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Systematic reviews

Telemedicine to deliver diabetes care in low- and middle-income
countries: a systematic review and meta-analysis

Jorge César Correia,? Hafsa Meraj,> Soo Huat Teoh,© Ahmed Wagqas,® Maaz Ahmad,® Luis Velez Lapéo,
Zoltan Pataky? & Alain Golay?

Objective To determine the effectiveness of telemedicine in the delivery of diabetes care in low- and middle-income countries.
Methods We searched seven databases up to July 2020 for randomized controlled trials investigating the effectiveness of telemedicine
in the delivery of diabetes care in low- and middle-income countries. We extracted data on the study characteristics, primary end-points
and effect sizes of outcomes. Using random effects analyses, we ran a series of meta-analyses for both biochemical outcomes and related
patient properties.

Findings We included 31 interventions in our meta-analysis. We observed significant standardized mean differences of —0.38 for glycated
haemoglobin (95% confidence interval, Cl:—0.52 to —0.23; *=86.70%), —0.20 for fasting blood sugar (95% Cl: —0.32 to —0.08; [*=64.28%),
0.81 for adherence to treatment (95% Cl:0.19to 1.42; =93.75%), 0.55 for diabetes knowledge (95% Cl: —0.10 to 1.20; #=92.65%) and 1.68
for self-efficacy (95% Cl: 1.06 to 2.30; *=97.15%). We observed no significant treatment effects for other outcomes, with standardized mean
differences of —0.04 for body mass index (95% Cl: —0.13 to 0.05; = 35.94%), —0.06 for total cholesterol (95% Cl: —0.16 to 0.04; *=59.93%)
and —0.02 for triglycerides (95% Cl:—0.12 to 0.09; *=0%). Interventions via telephone and short message service yielded the highest
treatment effects compared with services based on telemetry and smartphone applications.

Conclusion Although we determined that telemedicine is effective in improving several diabetes-related outcomes, the certainty of
evidence was very low due to substantial heterogeneity and risk of bias.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Diabetes mellitus is one of the most prevalent chronic and
preventable conditions affecting over 415 million people
globally, and accounted for over 5 million deaths in 2015.
Because the symptoms of diabetes affect both the micro- and
macrovascular systems, the disease is associated with sig-
nificant morbidity, mortality and a poor quality of life.>* By
2030, the estimated annual medical and related costs of both
type 1 and type 2 diabetes in the United States of America
alone will reach a staggering 622 billion United States dollars
(US$).* Over 75% of patients with diabetes live in low- and
middle-income countries," where most patients obtain dia-
betes treatment only after making out-of-pocket payments.
A study reported the costs of diabetes treatment as US$ 7 per
visit for an outpatient, US$ 290 per year for an inpatient, and
US$ 25 and US$ 177 per patient per year for laboratory and
medication costs, respectively.” In sub-Saharan Africa, recent
studies estimate the financial burden related to diabetes as
US$ 19.5 billion, about 1.2% of the cumulative regional gross
domestic product.®

The prevalence of diabetes in low- and middle-income
countries has risen faster than in high-income countries,
with the highest rise observed in the Eastern Mediterranean
Region. The prevalence of diabetes is highest in low- and
middle-income countries (12.3%) followed by upper-middle-
income countries (11.1%), and lowest in high-income coun-

tries (6.6%).” This high prevalence in low- and middle-income
countries, coupled with a lack of both quality health-care
services and equity in health care, means that the long-term
management of diabetes is a major global challenge."* It is
often opined that these inequalities in diabetes care, as well as
inequities in health-care services and slow progress towards
achievement of universal health coverage, could be addressed
by employing telemedicine-based interventions.

Telemedicine is the practice by which telecommunica-
tion and information technology are used to provide clinical
health care to distant patients.” In a broader context, digital
health interventions can help stakeholders to overcome several
health systems challenges. These challenges include an insuf-
ficient supply of commodities, poor adherence to guidelines
by health-care professionals, poor adherence to treatment by
patients, a lack of access to information or data, and a loss of
patients to follow-up. Combined with decision support sys-
tems, telemedicine can help by providing protocol checklists,
providing prompts and alerts as per protocols, enhancing
communication between health-care providers and patients,
and compiling the schedules of health-care providers. Tele-
medicine can also aid in routine health-care data collection
by increasing the use of electronic medical records and health
management information systems."’

Several telemedicine interventions targeting diabetes have
been implemented in low- and middle-income countries;"' "'
however, evidence synthesis efforts in such settings are scarce.
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Although studies to evaluate the clinical
efficacy or cost-effectiveness of tele-
medicine interventions for diabetes have
previously been conducted,”''"" these
reviews were performed over a global
context and were dominated by evidence
from high-income countries (mostly
the USA). Such previous syntheses
have little relevance in determining the
effectiveness of telemedicine for diabetes
treatment in low- and middle-income
countries.

In this systematic review and meta-
analysis, we aim to address the lack of
evidence synthesis efforts in telemedi-
cine for diabetes care in low- and mid-
dle-income countries. We designed our
study to: (i) estimate the effectiveness of
telemedicine in improving biochemical
outcomes and patient characteristics
such as adherence to treatment and self-
efficacy; (ii) evaluate the implementa-
tion processes involved in telemedicine
interventions; and (iii) determine the
certainty of evidence for telemedicine-
based interventions for diabetes care in
low- and middle-income countries.

Methods
Database search

We conducted this systematic review
and meta-analysis as per Preferred
Reporting Items for Systematic Re-
views and Meta-Analyses guidelines
(data repository).*>*! We registered the
review protocol before at the PROS-
PERO database for systematic reviews
(CRD42019141271).* Using a pre-
tested search strategy (data reposi-
tory),”! we searched Web of Science,
PubMed®, MEDLINE®, Global Health
Library and Cochrane Central Register
of Controlled Trials from their incep-
tion to August 2019. We also searched
New York Academy of Medicine and
POPLINE databases for grey literature.
We applied no restrictions in terms of
participant age, year of publication or
region of study at this stage.

We conducted an updated database
search up to July 2020. We augmented
the previously used search strategy with
the keywords health informatics, wire-
less devices, text messaging, clinical
decision support system, mobile app,
blood glucose, diabetes mellitus type 2
and T2DM (Box 1; available at: http://
www.who .int/bulletin/ volumes/ 99/ 3/
19-250068).

210

Inclusion and exclusion criteria

We included telemedicine interventions
encompassing various modes of deliv-
ery including, but not limited to, short
message service (SMS), smartphone
applications (apps), telemetry (devices
that allow remote monitoring of health
data by automatic transmission from
patients to clinicians), telephone and
web-based systems. We only included
randomized controlled trials (RCTs) and
cluster RCTs that tested the effectiveness
of telemedicine-based interventions in
type 1, type 2 and gestational diabetes.
We included studies conducted among
participants aged > 18 years resident
in low- and middle-income countries.
We considered all studies that reported
serum glycated haemoglobin (HbA1lc)
levels as either their primary or second-
ary outcomes; however, to formulate
a clinical recommendation for tele-
medicine interventions, we considered
HbA1lc levels as a primary outcome in
our review.

We excluded studies employing
semi-experimental designs, such as
pre—post studies or those lacking control
groups. In the case where two separate
studies were based on an overlapping
data set, we only included the study
with the most complete information.
We excluded short papers, brief reports,
abstracts, conference papers, posters
and letters to editors because these types
of publications often lack important
quantitative information. We also ex-
cluded studies published in languages
other than English because of our lack
of translational resources.

Outcome choice

We included biochemical parameters
such as body mass index (BMI) and
serum levels of fasting blood sugar,
HbAlc, total cholesterol and triglycer-
ides. We also included non-biochemical
characteristics such as adherence to
treatment, knowledge of diabetes and
self-efficacy. However, our primary
outcome was HbAlc levels reported
post-intervention.

Screening process

Two independent reviewers performed
the screening process to retrieve biblio-
graphic records of eligible studies in two
phases. First, the reviewers screened the
titles and abstracts of all bibliographic
records against the inclusion and ex-
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clusion criteria. Second, the reviewers
thoroughly read the full texts of these
eligible titles to ensure that all inclusion
and exclusion criteria were met. Studies
judged to be eligible at this stage were
then included in the qualitative and
quantitative synthesis where applicable.
In the case of any uncertainty or differ-
ence in opinion between the reviewers,
the reviewers and first author reached a
final decision through discussion.

Data extraction

We extracted data related to the char-
acteristics of the studies, primary end-
points and effect sizes of outcomes. We
also compiled data on intervention im-
plementation processes, such as mode
of delivery, theoretical orientation,
rationale, materials, and development
and training procedures. We closely
examined the individual elements of
the interventions according to the
World Health Organization guidelines
on digital interventions.'’ We assessed
the risk of bias in the RCTs using the
Cochrane tool against randomization,
allocation concealment, blinding of
outcome assessors, attrition rate, selec-
tive reporting and any other bias matri-
ces (e.g. a priori protocol registration
and statistical power).” It was not pos-
sible to assess the rigour of the blinding
procedures of participants and person-
nel in this review because of the nature
of telemedicine-based interventions.
We assessed certainty of evidence
for telemedicine-based interventions
using the grading of recommenda-
tions, assessment, development and
evaluations (GRADE) guidelines.** We
conducted the grading of evidence only
for the HbAlc end-point as this was
our primary outcome. We downgraded
evidence by 1 or 2 points according to
the presence and extent of flaws such
as bias, inconsistency, publication bias,
imprecision or indirectness related to
patients, outcomes and interventions.*

For quantitative synthesis, we
assessed the mean and the standard
deviation (SD) of outcomes for both
the intervention and active control
groups.” We used categorical data, such
as frequency of events and sample size,
for outcomes that lacked quantitative
data in the form of mean and SD.> We
then used these raw data to calculate
standardized mean differences and their
SDs for each outcome reported in the in-
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cluded studies. Because of the expected
methodological and statistical heteroge-
neity, we calculated pooled effect sizes
by performing random effects analyses.”
We present these pooled effect sizes as
forest plots depicting standardized mean
differences and 95% confidence intervals
(CIs). We ran a sensitivity analysis using
the single-study knockout approach to
assess the contribution of each study to
the pooled effect size. We assessed publi-
cation bias by creating Begg funnel plots
and performing Egger regression analy-
ses (considered significant at P<0.1).”
For outcomes demonstrating significant
publication bias, we calculated adjusted
standardized mean differences using the
Duval and Tweedie trim-and-fill meth-
od.” For each outcome, we performed a
series of subgroup analyses to quantify
the specific difference in effect sizes for
each mode of delivery.”

Results
Intervention characteristics

Out of 376 studies retrieved in our
initial database search, we included a
total of 22 studies describing 23 inter-
ventions in the qualitative analysis, and
21 studies describing 22 interventions
in the quantitative synthesis (data
repository).?' In our updated database
search, we retrieved 647 non-duplicate
bibliographic records; we included 31
of these studies describing 32 interven-
tions (an increase of nine compared
with our initial search) in our synthe-
sis (Fig. 1). All included studies were
published between 2010 and 2020. A
breakdown of the studies by country
revealed that the highest number of
studies were conducted in China (eight
studies), followed by India (five stud-
ies), the Islamic Republic of Iran (five
studies), Malaysia (three studies), Tur-
key (two studies) and South Africa (two
studies). A single RCT was conducted
in each of Brazil, Egypt, Mexico, Mon-
golia and Pakistan. One of the studies
described an intervention conducted at
several sites in Cambodia, Congo and
the Philippines. The minimum sample
size of the RCTs ranged from 60'>*"*
to 3324."* We list the properties of the
31 studies in Table 1, and the values
for the outcomes considered that were
extracted from the studies in the data
repository.”!
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Fig. 1. Flowchart of study selection process in the systematic review and meta-analysis
of the effectiveness of telemedicine in the delivery of diabetes care, low- and

middle-income countries, July 2020

932 records identified:

« 110 records through PubMed®

« 180 records through Web of Science

« 642 records through Cochrane Central Register of
Controlled trials

« 0 records through New York Academy of Medicine

« 0 records through POPLINE

v

647 records screened after duplicates removed

\

35 full-text articles assessed for eligibility

\

31 studies included in the

qualitative synthesis, of which

30 studies with 31 interventions included in the
meta-analysis

612 records excluded

26 articles excluded:

- 8articles were repetitive bibliographic entries

« 1article was a conference paper/poster

« 3articles not done in low- and
middle-income countries

« Tarticle not a randomized controlled trial

« 2 articles were in non-English language

« 9articles assessed wrong outcomes

« 1article included comorbidities

« 1article was a duplicate

22 studies identified in search done in August 2019

Notes: The database Web of Science includes MEDLINE®. We did not include the Global Health Library,
because it had been discontinued at the time of the search. The flowchart for the search done in August

20191s available in the data repository.”’

Risk of bias

Our assessment of the risk of bias re-
vealed that 19 studies had a high risk of
bias, while 12 studies had a low risk of
bias. Within the studies with a low risk
of bias, the highest number of individual
matrices were found to have a low risk of
bias across matrices of random sequence
generation (24 matrices), followed by
attrition bias (20 matrices), other risk
of biases (10 matrices), allocation con-
cealment (eight matrices) and blinding
of outcome assessors (six matrices; data
repository).”!

Intervention strategies

Our included interventions varied in
their strategies for the management of
diabetes. We identified five modes of
intervention delivery, through either
smartphone apps (five studies), '+*7#7°%%!
SMS (I’lll’le Studles), 13,30,36,39,42,46,49,53,54

Bull World Health Organ 2021;99:209-2198B| doi: http://dx.doi.org/10.2471/BLT.19.250068

telemetry (five studies),’>***04%2 tele-
phone (10 Studies)13,15,18,27,29,33,40,41,44,48
and web-based systems including video
conferencing (four studies).’"*>*>*> Most
studies focused on a single mode of
telemedicine delivery; however, one
study considered both telephone and
SMS and another study investigated
the use of both telephone and telem-
etry.'>** Major strategies included health
record-keeping, follow-ups, reminders
for follow-ups and logins, psychoeduca-
tion, glucose monitoring, monitoring
prompts for serum glucose levels, per-
vasive alerts and online consultations
(Table 1 and data repository).”’ We did
not observe any trend in the emergence
of unique technologies; however, smart-
phone app-based interventions began to
be tested from 2017. We provide details
of individual interventions in the data
repository.”!
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Table 1. Characteristics of included studies in the systematic review and meta-analysis of the effectiveness of telemedicine in the
delivery of diabetes care, low- and middle-income countries, 2010-2020

Author, year Country Primary Meanage  Mode of delivery of intervention Outcomes analysed
end-point for (years)
outcome
Nesari et al.,, 2010% Iran (Islamic 12 weeks 51.9 Telephone follow-ups Adherence to treatment, HbATc
Republic of)
Shetty et al,, 2011 India 1 year 50.1 SMS reminders BMI, HbA1c¢, total cholesterol,
triglycerides
Zhou et al, 2014 China 3 months NR Web-based diabetes BMI, fasting blood sugar, HbA1c,
telemedicine system total cholesterol, triglycerides
Shahid et al,, 2015 Pakistan 4 months 4895 Telephone follow-ups BMI, HbA1c
Anzaldo-Campos et ~ Mexico 4 months 515 SMS, educational videos and BMI, diabetes knowledge, HbA1c,
al, 2016* online brochures total cholesterol, triglycerides
Aytekin Kanadlietal,  Turkey 3 months NR Telephone follow-ups BMI, HbATc, self-efficacy, total
2016% cholesterol, triglycerides
Gopalan etal, 2016  South Africa NR NR Educational emails Qualitatively analysed dietary-
consumption-related outcomes
Kim et al.,, 2016* China 3 months NR Internet-based glucose BMI, fasting blood sugar, HbA¢,
monitoring system total cholesterol, triglycerides
Peimanietal, 2016"  Iran (Islamic 3 months 49.78 Educational SMS and telephone  BMI, fasting blood sugar, HbA1c,
Republic of) follow-ups self-efficacy, total cholesterol,
triglycerides
Abaza & Marschollek,  Egypt 3 months 51.24 SMS and reminder prompts Adherence to treatment,
2017°%¢ diabetes knowledge, HbAc,
self-efficacy
Kleinman et al,, India 3 months 484 Smartphone app and web portal  Adherence to treatment, BMI,
2017 fasting blood sugar, HbA1c
Lee etal, 2017% Malaysia NR 53.24 Smartphone app BMI, diabetes knowledge, fasting
blood sugar, HbA ¢, self-efficacy
Hemmati Maslakpak Iran (Islamic 3 months 49.46 Educational telephone calls Adherence to treatment, BMI,
etal, 2017 Republic of) HbA1¢, fasting blood sugar,
self-efficacy, total cholesterol,
triglycerides
Namjoo Nasab etal, Iran (Islamic NR NR Telephone follow-ups Adherence to treatment, BMI
2017 Republic of)
Van Olmen et al,, Cambodia, 1 year NR SMS and voice messages Diabetes knowledge, HbA1c
2017% Congo,
Philippines
Wang et al., 2017 China 3 months 526 U-Healthcare website, website BMI, fasting blood sugar, HbAc,
messages, telephone prompt total cholesterol, triglycerides
de Vasconcelos etal,  Brazil 24 weeks 60.9 Guidance and coaching via BMI, HbA1c, high-density
2018" telephone calls from research lipoproteins, total cholesterol,
nurse triglycerides
Fang & Deng, 2018*  China 3 months 57.69 SMS BMI, fasting blood sugar, HbA¢,
total cholesterol, triglycerides
Ramadas et al,, Malaysia 6 months 49.6 Web-delivered intervention Diabetes knowledge, fasting
2018% program, log-in reminders via blood sugar, HbA1c
email and text message follow-
ups
Sarayani etal, 2018 Iran (Islamic 3 months 534 Telephone-based consultation Adherence to treatment, HbA1c,
Republic of) total cholesterol, triglycerides
Duruturk & Ozkosli, — Turkey 6 weeks 52.82 Video conference consultation HbA1C
2019%
Goruntlaetal, 2019  India 6 months 58.8 SMS and reminder prompts Adherence to treatment, BMI,
HbATc, triglycerides
Guo et al, 2019* China 13 weeks 312 D-nurse app for monitoring HbA1c
of blood glucose levels and
transmission of data to clinic
Prabhakaran et al,, India 1 year 56.7 Android app and SMS reminders ~ BMI, fasting blood sugar HbA1c,

2019
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total cholesterol

(continues. . .)

Bull World Health Organ 2021;99:209-2198| doi: http://dx.doi.org/10.2471/BLT.19.250068



Jorge César Correia et al.
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Author, year Country Primary Meanage  Mode of delivery of intervention Outcomes analysed
end-point for (years)
outcome
Sunetal, 2019 China 3 months 67.9 Web-based app, SMS reminders,  BMI, fasting blood sugar, HbA¢,
telephonic reminders total cholesterol, triglycerides
Vinitha et al, 2019*  India 24 months 433 SMS to reinforce healthy lifestyle  BMI, HbA1c, high-density
practices and adherence to lipoproteins, fasting blood sugar,
medication total cholesterol, triglycerides
Wang et al,, 2019 China 6 months 4513 Hand-held clinic, Diabetes knowledge, fasting
monitoring prompts, dietary blood sugar, HbATc, self-efficacy
recommendations and exercise
guidance via app
Zhang et al, 2019°' China 6 months 53 Smartphone app and online BMI, fasting blood sugar, HbATc
interactive management
Lee et al., 2020 Malaysia 52 weeks 533 Telemetry Diabetes knowledge, fasting
blood sugar, HbA1c, high-
density lipoproteins, self-efficacy,
total cholesterol, triglycerides
Owolabi et al,, 2020  South Africa 6 months 60.64 SMS for lifestyle advice and Adherence to treatment
appointment reminders
Wang et al,, 2020** Mongolia 12 months 554 SMS for health awareness, diet Fasting blood sugar

control, physical activities, living
habits and weight control

app: application; BMI:body mass index; HbA1c: glycated haemoglobin; NR: not reported; SMS: short message service.

Meta-analysis

We conducted our meta-analysis of the
30 studies, including 31 interventions,
across eight outcomes. Our primary
outcome, HbAlc levels, was reported
in a total of 27 studies (28 interven-
tions; Fig. 2). BMI was reported in
18 studies (19 interventions; Fig. 3),
serum levels of fasting blood sugar in
16 studies (17 interventions; Fig. 4),
and total cholesterol and triglycerides
in 16 studies (17 interventions; Fig. 5).
Adherence to treatment was reported
in eight studies (Fig. 6), knowledge of
diabetes in seven studies (Fig. 6) and
self-efficacy in seven studies (eight
interventions; Fig. 6).

We observed a significant treatment
effect among several outcomes, with
standardized mean differences of —0.38
for HbAlc (95% CI: —0.52 to —0.23;
n="7703; =86.70%), —0.20 for fasting
blood sugar (95% CI: —0.32 to —0.08;
n=>5524; I*=64.28%), 0.81 for adher-
ence to treatment (95% CI: 0.19 to 1.42;
n=959; *=93.75%), 0.55 for knowledge
of diabetes (95% CI: —0.10 to 1.20;
n=1585; *=92.65%) and 1.68 for self-
efficacy (95% CI: 1.06 to 2.30; n=_866;
I’=97.15%). We did not observe any
significant treatment effect in other out-
comes, with standardized mean differ-
ences of —0.04 for BMI (95% CI: —-0.13
to 0.05; n=5957; I*=35.94%), —0.06

Fig. 2. Forest plot showing effectiveness of telemedicine for diabetes treatment in
improving serum HbA1clevels, low- and middle-income countries, 2010-2020

Author, year

Standard difference in
means (95% Cl)

Nesari et al. 2010

Shetty etal. 2011
Zhouetal. 2014

Shahid et al. 2015
Anzaldo-Campos et al. 2016
Aytekin Kanadli et al. 2016
Kim etal. 2016
Peimanietal. 2016
Peimani et al. 2016

Abaza & Marschollek 2017
Kleinman et al. 2017
Leeetal. 2017

Maslakpak et al. 2017

Van Olmen etal. 2017
Wang etal. 2017

de Vasconcelos et al. 2018
Fang & Deng 2018
Ramadas et al. 2018
Sarayanietal. 2018
Duruturk & Ozkdslii 2019
Goruntla et al. 2019
Guoetal. 2019
Prabhakaran et al. 2019
Sunetal. 2019

Vinitha et al. 2019
Wangetal. 2019
Zhangetal. 2019

Lee etal. 2020

Summary effect size (/% = 86.70%) < i

—0.994 (- 1.530t0 - 0.458)
—0.147 (- 05090 0.216)
—0.543 (- 0927 10— 0.158)
—0.597 (~0.788 to — 0.406)
- 0813 (- 1127 10— 0.499)
—0.342(-0.763100.079)
—0.435(-0.729 10— 0.141)
—0.356 (- 0.751100.039)
—0.210 (- 0.603100.183)
—0.050 (05100 0.410)
—0.220 (- 0.635100.194)
—0.537 (= 0.970to - 0.103)
—0.040 (~ 0.546 10 0.466)
—0.065 (-0.230100.100)
—0.154 (- 042410 0.115)
—0.081(-0.786t0 0.623)
—0.427 (- 0.807 to — 0.046)

0.200 (- 0.147 t0 0.548)
—0.079 (- 0.508 10 0.349)
—0.886 (— 1.467 to - 0.305)
—0.398 (- 0.625t0 - 0.172)
—2.368 (- 2.828t0—1.909)

0.043 (= 0.025100.111)
—0.276 (- 0.689100.137)
—0.267 (-0.517to - 0.017)
—0.476 (- 0.839t0-0.113)
—0.198 (- 051310 0.116)
—0.235 (- 0.489100.019)
—0.376 (0524 10-0.228)

T T T T
-2.00 -1.00 0.00 1.00

T
2.00

Standard difference in means (95% (l)

Cl: confidence interval; HbA1c: glycated haemoglobin.
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Fig. 3. Forest plot showing effectiveness of telemedicine for diabetes treatment in
improving body mass index, low- and middle-income countries, 2011-2019

Standard difference in

Author, year means (95% Cl)

Shetty etal. 2011 - 7
Zhou etal. 2014 .-
Shahid etal. 2015 o |
Anzaldo-Campos et al. 2016 -
Aytekin Kanadli et al. 2016 -

—0.125(-0.535100.284
0308 (~0.07110 0.688
—0.611(-0.924t0-0.299
0.086 (-0.207100.379
—0 049 (~0.467 10 0.369

)

)

)

)

)
Kimetal. 2016 - 51(~0.140t0 0.442)
Peimani etal. 2016 4 7 —0 20 (~0.594100.192)
Peimani et al. 2016 - —0269( 0.663100.125)
Kleinman etal. 2017 - 18(-0.295100.532)
leeetal. 2017 e —0 93( 0.620t00.234)
Maslakpak et al. 2017 —-— 12(-0494100.518)
Namjoo Nasab et al. 2017 — 7 —O 02 (—0.608 t0 0.405)
Wangetal. 2017 - 67 (-0.103t0 0.436)
de Vasconcelos et al. 2018 — 7 —0 047( 0.752100.657)
Fang & Deng 2018 , — 0.008 (—0.369 t00.384)
Goruntla etal. 2019 : —0.126 (~0.35110 0.098)
Prabhakaran et al. 2019 0.043 (—0.025t00.111)
Sunetal. 2019 —— 70 042( 0.453 10 0.369)
Vinitha etal. 2019 ' 11(~0.360100.138)
Summary effect size (/> = 35.94%) b —0 040 (~0.129 10 0.050)

T T T T T
-4.00 -2.00 0.00 2.00 400
Standard difference in means (95% (l)

Cl: confidence interval.

Fig. 4. Forest plot showing effectiveness of telemedicine for diabetes treatment
in improving fasting blood sugar levels, low- and middle-income countries,

2014-2020

Standard difference in
Author, year means (95% Cl)
Zhouetal. 2014 —— —0.482 (~0.864 to —0.099)
Kimetal. 2016 —a— —0.393 (-0.686 t0 —0.100)
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Leeetal. 2017 — 0.255 (<0.173t00.682)
Maslakpak et al. 2017 —0.036 (~0.542 t0 0.470)
Wang et al. 2017 —_— —0.135 (0404 t00.135)
Fang & Deng 2018 —.— —0.436 (~0.816 10 —0.055)
Ramadas et al. 2018 —, 0.189 (-0.159t0 0.536)
Prabhakaran etal. 2019 0.033 (—0.035t00.101)
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Wang etal. 2019 —m— —0.413 (-0.775t0 —0.052)
Zhang etal. 2019 S E— -0.421(-0.73910-0.104)
Leeetal. 2020 — —0.154 (—0.407 t0 0.100)
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for total cholesterol (95% CI: —0.16 to
0.04; n=5381; I’=59.93%) and —0.02
for triglycerides (95% CI: —0.12 to 0.09;
n=2360; ’=0%).

Funnel plots and Egger regression
analyses revealed that publication bias
was significant for the outcomes of
HbAlc, knowledge of diabetes, fast-

ing blood sugar and self-efficacy (data
repository).?’ Publication bias was
non-significant in outcomes including
BMLI, total cholesterol, triglycerides and
adherence to treatment (data reposi-
tory).” Our sensitivity analysis did not
reveal any significant changes in the
effect sizes of these outcomes.
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Our subgroup analysis based on
mode of intervention delivery revealed
that the only outcomes that yielded
statistical significance were BMI and
self-efficacy. Telephone- and SMS-based
telemedicine interventions yielded the
highest treatment effects when com-
pared with telemetry and smartphone-
based services for a range of outcomes
(Table 2; available at: http://www.who
.int/bulletin/volumes/99/3/19-250068).

Our meta-regression analysis did
not reveal any association between effect
size and either quality assessment score
or year of study for the HbAlc outcome
(P>0.05; data repository).”> We could
not run a meta-regression analysis based
on sex, mean age and time at which the
measurement of outcomes was reported
because of missing data.

GRADE evidence

We assessed the certainty of evidence
for the efficacy of telemedicine-based
interventions for diabetes management
in low- and middle-income countries,
according to GRADE guidelines, for the
critical outcome of HbAlc levels. We
graded the certainty of evidence as very
low because of substantial heterogeneity,
publication bias and risk of bias (data
repository).*!

Discussion

Our meta-analysis showing that tele-
medicine-based interventions are effec-
tive in improving serum levels of HbAlc
and fasting blood sugar, adherence to
treatment and self-efficacy is consistent
with several individual RCTs conducted
in both high-income countries and
in low- and middle-income coun-
tries.!»!1618293537:3 Qur results are also in
accordance with previously conducted
meta-analyses; for example, in the 2014
global study of the clinical effectiveness
of telemedicine in reducing serum levels
of HbAc, researchers reported a small
but statistically significant decrease
(standardized mean difference: —0.37)."
Our results are also corroborated by
the 2017 global systematic review,
which showed moderate reductions in
HbAlc post-intervention with reduced
effect sizes at follow-up.'' Telemedicine
interventions were also found to be
cost-effective for diabetes manage-
ment; for example, for retinal screen-
ing alone, telemedicine interventions
were reported to yield 113.48-3828.46
quality-adjusted life years.'? Although an
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outcome of interest, we could not find
any cost-effectiveness data applicable
to low- and middle-income countries.

Despite the encouraging effect sizes
for a range of outcomes, we found no
improvement in BMI or serum levels
of total cholesterol or triglycerides. It
was not possible to corroborate these
results as our literature review did not
yield any similar meta-analytic reviews
exploring these indicators. The statisti-
cal non-significance or poor treatment
effects of these interventions for these
outcomes can be explained, however.
First, most of these interventions were
developed to target single outcomes,
such as adherence to treatment, HbAlc
serum levels or dietary behaviour.'****
None of the interventions focused on
the measurement of lipid profile or
BMI, and none assessed knowledge
of diabetes (telemetric or otherwise).
Second, the sample size calculations of
these trials were based on improvement
in HbAlclevels. We recommend that fu-
ture interventions should be developed
as comprehensive packages providing
sessions on diet, physical exercise, moni-
toring of HbAlc levels and adherence
to treatment.

For several outcomes, includ-
ing BMI, adherence to treatment and
self-efficacy, we found telephone- and
SMS-based interventions (i.e. low-tech
services) to be more effective than te-
lemetry, smartphone apps or other web-
based interventions. However, previous
studies did not compare outcomes for
different telemedicine delivery modes,
meaning that we could not find any cor-
roboratory or contradictory evidence.
We suggest that our observed increased
effectiveness of telephone- and SMS-
based interventions may be attributable
to the improved relationship between
health-care professional and patient ob-
tainable through these media.”” Impor-
tantly, the fact that these delivery modes
performed as well as or better than more
advanced apps and software means that
they can be adopted with confidence in
low-resource settings.

Regarding other modes of delivery,
smartphone apps developed in future
studies should of course be user-friendly
with a patient-centredness perspective,
and considerate of the computer literacy
levels of patients. Future researchers
should consider conducting participa-
tory approaches, including pilot surveys,
design science, cost-effectiveness stud-
ies, and knowledge, attitude and practice
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Fig. 5. Forest plot showing effectiveness of telemedicine for diabetes treatment in
improving serum lipid profile efficacy, low- and middle-income countries,

2011-2020
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surveys to explore levels of computer
literacy among consumers.

Our review has several limitations.
First, our search was limited to only
five major academic databases and
two minor grey-literature databases.
Several additional databases, such as
Embase and APA PsycINFO®, also war-
rant searching for potential articles.
Although the databases Web of Sci-
ence, PubMed® and Cochrane registry
are highly inclusive, literature may
have been missed. Our results are also
limited by a high statistical and meth-
odological heterogeneity across a few
outcomes. For instance, outcomes such
as self-efficacy and adherence to treat-
ment were assessed using heterogeneous
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questionnaires. The heterogeneity in the
outcomes could also be explained by dif-
ferent modes of intervention delivery,
geographical regions and intervention
contents.

Despite the above limitations, by
synthesizing evidence from 31 studies
conducted in low- and middle-income
countries, we have provided more in-
clusive evidence in terms of number of
articles than the previously published
key reviews.'""” Our study also benefited
from the exploration of additional out-
comes, including a variety of biochemi-
cal indicators.

Our meta-analysis revealed a very
low certainty of evidence that telemedicine
interventions were effective in improving
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Fig. 6. Forest plot showing effectiveness of telemedicine for diabetes treatment in
improving adherence to treatment, diabetes knowledge and self-efficacy, low-

and middle-income countries, 2010-2020
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Résumé

La télémédecine au service de la prise en charge du diabéte dans les pays a faible et moyen revenu: revue systématique et

méta-analyse

Objectif Mesurer ['efficacité de la télémédecine dans la prise en charge
du diabéte au sein des pays a faible et moyen revenu.

Méthodes Nous avons examiné sept bases de données, la plus
récente datant de juillet 2020, en quéte d'essais cliniques randomisés
s'intéressant a l'efficacité de la télémédecine dans les soins prodigués
aux patients diabétiques résidant dans des pays a faible et moyen
revenu. Nous y avons trouvé des informations sur les caractéristiques
de I'étude, les principaux criteres d'évaluation et I'ampleur des effets
pour les résultats obtenus. Grace a des modéles a effets aléatoires, nous
avons mené une série de méta-analyses sur les résultats biochimiques
et les propriétés des patients concernés.

Résultats Notre méta-analyse a tenu compte de 31 interventions. Nous
avons observé d'importantes différences moyennes standardisées:
—0,38 pour I'hémoglobine glyquée (intervalle de confiance de 95%,
IC:—0,52 a —0,23; =86,70%), —0,20 pour la glycémie a jeun (IC de
95%:—0,32 a —0,08; *=64,28%), 0,81 pour |'adhésion au traitement

(IC de 95%:0,19 a 1,42; 7=93,75%), 0,55 pour la connaissance de
la maladie (IC de 95%:0,10 a 1,20; =92,65%) et 1,68 pour l'auto-
efficacité (IC de 95%:1,06 a 2,30; ?=97,15%). Nous n'avons constaté
aucune répercussion significative du traitement sur d'autres résultats,
avec des différences moyennes standardisées de —0,04 pour l'indice
de masse corporelle (IC de 95%:—0,13 a 0,05; #=35,94%), de —0,06
pour le cholestérol total (IC de 95%:—0,16 a 0,04; #=59,93%) et de
—0,02 pour les triglycérides (IC de 95%:—0,12 a 0,09; »=0%). Ce sont
les interventions par téléphone et par SMS qui ont eu le plus d'impact
sur le traitement par rapport aux services recourant a la télémétrie et
aux applications sur smartphone.

Conclusion Bien que nous ayons établi I'efficacité de la télémédecine
dans I'amélioration de nombreux résultats liés au diabete, le degré de
certitude s'est révélé trés bas en raison d'une grande hétérogénéité et
du risque de biais.

Pesiome

TenemegunumHa Kak cnocob oKasaHMA MegULMHCKON NOMOLM Npu ArabeTe B CTPaHaX C HU3KUM M CPeaHUM
YPOBHEM A0OXOA0B: cMCTeMaTUYeckuii 0630p n meTaaHanus

Llenb Onpenenutb 3ddeKTVBHOCTL TenemeanUMHbI ANd OKa3aHwsA
MeANLMHCKOW NMOMOLLM NPy AviabeTe B CTpaHax C HU3KUM 1 CPEAHKM
YPOBHEM JOXOLOB.

MeTopabl ABTOPBI NPOBENM MNOWCK MO Cemn 6azam AaHHbIX A0 1A
2020 ropa Ha npegmeT PaHAOMU3MPOBAHHbIX KOHTPOIMPYEMbIX
nccnefoBaHui, NOCBAWEHHbIX SQOEKTUBHOCTI TenemeanLHbI
KaK cnocoba oKasaHua NoMOLLM Npw ArabeTe B CTPaHax C HU3KMM
N CpeaHUM YPOBHEM AOXOLOB. bbinn mM3BneyeHbl faHHble O
XapaKTepmUCTUKax NCCNeaoBaHa, OCHOBHBIX KOHEUHbIX TOUYKax 1
BenMUMHax dbdeKkTa B pesynsratax. MIcnonb3ys aHanm3a ciydaliHbix
3 PEeKTOB, aBTOPbI BHIMONHUAM CEPUI0 MeTaaHann3oB Kak
BUOXMMUYECKMX PE3YSBTATOB, TaK M CBA3AHHbBIX C HUMW CBOWCTB
NaUMEHTOB.

Pe3ynbratbl B MeTaaHanu3 6bin BkoueH 31 cyyal BMellaTenbCTaa.
ABTOPbI HabNIOAANN 3HAUNTENBHYIO CTAaHAAPTM30BAHHYIO PasHKLY
CpefHVX 3HauYeHnn, cocTasmBLyio -0,38 AnA rMnKMPOBaHHOIO
remornobuHa (95%-in I:-0,52—0,23; * = 86,70%), -0,20 AnA yposHA

caxapa KpoBW HaTowak (95%-11 [1:-0,32—0,08; I = 64,28%),0,81 ana
cobniofeHna pexxmma nedenus (959%-i A:0,19-1,42; 1> = 93,75%),
0,55 ana ocsegomneHHoCTV o anabete (95%-i [W:0,10-1,20;
=92,65%) 1 1,68 ANA yBepeHHOCTV B COOCTBEHHbIX cuax (95%-
n AN:1,06-2,30; 1> =97,15%). He Habnwoganocb 3HaumTeNbHbIX
3ddeKTOB NeveHus AN APYrvixX pesynsbTaTos CO CTaHAAPTU30BaHHOM
Pa3HOCTbIO CPEAHMX 3HaUEHMN: -0,04 ANA MHAEKCa Macchl Tena (95%-1
[1:-0,13-0,05; P =35,94%), -0,06 ans obuiero xonectepuHa (95%-
n ON:-0,16-0,04; > = 59,93%) v -0,02 ana Tpurnmnuepuaa (95%-1
[1:-0,12-0,09; * = 0%). BmelwaTenbCTaa no tenedoHy 1 nocpecTBOM
CNy6bl KOPOTKIMX COOBLLIEHNI Aianii HaVBbICLLUMIA NeUeOHbIf 3bdekT
noO CPaBHEHUIO C yClyramuy, OCHOBAHHBIMM Ha TeNleMeTpun u
MPUNOXEHWAX /19 CMAPTHOHOB.

BbiBog X0TA ObINO BbIABNEHO, UTO TenemeanUvHa 3GdeKTBHa
ANA YNy4YlWeHVA HEKOTOPbIX Pe3ysbTaToB, CBA3AHHbBIX C AMabeToM,
[IOCTOBEPHOCTb [JOKa3aTeNbCTB Oblfla OYeHb HM3KOWN K3-3a
3HAYUTENBHOWN HEOAHOPOAHOCTY M pUCKa CUCTEMATNYECKOM OLLMIOKM.
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Resumen

La telemedicina para la atencion de la diabetes en los paises con ingresos bajos y pocos medios: examen sistematico y

metaanalisis

Objetivo Determinar la eficacia de la telemedicina en la prestacion de
servicios de atencion sanitaria de la diabetes en los paises con ingresos
bajos y pocos medios.

Métodos Se realizaron busquedas en siete bases de datos hasta julio de
2020 para encontrar ensayos controlados aleatorios que investigaran la
eficacia de la telemedicina en la prestacion de servicios de atencién de
la diabetes en pafses con ingresos bajos y pocos medios. Se extrajeron
datos sobre las caracteristicas del estudio, las principales variables de
evaluacién y los tamafios del efecto de los resultados. Utilizando el
andlisis de los efectos aleatorios, realizamos una serie de metaandlisis
tanto para los resultados bioquimicos como para las propiedades
relacionadas con los pacientes.

Resultados Incluimos 31 intervenciones en nuestro metaanalisis. Se
observaron diferencias medias estandarizadas significativas de -0,38 para
la hemoglobina glicosilada (intervalo de confianza del 95%, IC:-0,52 a
-0,23; 1> = 86,70%), -0,20 para la glucemia en ayunas (IC del 95%:-0,32

a-0,08; > =64,28%), 0,81 para el cumplimiento del tratamiento (IC del
95%:0,19a 1,42; 1>=93,75%), 0,55 para el conocimiento de la diabetes
(IC del 95%: 0,10 a 1,20; 1> = 92,65%) y 1,68 para la autoeficacia (IC del
95%:1,06a2,30;1=97,15%).No se observaron efectos significativos del
tratamiento para otros resultados, con diferencias medias estandarizadas
de -0,04 para el indice de masa corporal (IC del 95%: -0,13 a 0,05; I
= 35,94%), -0,06 para el colesterol total (IC del 95%: -0,16 a 0,04; I’ =
59,93%) y -0,02 para los triglicéridos (IC del 95%: -0,12 a 0,09; I* = 0%).
Las intervenciones telefonicas y el servicio de mensajes cortos de texto
produjeron los efectos de tratamiento més altos en comparacion con
los servicios basados en la telemetria y las aplicaciones de los teléfonos
inteligentes.

Conclusion Aunque se determind que la telemedicina es eficaz para
mejorar varios resultados relacionados con la diabetes, la certeza de
las pruebas fue muy baja debido a la considerable heterogeneidad y
el riesgo de sesgo.
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Box 1. PubMed search strings used in systematic review and meta-analysis of the effectiveness of telemedicine in the delivery of
diabetes care, low- and middle-income countries, 2010-2020

- Telemedicine: ((Telemedicine[Title/Abstract]) OR (“health informatics”[Title/Abstract]) OR (“wireless devices"[Title/Abstract]) OR (“text
messag*’[Title/Abstract]) OR (“clinical decision support system"[Title/Abstract]) OR (“mobile app"[Title/Abstract]) OR (tele-health[Title/Abstract])
OR (telerehabilitation[Title/Abstract]) OR (telecommunication[Title/Abstract]) OR (‘remote consultation”[Title/Abstract]) OR (“mobile health”[Title/
Abstract]) OR (mHealth([Title/Abstract]) OR (eHealth[Title/Abstract]))

- Diabetes: ((Diabetes|[Title]) OR (“blood glucose’[Title]) OR (“Diabetes mellitus type 2"[Title]) OR (T2DM[Title]) OR (“Diabetes mellitus’[Title]))

- Trial: (RCT[Title/Abstract]) OR (trial*[Title/Abstract]) OR (“controlled trial"[Title/Abstract]) OR (“randomized controlled”[Title/Abstract]) OR (“cluster
randomized controlled trial”[Title/Abstract]))

- Country: (“Middle income country” OR “Middle income countries” OR “low income countries” OR “low income country” OR LMIC OR “developing
world"ORdeveloping country”ORdeveloping countries”OR Afghanistan OR“Kyrgyz Republic"OR Bangladesh OR Liberia OR Benin OR Madagascar
OR"Burkina Faso”OR Malawi OR Burundi OR Mali OR Cambodia OR Mauritania OR“Central African Republic”OR Mozambique OR Chad OR Myanmar
OR Comoros OR Nepal OR Congo OR Niger OR Eritrea OR Rwanda OR Ethiopia OR“Sierra Leone” OR Gambia OR Somalia OR Guinea OR Tajikistan OR
Guinea-Bissau OR United Republic of Tanzania OR Haiti OR Togo OR Kenya OR Uganda OR Korea OR Zimbabwe OR Algeria OR Libyan Arab Jamahirya
OR American-Samoa OR Lithuania OR Angola OR The former Yugoslav Republic of Macedonia OR Antigua OR Malaysia OR Argentina OR Maldives OR
Azerbaijan OR Mauritius OR Belarus OR Mexico OR Bosnia OR Montenegro OR Botswana OR Namibia OR Brazil OR Palau OR Bulgaria OR Panama OR
Chile OR Peru OR China OR Romania OR Colombia OR“Russian Federation”OR“Costa Rica”OR Serbia OR Cuba OR Seychelles OR Dominica OR"South
Africa” OR“Dominican Republic”OR“St Lucia” OR Ecuador OR“St Vincent” OR “The Grenadines” OR Gabon OR Suriname OR Grenada OR Thailand OR
“Iran Islamic Republic”OR Islamic Republic of Iran OR Tunisia OR Jamaica OR Turkey OR Jordan OR Turkmenistan OR Kazakhstan OR Tuvalu OR Latvia
OR Uruguay OR Lebanon OR Venezuela OR Albania OR the Republic of Moldova OR Armenia OR Mongolia OR Belize OR Morocco OR Bhutan OR
Nicaragua OR Bolivia OR Nigeria OR Cameroon OR Pakistan OR “Cape Verde” OR “Papua New Guinea” OR “Congo Republic” OR Paraguay OR “Cote
d Ivoire” OR Philippines OR Djibouti OR Samoa OR “Egypt Arab Republic” OR Egypt OR “Sao Tome” OR “El Salvador” OR Senegal OR Fiji OR “Solomon
Islands” OR Georgia OR “South Sudan” OR Ghana OR “Sri Lanka” OR Guatemala OR Sudan OR Guyana OR Swaziland OR Honduras OR “Syrian Arab
Republic”OR India OR“Timor Leste” OR Indonesia OR Tonga OR Iraq OR Ukraine OR Kiribati OR Uzbekistan OR Kosovo OR Vanuatu OR“Lao PDR”OR
Viet Nam OR Lesotho OR “West Bank” OR Gaza OR “Marshall Islands” OR “Yemen Republic” OR Federated States of Micronesia OR Zambia)

Note: Country names are reported here as in the authors'search string, and have not been edited as per the naming standards of the World Health Organization.
Quotation marks are required for multiword search items.
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Table 2. Subgroup analysis of intervention delivery mode in the systematic review and
meta-analysis of the effectiveness of telemedicine in the delivery of diabetes
care, low- and middle-income countries, 2010-2020

Outcome and type of Standardized mean P (o Between-

intervention difference (95% Cl) group
difference,

P

BMI 0.002

Smartphone app OOS( 0.02t00.11) 0.00 0.00

SMS 3 (—0.26 to0 0.00) 0.00 0.00

Telemetry 0.05(=0.11t0 0.22) 0.00 0.00

Telephone —0.27 (047 t0 —0.07) 47.68 0.05

Web-based 21 (=0.02 to 0.44) 0.00 0.00

Self-efficacy <001

Smartphone app 41 (0.05t00.77) 0.00 0.00

SMS 2.32(2.011t02.62) 37.22 0.04

Telemetry —0.02 (—0.24 t0 0.20) 0.00 0.00

Telephone 8(2.69 10 3.66) 0.00 0.00

Adherence to treatment 0.67

Smartphone app 038 (=1.42t02.19) 0.00 0.00

SMS 1.16 (0.13 t0 2.20) 97.77 1.21

Telephone 0.64 (-0.28 to 1.55) 74.15 0.18

Serum HbA1c levels 0.66

Smartphone app —0.58 (—0.96 to —0.20)  96.42 0.54

SMS —0.24 (-0.54 t0 0.06) 14.16 0.00

Telemetry —040(-0.78t0—-0.02)  66.59 0.05

Telephone —0.37 (—0.74 t0 0.00) 61.15 0.07

Web-based (video conference)  —0.89 (—1.85 to 0.08) 0.00 0.00

Diabetes knowledge 0.90

Smartphone app 0.63 (-1.02t0 2.27) 0.00 0.00

SMS 0.89 (—0.28 t0 2.05) 97.99 2.12

Telemetry 030 (—0.65 to 1.24) 88.11 0.21

Web-based —0.26 (—0.75t0 0. 23) 80.33 0.12

Fasting blood sugar levels 0.56

Smartphone app 7 (—=0.39t0 0.04) 76.54 0.06

SMS —0.33 (—0.54t0 —0.12) 0.00 0.00

Telemetry —0.08 (<0.31t0 0.15) 210 0.00

Telephone —0.04 (—0.64 t0 0.56) 0.00 0.00

Web-based 0.56 (—1.08 to 2.20) 0.00 0.00

Serum total cholesterol 0.50

levels

Smartphone app —0.02 (—0.48 to 0.44) 0.00 0.00

SMS 0.00 (-0.27 t0 0.27) 63.77 0.07

Telemetry 8 (—0.44 10 0.07) 6837 0.06

Telephone 6(—0.50100.18) 56.98 0.09

Serum triglyceride levels 0.90

Smartphone app 0.22 (-0.18 t0 0.63) 0.00 0.00

SMS —0.01(-0.14100.12) 0.00 0.00

Telemetry —0.03 (-0.17t0 0.12) 23.97 0.01

Telephone —0.08 (=0.33t0 0.17) 40.59 0.04

Web-based 0.05 (=0.19t0 0.29) 0.00 0.00

app: application; Cl: confidence interval; HbA1c: glycated haemoglobin; SMS: short message service.
2 Both *and 1 are measures of heterogeneity in subgroup analyses.
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