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Abstract

Introduction The increasing prevalence of diabetes mellites (DM), especially type 2 diabetes mellitus, presents
significant challenges for healthcare systems. Effective blood glucose management is essential for preventing serious
complications, and telehealth offers a promising approach to improve patient engagement and adherence. The effec-
tiveness of telehealth on blood glucose management should be investigated. The evaluated metric for diabetes man-
agement plans in this study was the change in blood glucose levels, specifically HbA1c, as an indicator of glycemic
control. The impact of telehealth interventions on these outcomes was analyzed across various patient groups. This
review conducts a comprehensive analysis of the current literature to offer insights that can guide clinical practices
and inform policymakers about the advantages of telehealth in managing diabetes.

Methods In this study, several evidence-based databases and relevant clinical trial registries were searched

to evaluate the effects of telehealth on blood glucose management among patients with diabetes. The included
studies were randomized controlled trials that compared telehealth with traditional in-person management. Micro-
soft Excel was used to extract and sort the data before it was exported to STATA/MP 17.0 for analysis. A weighted
inverse variance random-effects model with a 95% confidence interval was employed to pool the data. Egger’s test
and Cochrane I statistics were used to assess publication bias and heterogeneity, respectively.

Result This review identified six randomized controlled trials (RCTs) involving a total of 3,995 patients, with 2,022
in the telehealth intervention group and 1,973 in the control group, conducted across the USA, Asia, and Europe.
The analysis showed a significant improvement in blood glucose control for patients using telehealth, evidenced
by a Standard Mean Difference (SMD) of 0.20 (95% Cl: 0.10-0.29; p < 0.001), with USA studies reflecting the highest
SMD of 0.24 and diabetic veterans showing an even greater SMD of 0.41.

Conclusion and recommendations This study demonstrates that telehealth interventions significantly enhance
blood glucose management among patients with diabetes. The findings highlight the need for healthcare systems
to prioritize telehealth integration into diabetes management protocols while developing tailored interventions

to meet the diverse needs of various patient populations.
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Introduction

The global rise in diabetes prevalence, particularly type
2 diabetes, presents significant challenges to healthcare
systems. According to the International Diabetes Federa-
tion, approximately 537 million adults were living with
diabetes in 2021, a figure projected to rise to 643 mil-
lion by 2030 [1]. Effective blood glucose management is
crucial in preventing the complications associated with
diabetes, which include cardiovascular diseases, kidney
failure, and neuropathy [2]. As healthcare systems adapt
to meet the demands of this growing population, tele-
health has emerged as a promising approach to diabetes
management, offering new ways to engage patients and
enhance treatment adherence [3].

Telehealth encompasses a variety of technologies that
facilitate remote healthcare delivery, including video con-
sultations, mobile health applications, and remote moni-
toring tools. These technologies can address common
barriers faced by patients with diabetes, such as geo-
graphical distance, mobility issues, and time constraints
[4]. Studies suggest that telehealth interventions can lead
to improved self-management, increased patient engage-
ment, and better health outcomes [5]. For instance, a
study conducted in 2017 found that telehealth interven-
tions significantly reduced hemoglobin Alc (HbAlc) lev-
els, indicating improved glycemic control among patients
with diabetes when compared to standard care [6]. Tel-
emedicine interventions can help patients with diabe-
tes manage their condition and improve HbAlc levels
through teleconsultations, remote monitoring, and tai-
lored educational programs. Clinicians can use secure
communication channels for timely feedback and per-
sonalized care. Adapting telemedicine to local resources,
patient needs, and healthcare infrastructure ensures
accessibility and effectiveness [7].

Despite the promising results, the efficacy of tel-
ehealth interventions remains variable across different
populations and settings. While telehealth can be effec-
tive, the outcomes are influenced by factors such as
patient demographics, the type of telehealth technology
employed, and the level of provider support [8]. Addi-
tionally, some studies indicate that technology-related
barriers, such as lack of access to the internet or digi-
tal literacy challenges, may hinder the effectiveness of
telehealth in certain demographics [9]. Understand-
ing these dynamics is crucial for optimizing telehealth
interventions tailored to diverse patient populations.

This systematic review aims to evaluate the impact of
telehealth on blood glucose management specifically

within randomized controlled trials (RCTs) involv-
ing patients with diabetes. As diabetes prevalence
continues to rise, effective management strategies are
essential for maintaining optimal glycemic control.
Telehealth offers innovative solutions that can help
address common barriers faced by patients, such as
geographical distance, mobility issues, and time con-
straints. By synthesizing findings from relevant studies,
this review will assess the overall effectiveness of tele-
health intervention for glucose monitoring, and remote
patient education programs.

Through a comprehensive analysis of the current lit-
erature, this review seeks to provide valuable insights
that can guide future clinical practices and inform poli-
cymakers about the potential benefits of telehealth in
diabetes management. Ultimately, this study aims to
contribute to the existing body of knowledge and sup-
port the development of effective telehealth strategies
to improve patient outcomes in diabetes care. There-
fore, the main objective of this review was to evaluate
the comparative impact of telehealth over traditional
in-person management on blood glucose management
among patients with diabetes in the world.

Method

Protocol and registration

In this study, we reviewed multiple evidence-based data-
bases such as PubMed, MEDLINE, Embase, CINAHL,
grey literature, the Cochrane Library, and Web of Sci-
ence. We also examined existing systematic reviews
and identified relevant ongoing research via clinical
trial registries and systematic review databases. Despite
this extensive search, there is no discovery of any simi-
lar studies currently undergoing publication. However,
the study protocol was not registered in the PROSPERO
database, and a formal protocol was not created.

Search strategy

In this systematic review and meta-analysis, we employed
a thorough search strategy to identify relevant RCTs eval-
uating the effects of telehealth on blood glucose manage-
ment in patients with diabetes. Our search encompassed
multiple databases, including PubMed, MEDLINE,
Embase, CINAHL, grey literature, the Cochrane Library,
and Web of Science. We utilized a combination of key-
words and MeSH terms related to telehealth, in-person
management, traditional management, diabetes mel-
litus, and RCTs, such as "impact," "effect," "telecare,"
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"telemedicine,” "telehealth,” "diabetes mellitus," "blood
glucose,” "HbAlc," "determinants,” and "factors.” Boolean
operators (AND, OR) were used to combine search
terms. Additionally, we hand-searched the references
of selected articles to identify further relevant studies.
Duplicates were removed, and the selection process fol-
lowed PRISMA guidelines [10] (Table S1).

Screening and eligibility criteria

In this systematic review and meta-analysis, we focused
on RCTs that compared the effects of telehealth with tra-
ditional in-person management on blood glucose control
among patients with diabetes worldwide. All retrieved
articles were imported into EndNote reference software
version 8 (Thomson Reuters, Stamford, CT, USA) for
organization, data cleaning, and duplicate removal. Three
authors (AG, BTA, and TA) independently screened and
assessed the relevance of each study based on titles and
abstracts, applying predefined inclusion criteria. These
criteria required studies to compare specific treatments,
be either experimental or observational in design, address
a significant research question, focus on a defined popu-
lation, clearly identify participant types, examine the
phenomenon of interest, provide contextual or setting
details, and report outcomes. After thoroughly reviewing
the full texts of the selected studies, all authors (AG, MB,
MG, BT, and AW) evaluated each article’s eligibility. Any
discrepancies were resolved through discussion among
the authors. We included RCTs involving patients with
diabetes of any type and those that provided quantitative
data using standardized, validated assessment tools. Both
published and unpublished articles found in university
repositories were considered, irrespective of geographi-
cal location and publication date. Randomized controlled
trials conducted and published in the English language
until October 10, 2024, were included. The search date
was ranged from October 15-25, 2024. However, non-
randomized studies, including observational studies, case
reports, conference proceedings, and review articles were
excluded from the review. Additionally, RCTs that were
not available in full-text format were excluded.

Outcome measurement of the study

The outcome measurement for this study was primarily
concentrated on quantifying changes in blood glucose
levels, which are critical for evaluating diabetes manage-
ment. This was assessed using key metrics, HbAlc, which
provides an average of blood glucose levels over the pre-
ceding two to three months and offers a reliable indica-
tor of long-term glucose control. A reduction in HbAlc
levels would signify improved glycemic control, which
is essential for minimizing the risk of diabetes-related
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complications. By focusing on this metric, the study aims
to establish a clear connection between telehealth inter-
ventions and their impact on blood glucose regulation
among patients with diabetes, ultimately contributing to
a better understanding of how telehealth can be lever-
aged to enhance diabetes care.

Data extraction and quality assessment

A standardized form in Microsoft Excel was used to extract
data, including authors’ names, publication year, study set-
ting, patient characteristics, follow-up duration, sample
sizes for both intervention and control groups, and the
mean and standard deviation of blood glucose levels for
each group. The Cochrane Risk of Bias Tool was employed
to assess the methodological quality of the included tri-
als, focusing on aspects like randomization, blinding, and
completeness of outcome data. Based on these evalua-
tions, studies were classified as having a high, moderate,
or low risk of bias [11]. The quality of the included rand-
omized controlled trials (RCTs) was assessed using the
Joanna Briggs Institute (JBI) Critical Appraisal Checklist,
which evaluated key study design elements such as rand-
omization, allocation concealment, blinding, and follow-
up completeness [12]. To minimize bias, data extraction,
and quality assessments were carried out independently by
two reviewers, with any disagreements resolved through
consensus or consultation with the other authors.

Data synthesis and analysis

The standard mean difference was used to assess the impact
of telehealth over traditional in-person management on
blood glucose monitoring among patients with diabetes.
The data was pooled through a weighted inverse variance
random-effects model at a 95% confidence interval [13].
Data extraction and cleaning were performed using Micro-
soft Excel, and the cleaned data were then exported to
STATA version 11.0 (Stata Corporation, College Station,
Texas) for further analysis [14]. To evaluate the heterogene-
ity among the studies, a Cochrane Q test and calculated the
12 statistic along with its associated p-value were employed.
Additionally, to explore the sources of heterogeneity among
the studies, three analytical approaches: subgroup analysis,
sensitivity analysis, and meta-regression were employed.
Furthermore, the absence/presence of publication bias was
assessed using Egger’s test and funnel plots [15]. Finally, a
statistical test with a P-value of less than 0.05 was consid-
ered statistically significant.

Result

Screening of eligible studies using PRISMA flow chart

As indicated in the PRISMA flow chart, the process of
screening eligible studies for this systematic review and
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meta-analysis is clearly illustrated. A total of 865 articles
were identified through a comprehensive search of elec-
tronic databases and other sources. After conducting a
thorough assessment that included the removal of dupli-
cates and the screening of abstracts and titles, along with
evaluating the availability of full text and applying other
eligibility criteria, 859 articles were excluded from con-
sideration. Ultimately, six RCTs that met the inclusion
criteria were selected for inclusion in the review (Fig. 1).

Study characteristics

A total of six RCTs were identified that met the inclu-
sion criteria, involving a total of 3,995 patients (2,022
in the intervention group and 1,973 in the control
group). These studies were conducted internationally,
encompassing three research from the USA [16-18],
two in Asia [19, 20], and one in Europe [21]. The tri-
als included in this review reflect a diverse range of
patient populations and healthcare settings, with data
collected up until October 2024. The patient popula-
tions included in this review encompassed a variety
of groups, including older adults, ethnically diverse
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individuals, medically underserved patients, diabetic
veterans receiving outpatient care, type 2 DM patients,
patients with type 2 DM during the COVID-19 pan-
demic, and individuals with gestational diabetes. The
follow-up periods for these studies varied significantly,
spanning from three months to five years, while sam-
ple sizes ranged from 106 to 1,665 participants. Impor-
tantly, all studies included in this review were designed
as RCTs (Table 1).

Telehealth interventions and standard-of-care
interventions

Telehealth interventions in diabetes management typi-
cally include remote consultations via video calls, phone
calls, or secure messaging, enabling patients to receive
healthcare support without needing to visit a clinic.
These interventions may also incorporate remote moni-
toring of vital signs, such as blood glucose levels, using
devices that transmit data to healthcare providers for
ongoing assessment and adjustments. In addition,
personalized educational programs may be delivered
through digital platforms to help patients manage their
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Articles excluded due to

A

duplication (n =422)

Records screened
(n=443)

Screening

Articles excluded by title
and abstract (n=271)

Full-text articles

(n=172)
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v The outcome of interest
not reported (n=164)
v' Inaccessibility of the full

Eligibility

y

text (n=2)
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(n=6)

=
5]
=
=
)
=]
=
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Fig. 1 The PRISMA flow diagram of identification and selection of RCTs done on the impact of telehealth on blood glucose management

among patients with diabetes in the world
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Table 1 Study characteristics on RCTs done to evaluate the impact of telehealth on blood glucose management among patients with

diabetes in the world

Author & Setting Patient category Follow-up period Sample size IG Sample size CG Mean Mean SDIG SDCG
publication year change change
I1G CG
Sheaetal, 2006 [16]  USA Older, Ethnically One year 844 821 038 0.25 061 049
Diverse, Medically
Underserved Patients
Sheaetal, 2009 [17] USA Older, Ethnically Five years 844 821 034 0.07 057 0.26
Diverse, Medically
Underserved Patients
Cooketal,2012[18]  USA DIABETIC VETERAN Two years 57 58 0.66 0.25 080 049
OUTPATIENTS
AlMutairi et al,, 2021 Asia Type 2 diabetes Three months 100 100 1.82 1.54 133 122
[19] mellitus dur-
ing the COVID-19
pandemic
Munda et al,, 2023 Europe  Gestational diabetes  One year 54 52 0.3 0.22 0.54 046
(21]
Molavynejad et al,, Asia Type 2 diabetes Three months 123 121 0.91 0.84 094 090
2022 [20] mellitus

CG Control Group, /G Intervention Group, SD Standard Deviation

condition. In contrast, standard-of-care interventions
typically involve in-person visits to healthcare facilities,
where patients receive face-to-face consultations, blood
glucose monitoring, and personalized treatment plans.
Standard care may also include periodic follow-ups, life-
style recommendations, and medication adjustments
based on in-person assessments.

Meta-analysis

Impact of telehealth on blood glucose management

This study examined the effects of telehealth on blood
glucose management among patients with diabetes
worldwide, comparing those who received telehealth
interventions to those who underwent traditional in-
person management. The findings revealed a nota-
ble improvement in blood glucose control among
patients utilizing telehealth, as indicated by a Standard
Mean Difference of (SMD=0.20; 95% CI: 0.10-0.29;
p<0.001). This finding highlights a statistically signifi-
cant advantage of telehealth over in-person manage-
ment (Fig. 2).

Heterogeneity and investigation of the source

of heterogeneity

In this review, a moderate level of heterogeneity among
the included studies was observed, with an I* value of
74.96%. To identify the sources of this heterogeneity,
three analytical approaches, including subgroup analy-
sis, meta-regression, and sensitivity analysis were con-
ducted. The moderators chosen for subgroup analysis

and meta-regression included the continent where each
study was conducted and patient characteristics such as
diabetes type, age, and other relevant factors used for
patient categorization.

Subgroup analysis

According to the results of the subgroup analysis, stud-
ies conducted in the USA demonstrated the highest
Standardized Mean Difference (SMD=0.24; 95% CI:
0.10-0.38; p < 0.001) compared to studies from Asia and
Europe (Fig. 3). Additionally, research done on diabetic
veteran outpatient patients showed a greater standard
mean difference of (SMD=0.41; 95% CI: 0.17-0.65;
p<0.001) relative to other group of patients with diabe-
tes (Fig. 4).

Meta-regression

The results from the meta-regression analysis revealed
that the moderators, specifically the continent and
patient category, did not significantly contribute to the
observed heterogeneity among the studies. With P-values
of 0.577 for the continent and 0.968 for the patient cat-
egory, these findings suggest that variations in outcomes
were not strongly influenced by the geographical location
of the studies or the specific characteristics of the patient
groups analyzed (Table 2).

Sensitivity analysis

The sensitivity analysis, which utilized a one-point leave-
out approach, showed that none of the studies signifi-
cantly affected the overall results, as all remained within
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Treatment group

Author and publication year  Sample size Mean SD Sample size Mean SD

SHEASS etal, 2006 844 38 061
SHEAS etal, 2009 844 34057
COOK AAetal, 2012 57 66 080
AlMutairi MF et al, 2021 100 182 1.3
Munda A et al, 2023 5 3 054

Molavynejad S et al, 2022 123 91 094

Overall

Heterogenaity: = 0.01, 1" = 74.96%, H' = 399
Test of 6 = 8 Q(5) = 22.16,p = 0.00

Testof 0= 0:2=4.06,p=0.00

Control group Meandiff. ~ Weight
with 95% Cl - (%)
821 025 049 1 0.13[ 0.08, 0.18] 28.99
821 007 026 B 0271 0.23, 0.31] 29.93
5 025 049 +—R——041[ 017, 065) 10.34
100 154 122 s 0.28[-0.07, 0.63] 5.86
5 02 046 —W1 0.081-0.11, 0.27] 13.86
21 084 090 — W 0.07[-0.16, 0.30] 11.01
<o 0.20 0.10, 0.29]
[ T T
200 2 4 08

Random-effects REML model
Fig. 2 Forest plot using a random-effects model illustrating the effects of telehealth on blood glucose management among patients with diabetes
in the world
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Treatment group Control group Mean diff. Weight
Authors and publication year Sample size Mean SD Sample size Mean SD with 95% ClI (%)
Asia
AlMutairi MF et al, 2021 100 1.82 1.33 100 1.54 1.22 = 0.28 [ -0.07, 0.63] 5.86
Molavynejad S et al, 2022 123 91 0.94 121 0.84 0.90 L 0.07[-0.16, 0.30] 11.01
Heterogeneity: 7° = 0.00, I = 0.00%, H’ = 1.00 e e 0.13[-0.06, 0.33]
Test of 8, = 6;: Q(1) = 0.95, p = 0.33
Europe
Munda A et al, 2023 54 .3 0.54 52 0.22 0.46 —— 0.08[ -0.11, 0.27] 13.86
Heterogeneity: 1° = 0.00, I’ = .%, H’ = . —~ll— 0.08 [ -0.11, 0.27]
Test of ;= 6;: Q(0) =0.00,p =.
USA
SHEA S et al, 2006 844 .38 0.61 821 0.25 0.49 E 3 0.13[ 0.08, 0.18] 28.99
SHEA S et al, 2009 844 .34 0.57 821 0.07 0.26 B 0.27[ 0.23, 0.31] 29.93
COOK AAet al, 2012 57 .66 0.80 58 0.25 0.49 —#@—041][ 0.17, 0.65] 10.34
Heterogeneity: 1° = 0.01, I’ = 90.82%, H’> = 10.90 -~ 0.24[ 0.10, 0.38]
Test of 6, = 6;: Q(2) = 18.60, p = 0.00
Overall - 0.20[ 0.10, 0.29]
Heterogeneity: 1° = 0.01, I’ = 74.96%, H’ = 3.99
Test of 6, = 6;: Q(5) = 22.16, p = 0.00
Test of group differences: Qu(2) = 1.97, p = 0.37

-.‘2 0 2 4‘1 é

Random-effects REML model
I

Fig. 3 Forest plot employing a random-effects model displays subgroup analysis by continent, illustrating the impact of telehealth on blood

glucose management among patients with diabetes worldwide



Getie et al. BMC Health Services Research (2025) 25:285 Page 7 of 11
Treatment group Control group Mean diff. Weight

Authors and publication year Sample size Mean SD Sample size Mean SD with 95% ClI (%)
Diabetic Veteran outpatients

COOK AA et al, 2012 57 66 0.80 58 0.25 0.49 —&——041[ 0.17, 0.65] 10.34
Heterogeneity: 1 = 0.00, I = .%, H’ = L 0.41[ 0.17, 0.65]

Test of 8; = 6: Q(0) = 0.00,p=.

Older, Ethnically Diverse, Medically Underserved Patients

SHEAS et al, 2006 844 38 0.61 821 0.25 0.49 . 3 0.13[ 0.08, 0.18] 28.99
SHEAS et al, 2009 844 34 057 821 0.07 0.26 ] 0.27[ 0.23, 0.31] 29.93
Heterogeneity: 1 = 0.01, I” = 93.80%, H’ = 16.14 - 0.20[ 0.06, 0.34]

Test of 8= 6;: Q(1) = 16.14, p = 0.00

Gestetional Diabetes

Munda A et al, 2023 54 3 054 52 022 046 —W—— 0.08[-0.11, 0.27] 13.86
Heterogeneity: 1 = 0.00, I = .%, H’ = e 0.08[-0.11, 0.27]

Test of 8= 6;: Q(0)=0.00,p=.

Type 2 Diabetes Mellitus

Molavynejad S et al, 2022 123 91 094 121 084 090 —@—— 0.07[-0.16, 0.30] 11.01
Heterogeneity: 1° = 0.00, I’ = %, H’ = — 0.07[-0.16, 0.30]

Test of 8 = 6;: Q(0) =-0.00,p = .

Type 2 Diabetes Mellitus During COVID_19

AlMutairi MF et al, 2021 100 1.82 1.33 100 154 1.22 = 0.28[-0.07, 0.63] 5.86
Heterogeneity: = 0.00, F= %, H = el (.28 [ -0.07, 0.63]

Test of 8= 6;: Q(0) =-0.00,p =.

Overall <o 020 0.10, 0.29]
Heterogeneity: 1 = 0.01, I* = 74.96%, H’ = 3.99

Test of 8; = 6;: Q(5) = 22.16, p = 0.00

Test of group differences: Q,(4) = 5.76, p = 0.22

2 0 2 4 6

Random-effects REML model

Fig. 4 Forest plot employing a random-effects model displays subgroup analysis by patient category, illustrating the impact of telehealth on blood

glucose management among patients with diabetes worldwide

Table 2 Meta-regression analysis results illustrating the effects of
telehealth on blood glucose management among patients with
diabetes in the world

Moderators  Coefficient Standard V4 P>/Z/ 95% Cl
error

Continent -0.77 0.14 -0.56 0577 -0.350.19

Patient cat- -0.003 0.07 -0.04 0968 -0.14,0.13

egory

-cons 0.32 0.13 250 0013 0.068,0.568

Patient category (older, ethnically diverse, medically underserved patients,
diabetic veteran outpatients, type 2 DM, type 2 DM during the COVID-19
pandemic, and gestational diabetes)

the confidence interval of 0.10 to 0.29. This finding indi-
cates that the overall conclusions of the analysis are sta-
ble and reliable, meaning that the presence or absence of
any single study does not have an outsized impact on the
findings (Fig. 5).

Publication bias

The funnel plot illustrated a symmetrical distribution of
the studies included in the analysis, suggesting that there
is no significant publication bias present. This conclu-
sion is supported by Egger’s test, which returned a non-
significant p-value of 0.8455, indicating that there is
little to no evidence of bias influencing the overall results
(Fig. 6). Furthermore, the trim and fill analysis verified
the absence of publication bias, as the mean difference
between the observed studies and the studies adjusted for
potential missing data remained similar.

Discussion

This result underscores a statistically significant ben-
efit of telehealth compared to in-person management. It
demonstrates a marked improvement in blood glucose
control among patients using telehealth, with a Standard
Mean Difference of 0.20 (95% CI: 0.10-0.29; p<0.001).
This finding aligns with recent literature that emphasizes
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Mean diff.
Omitted study with 95% ClI p-value
SHEA S et al, 2006 0.22[0.11, 0.34] 0.000
SHEA S et al, 2009 —_——— 0.15[0.07, 0.24] 0.000
COOKAA et al, 2012 —_— 0.17[0.08, 0.27] 0.000
AlMutairi MF et al, 2021 0.19[0.09, 0.29] 0.000
Munda A et al, 2023 0.22[0.11, 0.32] 0.000
Molavynejad S et al, 2022 0.21[0.11, 0.32] 0.000
1 2 3 4
lRandom-eﬁects REML model

Fig. 5 Sensitivity analysis utilizing a random-effects model to demonstrate the impact of a leave-one-out estimate on the study illustrating
the impact of telehealth on blood glucose management among patients with diabetes worldwide

Pseudo 95% CI
Estimated 6,/

® Studies

Fig. 6 Funnel plot with 95% confidence limits illustrating the distribution of the included studies examining the impact of telehealth on blood

glucose management among patients with diabetes worldwide

the benefits of telehealth interventions and is consist-
ent with prior research demonstrating its effectiveness
in monitoring and consultation to enhance patient out-
comes in blood glucose management [22]. Likewise, a
2021 study revealed that patients utilizing telehealth
demonstrated higher adherence to diabetes management
plans, reinforcing the idea that telehealth is a valuable
addition to blood glucose management. This indicates
that telehealth not only enhances clinical outcomes but
also promotes greater patient engagement and adher-
ence [23]. On the other hand, some studies have reported
mixed findings regarding the effectiveness of telehealth
compared to in-person management. For instance, a
2023 study found that while telehealth offered significant

benefits, its effectiveness differed based on demographic
factors like age and socioeconomic status [24]. This con-
trast underscores the importance of considering individ-
ual patient characteristics when evaluating the impact of
telehealth interventions. Furthermore, it emphasizes the
need for tailored approaches to diabetes management, as
the effectiveness of telehealth may not be uniform across
all patient populations.

The results from the subgroup analysis indicated that
studies conducted in the USA exhibited the highest
Standardized Mean Difference compared to studies from
Asia and Europe. This aligns with another study con-
ducted in 2020, which also highlighted the effectiveness
of telehealth in the American context, potentially due to
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greater technological integration in healthcare settings
[25]. Furthermore, research conducted on diabetic vet-
eran outpatient patients yielded a higher SMD, indicating
that this specific population may experience particularly
beneficial outcomes from telehealth interventions [26].
These results underscore the variability in telehealth
effectiveness across different populations and regions,
emphasizing the necessity for tailored approaches in dia-
betes management.

The meta-regression analysis revealed that the selected
moderators, namely continent and patient category, did
not significantly explain the heterogeneity observed
among the studies. This suggests that other factors may
be contributing to the differences identified across the
research, highlighting the complex nature of telehealth
interventions. For example, disparities in healthcare sys-
tems, technological accessibility, and socioeconomic con-
ditions may significantly impact outcomes. Additionally,
variations in study design, such as the duration of inter-
ventions, the types of telehealth services provided, the
technologies utilized, and the frequency of follow-ups—
could further account for the inconsistencies in results
[27]. Furthermore, patient-specific factors like comor-
bidities, health literacy, and cultural attitudes toward
telehealth could significantly impact the effectiveness of
these interventions. For example, patients with multiple
health issues may require more comprehensive care that
telehealth alone might not adequately provide [28].

The sensitivity analysis employed a one-point leave-out
approach, demonstrating that no individual study signifi-
cantly impacted the overall results. This finding strengthens
confidence in the robustness and reliability of the conclu-
sions drawn from the meta-analysis, indicating that the
effects observed are consistent and not disproportionately
influenced by any single study [29]. The funnel plot illus-
trated a symmetrical distribution of the studies, indicating
the absence of significant publication bias. This conclusion
is supported by Egger’s test, which yielded a non-significant
p-value, suggesting that there is no evidence of bias affect-
ing the overall results [30]. The trim and fill analysis further
confirmed this absence of bias, with similar mean differ-
ences between observed and adjusted studies, reinforcing
the reliability of our findings and affirming their robustness
against potential publication bias.

The study uses meta-regression and subgroup analy-
sis to address heterogeneity, which may stem from dif-
ferences in patient demographics and healthcare system
structures. Factors such as age, gender, socioeconomic
status, education, and cultural background influence
patient engagement with telehealth, with older adults and
lower-income populations often facing barriers like lim-
ited technological access [31, 32]. Variations in telehealth
infrastructure, electronic health record integration,
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provider training, and follow-up protocols also impact
outcomes [33, 34]. Additionally, regional disparities in
policies, funding, and healthcare delivery models, such as
urban—rural divides and fee-for-service systems, contrib-
ute to inconsistencies in effectiveness [35]. Overall, these
complexities suggest a need for deeper exploration into
additional moderators that could elucidate the sources of
heterogeneity, helping to tailor telehealth approaches to
diverse populations more effectively.

Strengths and limitations of the study

The main strength of this study lies in its comprehensive
methodology, which includes subgroup analysis, meta-
regression, and sensitivity analysis to investigate sources of
heterogeneity. The reliability of the findings is further rein-
forced by sensitivity analysis and the absence of significant
publication bias. However, there are notable limitations.
High heterogeneity among the studies complicates the
interpretation of the overall effect size. Additionally, the
lack of registration in PROSPERO raises concerns about
transparency and the potential for bias. Furthermore, the
limited number of included trials may result in less reliable
conclusions, underscoring the need for future research
with larger sample sizes to validate these findings.

Conclusion and recommendations

This study provides convincing evidence that telehealth
interventions significantly improve blood glucose man-
agement among patients with diabetes compared to tra-
ditional in-person care. The effectiveness of telehealth
varies across different populations, with diabetic veterans
and studies conducted in the USA showing particularly
pronounced improvements. Despite the findings from this
review supporting the efficacy of telehealth, it is crucial to
acknowledge the variability in patient responses and the
necessity for ongoing research to optimize these interven-
tions. Therefore, healthcare systems should prioritize the
integration of telehealth solutions into diabetes manage-
ment protocols. Given the variability in the effectiveness
of telehealth, it is important to develop tailored interven-
tions that address the specific needs and characteristics of
diverse patient populations. Additionally, future research
should investigate other factors that could influence the
effectiveness of telehealth, including socioeconomic sta-
tus, technological literacy, and patient engagement, as
understanding these elements will improve the design and
implementation of telehealth interventions.
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