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Abstract

Background: Type 1 diabetesmellitus(T1DM) isthe most common chronic autoimmune disease among children and adolescents.
Telemedicine has been widely used in the field of chronic disease management and can benefit patients with TIDM. However,
existing studieslack high-level evidencerelated to the effectiveness of telemedicinefor glycemic control in children and adol escents
with TIDM.

Objective: This study aimsto systematically review the evidence on the effectiveness of telemedicine interventions compared
with usual care on glycemic control among children and adolescents with TIDM.

Methods: In this systematic review and meta-analysis, we searched PubMed, Cochrane Library, Embase, Web of Science (all
databases), and CINAHL Complete from database inception to May 2023. We included randomized controlled trials (RCTs) that
evaluated the effectiveness of a telemedicine intervention on glycemic control in children and adolescents with TIDM. In total,
2 independent reviewers performed the study selection and data extraction. Study quality was assessed using the Cochrane Risk
of Bias 2 tool. Our primary outcome was glycated hemoglobin (HbA,.) levels. Secondary outcomes were quality of life,
self-monitoring of blood glucose, the incidence of hypoglycemia, and cost-effectiveness. A random-effects model was used for
this meta-analysis.

Results. Overall, 20 RCTs (1704 participants from 12 countries) were included in the meta-analysis. Only 5% (1/20) of the
studieswere at high risk of bias. Compared to usual care, telemedicine was found to reduce HbA ;. levels by 0.22 (95% CI —0.33

to -0.10; P<.001; 1>=35%). There was an improvement in self-monitoring of blood glucose (mean difference [MD] 0.54, 95%
Cl -0.72 to 1.80; P=.40; 1°=67.8%) and the incidence of hypoglycemia (MD —0.15, 95% Cl| —0.57 to 0.27; P=.49; 1>=70.7%),
although this was not statistically significant. Moreover, telemedicine had no convincing effect on the Diabetes Quality of Life
for Youth score (impact of diabetes: P=.59; worries about diabetes. P=.71; satisfaction with diabetes. P=.68), but there was a
statistically significant improvement in non—-youth-specific quality of life (MD —0.24, 95% Cl —0.45 to —0.02; P=.04; 12=0%).
Subgroup analyses revealed that the effect of telemedicine on HbA ;. levels appeared to be greater in studies involving children
(MD -0.41, 95% CI —0.62 to —0.20; P<.001), studies that lasted <6 months (MD —0.32, 95% CI —0.48 to —0.17; P<.001), studies
where providers used smartphone apps to communicate with patients (MD —0.37, 95% CI —-0.53 to —-0.21; P<.001), and studies
with medication dose adjustment (MD —0.25, 95% CI —-0.37 to —0.12; P<.001).
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Conclusions:

Zhang et a

Telemedicine can reduce HbA . levels and improve quality of life in children and adolescents with T1IDM.

Telemedicine should be regarded as a useful supplement to usua care to control HbA ;. levels and a potentially cost-effective
mode. Meanwhile, researchers should develop higher-quality RCTs using large samples that focus on hard clinical outcomes,

cost-effectiveness, and quality of life.

(J Med Internet Res 2024, 26:€51538) doi: 10.2196/51538
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Introduction

Background

Type 1 diabetes mellitus (T1DM) is the most common chronic
autoimmune disease among children and adolescents,
characterized by hyperglycemia and caused by an absolute
deficiency of insulin [1,2]. More than 1.2 million children and
adol escents worldwide currently have TIDM [3]. Adolescence
is a period when glycemic control commonly deteriorates [4],
and people with diabetes remain at high risk of serious
complications, including diabetic cardiovascular disease and
diabetic nephropathy [5-7]. TIDM has a serious impact on the
life health of children and adolescents. It places aheavy medical
burden on the families of those affected [8,9]. Therefore, there
is an imperative to explore effective treatment together with
management strategiesto help children and adolescents maintain
normoglycemia and promote their long-term health as well as
their well-being.

In recent years, telemedicine has been widely used in the field
of chronic disease management. Telemedicine (a subcomponent
of eHealth) has been defined as “The delivery of health care
services, where distance is a critical factor, by all health care
professionals using information and communications
technologiesfor the exchange of valid information for diagnosis,
treatment and prevention of disease and injuries, research and
evaluation, and the continuing education of health care workers,
with the aim of advancing the health of individuals and
communities’ [10]. For patients with chronic diseases, the
advantages of telemedicine can bereflected inimproving access
to services, ensuring continuity of care, and mitigating the costs
of caredelivery [11,12]. Although telemedicine may not be able
to provide physicians with comprehensive diagnostic
information about a patient in the same way that a physical
examination can, it can assist physicians in monitoring and
recording certain specific physiological indicators (eg, blood
glucose, blood oxygen concentration, blood pressure, and heart
rate) to help them observe the trajectory of a patient’s health
[13,14]. The current studies on telemedicine interventions for
glycemic control in patients with diabetes focus on (1)
telemonitoring (eg, aweb-based telemedicine system was used
to monitor patients with TIDM in the study by Ruiz de Adana
et a [15]), (2) tele-education (eg, Molavynejad et a [16]
delivered tel e-education to patients with diabetes using remote
video-based technology), and (3) teleconsultation and
internet-based group appointments (eg, Bisno et al [17] provided
both individual telehealth provider visits and internet-based
group appointments for patients with TIDM through the
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CoYoT1clinic). Moreover, previous meta-anal yses have shown
that the effectiveness of telemedicine in controlling blood
glucose levels in patients with TIDM has been well validated
[18-20]. It can be seen that telemedicine provides a huge
advantage for diabetes glycemic control.

However, existing studies lack high-level evidence related to
the effectiveness of telemedicinefor glycemic control in children
and adolescents with TIDM. Only afew studies have reported
on the potential of telemedicine in the management of T1DM
in children and adolescents. Moreover, the safety and
applicability of telemedicine for children and adolescents with
T1DM need to be further demonstrated. Therefore, we aimed
to conduct a systematic review and meta-analysis of current
randomized controlled trials (RCTs) to provide new evidence
for clinical decision-making by comparing the effectiveness of
telemedicine interventions with usual care in children and
adolescents with T1IDM.

Study Question

How does telemedicine compare with usual care in improving
glycemic control among children and adolescentswith TIDM?
Which form of telemedicine intervention is more effective in
improving glycemic control among children and adolescents
with TADM?

Study Objective
This meta-analysis aimed to comprehensively synthesize and

evauate evidence on the effectiveness of telemedicine on
glycemic control among children and adolescents with TIDM.

Methods

Search Strategy

In total, 5 €electronic databases covering the reams of
biomedicine science, clinical medicine science, and general
referenceswere screened: PubMed, Cochrane Library, Embase,
Web of Science (all databases), and CINAHL Complete. The
dates searched were from establishment of each database to
May 1, 2023. The search was conducted using the following
keywords: (“ DiabetesMéllitus, Type1”) AND (“ Telemedicine”
OR “Telemetry” OR “Telenursing” OR “Internet-Based
Intervention”) AND (“Child” OR “Adolescent”). Medical
Subject Heading terms and their related terms were used.
Multimedia A ppendix 1[21-40] showsthe detailed search terms
and search process. There were no restrictions in terms of
participant age, year of publication, or region of study at this
stage. The review protocol was reported according to the
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PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) 2020 checklist (Multimedia Appendix 2).

Inclusion and Exclusion Criteria

Theinclusion criteriawere defined by population, intervention,
comparison, outcome, and study design as follows:

1. Population: thetarget participants were children (aged <10
years) and adolescents (10 years<age<19 years) [41] with
T1DM.

2. Intervention: complete or partial telemedicineintervention.
A complete telemedicine intervention was one in which
there was no face-to-face contact between the participants
and the health care providers throughout the trial period
from baseline to the end of the intervention and the only
telemedicine interventions were via telephone, web-based
videoconferencing, a website, or a smartphone app (al
treatments [including initial treatment] were delivered via
telemedicine). Partial telemedicine intervention referred
to treatments that combine telemedicine with
nontel emedicineinterventions (such asafollow-up visitin
an outpatient clinic or a visit at home). These 2 broad
categories of telemedicine interventions were further
subdivided by the number of intervention forms. “Single’
refers to the inclusion of only 1 form of telemedicine
intervention, whereas“mixed” refersto theinclusion of =2
forms of telemedicineintervention. Completetelemedicine
interventionswere categorized as single and mixed complete
telemedicine  interventions,  partia  telemedicine
interventions were categorized as single and mixed partial
telemedicine interventions.

3. Comparison: containing a comparison group with usual
care, including a nontelemedicine intervention and health
guidance only before discharge treated as a blank control.

4. QOutcome: we included al studies that reported serum
glycated hemoglobin (HbA ) levelsaseither their primary
or secondary outcomes.

5. Study design: only RCTs (paralel or crossover) were
included.

The exclusion criteria were (1) studies using nonexperimental
and quasi-experimental designs; (2) abstracts, brief reports,
conference proceedings, conference papers, posters, and letters
to editors; (3) studies on patients with gestational diabetes; and
(4) studies published in languages other than English because
of our lack of high-quality translational resources.

Study Screening

Throughout the screening processes, al studiesincluded inthe
analysiswereindependently reviewed by 2 researchers (KZ and
CL). First, we screened the titles and abstracts of all
bibliographic records against theinclusion and exclusion criteria,
and a label was created on a serial numbered sheet to add the
reason for exclusion as anote. Second, we thoroughly read the
full text of the study without exclusion labels to ensure that all
inclusion and exclusion criteria were met. Disagreements
between the researchers were resolved by meeting with athird
reviewer (QH). Studies judged to be eligible at this stage were
then included in the quality assessment where applicable.
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Quality Assessment

We assessed the risk of bias using the Cochrane Risk of Bias 2
tool [42] to evaluate the randomi zation process, deviationsfrom
theintended interventions, missing outcome data, measurement
of the outcome, and selection of the reported results. In total, 2
researchers (KZ and CL) assessed the trials independently and
resolved any disagreements by meeting with a third reviewer
(QH). The quality of evidence of each study was assessed by 2
reviewers (QH and QW) wusing the Grading of
Recommendations, Assessment, Devel opment, and Eval uations
approach [43].

Outcome

The primary outcome was HbA ;. levels. Secondary outcomes
were quality of life as measured using a validated instrument,
daily frequency of self-monitoring of blood glucose (SMBG),
the incidence of hypoglycemia, and cost-effectiveness.

Data Extraction

For each included study, 2 reviewers (KZ and CL) independently
extracted the data for analysis. When data were missing or
unclear, we contacted the authors. If the authors did not respond,
the study was reassessed and excluded.

We extracted the following information from the selected
studies: (1) study characteristics (study name, author, year of
publication, country, study design, attrition rate, and sample
size), (2) characteristics of the participants (age, gender, diabetes
duration, baseline HbA,. levels, total cholesterol levels,
triglyceride levels, blood pressure, and BMI), (3) intervention
details (duration, types of health care providers, frequency of
feedback, characteristics of intervention content, communication
forms between providers and patients, technology use modes,
and telemedicine intervention forms, communication forms
included modem, SM S text messaging, email, web conference,
website—websites where patients upload blood glucose levels
or other clinical data and share them with their health care
providers—computer software, smart wearable devices—smart
wearable devices are consumer-grade connected electronic
devices that can be worn on the body as an accessory or
embedded into clothing [44] —telephone, and smartphone or
itsapps), and (4) general information about outcomes (the mean
and SD at baseline and at the end of the intervention, number
of participants analyzed at the end of theintervention, and tools
used for measurement; when several analyses were performed
on the same outcome at the same time point, we extracted the
data from the intention-to-treat analysis).

Data Analysis

Stata (version 17; StataCorp) and Review Manager (version
5.4; The Cochrane Collaboration) were used for all statistical
analysis. For quantitative synthesis, we collected the difference
between baseline and end-point valuesfor both theintervention
and control groups. In the absence of information, data were
estimated from the mean and SD of baseline and end-point
values using a correlation of 0.5 [45]. To ensure accuracy,
different correlations, such as 0.4 and 0.6, were used for
estimation dataand sensitivity analysis. Thefina results showed
that the estimated results obtained using the different
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correlationsremained stable after sensitivity analysis[45]. Data
conversion tools were used to convert the median, maximum,
and minimum values reported in the included studiesinto mean
[46] and SD [47]. Wereported the results of secondary outcomes
when data from at least 2 studies could be merged. The
magnitude of the overall effect size was cal cul ated based on the
pooled mean difference (MD) with 95% CI when the same
measures were used in the studies. If outcomes were measured
using different outcome measurement scales, the pooled
standardized MD (SMD) with 95% CI was adopted. A P value
of <.05 was considered statistically significant.

A random-effects or fixed-effects meta-analysisfor continuous
data was performed based on the results of the heterogeneity
test. Study heterogeneity was determined using the Cochran Q

test and Higgins 12 test. 12 values of 25%, 50%, and 75%
indicated low, moderate, and high heterogeneity, respectively
[45]. If P>.10 and 1<50% wereidentified, fixed-effects models
were used; otherwise, random-effects models were applied. To
ensure the robustness of our results, a sensitivity analysis was
performed by using leave-one-out analysis to assess the
contribution of each study to the merged effect size.

Publication bias was assessed creating funnel plots, the Begg
test, and performing the Egger regression test (considered
significant at P<.05) by 2 reviewers (QW and CL), and
agreement was reached through consensus [48,49]. For the
primary outcome, we performed a series of subgroup analyses
to quantify specific differencesin the size of effects of particular
telemedicine interventions based on study and intervention
characteristics [50]. Moreover, we performed a univariable
meta-regression analysis to investigate whether there was
heterogeneity due to differences in study or intervention
characteristics.

Protocol Deviation

First, the definition of the intervention group in the registration
program as an I nternet-based telemedicine intervention group
istoo broad and simplistic. After further research, we decided
to categorize the interventions into complete and partia
telemedicine interventions. These 2 broad categories of
telemedicine interventions were further subdivided by the
number of intervention forms. “Single” refers to the inclusion
of only 1 form of telemedicine intervention, whereas “mixed”
refersto theinclusion of 22 forms of telemedicineintervention.
Complete telemedicineinterventions were categorized assingle
and mixed complete telemedicine interventions, partial
telemedi cine interventions were categorized as single and mixed
partial telemedicine interventions. These changes and
clarifications help explain theimpact of the“face-to-face contact
between patient and healthcare provider” factor on telemedicine
effectiveness during telemedicine interventions, which has
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important implications for the development of future
telemedicine interventions.

Second, the definition of the control group (“usual care”) was
also an oversimplification, so we illustrated 2 cases of “usual
care” inthis study, including a nontelemedicine intervention as
well ashealth guidance only before discharge treated as ablank
control.

Third, regarding secondary outcomes, initially, we identified
secondary outcomes based on studies related to diabetes
telemedicine in adults and other types of diabetes. However,
during the literature reading, it was found that no studies
analyzed blood pressure, weight, and patient satisfaction as
study outcomes in telemedicine interventions on children and
adolescents with TIDM. Some studies used only weight and
blood pressure as baselineindicators and lacked postintervention
data. Other studies only asked participants how satisfied they
were with the telemedicine intervention through interviews at
the end of the intervention, which prevented us from
quantitatively assessing satisfaction. Therefore, secondary
outcomes such as blood pressure, weight, and patient satisfaction
were removed.

Finally, regarding the data synthesis strategy, we modified the
section for missing data estimation. Because datafor the primary
and secondary outcomes were partially missing, we first used
the commonly used correlation coefficient of 0.5 for data
estimation according to the Cochrane Handbook for Systematic
Reviews of Interventions [45]. However, as there is currently
no clear specification for the use of correlation coefficients for
data estimation (only a broad range of choices), to ensure that
the effect sizes synthesized using the “estimated data’ were
sufficiently stable, we also used 0.4 and 0.6 as correlation
coefficients for data estimation. (Our main purpose was to see
whether the estimated effects using the new correlation
coefficients would pass the sensitivity analyses after changing
the correlation coefficient). The sensitivity analyses showed
that the results synthesized after estimating the missing data
using all 3 correlation coefficients were stable and reliable, but
the data estimated using the more common correlation
coefficient of 0.5 was used as the results of this study.

Results

Search Results

The phases of electronic search, identification, and screening
for eligible studies are depicted in the PRISMA flowchart
(Figure 1). A total of 546 studieswereidentified using the search
strategy described previously. After removing duplicates and
screening titlesand abstracts, atotal of 20 studieswereretained
for full-text evaluation. Finally, atotal of 20 studies with 1704
participants were included in this systematic review and
meta-analysis.
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart depicting the main stages of the systematic

review process. RCT: randomized controlled trial.
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Study Characteristics

The characteristics of the studies are summarized in Table S1
in Multimedia Appendix 1. A total of 90% (18/20) of the studies
were parallel-group RCTs [21-38], and 10% (2/20) were
crossover studies[39,40]. Of the 20 included studies, 12 (60%)
were published after 2015. In total, 40% (8/20) of the studies
were published in North America [21-24,27,29,30,34], 35%
(7/20) were published in Europe [25,26,33,35-37,39], 20%
(4/20) were published in Asia [28,32,38,40], and 5% (1/20)
were published in Oceania[31]. The sample sizes of the studies
ranged from 20 to 240, with the intervention periods ranging
from 3 to 60 months. All participants included in the studies
were aged <20 years and had T1DM. The median mean age at
baselinewas 13.5 years, and the median mean diabetes duration
at baselinewas 6.2 years. A total of 90% (18/20) of the studies
were performed in adol escents (mean age 13.6; range 10.8-17.3
years), and 10% (2/20) of the studieswere performed in children
(mean age 5.8; range 5.6-6.1 years). The proportion of female
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participants at baseline ranged from 42% to 62%. The floored
threshold value of baseline HbA . levelsin 35% (7/20) of the

studies was =7.5%.

Intervention Characteristics

The telemedicine systems used in most studies were relatively
simple to operate, having clear processes and including
transmission of blood glucose datawith feedback (15/20, 75%)
[21-24,26,28,29,31,33-37,39,40] or blood glucose data only
(5/20, 25%) [25,27,30,33,38]. A specialist diabetes care team,
including a diabetologist, nurse, dietician, and psychologist,

was reported in 45% (9/20) of the studies
[22,24,29,31,33-35,37,40]. Feedback was provided monthly or
less frequently in 50% (10/20) of the studies

[23,26,31,33-37,39,40] and every 2 weeks or more frequently
in 25% (5/20) of the studies[21,22,24,28,29], and the frequency
of feedback was not specified in 25% (5/20) of the studies (Table
1) [25,27,30,32,38].
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Table 1. Characteristics of the telemedicine interventions.

Study, Hedth care  Communication form Fregquen-  Intervention content Technolo- Technolo- Telemedicine
year, and provider cy of gy use gy form intervention
country feedback mode form
or region
Provider  Patient to Inter- Medica Diet Physi- Basic
to patient provider net- tionad- guid- ca ex- hedth

based just- ance  ercise educa

fol- ment tion

low-

up
Chaseet Nurseand Tele- Modem  Every2  Yes No No No Yes _a Hardware Complete
a [21], physician phone weeks telemedicine
2003, intervention
United (single)
States
Gandrud Digbetesedu- SMStext Smart- Weekly  Yes Yes No Yes Yes — Software  Partial
eta [22], cator, nurse, messag-  phone telemedicine
2018, and physi- ing and app intervention
United cian email (mixed)
States
Goya ¢ Humanfac- Smart- Smart Every3  Yes No No No No Indepen-  Software Partia
a [23], torsspecial-  phone wearable months dently telemedicine
2017, ist, nurse, appand  device intervention
Canada andphysi-  telephone (mixed)

cian
Haneta Digbetesed- SMStext Smart- Every2  Yes Yes No No Yes Indepen-  Software Complete
[24], cator, nurse, messag-  phone days dently telemedicine
2015, and physi- ing app and intervention
United cian SMS text (single)
States messag-
ing

Ibrahim  Diabetolo-  SMStext — — No No No No No Indepen-  Software Partia
etd [25], gist messag- dently telemedicine
2021, Eu- ing intervention
rope (single)
Kleeeta Nurseand Smart- Tele- Monthly  Yes Yes Yes No No — Software  Partial
[39], diabetologist phone phone telemedicine
2018, appand  andemail intervention
Switzer- website (mixed)
land
Kowalska Pediatrician Computer Smart Every 13 Yes Yes Yes No No Parental  Software Partia
eta [26], anddiabetol- software wearable weeks assistance telemedicine
2017, ogist device intervention
Poland (single)
Kumar et Trainedre- Website Modem — No Yes Yes No No Parental  Software Complete
a [27], search assis- and smart assistance telemedicine
2004, tant wearable intervention
United device (single)
States
Landauet Dietitianand Tele- Website  Every Yes Yes No No No Indepen-  Software Partia
a [28], pediatricen-  phone and smart  week dently telemedicine
2012, 1s-  docrinologist wearable intervention
rael device (mixed)
Marrero  Pediatricdiaa Computer Modem  Every2  Yes Yes Yes No No — Software  Partial
eta [29], betologist, software weeks telemedicine
1995, nurse, social  and tele- intervention
United workers,and phone (mixed)

States dietitians
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Study, Hedth care  Communication form Freguen-  Intervention content Technolo- Technolo- Telemedicine
year, and provider cy of gy use gy form intervention
country feedback mode form
or region
Provider  Patient to Inter- Medica Diet Physi- Basic
to patient  provider net- tionad- guid- ca ex- hedth
based just- ance  ercise educa
fol- ment tion
low-
up
Mul- Diabetes Website  Website — No No No No Yes — Software  Complete
vaney et professionas telemedicine
a [30], intervention
2010, (single)
United
States
Nunnet Pediatricen- Tele- Tele- Every2  Yes Yes Yes Yes Yes Parental  Hardware Complete
a [3]], docrinolo- phone phone months assistance telemedicine
2006, gists, nurse, intervention
Australia dietitian, and (single)
social work-
er
Ravitgja Consultant ~ Smart Smart — Yes Yes Yes Yes No Indepen- Hardware Complete
eta [32], andphysi- wearable wearable dently telemedicine
2019, In- cian device device intervention
dia and com- (mixed)
puter soft-
ware
Schiaffini  Diabetolo-  Webcon- Website  Every Yes No Yes Yes Yes Parental  Software Complete
eta [33], gist,nurse, ference  andsmart month assistance telemedicine
2016, dietician, wearable intervention
Italy andpsycholo- device (mixed)
gist
Shalitin ~ Diabetes Website, Smart Every Yes Yes No No No Parental  Software Complete
eta [40], careteam email, wearable  month assistance telemedicine
2014, Is- andtele- device intervention
rael phone and web- (mixed)
site
Stangeret  Pediatricen- Web con-  Smart Every Yes Yes No No No Parental  Software Complete
a [34], docrinologist ference  wearable month assistance telemedicine
2018, and diabetes device (last peri- intervention
United careteam od) (single)
States
VonSeng- Regular Web con-  Smart Every Yes Yes No Yes Yes Parental  Software Partia
buschet  homedia- ference  wearable month assistance telemedicine
a [35], betes team device intervention
2020, and com- (single)
Germany puter soft-
ware
Wareet  Nurseand Smart- Smart- Every Yes Yes No No No Parental  Software Complete
a [36], physician phone phone month assistance telemedicine
2022, app, tele-  app and intervention
United phone, smart (mixed)
Kingdom andemail wearable
device
Wareet  Research Smart- Smart- Every Yes Yes Yes No Yes Parental  Software Complete
a [37], team and phone phone month assistance telemedicine
2022, clinical team app, tele- app and intervention
United phone, smart (mixed)
Kingdom andemail wearable
device
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Study, Hedth care  Communication form Freguen-  Intervention content Technolo- Technolo- Telemedicine
year, and provider cy of gy use gy form intervention
country feedback mode form
or region

Provider  Patient to Inter- Medica Diet Physi- Basic
to patient  provider net- tionad- guid- ca ex- hedth
based just- ance  ercise educa
fol- ment tion
low-
up
Xueta  Nurseand Smart- Smart- — Yes No Yes Yes Yes Indepen-  Software  Complete
[38], third-party  phone phone dently telemedicine
2021, health man-  app app and intervention
China ager smart (mixed)
wearable
device
3ot reported.

The communication technologies used in the telemedicine
interventions included in the studies took a variety of forms.
Patients initiated communication with health care providers
through different forms of telemedicine: smart wearable devices
(6/20, 30%) [23,26,32,34,35,40], smartphone apps (5/20, 25%)
[22,24,36-38], modem (3/20, 15%) [21,27,29], websites (3/20,
15%) [28,30,33], telephone (2/20, 10%) [31,39], and unclear
(1/20, 5%) [25]. Health care providersinitiated communication
with patients through different forms of telemedicine:
smartphone apps (5/20, 25%) [23,36-39], websites (3/20, 15%)
[27,30,40], web conferences (3/20, 15%) [33-35], telephone
(3/20, 15%) [21,28,31], SMS text messaging (3/20, 15%)
[22,24,25], computer software (2/20, 10%) [26,29], or smart
wearable devices (1/20, 5%) [32]. A total of 85% (17/20) of the
studies mainly used various types of software [22-30,33-40],
and 15% (3/20) of the studies used hardware [21,31,32].

In total, 45% (9/20) of the studies involved patients using
telemedicine with parental assistance [26,27,31,33-37,40], and
30% (6/20) of the studies involved patients using telemedicine
independently [23-25,28,32,38]. The form of intervention was
complete telemedicine intervention in 60% (12/20) of the studies
[21,24,27,30-34,36-38,40] and partial telemedicineintervention
in 40% (8/20) of the studies [22,23,25,26,28,29,35,39]. The
content of the telemedicineinterventionsin the studiesincluded
a variety of features: internet-based communication and
follow-up (17/20, 85%) [21-24,26,28,29,31-40], medication

https://www.jmir.org/2024/1/e51538
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dose adjustment (14/20, 70%) [22,24,26-29,31,32,34-37,39,40],
basic health education (9/20, 45%) [21,22,24,30,31,33,35,37,38],
diet guidance (9/20, 45%) [ 26,27,29,31-33,37-39], and physical
exercise (6/20, 30%) [22,31-33,35,38]. A total of 55% (11/20)
of the studies reported characteristics of the content of the
intervention including at least 3 features
[22,24,26,29,31-33,35,37-39]. No features of the content of the
telemedicine interventions were reported in 5% (1/20) of the
studies [25].

Risk of Bias

On the basis of the Cochrane Risk of Bias 2 tool, all studies
except for 5% (1/20) with a high risk of bias [25] and 20%
(4/20) with alow risk of bias[23,26,32,39] were found to have
“some concerns’ (Figures 2 and 3 [21-40]). The greatest bias
was found in the randomization process. Randomization was
reported to be implemented in all studies, among which only
25% (5/20) of the studies explicitly described the randomization
strategies and properly applied allocation concealment
[23,26,30,32,39]. The other study [25] was rated as high risk
because of baseline differences between intervention groups.
No preregistration was reported in 45% (9/20) of the studies
[21,24,27-29,31,33,34,40], and the risk of bias regarding the
choice of reporting outcomes was rated as “some concerns.”
One of the domains with the highest proportion of low risk of
bias was “ bias from missing outcome data.”
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Figure 2. Risk-of-bias graph of the included studies (part 1).
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Figure 3. Risk-of-bias graph of the included studies (part 2).
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Table 2. Summary of findings—telemedicine compared to usua care for glycemic control in children and adolescents with type 1 diabetes mellitus.

Certainty assessment Patients, n Effect, Certainty
absolute
(95% ClI;
P value)
Studies, n Study design  Risk of Inconsistency Indirectness Imprecision Other con- Telemedicine Usual
(%) bias siderations care
HbA12
20(100) Randomized ogrigus®  Not serious  Notserious  ggrjgued None 822 822 MDE Low
trials —0.22
(-0.33t0
-0.10;
<.001)
DQOLY' (impact of diabetes)
2(10) Randomized ggigue® Not serious Not serious  Very seri- None 30 23 MD 1.27 Very low
trias ous” (-331to
5.86; .59)
DQOLY (worriesabout diabetes)
2(10) Randomized ggigue® Not serious Not serious  Very seri- None 30 23 MD 058 Very low
trias ous” (25910
3.66; .71)
DQOLY (satisfaction with diabetes)
2(10) Randomized ggrigu®  Serioud Not serious  Very seri- None 30 23 MD 3.27 Very low
tridls ous” (-12.53
t0 19.08;
.68)
N-QOL!
3(15) Randomized ggrjgudk  Not serious Not serious  ggrioud None 165 160 svp™ Low
trials —0.24
(-0.45to
-0.02;
.04)
SMBG"
3(15) Randomized ggigu®  Serioud Not serious  Very seri- None 96 91 MD 054 Very low
trials oud (-0.72to
1.8; .40)
Incidence of hypoglycemia
4(20) Randomized ggigus® Serioud Not serious  ggrjoud None 153 156 MD Very low
trials -0.22
(-0.66 to
0.23; .49)

3HbA 4 glycated hemoglobin.
bDownqraded for unclear or inadequate randomization process (15/20, 75% of the included studies). In alarge number of studies, allocation was not
adequately concealed due to the nature of the intervention.

CAlthough the Cochran Q test and Higgi ns!?test suggested alow heterogeneity, we chose not to downgrade for inconsistency asthiswas fully explained
by theinclusion of 1 study.

dA total of 65% (13/20) of the studies had sample sizes of <50 in both arms.
€M D: mean difference.

fDQOLY: Diabetes Quality of Lifefor Youth.

90ne of the studies had some concerns (a moderate risk of bias).

hSam|ole sizes for each arm of the included studies were <50.

iSignificant heterogeneity.

jN—QOL: non-youth-specific quality of life.

KAlll 3 studies had some concerns.
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There was at least 1 study with a sample size of <50 in both arms.
MSMD: standardized mean difference.

"SMBG: self-monitoring of blood glucose.

OA total of 10% (2/20) of the studies had some concerns.

POne study had some concerns.

Zhang et a

Figure 4. Forest plot of the comparison of telemedicine interventions versus usual care. Outcome: glycated hemoglobin. DL: DerSimonian and Laird

approach.

Mean difference %
study (95% CI) Weight
Chase 2003 + -0.10 (-0.77,0.57) 259
Gandrud 2018 —— -0.29 (-0.58, -0.00) 83
Goyal 2017 —_— 004 (049, 041) 486
Han 2015 + -0.16 (-1.04,0.72) 1.59
Ibrahim 2021 -b— 003(013,019) 12.78
Klee 2018 —_—— -0.54 (-1.08, 0.00) 3.64
Kowalska 2017 —_— -0.30 (-0.69, 0.09) 5.89
Kumar 2004 - 020(-041,081) 3.03
Landau 2012 + -0.50 (-1.18,0.18) 247
Marrero 1995 + 0.20 (-0 46, 0.86) 266
Mulvaney 2010 -+ -0.30 (-1.15, 0.55) 1.70
Nunn 2006 e s s 0.20(-0.20, 0.60) 556
Raviteja 2019 + -053(-1.18,012) 267
Schiaffimi 2016 —— -062 (-1.10, -0 14) 442
Shalitin 2014 — i — -0.03 (-0.56, 0.50) 378
Stanger 2018 —_— -0.43(-0.87,0.01) 499
von Sengbusch 2020 — -0.10 (-0.38, 0.18) 854
Ware(2) 2022 —_—— -0.40(-0.62,-0.18) 10.56
Ware 2022 —_—— -040 (-0.71, -0.09) 766
Xu 2021 + -0.45 (-1.16, 0.26) 230
Overall, DL (I° = 35.0%, p = 0.062) <> -0.22 (-0.33,-010) 100.00

T |
-1 0 1

Random effects model

Effect of Telemedicine I nterventionson HbA1c

The 20 studies, which reported HbA . levels at 3 to 50 months
and examined 1704 participants, were included in the
meta-analysis. Overall, telemedicine wasfound to reduce HbA .
levels by 0.22 (95% ClI —0.33 to —0.10; P<.001) at the end of
the intervention. Furthermore, the heterogeneity of the effect
size was confirmed as 12 was 35% (Q9=29.23; P=.06),
suggesting heterogeneity of alow degree. Given thewide variety
of technol ogies availablefor telemedicine, the heterogeneity of
results is not surprising. No significant improvements were
noted at the end of the 3- (MD -0.30, 95% CI —0.62 to 0.02;
P=.07; n=4) or 12-month (MD -0.04, 95% CI —0.33 to 0.40;
P=.85; n=2) follow-up; however, significant improvement was
found at the end of the 6-month follow-up (MD -0.21, 95% ClI
—0.37 to —0.05; P=.01; n=8).

https://www.jmir.org/2024/1/e51538
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Effect of Telemedicine I nterventions on Secondary
Outcomes

We pooled the Diabetes Quality of Life for Youth (DQOLY)
scores [51,52] from 10% (2/20) of the studies (n=53) [24,39],
non-youth-specific quality of life (N-QOL; using diabetes
quality of life[53] and health-related quality of life [54]) from
15% (3/20) of the studies (n=334) [35,38,40], daily frequency
of SMBG from 15% (3/20) of the studies (n=187) [23,34,40],
and incidence of hypoglycemiafrom 20% (4/20) of the studies
(n=309) [23,26,32,38].

There was no significant effect size in secondary outcomes
except for the N-QOL, with MD for DQOLY (DQOLY impact
of diabetes subscale: MD 1.27, 95% Cl —3.31 to 5.86, n=53,

and 12=32.2%; DQOLY worries about diabetes subscale: MD

0.58, 95% Cl —2.49 to 3.66, n=53, and 1°=23.8%; DQOLY
satisfaction with diabetes subscale: MD 3.27, 95% Cl —12.53

t019.08, n=53, and 1°=75.6%), an SMD of —0.24 for the N-QOL

(95% CI —0.45 to -0.02; n=334; 1°=0%), an MD of 0.54 for
daily frequency of SMBG (95% CI -0.72 to 1.80; n=187,
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12=67.8%), and an SMD of —0.22 for incidence of hypoglycemia
(95% CI —0.66 to 0.23; n=309; 1°=73.7%).

Only 5% (1/20) of the studies[21] reported economic data. The
difference in cost-effectiveness of care between the 2 groups
was significant. The average cost per patient in theintervention
group for the 6 months was US $163. The control group spent
an average of US $246 to visit the clinic. If additional costs
(average US $59), such as mileage, parking, meals, hotel stays,
and babysitting, wereincluded, the average cost of aclinic visit
increased to US $305. This result shows that the telemedicine
intervention was cost-effective, at least in the United States.

https://www.jmir.org/2024/1/e51538
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Subgroup Analysisof HbAlc

Our subgroup anaysis based on study and intervention
characteristics revealed that the subgroup differences that
yielded dtatistical significance were publication date,
communication forms (from patient to provider), and
internet-based follow-up (Table 3).

Regardless of age, intervention duration, and heath care
provider, HbA . levels significantly decreased in al studies

after the telemedicine intervention.
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Table 3. Summary of subgroup analysis based on glycated hemoglobin.

Characteristic and subgroup Number of trials (NuM-  Effect size, MD?(95% 12 (%) Pvalue(Q  Heterogeneity be-
ber of participants) o)) test) tween groups
Age 0.058
Children 2(210) -041(-062t0-020) O 71
Adolescents 18 (1434) -0.18(-0.30t0-0.06)  28.1 13
Publication date 0.010
2010 and before 5(384) 0.11 (-0.15t0 0.37) 0 .80
After 2010 15 (1260) -0.27(-040t0-0.15)  36.8 .08
Intervention duration 0.199
<6 months 8 (495) -0.32(-048t0-0.17) 0O 58
At least 6 months 12 (1149) -0.18(-0.33t0-0.03) 432 .06
Health care provider 0.884
Professional diabetes care team 9 (850) —0.21 (-0.38t0 —0.04) 335 A5
No professiona diabetes care team 11 (794) —0.23 (—-0.40 to —0.06) 40.7 .08
Feedback frequency 0.426
More than once a month 5(364) -0.23(-0.449t0-0.002) 0 .63
Less than or equal to once a month 10 (983) -0.27 (-0.41t0-0.12) 35.6 A2
Unclear 5 (297) -0.08 (-0.3210 0.16) 203 29

Communication form

Provider to patient 0.259
Telephone 3(244) -0.06 (~0.46 t0 0.35) 34.9 22
SM S text messaging 3(229) -0.10 (-0.3510 0.15) 454 16
Smartphone app 5 (440) —0.37 (-0.53t0 -0.21) 0 .62
Computer software 2(211) -0.12 (-0.59 t0 0.35) 39.6 .20
Website 3(127) 0.00 (-0.36 t0 0.36) 0 63
Web conference 3(330) —0.34 (-0.65 t0 —0.02) 49.9 14
Smart wearable device 1(63) -0.53(-1.18t00.12) _b —
Patient to provider 0.002
Modem 3(209) 0.11 (-0.26 t0 0.48) 0 76
Smartphone app 5 (453) -0.37(-051t0-022) O .96
Smart wearable device 6 (595) —0.20 (-0.37 t0 —0.03) 0 .60
Telephone 2 (156) -0.15 (-0.87 t0 0.58) 78.3 .03
Website 3(139) -053(-0.89t0-0.18) 0 81
Not reported 1(92) 0.03 (-0.13t0 0.19) — —
Technology form 0.505
Hardware 3(249) —0.08 (-0.51 t0 0.35) 432 a7
Software 17 (1395) -023(-0.36t0-0.11) 348 .08
Technology use mode 0.534
Independent use 6 (374) —0.11 (-0.31t0 0.09) 0 .53
Parental assistance 9(899) -0.24(-041t0-0.07) 441 .07
Unclear 5(371) -0.26(-047t0-004) 0O 53
Telemedicine intervention form 0.206
Complete telemedicine intervention 12 (802) —0.28 (-0.43t0-0.13) 20.5 .24
https://www.jmir.org/2024/1/e51538 JMed Internet Res 2024 | vol. 26 | €51538 | p. 13
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Characteristic and subgroup Number of trials ("UM-  Effect size, MD? (95% 12 (%) Pvaue(Q  Heterogeneity be-
ber of participants) o)) test) tween groups
Partial telemedicine intervention 8(842) -0.14 (-0.291t0 0.01) 294 19
I nternet-based follow-up 0.002
With feature 17 (1460) -027(-0.38t0-0.17) 89 35
Without feature 3(184) 0.03 (-0.12t0 0.18) 0 64
M edication adjustment 0.577
With feature 14 (1267) -0.25(-037t0-0.12) 20 24
Without feature 6 (377) -0.17 (-0.41t0 0.07) 374 16
Physical exercise 0.823
With feature 6 (691) —0.24 (-0.47 10 0.01) 44.6 A1
Without feature 14 (953) -0.21(-0.35t0-0.07) 352 .09

3\ID: mean difference.
bData synthesisis not possible with only one study.

Population of the Study

No statistically significant subgroup differenceswereidentified
in the subgroup analysis by age. A datistically significant
decreasein HbA ;. levelswas observed in subgroups of children
(MD -0.41, 95% CI -0.62 to —0.20; P<.001) and adolescents
(MD -0.18, 95% CI —0.30 to —0.06; P=.003). The children
subgroup reported a higher MD than the adolescent subgroup.

Publication Date of the Studies

Subgroup analysis stratified by publication date demonstrated
significant effectiveness of studies published after 2010 on
glycemic control in children and adolescents with T1DM
compared with those published before 2010. Moreover, a
decrease in heterogeneity and statistically significant subgroup
differences was found in the subgroup analysis based on
publication date (P=.01), which can explain the heterogeneity
in overal effect on HbA .. levels.

Duration of Telemedicine I nterventions

We created 2 subgroups: interventions lasting <6 months and
interventionslasting at least 6 months. Theresultsreveal ed that
telemedicine interventions lasting <6 months demonstrated a
more significant reduction in HbA . levels (MD -0.32, 95% ClI

~0.48 t0-0.17; P<.001).

Health Care Provider of Telemedicine I nterventions

Subgroup analysis based on health care provider demonstrated
significant effectiveness with or without the professional
diabetes care team, and similar M Dswere reported between the
2 groups (with care team: MD —0.21, 95% CI —0.38 to —0.04,
and P=.02; without care team: MD -0.23, 95% CI —-0.40 to
—0.06, and P=.01).

Feedback Frequency of Telemedicine I nterventions

Contrary to the nonsignificant overall effect of —0.01 on HbA
levelsin 25% (5/20) of the studieswith feedback (not reported),
the overall effect in 25% (5/20) of the studies with feedback
(morethan once amonth) was—0.23 (95% CI —0.449t0-0.002;
P=.048), and the overall effect in 50% (10/20) of the studies

https://www.jmir.org/2024/1/e51538

with feedback (less than or equal to once a month) was —0.27
(95% Cl —0.41 t0 —0.12; P<.001); the results of the study were
statistically significant.

Communication FormsBetween Patientsand Providers

The choice of provider-to-patient communication
forms—smartphone apps (MD —0.37, 95% CI —0.53 to -0.21;
P<.001) and web conferences (MD —0.34, 95% CI -0.65 to
-0.02; P=.04)—significantly influenced the effect of
telemedicine on HbA,. levels. In addition, the choice of
patient-to-provider communication in the form of smartphone
apps (MD -0.37, 95% Cl -0.51 to -0.22; P<.001), smart
wearable devices (MD —0.20, 95% CI —0.37 to —0.03; P=.02),
and websites (MD —0.53, 95% CI —0.89 to —0.18; P=.003) had
asignificant impact on the effect on HbA ;. levels. A statistically
significant subgroup difference was found in the subgroup
analysis based on patient-to-provider communication forms
(P=.002).

Forms of Technology

Subgroup analysis by forms of technology showed that studies
using software (MD -0.23, 95% Cl —0.36 to -0.11; P<.001)
had a significant effect on glycemic control in children and
adolescents with TIDM compared with studies using only
hardware (MD —0.08, 95% CI —0.51 to 0.35; P=.71).

M odes of Technology Use

The overall effect on HbA . levels in the 30% (6/20) of the
studies with independent use of technology was—0.11 (95% Cl
—-0.31t00.09; P=.27), whereasthe overal effect on HbA . levels
in the 45% (9/20) of the studies with parental assistance was
—0.24 (95% CI -0.41 to -0.07; P<.001).

Forms of Telemedicine | nterventions

Subgroup analysis based on the form of telemedicine
intervention showed that complete telemedicine interventions
(MD -0.28, 95% CI —0.43 to —0.13; P<.001) were better than
partial telemedicine interventions (MD —0.14, 95% CI -0.29to
0.01; P=.06).
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Content of Telemedicine I nterventions

Interventions with interactive communication and follow-up
(MD -0.27, 95% Cl —0.38 to —0.17; P<.001) and medication
dose adjustment (MD —0.25, 95% CI —0.37 to -0.12; P<.001)
were associated with a greater improvement in HbA . levels.
However, interventions without a physical exercise feature also
significantly influenced the effect of telemedicine on HbA .
levels (MD -0.21, 95% Cl —0.35 to —0.07; P=.004). Moreover,
adecreasein heterogeneity and statistically significant subgroup
differences was found in the subgroup analysis based on
interactive communication and follow-up (P=.002), which can
also explain the heterogeneity in the overall effect on HbA
levels.

Sensitivity Analysis

L eave-one-out analysiswas performed by removing each study,
and there was no significant change in the effect size (Figure
S2 in Multimedia Appendix 1). Accordingly, no individual
study had a statistically significant effect on the overall result.
However, inspection of the effect size identified one outlier
study [25] with an effect size larger than that of the other studies.
The exclusion of this study did not materially affect our results
for the primary outcome, but it did reduce heterogeneity (1°=9%;
Q15=19.87; P=.34; fixed-effectsmodel) and increase theimpact
of telemedicine (MD —0.26, 95% CI —0.36 to —0.17; P<.001).

Publication Bias

The contour funnel plot of HbA,. levels was not obviously
asymmetrical, consistent with publication bias (Figure S3 in
Multimedia Appendix 1). We used the Egger regression test
and Begg test to verify publication bias. Theregression analysis
bias estimate was insignificant (Egger test: bias=—1.02 and
P=.32; Begg test: z=0.16 and P=.87).

M eta-Regression

The results of the meta-regression are presented in Table S2 in
Multimedia Appendix 1. Meta-regression analysis showed that
publication date (P=.04) and the “Interactive follow-up”
intervention characteristic (P=.02) were moderating factorsto
explain the heterogeneity in this study.

Discussion

Principal Findings

In this systematic review and meta-analysis of RCTs comparing
telemedicine with usual care, the difference in HbA . levels
was in favor of telemedicine (MD —0.22; P<.001). Sensitivity
analysisshowed low heterogeneity (12=35%; P=.06) and stability
of the outliers. Subgroup analysesrevealed that studies published
after 2010, studies with <6 months of follow-up, studies in
children with T1DM, studies in the form of smartphone apps
(provider to patient) and websites (patient to provider) for
communication, and studies with medication dose adjustment
reported significantly larger effects of telemedicine. We were
delighted to find that smartphone apps may be a particularly
effective way of connecting providers and patients and that
telemedicine improves quality of life for children and
adolescents with TIDM (SMD —0.24, 95% Cl —0.45 to —0.02;
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P=.04; 1°=0%). However, there was no direct evidence that
telemedicine could reduce therisk of hypoglycemiaand improve
SMBG. Our findings may help guide future clinica
decision-making about the use of telemedicine for TIDM in
children and adol escents.

Comparison With Prior Work

Our results showed that telemedi cineinterventions significantly
reduced HbA ;. levelsin children and adolescents with T1IDM,
which is similar to the results of previous meta-analyses in
adults[20,55-57]. A recent study pointed out that atelemedicine
intervention for HbA,. in adults had a significant treatment
effect [18]. In addition, Shulman et a [58] found no evidence
for the effectiveness of telemedicine on HbA ;. levelsin a2010
meta-analysis specifically targeting TIDM in adolescents, which
is consistent with the results of this study’s time-of-publication
subgroup analysis. This suggested that telemedicine has evolved
and improved rapidly over the past decade or so and is showing
benefits for the treatment of children and adolescents with
T1DM. In addition, the results of this study are contrary to the
findings of the study by Lee et al [20], which did not find that
telemedicine improved glycemic control in children and
adolescents with T1IDM by subgroup analysis.

Although improvements in the secondary outcomes of
hypoglycemia risk and SMBG were not confirmed, it is
encouraging to find that telemedicine improves quality of life
in children and adolescents with TIDM. Thisisin contrast to
previous studies with adolescents and children, where Shulman
et a [58] did not find differencesin quality of life between the
telemedicine and control groups, and is also contrary to the
results of previous studies [55,57] that did not restrict the type
of diabetes and studies on T1IDM [20] that did not restrict the
population, which did not find abenefit of telemedicineinterms
of quality of life.

In terms of studying the effect of follow-up time on HbA
levels, previous studies (not specifically for TADM) [55,57,59]
have shown that the effectiveness of telemedicine is higher
when the intervention duration is at least 6 months. However,
our findings are contrary to those presented in these studies.
Our subgroup analysis showed a higher treatment effect in
studies that lasted <6 months than in studies that |asted at least
6 months. This may be related to the “honeymoon” phase of
T1DM. A “honeymoon” phase is a transient period of TIDM
remission characterized by a significant reduction in insulin
requirements and good glycemic control due to a temporary
restoration of pancreatic 3-cell function, which usually lastsfor
several months. The exact mechanisms are still uncertain, but
one of the generally recognized mechanismsis that correction
of “glucotoxicity” by exogenousinsulin therapy leadsto “3-cell
rest” and [3-cell recovery [60]. The concept of a*“honeymoon”
phase was first described by Jackson et a [61]. They observed
a rapid decline in demand for exogenous insulin in children
with diabetes after regular insulin treatment. In general, patients
enter the “honeymoon” period approximately 3 months after
starting insulin therapy, and it can last 6 to 9 months. Therefore,
it isreasonable to speculate that, in TIDM studies with shorter
intervention durations, patients are morelikely to beinfluenced
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by the“honeymoon” period and, thus, show abetter intervention
effect. Future RCTs in this area should carefully consider the
duration of telemedicine interventions in their design, which
should be >6 months if possible, especialy if it is not
sufficiently known whether the enrolled group isin or has passed
the “honeymoon” period. Thisisto minimize the effects of the
intervention being influenced by the “honeymoon” period and
improve the realism and reliability of the effectiveness of
telemedicine interventions. In addition, this may be related to
the fact that this study targeted children and adolescents with
T1DM. An alternative explanation might be that patients become
less responsive to monitoring prompts as the potential novelty
of telemedicine interventions diminishes. This explanation is
well recognizedintherelated area of activity tracking viasmart
wearable devices [62].

Our subgroup analysis results suggested differences between
children and adolescents. Telemedicine interventions had a
greater effect in children compared with adolescents. This
contrasts with the findings of the study by Shulman et al [58],
which showed no difference in HbA,. levels between the
adolescent and child subgroups at the end of the intervention.
It may also be due to the use of different criteria for defining
children in this study from those used by Shulman et a [58].
The most recent age criteria for children and adolescents used
in this study limit the age of children to lessthan or equal to 10
years; however, based on specul ation about the publication date
of the study by Schulman et al [58], they may have defined the
age of the children as older. Thus based on the age criteria of
the present study, we anticipate that more child-related studies
in the future may make this difference more apparent. By
conducting subgroup analyses, we preliminarily excluded the
influence of technology forms and use modes on this result. A
total of 10% (2/20) of the studies were conducted on children,
one using a hardware device independently [32] and the other
using software with parental assistance[36]. However, we found
that the studies on children were all complete telemedicine
interventions. Subgroup analysis based on intervention form
showed that complete telemedicine interventions were better
than partial telemedicineinterventions, which could explain the
observed results. Thisfinding is supported by the study by Chen
et al [63], which found that a mixed complete telemedicine
intervention was superior to apartial telemedicine intervention
in reducing the incidence of pressure injury in patients with
spinal cord injury. Another plausible explanation is that
children’s blood glucose is more prone to fluctuations and a
higher incidence of hypoglycemia compared to that of
adolescents, which may lead to an exaggerated intervention
effect. Although HbA . is the gold standard for long-term
glycemic control, the use of HbA ., alone to assess glycemic
management in children can be mideading due to the magnitude
of blood glucose fluctuations [64], and the pursuit of HbA .
compliance can be accompanied by an increasein thefrequency
of hypoglycemia [65,66]. Hypoglycemia in children is a
metabolic-endocrine emergency due to the potential for brain
injury; permanent neurological sequelag; and, in rare cases,
death [67]. Therefore, when assessing glycemic control in
children, special attention should be paid to the incidence of
hypoglycemia. We also found that telemedicine interventions
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with medication dose adjustment reported significant treatment
effects in improving glycemic control in children and
adolescents, consistent with the results of a study [55] on the
effects of telemedicine on HbA ;. levelsin patientswith diabetes.
Consequently, future well-designed studies should consider
further enhancing insulin adjustment and monitoring in the
intervention.

On the basis of the subgroup analysis by communication form,
our results suggested that smartphone apps may be a very
effective vehiclefor linking intervention providers and patients,
which can provide anintelligent management pathway for blood
glucose in children and adolescents with TIDM. Nkhoma et al
[68] also supported that smartphone apps improved glycemic
control better than other tools. Moreover, the smartphone app
studies included in this review (5/20, 25%) all evaluated the
safety of appsand reported theincidence of adverse eventssuch
ashypoglycemiaand diabetic ketoacidosis. Overall, smartphone
apps are safe and do not increase the number of episodes of
hypoglycemia [69]. Future studies could conduct an in-depth
analysis of various types of smartphone apps in terms of core
functionality (eg, health monitoring, smart health interventions
and guidance, community interactions, and professional
support), interface design and interaction experience, and
dynamic sensing and self-adaptation (eg, automatically
recommending personalized health plans based on the user’'s
basic information, such as age, gender, and body weight) to
further improve the telemedicine intervention’s usability and
effectiveness. This will enable children or adolescents with
T1DM to benefit more from telemedicine.

Concerning cost-effectiveness, evidence is still lacking. Few
studiesincluded in thismeta-analysis (1/20, 5%) discussed cost
considerations, which isacommon issuefaced by telemedicine
intervention studies. However, there are specific telemedicine
cost analysis studies that may provide assistance with cost
considerations. In a recently published study on the
cost-effectiveness of telemedicine interventions, smartphone
app, SMS text messaging, and website interventions were
confirmed to be cost-effective without substantial differences
among the different delivery modes [70]. A study by Elliott et
al [71] showed that smart wearable devices increase short-term
costs but their HbA ; -lowering benefits will provide sufficient
long-term health benefits and cost savings to justify the costs
as long as the effects last into the medium term. The
implementation of tel emedicine services continuesto belimited
by cost and reimbursement barriers; future studies should
increase transparency and conduct rigorous and in-depth
cost-eff ectiveness analyses of the varioustypes of telemedicine
strategies to support TIDM management.

Practice, Policy, and Future Study

Our findings have potential ramificationsfor practiceand policy.
First, among studies evaluating the use of telemedicine
interventionsto improve carefor children and adolescents with
T1DM, wefound that all (20/20, 100%) focused on HbA ,, with
only asmall proportion of studies (9/20, 45%) reporting other
outcomes such as quality of life and incidence of hypoglycemia.
This prevents policy makers from considering the impact of
interventions on outcomes other than HbA ;. when developing
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and implementing telemedicineinterventionsfor this population.
This situation may result in the health care system failing to
respond to the needs of children and adolescents with T1DM
and creates difficulties in tailoring telemedicine interventions
to this population [72]. Focusing only on HbA ;. may, in turn,
compromise the continuity of managed care for patients with
T1DM. Therefore, we suggest that future studies add the
assessment of other important outcomes such as quality of life,
incidence of hypoglycemia, SMBG, and cost-effectiveness.

However, theimportance of HbA ;. isundisputed, with findings
published by the UK Prospective Diabetes Study as early as
2000 showing that a 1% reduction in mean HbA . levels was
associated with a 21% reduction in diabetes-related deaths, a
14% reduction in the risk of myocardial infarction, and a 37%
reduction in microvascular complications in patients with type
2 diabetes mellitus[73]. Results of arecent cross-sectional study
of 156,090 children and adolescents with T1IDM showed that
the probability of diabetic retinopathy increased with increasing
HDbA . levels (adjusted odds ratio per 1 mmol/mol increase in
HbA . levels 1.03, 95% CI 1.03-1.03; P<.001) [74]. Therefore,
if telemedicine could be implemented in al children and
adolescents with T1DM, it would help reduce the risk of
macrovascular and microvascular complications, improve
glycemic control, and enhance quality of life.

Inlight of the aforementioned, our findings suggest apromising
application of telemedicine in the management of the disease
in children and adol escentswith TADM, especially after several
decades of development, during which tel emedicine has shown
many benefitsfor children and adolescentswith TAIDM. Future
studies should carefully consider the various forms of
interventions as well as the age group of the target population
when tailoring telemedicine interventions for T1DM in
adolescents and children, particularly with regard to the need
for self-monitoring and recognition of hypoglycemia. Although
the results of this study suggest that smartphone apps may be
the best way to improve patients' glycemic control, they may
not be applicable to children aged <10 years. Taking China as
an example, in addition to Chinese education policy
discouraging the use of el ectronic devicesin schoolsto minimize
disruption and promote traditional teaching methods, children’s
weaker self-control and potential addiction to gaming and
entertainment, difficulties in parental supervision, and adverse
effects on children’'s face-to-face interactions and socia skill
development areimportant factorsthat makeit difficult to apply
this form of telemedicine.

Findly, this study also identified the lowest threshold of
intervention duration intervals that may be able to safeguard
the effectiveness of telemedicine interventionsin children and
adolescentswith TADM, making it necessary to conduct further
studieswith longer durations and larger cohort sizesin the future
to determine the optimal intervals of intervention duration.
Although thismay be difficult; patients' ability toimprovetheir
self-management of glycemiathrough telemedicineisagradual
processinvolving multiple factors, including patients' learning
ability, adaptability, acceptance of the technology, and the level
of support from the health care team; and the time to achieve
independent glycemic management may vary dueto individual
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differences, the conduct of studies of longer durations is still
very much appreciated.

Strengthsand Limitations

This systematic review and meta-analysis has severa strengths.
To our knowledge, thisisthefirst meta-analysis ontelemedicine
aimed at improving HbA . levelsin children and adolescents.
The substantial number of included RCTs and participants
provided strong evidence for the clinical application of
telemedicine for improving glycemic control in children and
adolescents with TIDM. Second, we performed a relatively
comprehensive subgroup analysis and confirmed that
telemedicine may have the opposite effect in children and
adolescents than in adults in terms of intervention duration. In
addition, we undertook a comprehensive search of multiple
databases and strictly adhered to methodol ogical toolsto report
our research. Finally, we performed a leave-one-out sensitivity
analysis, which allowed us to assess whether high-risk studies
influenced the final results; however, excluding the high-risk
study did not change the final results.

We aso acknowledge that this meta-analysis has severa
limitations, mainly statistical assumptions such as deriving the
mean and SD from the sample size, baseline, end point, and
median, although these assumptions were robust in severa
sengitivity analyses. Second, data extraction could haveincluded
more baseline datafrom the study, such as medication use since
diagnosis (total daily insulin dose, number of insulin injections
per day, and insulin pump use), ethnicity, and nationality. Third,
therewas a certain degree of heterogeneity in the different types
of telemedicine interventions. However, subgroup analysis
should overcome this flaw. Fourth, only RCTs were included
in this research; observational studies may yield pertinent
insights for the correlation between telemedicine and HbA .
levels. Fifth, most RCTs (15/20, 75%) did not explicitly report
blinding or allocation concealment procedures because of
intervention characteristic limitations, which would lead to
performance and detection biases. Sixth, the precision of some
secondary outcomes was relatively low because of the small
number of relevant trials. More RCTs of high quality and with
large sample sizes are needed for further validation. Finally,
only articles published in English were reviewed, which would
lead to potential selection bias, and therefore, the results
generalizability may be limited.

Conclusions

Our systematic review and meta-analysis has shown that
telemedicine is an efficacious and safe intervention approach.
It can reduce HbA ;. levelsand improve quality of lifein children
and adolescents with T1DM. Complete telemedicine
interventions are better than partial telemedicine interventions.
However, in accordance with the idea of providing health care
from a distance, telemedicine should not be regarded as a
uniform approach to medication or as an aternative to usual
care but rather as a useful supplement to usual care to control
HDbA ;. levels and a potentially cost-effective mode. Given the
potential benefits of telemedicine, such as greater access for
remote popul ations or people with ambulatory restrictions, these
findings may encourage further implementation of eHealth

JMed Internet Res 2024 | vol. 26 | €51538 | p. 17
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Zhang et al

strategies for TIDM management, particularly as part of verifiedinfuture studies. Meanwhile, researchers should develop
multifaceted interventions for integrated care of chronic higher-quality RCTs using large samples that focus on hard
diseases. The aforementioned conclusions need to be further  clinical outcomes, cost-effectiveness, and quality of life.
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