the effectiveness of treatment outcomes. Moreover,
patients can immediately contact emergency physicians or
nurses or request a health status update.

However, there exist various reported regarding the effective-
ness of telemedicine. With the American Diabetes Association
(ADA)’s emphasis on person-centered team care combined with
a long-term treatment approach for diabetes, applying digital
interventions (also known as technology applications in treat-
ment) is generally considered to be fully adaptable to different
functions for patient care, especially for type 2 diabetes patients.’
To be more specific, the ADA guidelines in 2023 recommend
that telehealth should be used as a complementary method to
optimize glycemic management in people with uncontrolled dia-
betes. Evidence suggests that various telehealth approaches may
improve HbAc in type 2 diabetes compared with usual care.?
However, irregular data and applications to different populations
suggest a potential gap in outcomes for telehealth intervention.’
This systematic review aims to evaluate telemedicine’s effec-
tiveness in managing type 2 diabetes comprehensively.

Methods

Protocol and registration

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
Checklist® (Supplemental Table S1). Our protocol was regis-
tered at PROSPERO with ID number CRD42022351941.

Eligibility criteria

We selected original studies published in English that
reported the effectiveness of telemedicine in the manage-
ment of type 2 diabetes. No restrictions were made for pub-
lication year or the type of publication. We excluded
materials that are not original articles such as thesis, book
chapters, editorials, author responses, posters, letters, con-
ference papers, reviews, and patents; abstracts only or stud-
ies with limited access; studies unrelated to telemedicine
care; studies unrelated to illness such as the introduction of
telemedicine techniques; studies that did not report of any
glycemic index (HbAlc, FBG, .. .); studies with popula-
tions other than patients with type 2 diabetes.

Information sources and search strategies

Four databases, including PubMed, Virtual Health Library
(VHL), Global Health Library (GHL), and Google Scholar,

were searched on 27 July 2022. The search was completed in
1day. A manual search was applied to find more relevant
articles. Study Quality Assessment Tools (SQAT) of the
National Institute of Health assessed the quality of included
articles. The research uses a research object filter and a lan-
guage filter to select research articles with the subject human,
and written in English. A manual search using the references
of included studies was performed to find more relevant
studies. The search terms are provided in Supplemental
Table S2.

Study selection

Search results were imported into Endnote X8.1 (Thomson
Reuters, CA, USA) to delete duplicates automatically. We
selected articles in two phases: 1. title and abstract screening
of all searched articles; 2. full-text screening and selecting
articles. Two independent reviewers completed these two
stages of selection according to our inclusion and exclusion
criteria. Any disagreement was discussed among two review-
ers to reach a final decision.

Data collection process and data items

We created an extract form in the spreadsheet editor to
extract all included articles. The extracted data included
basic information (such as author, publication year, country,
study design, and follow-up period), population baseline
characteristics, descriptions of interventions, and outcomes.
For baseline population characteristics, the extracted infor-
mation should include population description, number of
patients, age, sex, HbAlc, BMI, and diabetes duration. We
describe telemedicine models based on information such as
intervention setting (community-based, primary care-based,
or hospital setting-based), medium of communication used
(short message service, telephone, web-based, mobile phone
app, or video conferencing system), telemedicine strategies
(teleconsultation, tele-education, tele-case management,
telemonitoring, or telementoring) were collected from the
intervention section in the methods section of each article.
For example, one article could report patterns in different
intervention sites and use multiple telemedicine strategies
and communication methods. Our primary outcome is the
effectiveness of the patient’s blood sugar control expressed
by a glycemic index such as (HbAlc, FBG, . ..). Weight
control and patients’ quality of life are also included in the
results.

Risk of bias in individual studies

The quality of the selected studies was assessed for risk of
bias by two independent reviewers using the Study Quality
Assessment Tools (SQAT)” of the National Institute of
Health. Each item was rated NO for potential flaws or YES
for good practice. Additionally, we followed SQAT’s instruc-
tions to categorize “NA” (not applicable), “NR” (not
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reported), or “CD” (cannot be determined). These notations
were used for ambiguous fields when our investigators were
unsure how scores should be allotted, suggesting caution to
others when adopting data from those studies. Each item
would receive equal points in the final percentage calcula-
tion. The scoring cut-off at 75% or above of the total points
places the article as having “good” quality, anything between
75% and 43% is “fair” and articles that are 43% or below are
considered “poor” quality.

Results

Systematic search, study selection, and study
characteristics

As a result, 1221 articles were identified from 4 databases.
After excluding all duplicates by Endnote X8.1, 792 articles
had potentially relevant articles. The selection of titles and
abstracts resulted in 177 articles, subsequently analyzed as
full texts by the reviewers. After excluding studies that did
not meet the inclusion criteria and adding 47 articles from
the manual search, 134 articles were eligible for systematic
review Figure 1. All 134 studies were published between
2002 and 2022, including 103 controlled intervention trials,
13 cohort studies, 7 before—after (pre—post) studies with no
control group, 1 initial trial, I case study, 1 pilot study, and 8
two-arm studies that did not report the study design.

Among the 134 eligible studies, 49 were from the United
States, 26 from Korea, 8 from China, 7 from Australia, 6
from United Kingdom, 3 from Canada, 3 from India, 3 from
Italy, 3 from Iran, 3 from Malaysia, 2 from Denmark, 2 from
Germany, 2 from Ireland, 2 from Poland, 2 from Taiwan, 2
from Spain, 1 from Belgium, 1 from Brazil, 1 from Finland,
1 from France, 1 from Indonesia, 1 from Iraq, 1 from Japan,
1 from Norway, 1 from Singapore, 1 from Slovenia, and 1
from Turkey. All 134 studies were published between 2002
and 2022, with intervention settings including community-
based (50 studies), primary care (38 studies), hospital (30
studies), community-based and primary care (7 studies),
community-based and hospital (2 studies), primary care and
hospital (5 studies), and all three intervention settings (2
studies). A summary of the characteristics of the studies
included is depicted in Table 1. Risk of bias and methodo-
logical quality of included studies.

The studies were evaluated using the Study Quality
Assessment Tools (SQAT)’ of the National Institute of
Health. A total of 49 studies out of 103 controlled interven-
tion trials received a good rating, while 54 received a fair
rating (Supplemental Table S3). Among 13 cohort studies, 2
had a good rating, and 11 had a fair rating (Supplemental
Table S4). All seven before—after (pre—post) studies with no
control group had a fair rating (Supplemental Table S5). One
initial trial, one case study, one pilot study, and eight two-
arm studies that did not report the study design were evalu-
ated using Quality Assessment of Controlled Intervention

Studies, 2 studies received a fair rating, and 9 received a poor
rating (Supplemental Table S3).

Description of telemedicine intervention

The application of telemedicine in type 2 diabetes manage-
ment has adopted various communication procedures to
communicate and perform interventions, including short
message service (57/134 studies), telephone (77/134 stud-
ies), web-based (59/134 studies), mobile phone app (30/134
studies), and video conferencing system (15/134 studies)
(Figure 2).

Telemedicine strategies used in the studies included tele-
consultation (59/134 studies), tele-education (90/134 stud-
ies), tele-case management (67/134 studies), tele-monitoring
(100/134 studies) studies, and tele-mentoring (57/134 stud-
ies) (Figure 3).

The effectiveness of telemedicine in improved
glycemic control

The change in glycemic index assessed the effectiveness of
telemedicine in glycemic control before and after innova-
tion. In 11 noncontrolled cohort studies and 7 pretest and
posttest studies, 2 studies showed no impact of telemedicine
use on glycemic control in patients,'?!13° 3 studies showed
telemedicine application helps improve blood sugar index
but not statistically significant,''®!26127 13 studies showed
that telemedicine significantly improved clinical outcomes
in patients.lll—llil17,l18,120,122,124,125,128,129 There were Sigl’liﬁ-
cant differences in HbAlc at baseline and HbA I¢ at the end
ofthe follow—up period (Table 2) 111-115,117,118,120,122,124,125,128,129
Telemedicine has proved effective in providing glycemic
control results that are comparable to therapies that are
widely recognized.!!* Better glycemic control results were
linked to higher patient activation and engagement levels
with telemedicine technology.!!*!'7 Telemedicine solutions
might help improve illness management.!'?

The blood sugar control effectiveness of telemedicine was
also evaluated carefully through studies with control groups of
patients receiving usual care, with no telemedicine interven-
tion. Two controlled cohort studies showed an improvement
affecting the clinical outcomes in the telemedicine group com-
pared to the usual care control group.'!*!?* Cheng and Kao,!"
showed that managing type 2 diabetes patients with telemedi-
cine for 1 month resulted in a statistically significant difference
(p < 0.001) in glucose variability value and 2-h PPG value.'"®
Meanwhile, Shane-McWhorter and McAdam—Marx,'?
showed that telemedicine administration for 9 months resulted
in a difference in the average change in HbAlc compared to
baseline and compared to the control group (p < 0.001).!% In
controlled clinical trials, these results also show that managing
type 2 diabetes by using telemedicine can be as effective as or
better than conventional care management. Out of a total of 98
clinical trials with usual care control groups, 38 studies showed
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4 database searches
PubMed (n=588) WHO GHL (n=13)
VHL (n=589) Google Scholar (n=31)

Records identified by databases search
(n=1221)

by EndNote X8.1

Duplicate articles excluded

Title and abstract screening
(n=1792)

(n = 429)

Articles excluded (n = 615)

A\ 4

v

+ not original articles (n = 182)

« without available full-text (n = 36)

+ duplication (n = 86)

« studies that unrelated illness (n = 8)

+ no glucose blood outcomes (n = 228)
+ unrelated to telemedicine care (52)

+ not patients with T2DM (n = 17)

+ not in English (n = 6)

Full-text articles assessed for eligibility
(n=177)

Articles excluded (n = 90)

Manual search
(n=47)

A4

Studies included in qualitative synthesis
(n=134)

A4

+ duplication (n=1)

+ not original articles (n = 6)

+ not patients with T2DM (n = 24)

« unrelated to telemedicine care (n=7)
+ no glucose blood outcomes (n = 52)

Figure |. PRISMA flow diagram of study selection.

that telemedicine intervention helped patients improve blood
glucose levels with a significant difference compared to others
in the control group.$!1-1317-19.212227-29.3741.4246.48,53,55,57.64.6970,
71,79,80.81.82,8485-8895,100.10L108.110 The participants in the interven-
tion group had lower HbAlc than the control group.®!-1316-
1821,22,27-29,3742,46.48,55.57,69,70.71. 80,82, 84 8586 88, 10L108.110. The argest
reduction in HbAlc index was 3.2 = 1.5% after 6 months, com-
pared to the control group received standard care at the clinic (p
< 0.05).% Additionally,'® Lee et al. showed that frequent user
participation (at least twice daily) in self-monitoring may result

in meaningful improvements in glycemic control compared
with infrequent user participation.'® In some studies, patient
management by telemedicine has also been shown to be effec-
tive in improving FBG, postprandial blood glucose and
2HPMG level, 04848595 A total of 19 studies showed that only
the group of patients receiving telemedicine care had a signifi-
cant change in blood glucose index compared to baseline while
the change was not significant in the control group.®2326-30.3543,
56,59,66,67.68,72,75,77.98.99,102,104,109 S o1 studies show that telemedi-
cine administration can lead to a significant improvement in
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Figure 2. The medium of communication used.

HbA 1c index (p < 0.05 vs baseline). Hee-Sung et al.,** showed
a significant percentage change in baseline-glycosylated hemo-
globin =7.0% for the intervention group. However, there was
still no change in the intervention group with baseline
HbA1C <7.0% and the control group. A total of 28 studies
showed that managing patients with diabetes via telemedicine
improved blood glucose levels comparable to usual care,!%!424
,25,31,34,36,44,45,47,49,51,52,54,60,62,73,74,76,78,83,90,91,94,97,96,106,107
Telemedicine is believed to be a viable method for implement-
ing chronic disease management. Only 14 studies showed that
the addition of telemedicine had limited clinical benefit in
improving glycemic control.15’20’33’39’38’50’58’61’63’65’92’93’103’105
Pilot studies also show that telemedicine provides equivalent
or better diabetes management effectiveness than the control
group'126,131—140

The effectiveness of telemedicine in improved
obesity control and quality of life

In addition to the effects of telemedicine on glycemic con-
trol, the systematic review analyzed other outcomes of tele-
medicine related to obesity management and quality of
patient’s life. The obesity status of patients was studied based
on two leading indices: weight and body mass index (BMI).
Regarding the effectiveness of improving the quality of life
for patients, there are few research articles in this field, and
they are only based on the Health-related Quality of Life
(HRQoL) rating scale.

There were a total of five studies with a noncontrolled
design model that were interested in indicators related to the
obesity control status of patients. All the studies found above
were of the preinterventional comparative study type. There
were no comparative trials between intervention groups (no
control groups) and only based on BMI to assess status. Five
studies showed telemedicine results that had an improved
impact on BMIL, 3118125131133 and two studies did not find a
difference in BMI before and after the intervention or that
difference has no statistical significance.'?®!3° A total of 54
controlled design articles evaluated BMI or weight values or
assessed both as a consequence of the study. Forty-three tri-

als indicated little or no statistically significant improve-
ment!0:11-13,15-19,20,33,34,38,42,49,54,57,62,70,73-76,78,79,67.,80,83,84,87,91,94.9

7,98,100,105,107,109,10],110,123,]40; ﬁVG trials showed Signiﬁcant
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Figure 3. Telemedicine strategies.

improved outcomes when compared baseline and postinter-
vention, which were observed only in the intervention group;
four trials showed that clinical outcomes improved signifi-
cantly in the intervention compared with control group.®273371

In addition, seven trials with a model design of a control
group and an intervention group assessed the quality of life
through the main scale, health-related quality of life
(HRQoL), with only three trials performed. Assessing qual-
ity of life is the second output next to the glycemic index. In
which, three trials showed no improvement in quality of life
in groups or statistically significant differences,>**%? and
four trials showed that telemedicine intervention has positive
effects on patients’ lives and activities.'!!6:46

Discussion

Type 2 diabetes is a chronic condition characterized by high
blood sugar levels resulting from the body’s insufficient
response to insulin, a hormone responsible for regulating
blood sugar.'*! It is a global health burden that affects mil-
lions of people worldwide.'*? Through all studies, we see the
benefits of telemedicine when supporting patients with type 2
diabetes. Accordingly, most studies show positive changes in
glycemic index in every group using telemedicine. Moreover,
when compared with traditional healthcare, these findings
suggest that telemedicine can be as effective as, or even supe-
rior to, traditional care management,811713:16-19.21.22.27-29.3741.42,
4648.53.55.57.64.69.70.71.79.80.81 82.84.85-95.100.10L108.110 Apove gll, the
role of telemedicine is also confirmed to be extremely impor-
tant in some special cases such as the patient’s residence dis-
tance to the center, where there is a hospital with adequate
equipment, or the ability for patients to be admitted directly
to medical facilities for examination with exception to emer-
gency or urgent cases.

Overall, although the BMI and weight indices in the stud-
ies improved at the end of the course, the improvement val-
ues were considered insignificant. There were a few cases
where the treatment effect changed significantly after the
first 3 months of the trial but showed no overall improvement
at the end. Quality of life and understanding of diabetes, as
well as the level of satisfaction with the treatment course
after the study, all tend to increase with statistical signifi-
cance. Managing type 2 diabetes requires significant
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lifestyle adjustments, including maintaining a healthy diet,
engaging in regular physical activity, monitoring blood sugar
levels, and taking medications as prescribed.'** These ongo-
ing requirements can impact the quality of life, limiting
social activities, causing emotional distress, and reducing
overall well-being.'*!% The risk of complications associ-
ated with uncontrolled diabetes further adds to the burden on
individuals living with the condition.'*® Comprehensive
efforts, including public health campaigns, health education,
increased access to healthcare services, and policies promot-
ing healthy behavior, can play a crucial role in preventing
type 2 diabetes and its complications.'*”!%¥ Several studies
have shown that patients are satisfied with telemedicine ser-
vices and that managing type 2 diabetes with telemedicine
has a positive effect on quality of life scores.¢:11:64:104

Type 2 diabetes places a considerable economic burden
on healthcare systems.'* The costs associated with manag-
ing diabetes and its related complications, such as cardiovas-
cular disease, kidney disecase, and blindness, are
substantial.'>*!5! These costs include medications, hospitali-
zations, and long-term care, leading to increased healthcare
expenditure for individuals, families, and society.!>!33
Telemedicine allows healthcare providers to monitor
patients’ health conditions remotely; this real-time data can
help identify potential issues or trends requiring interven-
tion.3117:124 Moreover, technology-enabled telemedicine
platforms provide tools such as mobile apps or web portals
that empower patients to participate in their care manage-
ment actively.?**>7 In conclusion, applying technology
through telemedicine in outpatient treatment management
for patients with type 2 diabetes offers numerous benefits,
including remote monitoring, improved access to care,
enhanced patient engagement, timely intervention, cost sav-
ings, continuity of care, and data-driven decision-making.
This integration can significantly improve the overall man-
agement and outcomes for individuals with type 2 diabetes.

Our limitation is that the study only focused on evaluating
blood sugar index, while comorbidities of hypertension and
hyperlipidemia can include many other factors such as cho-
lesterol, triglycerides, HbAlc. These additional factors may
provide a more comprehensive view of the intervention's
impact on QoL. In addition, the study examined telemedi-
cine strategies and follow-up duration but did not evaluate
intervention frequency. The frequency of intervention can
significantly influence the effectiveness of disease manage-
ment strategies. Future research should consider intervention
frequency as an important variable.

Conclusion

This systematic review proved telemedicine in diabetes based-
evidence by summarizing 134 studies from 2002 to 2022.
Most articles showed that telemedicine, in various ways, could
positively impact different aspects of diabetes management. In
the end, we strongly agreed that telemedicine could bring

benefits to education and the management of diabetes patients.
More field research is needed, especially in developing coun-
tries, to solidify and prove the effectiveness of telemedicine.
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