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Abstract

Background Diabetes is an increasingly prevalent and costly chronic disease worldwide, and a large cause of
unnecessary disease burden. To address the growing burden of diabetes, care models should support management
of diabetes in primary care to reduce reliance on overstretched hospital-based specialists services. Virtual care
presents an opportunity to provide diabetes care remotely, potentially enhancing the accessibility and efficiency of
healthcare services. This review aimed to identify existing evidence on the effectiveness of virtual care on diabetes
management, and the extent to which video components are included in the evidence base.

Methods The protocol was registered in PROSPERO (CRD42022366125). Systematic search of the databases PubMed,
Embase, Medline, Scopus, CINAHL and Cochrane CENTRAL, were conducted for studies on telemedicine, telehealth, or
virtual interventions for type 2 diabetes management published between January 2011 to March 2022. The primary
outcome was HbA1c, and secondary outcomes were blood glucose control, Body Mass Index (BMI), taking the
prescribed medications, and self-management behaviour. The results were reported following the Preferred Reporting
ltems for Systematic Reviews (PRISMA) checklist. Quality of each review was appraised using the Joanna Briggs
Institute (JBI) Critical Appraisal Checklist for Systematic Reviews and Research Syntheses.

Results From 10,708 articles, 63 underwent full-text review. Thirty systematic reviews were included. Overall quality
of the included reviews was high. Among the 30 systematic reviews, there was significant overlap of the primary
studies, with 48% of them appearing in multiple reviews. Of the 30 reviews, 28 reported that virtual care improved
HbA1c compared to usual care. Meta-analysis of 16 reviews revealed a mean difference of -0.37% (-0.41% to -0.32%),
of 77.1%. Significant non-clinical impacts were noted for BMI and secondary outcomes. Most reviews (25/30) included
some studies with video components, however these studies did not disaggregate the impact of video from other
aspects of complex interventions such as web-based and telephone support.
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Conclusions This umbrella review strengthens the evidence that virtual care significantly improves clinical outcomes
in people with type 2 diabetes, primarily affecting HbA1c. Fewer studies addressed other health outcomes such
as BMI and taking medications. Effectiveness of virtual care varies by demographic and clinical characteristics,
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literacy.
Highlights

accessibility and efficiency of healthcare services.

emphasising the need to tailor virtual care interventions to maximise impact. Future research could directly compare
and identify the most effective virtual care strategies for different populations, including those with lower digital

- Virtual care presents a growing opportunity to provide diabetes care remotely, potentially increasing the

- Virtual care can improve both clinical and behavioural outcomes in type 2 diabetes management, though the
effect varies by people with type 2 diabetes demographics and clinical characteristics.

+ While most reviews included some studies with video components, most RCT evidence did not disaggregate the
impact of video from other aspects of their virtual care interventions.

« Future research could explore how recent advancements in video conferencing and other digital strategies could
enhance virtual care effectiveness for populations with various levels of digital literacy.
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Background

Diabetes is a highly prevalent health condition that
makes a substantial contribution to burden of disease
worldwide [1]. Guidelines recommend that people with
type 2 diabetes see their health care team at least every
3 months to manage blood glucose levels, medications,
and other aspects of ongoing self-management. Such
consistent engagement between people with type 2 dia-
betes and healthcare professionals for ongoing support
for diabetes management and self-care helps to prevent
diabetes related complications and improves quality of
life [2]. However, the reality of providing face-to-face dia-
betes management and education to people with type 2
diabetes has several barriers. Visiting a health care team
can be costly and time-consuming for people with type 2
diabetes, with evidence suggesting most people with type
2 diabetes do not see their health professionals enough
[3]. The quality of care is also compromised by time con-
straints and fragmented care [4].

Virtual Care has been rising worldwide due to its
potential to improve health care access and clinical out-
comes, as well its ability to be used to promote effec-
tive diabetes management and education [5]. As per the
World Health Organisation definition, telehealth encom-
passes all forms of remote health care services and virtual
care describes the remote delivery of clinical services [6].
Virtual Care (VC) models incorporate telehealth and vir-
tual interactions between provider-patient and provider-
provider by video, telephone, and secure messaging such
as mobile and web-based applications [7]. Though face-
to-face care will always have a role, virtual care has sev-
eral advantages such as easier access, minimal wait times
and no travel to clinics, therefore less expensive diabetes
care [5]. With increased and widespread access to inter-
net and smart devices, recent advances in diabetes tech-
nology, and rapid changes during the COVID pandemic,
virtual care has become more feasible and scalable than
ever before [8].

Previous research suggests that components of virtual
care interventions lead to positive outcomes for people
with type 2 diabetes such as improved blood glucose
control and knowledge to manage their diabetes [9, 10].
However, with the recent rapid shift to virtual care, there
is still limited evidence when it comes to the evaluation of
current integrated virtual care interventions in diabetes
management, including more recent video conferencing
technology. In this study we aimed to pool the evidence
from existing systematic reviews to report the effective-
ness of virtual care interventions for type 2 diabetes
management through a systematic review of reviews and
meta-analysis, with a focus on reviews since 2010 when
video call technology became more widely available [11].

Methods

This systematic review of reviews and meta-analysis was
conducted in accordance with the Preferred Report-
ing Items for Systematic Review and Meta-Analyses
(PRISMA) 2020 statement [12]. The protocol was reg-
istered with the International Prospective Register of
Systematic Reviews (PROSPERO CRD42022366125) in
October 2022 [13].

Data sources and search strategy

We conducted systematic searches across the six key
scientific databases PubMed, Embase, Medline, Sco-
pus, CINAHL and Cochrane CENTRAL to identify rel-
evant studies. Publications published from January 2011
to March 2022 were searched due to the advancement
in technology since 2010 [11] and to identify studies on
interventions with video call feature in diabetes manage-
ment. In PubMed, a base search string was developed
from extensive piloting of combination of the keywords
‘diabetes, ‘virtual, ‘telehealth, and ‘telemedicine’ To
ensure consistency across other databases System
Review Accelerator (SRA) polyglot was used to convert
the PubMed base search string (diabetes[Title/Abstract])
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AND ((virtual[Title/Abstract]) OR (telehealth[Title/
Abstract]) OR (telemedicine[Title/Abstract])) to each of
the other five database’s relevant search strings (Suple-
mental file S1). System Review Accelerator (SRA), an
online software, is a word frequency analyser to help with
search strategy development, a search translator to speed
up translation of searches from PubMed/Ovid MEDLINE
to other major databases. The terms such as “short mes-
saging system (SMS)” and “mHealth” were not included
as search terms to ensure that the review was feasible and
focused on the most relevant evidences i.e. “virtual’, “tele-
health” or “telemedicine”.

Study selection

Studies were eligible if they evaluated virtual care inter-
ventions for adults with type 2 diabetes and reported on
HbA1lc and/or secondary outcomes (BMI, blood glucose
control, medication adherence, self-management behav-
iour). We included systematic reviews, randomised con-
trolled trials (RCT), qualitative studies that were peer
reviewed and published in English. This paper reports on
systematic reviews only. Virtual care was defined as inter-
ventions that allow a healthcare practitioner to provide
personalised feedback to the patient about forwarded
clinical data. For the purposes of this review, virtual care
included video conferencing, telephone consultation,
remote patient monitoring, computerised systems for
information storage and exchange, website and mobile
applications [14].

We excluded studies that were scoping reviews, nar-
rative reviews, conference abstracts, articles without an
available full text, interventions that included participants
with gestational or type 1 diabetes only, interventions
using only websites, mobile apps and automated short
message services that did not involve clinician feedback.
Search results from each of the databases were imported
to Covidence (2022), which detected and removed dupli-
cates automatically, and allowed real time screening of
titles and abstracts, as well as finding full text for selected
articles. Covidence is a web-based collaboration software
platform that streamlines the production of systematic
and other literature reviews [15]. Two independent inves-
tigators (SR and GMK) screened the titles and abstracts
on Covidence according to the criteria described above
to determine the eligibility for inclusion and compared
the lists to resolve any disagreements. The two investiga-
tors (SR and GMK) then independently reviewed the full
text of selected studies to establish a final list of studies.
Any discrepancies were resolved by consulting with the
third and fourth investigators (CB and JA). The final list
of selected studies was exported along with the full text
for data extraction.
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Data extraction

SR created a data extraction form using MS Excel for this
review to capture all the relevant and specific data on
the study design, type of diabetes, inclusion and exclu-
sion criteria, sample characteristics, mean duration of
diabetes, intervention type, technology platform, inter-
vention team and duration, mean difference in HbAlc
between control and intervention groups, and second-
ary outcomes. The extraction form was piloted by SR
using two review articles. The pilot process and extracted
information were discussed with CB and JA to reach an
agreement on the form. Two investigators (SR and CY)
then independently conducted data extraction from the
final selected studies using the agreed-upon form. The
extracted data were compared and any disagreements
resolved through discussion.

Quality appraisal of included reviews

Assessment of the methodological quality was com-
pleted by two reviewers (SR and GMK) independently
on all selected articles included in the systematic review
using the Joanna Briggs Institute’s (JBI) Critical Appraisal
Checklist for Systematic Reviews and Research Synthe-
sis [16]. The tool consists of 11 criteria scored as yes,
no, unclear, or not applicable, to determine the extent to
which the review had addressed the possibility of bias in
its design, conduct and analysis. The scoring system that
was used in a previously published systematic review was
adopted [17], categorised a paper as "low quality" if its
results were below 50%, "moderate quality" if they ranged
between 50 and 69%, and "high quality” if the results were
above 70%. Any disagreements were resolved through
discussions and consensus with a third reviewer (CB or
JA).

Systematic review analysis

The primary outcome was measured in terms of change
in HbAlc between baseline and post intervention.
HbAlc is recognised as a valuable indicator of treatment
effectiveness in people with type 2 diabetes [2], because
it reflects average glycemia over several months and is
strongly correlated with diabetes complications [2, 18,
19]. Secondary outcomes extracted from the reviews
included clinical outcomes (e.g. blood glucose control,
BMI) and behavioural outcomes (e.g. taking medications,
physical activity).

Meta-analysis

We included studies that reported mean difference
and 95% Confidence Interval of HbAlc and BMI in our
meta-analysis. Meta-analytic estimates were aggregated
using a weighted mean with an inverse variance model
with random effects using the metan command in Stata
15, producing a forest plot of results. Heterogeneity was
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assessed using the I? statistic. We aggregated the mean
change in HbAlc and BMI across studies for the pri-
mary model and did not perform any secondary models.
Where meta-analyses included more than one mean esti-
mate of the treatment effect, we entered these as separate
estimates.

Results

Of the six databases searched, a total of 10,708 citations
were identified and transferred to Covidence, which
removed 4,629 duplicates. After title and abstract screen-
ing, a total of 85 studies were obtained for full text assess-
ment. Of these studies, a further 22 studies were removed
(see Fig. 1). The full text review resulted in a total of 63
studies that included 30 systematic reviews, 3 review of
reviews, 23 RCTs, and 7 qualitative studies. This paper
reports the findings of the 30 systematic reviews [20-49],
as the 3 review of reviews did not cover all studies. An
umbrella review of these systematic reviews and meta-
analysis provided an opportunity to synthesise high-level
evidence and identify the extent to which video compo-
nents are included in the current evidence base.

Characteristics of the included reviews (Table 1)

The search strategy identified 30 systematic reviews, of
which 18 included a meta-analysis, and one included
a network meta-analysis. Included systematic reviews
were published between 2012 and 2022, with the major-
ity (n=24; 80%) reporting fewer than 50 studies, 3 articles
between 50—100 and 3 articles with more than 100 stud-
ies. The number of participants ranged from 10 to 23,648
in individual studies. Of the 30 reviews, 13 focused
exclusively on populations with type 2 diabetes, while
14 included mixed populations, consisting of individuals
with type 2 diabetes, and/or type 1, gestational diabetes,
and pre-diabetes. Four out of 14 reviews reported find-
ings separately for people with type 2 diabetes. Three
reviews included diabetes and other conditions but did
not specify the type of diabetes. The reviews covered 68
countries in 6 continents.

Virtual care interventions included either stand-alone
interventions or combinations of teleconsultation, tele-
education, tele-case management, device-based telemon-
itoring, tele-mentoring, mobile health, video messages,
automated text-messages, video conferencing, real-time
data transmission and feedback, eye screening, telemetry,
digital decision aid, virtual counselling, telecare, secure
messaging within a patient portal, diabetes diary app,
mobile app and web-based virtual care with blood glu-
cose and pressure devices. Twenty five out of 30 reviews
included a minority of studies with video components,
such as video consultation, video conferencing or video
messages as part of the virtual care interventions.

Page 4 of 15

Clinical outcomes

Almost all (28/30) reviews analysed HbAlc as their pri-
mary outcome and all reported significant reduction of
HbAlc for people with diabetes. About half (16/30) of
the systematic reviews covering 681 unique trials were
included in our meta-analytic estimate (Fig. 2). The
mean reduction in HbAlc was 0.37% (95% CI: -0.41%
to —0.32%). Heterogeneity was high, with an I of 77.1%,
likely reflecting differences in type of telehealth inter-
ventions, baseline HbAlc levels, duration of follow up,
and educational content included in these studies. One
review, Michaud 2021 [24], contributed an unexpect-
edly high weighting on the initial analysis because of its
narrow CI bounds. This review was then excluded for a
sensitivity analysis. Exclusion of this review did not sig-
nificantly alter the results or heterogeneity [MD -0.38%
(95% CI: -0.44 to 0.32, I*=71.8)]. (Supplemental File S2).

Further, to specifically explore the effect of virtual care
on HbAlc levels for type 2 diabetes, four reviews [31, 35,
42, 43] that did not provide disaggregated outcomes for
type 2 diabetes were excluded for a sensitivity analysis.
Figure 3 presents the sensitivity analysis of the sub-sam-
ple of 12 remaining studies with only HbAlc measures
for people with type 2 diabetes. Findings from this analy-
sis shows a mean reduction in HbAlc of 0.41% (95% CI:
-0.49 to 0.34; I = 80.8%) which is similar in direction and
effect size for all diabetes populations.

Eight out of thirty reviews described the effect of vir-
tual care on BMI as a secondary outcome measure. Four
reviews were included for meta-analyses and there was
no statistically significant difference of BMI between vir-
tual care interventions and usual care, with only a reduc-
tion of 0.13 [95% CIL: -0.28 to 0.03; 12=25.5%] (Fig. 4).
Only one study [44] included in this analysis reported
the BMI measure for type 2 diabetes and all other three
reviews included combined results for mixed type of
diabetes.

Seven reviews analysed the effect of virtual care on
fasting blood glucose and blood pressure, out of which 2
reviews reported reduction in fasting blood glucose [32,
46] and all 7 reviews [22, 27, 32, 35, 37, 44, 46] reported
reduction in blood pressure. Six reviews reported non-
clinically significant improvements to lipid profile
and four reviews showed reduction in body weight or
improved weight loss, but not statistically significant.

Behavioural outcomes

A total of 12 reviews analysed and reported a positive
tendency on behavioural outcomes, whilst 2 reviews
reported that virtual care improved medication adher-
ence [27, 36]. Similarly 3 reviews looked at the impact
on diet [23, 35, 36] and physical activity [23, 35, 46] and
all reviews reported that virtual care had a tendency to
improve these and other behavioural outcomes.
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Fig. 1 PRISMA flow chart of search strategy and study selection
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%
Study ES (95% CI) Weight
Lee 2017 — -0.43 (-0.64, -0.21) 354
Tchero 2019 - -0.37 (-0.43, -0.31) 9.40
Michaud 2021 * -0.30 (-0.31, -0.29) 10.88
Zhai 2014 —— -0.37 (-0.49, -0.25) 6.63
Hu 2019 ——— -0.28 (-0.45, -0.12) 491
Faruque 2017 <3 mo — -0.57 (-0.74, -0.40) 474
Faruque 2017 4-12 mo - -0.28 (-0.37, -0.20) 824
Faruque 2017 > 12 mo ——— -0.26 (-0.46, -0.06) 3.90
Eberle 2021 + : -1.15 (-1.84, -0.45) 0.48
Huang 2015 —0—:~ -0.54 (-0.75, -0.34) 3.77
Wu 2018 - -0.22 (-0.28, -0.15) 9.18
Marcolino 2013 —_— -0.44 (-0.61, -0.26) 4.59
S0 2018 <+ : -0.64 (-1.01, 0.26) 0.57
Correia 2021 - -0.38 (-0.52, -0.23) 5.61
DeGroot 2021 == -0.49 (-0.56, -0.41) 8.70
Hangaard 2021 - -0.41 (-0.48, -0.35) 9.09
Anderson 2022 — -0.47 (-0.65, 0.28) 1.02
Robson 2021 E—o— -0.18 (-0.35, -0.01) 474
Overall (I-squared = 77.1%, p = 0.000) 0 -0.37 (-0.41, -0.32) 100.00
i
NOTE: Weights are from random effects analysis E
-1 .I84 0 1.;34

Fig. 2 Forest plot of the meta-analysis of HbA1c of the included reviews

Quality of life

Of the 8 reviews that assessed the effect of virtual care
on quality of life [20, 22, 31, 32, 34, 35, 41, 44], 5 reported
on cost and access barriers to health care. Six reviews
reported the effect on self-management or care [22, 23,
26, 27, 35, 48], and 6 reported on self-efficacy [22, 27, 35,
36, 43, 46]. Seven out of these 8 reviews reported a posi-
tive effect in improving these outcomes.

Effectiveness of diverse types of virtual care

Two reviews compared different virtual care strategies
and found that no single strategy was superior for reduc-
ing HbA1lc [20, 48]. Of the 3 reviews that analysed the
effect of teleconsultation interventions vs usual care, all
reported significant effects on lowering HbA1c levels [20,
21, 29]. Five reviews evaluated telemonitoring compared
to usual care and all of them reported that telemonitoring
was effective. Of those, 3 reviews reported telemonitor-
ing combined with tele-education [44] and telemonitor-
ing combined with healthcare professional feedback [45,

48] had greater effects. While four reviews [26, 27, 37,
43] assessed if virtual care was effective in facilitating
feedback and interactions between people with diabetes
and healthcare professionals, one review [26] reported
virtual care was effective in enhancing patient-provider
interactions. A further 3 reviews reported that individu-
alised feedback, either through automated algorithms or
health care professionals, improved HbAlc control [24,
38, 48]. There were 5 reviews evaluating virtual care com-
ponents; 3 reviews [28, 31, 43] reported that interven-
tions as simple as text-messaging or SMS feedback were
equally effective in improving HbAlc, compared to a
teleconference or telephone appointment with healthcare
professionals.

Patient characteristics

Virtual care interventions were found to have greater
effect among adults who were 50 years or older, with
better treatment outcomes compared to younger adults
reported in 5 reviews [21, 22, 26, 29, 36]. Virtual care
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Effect %
Study (95% Cl) Weight
Lee S 2017 —_— -0.43 (-0.64, -0.21) 6.66
Tehero 2019 —— -0.48 (-0.63, -0.32) 9.06
1
Michaud 2021 ‘e -0.30 (-0.31, -0.29) 14.83
Zhai 2014 —— -0.37 (-0.49, -0.25) 10.74
Hu 2019 —o— -0.42 (-0.75, -0.08) 3.72
Eberle 2021 -~ ! -1.15 (-1.84, -0.45) 1.07
Huang 2015 — -0.54 (-0.75, -0.34) 7.01
Marcolino 2013 ——%—— | 044(0.74,015) 448
DeGroot 2021 — -0.49 (-0.56, -0.41) 12.90
1
Hangaard 2021 -+ -0.41 (-0.48, -0.35) 13.28
T
Anderson 2022 _..._ -0.47 (-0.65, -0.28) 7.85
1
Robson 2021 | —k—| -0.18 (-0.35,-0.01) 8.40
Overall, DL (I = 80.8%, p < 0.001) <> -0.41(-0.49,-0.34)  100.00
T
%2
NOTE: Weights are from random-effects model
Fig. 3 Forest plot of the meta-analysis of HbA1c of the included reviews with type 2 diabetes
%
Study ES (95% Cl) Weight
Hu 2019 _0—§—— -0.27 (-0.86, 0.31) 6.69
Wu 2018 : -0.14 (-1.13, 0.68) 293
Correia 2021 - -0.04 (-0.13, 0.05) 64.81
DeGroot 2021 —+;— -0.30 (-0.56, -0.05) 25.57
Overall (I-squared = 25.5%, p = 0.258) -0.13 (-0.28, 0.03) 100.00

NOTE: Weights are from random effects analysis

I
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Fig. 4 Forest plot of the meta-analysis of BMI
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increased older adults’ adherence to self-care activities
such as blood glucose Level (BGL) checks, diet, exercise,
foot and eye checks [26].

Timeframe

Intervention duration was analysed in three reviews
[29, 35, 46]. These reviews suggest that virtual care pro-
grams of at least 6 months were more effective in terms
of reducing HbAlc levels compared to programs shorter
than 6 months or longer than one year. Interventions
between 6 and 12 month were described as more effec-
tive because the benefits of virtual care may occur in the
first few months or become more difficult to implement
robustly and keep people with type 2 diabetes engaged
over the longer term [37]. One review suggested that any
evaluation less than 3 months would not be sufficient
because of the time required to educate people with type
2 diabetes with virtual care systems or devices [30].

Video components

The majority (25 out of 30 reviews) described stud-
ies with a video component such as video consultation,
video conferencing or video messages as part of the vir-
tual care interventions and results. However, many stud-
ies included in the reviews did not specify the isolated
effect of a video component on the outcomes. Three
reviews [32, 34, 44] reported that video conferencing
was effective in improving HbAlc levels over periods
ranging from 3-12 months. Specifically, more frequent
interaction by weekly video conferencing showed greater
results in reducing HbAlc levels. One review concluded
that interactive video telehealth technologies might be
effective in enhancing access to quality care, contribute
to patient empowerment and self-care management [34].
One review reported that short video messages on self-
education topics sent to mobile phones every 24 h were
effective, as participants who viewed 10 or more videos
showed 0.6% reduction in HbAlc [23].

Cost-effectiveness

Among 3 reviews [25, 32, 34], 2 have indicated a posi-
tive effect of cost savings due to less travel, wait times
and increased access to services. Cost-effectiveness out-
comes compared markedly different approaches, reveal-
ing a wide variation in costs associated with virtual care
[26]. Real-time feedback from health care professionals
via video conferencing may be costly compared to auto-
mated telehealth interventions [24]. In addition, telecon-
sultation (non-video remote consultations) was found
to be more cost-effective than remote monitoring due
to various devices and data usage costs [29]. The use of
SMS text messaging could be an effective and cost-effi-
cient way to communicate and motivate people with
type 2 diabetes, potentially leading to positive outcomes.
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Messages generated using automated algorithms may
offer a more feasible and less expensive solution [31].

Quality assessment

Findings from the JBI Critical Appraisal showed that 22
reviews (73.3%) assessed the methodological quality of
included reviews. Of those, 12 (40.0%) reported that at
least two reviewers performed the appraisal. Around half
of the reviews (n =14, 46.6%) used the Cochrane Collabo-
ration tool to assess the quality of studies included in the
review. One review used a modified tool to do so, and 3
reviews used non-validated tools. Among the 30 system-
atic reviews assessed, 18 (60%) were deemed high qual-
ity with “YES’ for 8 to 11 assessment criteria. Of these, 4
reviews met all 11 criteria, and the remaining 14 reviews
reported quality issues due to appropriate methods,
substantial risk of bias owing to the nature of the inter-
ventions, reported allocation concealment and blinded
assessment of outcomes. The remaining 12 reviews
included 7 deemed as moderate quality and 5 to be of low
quality. The appraisal results are provided in Supplemen-
tal file S3.

Discussion

Principal findings

Overall, this comprehensive analysis of 30 systematic
reviews and meta-analyses suggests that virtual care can
be effective in enhancing clinical and behavioural out-
comes in people with type 2 diabetes. Our meta-analysis
showed that virtual care is associated with a statistically
significant reduction of 0.37% (0.41% for type 2 diabe-
tes) mean HbAlc compared with standard care in ran-
domised clinical trials. For people with type 2 diabetes,
reducing the mean HbAlc level by 1% would be related
to a 21% reduction in diabetes-related death and a 37%
reduction in microvascular complications, such as neu-
ropathy, retinopathy, and blindness [19].

Results of our study also indicated that virtual care
improved behavioural outcomes, including improve-
ments in treatment and medication adherence, self-effi-
cacy, and quality of life. Virtual care may be particularly
effective for older adults, especially those aged 50 and
above [23, 29], and for people with type 2 diabetes with
higher baseline HbA1c levels [33]. Consistent with previ-
ous findings, virtual care showed mixed effects on BMI,
fasting blood glucose, lipids, blood pressure, and body
weight, but these were not statistically or clinically sig-
nificant. The extracted results for these outcomes were
limited and heterogeneous, making it difficult to draw
definitive conclusions about the effectiveness of virtual
care on these parameters [40, 45].

Findings from this umbrella review align with recent
evidence that virtual care interventions, whether short
term or long term, are clearly effective in improving
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the management of type 2 diabetes [48]. All the reviews
included a wide range of virtual care interventions, often
combining different approaches to support clinical man-
agement, such as personalised interactions or feedback
between providers and individuals with diabetes. Since
all the interventions incorporated management and/
or communication systems as integral components of
virtual care, it was not feasible to align within a specific
framework based on intended purpose and eHealth clas-
sification [50]. Our review also highlights the lack of tri-
als that evaluated interventions that use virtual care to
provide comprehensive and integrated diabetes man-
agement, rather than isolated components. Further
research is needed to understand which components of
virtual care are essential for improving health outcomes,
including the role of newer video technologies. While
interventions and outcome measures related to remote
monitoring, self-management, and educational aspects
are frequently evaluated, it remains challenging to draw
solid conclusions about the feasibility or compliance with
specific types of virtual care.

Comparison with previous research

Our study includes 15 systematic reviews that were not
included in 3 previous umbrella reviews, including 11
systematic reviews published in the emergency phase of
the COVID-19 pandemic, which accelerated virtual care
due to lockdowns. One recent review [51] analysed the
effect of telemedicine across all health conditions, with
very few studies focusing on diabetes. Findings from
the review suggested that telemedicine has no effect on
clinical outcomes. Our current study shows that whilst
virtual care may not be universally beneficial for health
outcomes, it does seem to play a specific and signifi-
cant role in the context of diabetes. The findings suggest
that virtual care is effective in reducing HbAlc levels if
it includes blood glucose monitoring and feedback from
healthcare professionals. This is consistent with previ-
ous research on telehealth remote monitoring using
Self-Monitoring of Blood Glucose (SMBG) transmission
devices [52, 53]. Our findings from this review suggest
that virtual care had a greater impact on older people
with type 2 diabetes over 50 years of age in manag-
ing their diabetes effectively, which contradicts another
umbrella review that reported virtual care had a greater
effect on younger people with type 2 diabetes aged 41
to 50 years [53]. Further investigations are needed to
develop evidence if this effect between different age
group populations relates to digital health literacy and
adoption of technology.
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Limitations

In this review robust methods were used to generate
high-quality evidence on the effects of virtual care in
diabetes management. Although a comprehensive and
piloted search strategy was developed using the broad
set of keywords, it is possible that some relevant stud-
ies would have been missed. As we aimed to capture
complex interventions with video components, which
did not align well with established search terms, MeSH
terms were, therefore not used to avoid missing relevant
articles. In addition, we found significant overlap among
the primary studies of the included meta-analyses of 847
studies, out of which 404 were at least duplicates. This
47.7% overlap affects the accuracy of our meta-analysis
estimates, as it represents a significant portion of the
research would have been duplicated in our meta-analy-
sis. The main method of statistically eliminating this bias
would be to recalculate each study’s estimates excluding
duplicated studies within. Given the enormous number
of meta-analyses reviewed in this project, we consid-
ered such an analysis was not feasible for the scope of
this study. Therefore, we included this overlap number
as a potential limitation that may have impacted the esti-
mates, but we have not mitigated it as such in our analy-
sis. In addition, it is possible that reporting bias within
the included reviews could have impacted which stud-
ies were included, which may have also biased our find-
ings. This limitation applies across the literature and is a
fundamental problem with meta-syntheses of this type.
Another limitation of this review is that some of the
included studies did not provide disaggregated outcomes
for type 2 diabetes. As a result, the findings may be
biased, as they have pooled data from mixed type of dia-
betes populations, potentially obscuring the true effects
specifically for individuals with type 2 diabetes.

Future research

While meta-analytic results favour virtual care over stan-
dard care in improving HbAlc levels, we do not know
which specific strategies underpin these benefits. This
review highlights the need for more research on the long-
term impact, equity, and cost-effectiveness of compre-
hensive virtual care models, including video conferencing
and telehealth devices [54]. There is also a need to iden-
tify which components are most effective for populations
with lower digital literacy. Current research inadequately
reports on providers and people with type 2 diabetes’
satisfaction and adoption of virtual care technologies. In
addition, further studies are needed to evaluate imple-
mentation barriers. Providers may feel overwhelmed by
technological advancements, data management, and nav-
igating systems during virtual visits [55]. People with type
2 diabetes may also exhibit varying preferences and lev-
els of skills with different technologies, especially video
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features. Adoption of technology is more likely when sys-
tems address patient-identified clinical and behavioural
priorities [56]. Understanding and tailoring for these
diverse needs and preferences is a crucial step towards
virtual care models and strategies that offer appropriate
and effective care.

Conclusion

This umbrella review shows that virtual care has sig-
nificant potential to improve outcomes in people with
type 2 diabetes. Evidence from systematic reviews and
meta-analyses demonstrates the effectiveness of virtual
care interventions for clinical outcomes, with mixed
evidence for behavioural outcomes. Videoconferenc-
ing provides a valuable platform for real-time interac-
tion and feedback between people with type 2 diabetes
and healthcare providers. The effectiveness of virtual care
interventions varies based on demographic and clinical
characteristics, highlighting the importance of customis-
ing these interventions to maximise their impact. Future
research should prioritise integrated virtual care models
to enhance effectiveness across outcomes, and adaption
for different populations.
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