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Abstract: Primary health care physicians are increasingly offering telehealth services to patients not
only for its cost and time saving advantages but for the additional benefits telehealth can provide for
patients with type 2 diabetes (T2D) such as improved self-management behaviours. To support the
development of telehealth based T2D clinical care models in primary health care settings, a narrative
synthesis and meta-analysis of randomised controlled trial studies was completed for 29 studies
that evaluated the effect of one or more types of telehealth interventions on HbAlc levels compared
to usual care alone. Results from the random effects meta-analysis demonstrated that telehealth
interventions had a stronger influence on HbAlc compared to usual care with a mean difference in
HbAlc \% —0.18 (CI —0.35, —0.01), p = 0.04. Results from the subgroup meta-analysis demonstrated
that telehealth interventions, when grouped by type of telemonitoring (mHealth and telephone
communication), all have a stronger effect on lowering HbA1lc levels; however, none of these findings
were significant. Key findings from this review demonstrate that telehealth interventions that
address T2D self-management behaviours and have higher levels of health care provider engagement,
have greater effects on lowering HbA1lc levels compared to usual care alone.
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1. Introduction

The term “telehealth” is defined by the International Organisation for Standardisation
as the "use of telecommunication techniques for the purpose of providing telemedicine,
medical education, and health education over a distance” [1]. Whilst the terms “telehealth”
and “telemedicine” are often used interchangeably, it is important to recognise the subtle
distinction between the two terms. The World Health Organisation defines telemedicine as
“the delivery of health care services, where distance is a critical factor, by all health care
professionals using information and communication technologies for the exchange of valid
information for diagnosis, treatment and prevention of disease and injuries, research and
evaluation, and for the continuing education of health care providers, all in the interests of
advancing the health of individuals and their communities” [2]. Whilst these descriptions
are quite similar, the term “telehealth” encompasses all forms of remote health care services
whereas “telemedicine” describes the remote delivery of “clinical” services [2]. A key
example of a non-clinical telehealth health service might involve a telephone call to provide
healthy lifestyle coaching or generalised health advice.

Primary care physicians are increasingly offering remote care services to their pa-
tients through video, telephone and web/mobile-based applications as they recognise the
benefits that telehealth can bring such as health cost savings, greater patient compliance
with treatment plans [3], improved communication between health care providers and
patients [4-7] and early identification of abnormalities [8].

Telehealth also provides a unique opportunity for primary health care professionals
to reach socially disadvantaged groups where cost, geographic location or cultural barriers
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may limit health service access [2,9]. Whilst the use of technology may not be as easily
accessible for older, ethnically diverse or socially disadvantaged groups [10], the poten-
tial application of telehealth services to address health inequalities amongst vulnerable
population groups should not be underestimated.

In the wake of the recent global pandemic, primary care physicians had no choice
but to embrace the use of technology to provide remote delivery of care to help reduce
the spread of the SARS-COV-2 virus [11]. In many ways, the global pandemic provided
an opportunity for the world to experience the remote delivery of primary health care
services, something that had failed to gain traction in earlier years due to a lack of interest
and funding [11].

Whilst there will always be a need for face-to-face care delivery in primary health
care settings, people accessing face-to-face care for routine patient monitoring related to
the management of chronic health conditions such as type 2 diabetes can benefit from
telehealth services [12].

The global prevalence of diabetes is estimated to affect 463 million people, with type 2
diabetes representing around 90% of cases [13]. By the year 2030, it is expected that the
global prevalence will continue to grow to 578 million [13]. Between the years 2000 and
2019, there was a 70% increase in the number of global diabetes related deaths which
placed diabetes in the top 10 causes of death in the year 2020 [14]. Such figures highlight
the present-day challenges primary health care services face in regard to type 2 diabetes
management and care.

Current best practice related to the management of people living with type 2 diabetes
focuses on the prevention of diabetic related complications and disease progression through
healthy diet and lifestyle related factors such as exercise and medication [15-18]. In the
absence of acute diabetic related complications, many routine medical appointments
with a general practitioner would involve healthy lifestyle education and medication
prescription, both of which have been shown to be just as effective when delivered in
remote settings [12,19-21]. An increasing number of randomized controlled trials have
compared the impact of telehealth on diabetes management with usual care and reported
conflicting findings. For instance, some studies found that telehealth leads to better blood
glucose control [22,23] while other studies did not support this [24].

Whilst there are a number of systematic reviews that have evaluated the efficacy of
telehealth interventions for the management of type 2 diabetes, there is limited information
in the literature when it comes to the evaluation of telehealth interventions that serve as a
substitute to traditional face-to-face consultation in primary health care settings. This study
aims to fill this gap by comparing telehealth interventions to standard face-to-face care
among people living with type 2 diabetes through a systematic review and meta-analysis.
The findings of this study contribute to the growing body of evidence about the use of
telehealth for type 2 diabetes management while providing greater specificity around the
frequency, volume and type of interventions to inform best practice guidelines for primary
health care clinicians.

2. Methods
2.1. Search Strategy

A detailed search of the literature was completed between 16/5/21-22/6/21 using
the following search string: (([type 2 diabetes OR diabetes mellitus] AND [telehealth OR
telemedicine]) AND (usual care OR standard care OR standard treatment)), AND (Ran-
domised controlled trial OR randomized controlled trial or RCT).

As the terms diabetes mellitus and type 2 diabetes can be used interchangeably,
diabetes mellitus was included as a search term as it sought to capture as many type
2 diabetes studies as possible. Whilst diabetes mellitus also includes both type 1 and
gestational diabetes, studies that recruited subjects who had type 1 or gestational diabetes
were excluded from this review. The terms “telehealth” and “telemedicine” were used as
overarching search terms to capture all forms of telehealth technologies in an attempt to
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reduce the number of duplicated studies obtained in the search. Limitations associated with
the decision to not include specific telehealth technology search terms such as “mHealth”,
“telemetry”, etc., are discussed in the limitations section of this review.

Boolean operators ‘OR” and “AND’ were used to connect similar searches to combine
key search terms as defined in the search strategy. Studies were searched using the
following search string across 5 key scientific databases PubMed, Scopus, Cochrane library,
Web of Science and CINAHL with title and abstract screening completed as the first stage of
data extraction. A set of inclusion and exclusion criteria were defined prior to the first stage
of title and abstract screening to support study rigor and the specificity of search results.
Inclusion criteria for the following search included studies that were full text, available in
English, peer reviewed, published between January 2011 and September 2021 and with a
study design utilising a randomised controlled trial design. A list of the study exclusion
criteria can be found in the table below.

Exclusion Criteria

Studies that focus on ‘telerehabilitation” or ‘telepharmacy’

Multimorbidity studies, subjects with type 1 or gestational diabetes

Studies that do not meet RCT checklist criteria

Subjects < 18 years of age

Pilot studies

Low sample size < 50 participants in study

HbAlc not listed as a primary or secondary outcome measure

Grey literature

Of the 5 databases searched, a total of 663 citations were identified. After title and ab-
stract screening, a total of 135 records were obtained and transferred to endnote referencing
management software. Prior to the second stage of screening, 76 duplicate records were
removed yielding a total of 54 records for further screening as 5 articles were unable to be
retrieved. Of these studies, a further 25 studies were removed for reasons outlined in the
PRISMA flow diagram (see Figure 1). A total of 29 studies were included in the systematic
review. Two authors were involved in the selection process and any disagreement was
solved using discussions.

2.2. Risk of Bias Assessment

A risk of bias assessment was completed for all studies included in the systematic
review using the Cochrane Back Review Group (CBRG) assessment criteria [25]. For studies
to be considered as a part of the final narrative synthesis, they were required to meet 6 or
more criteria (indicated by a yes response) using the CBRG assessment tool to indicate
low study bias. Once the primary researcher had completed the risk of bias assessment on
all selected articles, the process was then repeated by the lead reviewer who had agreed
to remove one of the selected studies due to a high risk of bias score. The risk of bias
assessment for all studies in this review can be found in the Appendix (see Appendix A).
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Figure 1. PRISMA flow diagram.

2.3. Systematic Review Analysis

The first stage of data analysis involved data extraction from the final section of the
RCT studies following completion of the risk of a formal bias assessment. Key data ex-
tracted from the studies included study characteristics, participant characteristics, primary
and secondary outcome measures, study results and a brief description of the telehealth
interventions (see Table 1). The data extraction process was completed manually using
Microsoft Excel. Through the process of data extraction, we explored various themes sur-
rounding telehealth interventions for type 2 diabetes management such as HbAlc control—
the most commonly utilised telehealth technology for type 2 diabetes management—length
of intervention, and the influence of potential confounding factors of socioeconomic status.

Table 1. Characteristics of the included RCT studies (n = 29).

Author/Year
Country

Sample Size (1) Length
Participant e . p value (95% CI)
Characteristics Age (Years) Description of Intervention of In‘ter- Mean HbA1c%
vention
(% Male)

Telemonitoring + mHealth
Use of mobile app to enter data

"= 223 baseline health, blood glucose
Argawal et al., Intervention (110) I ion 515 + 10.6 di . .. d food ~019
2019 55% (1 participant ntervention 51. . readings, exercise activity and foo 6 months p=0.
e Control 52.1 £+ 10.7 intake. App provided tailored CI(-1.05,0.21)
Canada gender not specified) messages to participants targetin
Control: (113) 49% §€S 10 participants targeting
motivation, education and
behaviour change.
Virtual clinic
Virtual clinic model where
Basudev et al., n =208 . participants have a virtual _
2016 Intervention (93) 55% Intéi);et?:lo;g 630£ i|:2102.3 consultation with practice team for 12 months CI—not_agﬁlable
United Kingdom Control (114) 60% ’ ’ care planning related to type

2 diabetes management. Participants
reviewed every 3 months.
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Table 1. Cont.

Sample Size (1)

. . Length
Author/Year Participant L. . p value (95% CI)
Country Characteristics Age (Years) Description of Intervention of In‘ter- Mean HbA1c%
vention
(% Male)
Telemonitoring with feedback
=299 Part'icipants uploa.lded blood glucose
Dario et al., 2017 Intervention (208) Intervention 73.05 + 5.79 reac.hr.lg.s toan or}hne e-Hpg Ith Centre. p=0.76
o Clinicians monitor participant data 12 months
Italy 57% Control 73.04 £ 5.28 . CI(-0.2,0.2)
Control (91) 54% through a Home Care portal with
feedback provided to next of kin if
indicated.
Telemonitoring with feedback
Telemonitoring + case management
Egedeetal., n= 113 . Intervention 55.1 + 11.4 via FORA 2in 1 blogd glucose and p=0.024
2017 Intervention (59) 17% Control 53.4 + 105 blood pressure monitoring system. 6 months CI(~1.86, —0.13)
USA Control (54) 19% : : Nurse case manager provides weekly R
medication adjustments based on
daily participant data.
mHealth
mHealth intervention involving text
Fortmann et al n=126 messages with motivational,
v N o Intervention 47.8 9.0 educational and call to action p=0.03
2017 Intervention (63) 27% 6 months .
o Control 49.1 £+ 10.6 messages 2-3 x day over a 6-month CI-not available
USA Control (63) 24% . ..
period. Participants encouraged to
send blood glucose readings after
text prompt.
mHealth
Gongetal, 2020 | "~ 187 .., Intervention554+9.7 milealth eenon involving N p=084
Australia ntervention (93) 53% Control 58.4 + 105 mobile app which provides support, 12 months CI (—0.45, 0.36)
Control (94) 64% ’ ’ monitoring and motivational coaching T
via an embodied conversation agent.
Telemonitoring with feedback
Telemonitoring with feedback which
included a daily health session with
_ an audible prompt for participant to
Greenwood etal, n= %0 o Intervention 53.9 + 10.4 take blood glucose readings with p <0.001
2014 Intervention (45) 49% . - . 6 months .
o Control 57.5 £ 10.6 diabetes related education provided. CI-not available
USA Control (45) 58% .. .
Participants can access a diabetes
clinical educator who is available via
phone call or text to discuss
diabetes care.
Video based education program
Video based lifestyle education
Gupta et al n =381 program involving 12 modules over a p=0013
v . o Intervention 50.1 £+ 9.4 . CI(0.14,1.14)
2020 Intervention (40) 45% 4-month period focused on type 4 months .
. Control 50.2 + 8.6 . . p = 0.021 adjusted
India Control (41) 59% 2 diabetes health topics such as
N . . CI(0.10,1.12)
self-monitoring, diet, meal planning,
exercise, etc.
Video consultation + telemonitoring
Video consultation + telemonitoring
_ involving 2 x monthly video
Hansen etal., "= 165 o Intervention 57.8 + 9.4 conferences with a nurse via tablet p=0.023
2017 Intervention (83) 64% . 8 months .
o Control 58.3 £+ 9.3 computer for 32 weeks. Participants CI-not available
Denmark Control (82) 65% . .
provided blood glucose readings,
blood pressure readings and body
weight readings to nurse.
mHealth
n =151 mHealth intervention with or without
N Intervention (app) 58.6 =  telephone counselling from diabetes p = 0.42 (app)
Holmen et al.,, Intervent61;);/1 app (51) 11.8 specialist nurse for the first 4 months CI(—0.75,0.32)
2014 Interventic:n app + Intervention (app + of the intervention. Mobile app was 12 months p=0.97
Norway coaching (50) Eg‘)/ coaching) 57.4 £ 12.1 utilised for wireless transfer of blood (app + coaching)
& o Control 55.9 + 12.2 glucose data, manual entry of diet, CI (-0.52, 0.54)
Control (50) 40%

physical activity and personal goals
related to type 2 diabetes management.
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Table 1. Cont.

Author/Year
Country

Sample Size (1)
Participant
Characteristics
(% Male)

Age (Years)

Description of Intervention

Kleinman et al.,
2017
India

n=91
Intervention (44) 82%
Control (46) 59%

Intervention 48.8 + 9.0
Control 48.0 £ 9.5

mHealth

mHealth intervention involving
mobile app reminding participants to
complete blood glucose readings with
access to a health coach. Out of range

blood glucose levels prompted

questions for participants and

generated alerts to a health care team.

Lee et al., 2020
Malaysia

n =240
Intervention (120)
44%
Control (120) 46%

Intervention 56.1 + 9.2

Control 56.3 + 8.6

Telemonitoring + case management
Telemonitoring + team-based
management. Blood glucose levels
uploaded to system, and care team
adjusts medication accordingly.
Healthy lifestyle education and advice
also provided. Participants advised to
report 6 glucose readings/week
(3 prandial and 3 post-prandial).
Feedback provided from care team
if indicated.

Lee et al., 2017
Malaysia

n =85
Intervention (45) 53%
Control (40) 40%

Intervention 53.24 +

7.29 Control 53.77 + 8.03

Telemonitoring + feedback
Blood glucose readings uploaded to
an online portal via mobile device
which is viewed by researcher.
Reminders sent to participants to
measure blood glucose levels.
Case manager contacts participant to
provide advice re: medication and
lifestyle education.

McLeod et al.,
2020
New Zealand

n =429
Intervention (215)
50%
Control (214) 48%

Intervention 61.8 + 9.5

Control 62.4 + 8.7

mHealth
mHealth intervention involving
mobile device and web-based
program with 4 components, health
coaching, evidence-based resources,
peer support and goal tracking.
Health coaching for the first 4 months
of intervention via text or fortnightly
video meetings.

Odnolekova et al.,
2016
Belgium

n =287
Intervention (287)
60%
Control (287) 63%

Intervention 63.8 +8.7

Control 62.4 + 8.9

Telephone communication
“telecoaching”
Tele-coaching via telephone.
Five nurse led telephone sessions
averaging 30 mins every 3-8 weeks
utilising motivational
interviewing techniques.

Parsons et al.,
2019
United
Kingdom

n =323
Intervention
(self-monitoring +
feedback) (148) 59%
Intervention
(self-monitoring)
(147) 56%
Control (151) 58%

Intervention

(self-monitoring + telecare)

61.6 £9.82
Intervention
(self-monitoring)
629 +9.34

Control 60.7 + 10.98

Telemonitoring + feedback
Telemonitoring via diabetes
management software, with or

without telecare support via monthly

phone call from diabetes nurse.

Pressman et al.,
2014
USA

n =225
Intervention (107)
63%
Control (91) 60%

Intervention 54.8 + 9.8

Control 56.4 + 8.7

Telemonitoring + feedback
Telemonitoring of blood glucose
levels along with weekly
communication with diabetes nurse.

;e?lﬁtg};. p value (95% CI)
5 Mean HbA1c%
vention
p=0.02
6 months CI(010, 137)
p=0226
12 months CI (2007, 002)
p<0.01
3months CI-not available
p =0.990
12 months Cl(_01,01)
p =0.003
6 months Cl (03, —0.1)
Intervention (SM +
telecare) p < 0.0001
CI(—1.40, —0.94)
12months Intervention (SM
only) p < 0.0001
CI (-1.29,-0.81)
6 months p= 0.310

ClI-not available
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Table 1. Cont.

Sample Size (1)

. . Length
Author/Year Participant L. . p value (95% CI)
Country Characteristics Age (Years) Description of Intervention of In‘ter- Mean HbA1c%
vention
(% Male)
n=2334 Telemonitoring via web platform
Intervention 1 PTI Telen‘,:(;:;tiﬁs (XIIIiIaH vizlb;-hb)ased p =03 (PTD
i (587) 53% Intervention (1) 55.9 + 7.0 rng CI (—0.48, —0.04)
Ramallo-Farifia . . platform with automated SMS. _
etal., 2020 Intervention 2 PFI Intervention (2) 562 +7.0 Participants required to log blood 24 months p = 0.9 (PF)
Ie v (654) 56% Intervention (3) 55.5 + 7.1 CI(—0.41, 0.03)
anary Islands . glucose levels for feedback. "
Intervention 3 CBI Control 55.2 + 7.3 . . p=0.3(CBI)
o Intervention also involved health care
Congg{ 254;376;) 499, provider training regarding C1(-0.47,-0.03)
? telehealth intervention.
Shea et al., 2013 Data obtained from Weinstock et al., 2011
Telemonitoring + automated SMS
n=513 feedback p=
Steventon et al., T . Telemonitoring with feedback when 0.125 unadjusted
Intervention (300) Intervention 63.9 + 13.0 o ©
2014 o indicated. Participants encouraged to  12months  CI (—0.60, 0.07)
. . 53% Control 66.2 + 11.9 > -
United Kingdom Control (213) 64% upload blood glucose data with p = 0.0009 adjusted
© ¢ automated educational CI(-0.52, —0.07)
messages provided.
Telemonitoring + mHealth
Telemonitoring combined with
n=91 . mHealth. Daily wireless transmission _
Sun ghﬂ;’a 2019 Intervention (44) 43% Inée;z::gtfzg ng:§ 3'5 of blood glucose data through 6 months CI-nI:) t_ a%gizlable
Control (47) 38% ' ’ glucometer along with feedback via
telemedicine system regarding
management of type 2 diabetes.
n =415 Telemonitoring + feedback
Tang et al., 2013 Intervention (202) Intervention 54.0 + 10.7 Telemonitoring + personalised 12 months p=0.133
USA 59% Control 53.5 + 10.2 feedback as well as personalised text CI-not available
Control (213) 61% and video educational content.
Trief et al., 2013 Data obtained from Weinstock et al., 2011
mHealth unadjusted
Vaughan et al "= 89 mHealth intervention, regular p =0.007
& v = o Intervention 55.99 + 7.12 communication call or SMS with CI-not available
2020 Intervention (44) 23% " . 6 months .
o Control 53.86 & 9.07 health care practitioner, diabetes Adjusted
USA Control (45) 33% . . .
group visits with community p =0.002
health worker. CI-not available
Telemonitoring + telephone
communication 12 months
Von Storch et al., n= 115 . Intervention 59.4 + 6.3 Telemomtopng of blood. g.lucgse (results p=0.038
2019 Intervention (60) 78% Control 58.4 + 7.3 levels along with feedback if indicated ~ reported Cl-not available
Germany Control (56) 84% ’ ’ utilising tablet computer, glucometer at
and step counter with monthly 3 months)
telephone coaching.
Warren et al., n= 126 . Intervention 61.3 & 10.8 Telem.om?ormg + feedback p=0.004
2018 Intervention (63) 60% Control 61.3 + 114 Telemonitoring of blood glucose 12 months Cl-not availabl
Australia Control (63) 48% Omtrot 6. ’ levels along with feedback. ot avarable
Telemonitoring + video
Weinstock et al = 1665 conferencing
v Intervention (844) Intervention 70.8 + 6.5 .. p =0.001
2011 B Telemonitoring of blood glucose 5 years -
36% Control 70.9 + 6.8 . . . ClI-not available
USA o levels + video consultation with
Control (821) 38% .
health care provider.
. n=2321 Telemonitoring + feedback
Wﬂdé;iile'(’izow Intervention (160) Intervention 60.5 £ 9.8 Telemonitoring of blood glucose le 9 months p =0.007
Kinedom 66% Control 61.4+ 9.8 levels + once weekly feedback/review CI(0.22,0.81)
gdo Control (159) 67% with diabetes educator.
Telephone communication
. _ Automated telephone management
Williams et al., "= 120 o Intervention 58.4 + 8.2 intervention, with 1 x weekly phone p =0.002
2012 Intervention (60) 62% Control 56.4 + 8.3 calls lasting 5-20 minutes and 6months ' 6 0.93)
Australia Control (60) 63% ’ ’ & ’ '

education provided on a variety of
diabetes related topics.
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2.4. Meta-Analysis

A quantitative meta-analysis was conducted as a part of this systematic review using
RevMan (Review manager software version 5.4) (Cochrane, London, United Kingdom).
RevMan is used for extracting study data, preparing the characteristics of studies and devel-
oping comparison tables for systematic reviews. It is also used for conducting meta-analysis
and generating graphics for the results. Pooling together the results and conducting meta-
analysis improves the precision of the estimation of the effect of interventions and settles
conflicting findings from different studies. The purpose of the meta-analysis is to examine
any differences between the intervention and control groups across all selected studies
by pooling together the results of studies that provided a mean HbA1c% and standard
deviation as either a primary or secondary outcome measure. Meta-analysis was also
completed for body mass index (BMI), as a secondary outcome measure for BMI has been
shown to influence type 2 diabetes related outcomes [26]. A total of 18 studies were selected
for meta-analysis. The remaining studies had either missing or incomplete datasets so
could not be considered for the meta-analysis.

Once all of the relevant data was manually entered into RevMan, a random effects
meta-analysis was conducted utilising inverse variance as the statistical method and mean
difference as the effect measure with a 95% CI (confidence interval) to compare the com-
bined effectiveness of telehealth interventions. The subgroup analyses were conducted
for telemonitoring (telehealth studies that used telemonitoring technology like wearable
devices for type 2 diabetes management), mHealth (telehealth studies that used inter-
ventions delivered via mobile technologies for type 2 diabetes management), telephone
communication (telehealth studies that used the telephone for type 2 diabetes management)
and self-management (telehealth studies that used self-management interventions for type
2 diabetes management) focused interventions. As a minimum of two studies were used to
conduct a meta-analysis [27], it was not possible to perform subgroup analysis for virtual
consultation and video education categories as there was only one study in each category
that had available data [28,29]. This was also the case when it came to further exploring
the relationship between socioeconomic status and telehealth efficacy.

3. Results

A total of 29 RCTs that evaluated the effectiveness of telehealth interventions on the
management of type 2 diabetes were included in the narrative syntheses. As outlined in
Table 1, the most commonly utilised telehealth intervention amongst the selected studies
involved telemonitoring (17 studies), mHealth (10 studies), telephone communication
(3 studies), virtual consultation (web) (2 studies) and video education (1 study). Five of
the total studies in this review utilised a combination of telemonitoring and mHealth
interventions [5,30-33], two studies utilised both telemonitoring and video conferenc-
ing [9,34] and one study utilised both telemonitoring and telephone coaching as a part of
the intervention [35].

3.1. Length of Intervention

The duration of interventions ranged from 3 months to 5 years; however, the majority
were 12 months (11 studies) and 6 months (10 studies) in duration.

3.2. Age Range and Average Range of Participants

The average age of participants across studies was 56.5 years for all studies with an
age range of 38.5 and 78.1 years.

3.3. Telemonitoring

Of the 17 studies that had evaluated the effectiveness of telemonitoring for type 2 di-
abetes management, 9 studies [4,5,8,31,33-37] reported statistically significant changes
between the telemonitoring intervention groups and control groups measured by a reduc-
tion in mean HbA1lc levels.
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For the studies that failed to see statistically significant intergroup differences in
mean HbAlc, some statistically significant improvements were seen in secondary outcome
measures including a reduction in outpatient, Emergency Department (ED) visits as well as
planned hospitalisations [38], and a significant reduction in LDL (low-density lipoprotein)
cholesterol levels among the telemonitoring intervention groups [39,40]

3.4. mHealth

Of the 10 studies that had evaluated the effectiveness of mHealth interventions for
type 2 diabetes management, 4 studies [5,31,41,42] reported statistically significant changes
between the mHealth intervention groups and control groups measured by a reduction in
mean HbAlc levels.

For the studies that failed to see statistically significant intergroup differences in
mean HbAlc, some statistically significant improvements were seen in secondary outcome
measures including an improvement in health related quality of life measured by the Assess-
ment of Quality of Life-8D (AQol)-8D [43], and improved diabetes related self-management
behaviours measured by the Health Education Impact Questionnaire (HeiQ) [44].

3.5. Virtual Consultation

Of the three studies that had utilised video teleconferencing instead of usual care
for type 2 diabetes management, one study [34] reported statistically significant changes
between the intervention group and control group measured by a reduction in mean
HbAlc levels.

For the studies that failed to see statistically significant intergroup differences in
mean HbA1lc, some statistically significant improvements were seen in secondary outcome
measures including improved blood pressure control measured by a reduction in systolic
blood pressure for the video conferencing intervention group [28].

3.6. Telephone Communication

Of the three studies that had utilised telephone communication instead of usual care
for type 2 diabetes management, all studies [35,45,46] reported statistically significant
changes between the intervention group and control group measured by a reduction
in mean HbAlc levels. Odnoletkova et al. [45] also reported statistically significant im-
provements in secondary outcome measures including total cholesterol, BMI and body
weight. A significant reduction in Body Mass Index (BMI) and diabetes self-management
behaviours measured by the Diabetes Self-Management Questionnaire (DSMQ) was ob-
served by von Storch et al. [35]. Mental health related quality of life assessed by the
SF36 version 2 questionnaire was also significantly improved for the intervention group in
the study conducted by Williams et al. [46].

3.7. Video Education

Of the single study carried out by Gupta et al. [29] utilising video education in the
place of usual care, a significant reduction in mean HbAlc was observed in the intervention
group as well as statistically significant improvements in secondary outcome measures of
body weight, BMI, waist circumference and fasting plasma glucose.

3.8. Meta-Analysis Results

As outlined in Figure 2, a meta—analysis demonstrated that telehealth interventions
significantly improved HbAlc levels compared to a control group, with a mean difference
in HbAlc% —0.18 (CI —0.35, -0.01), p = 0.04. The heterogeneity between studies was
very high (I2 = 93%). This finding is visually depicted on the forest plot below where the
diamond sits to the left side of the plot in favour of telehealth interventions. As outlined
in Appendix B, results from the subgroup meta-analysis for telemonitoring interventions
found that telemonitoring led to improved HbAlc levels compared to a control group
with a mean difference of —0.07 (CI —0.17, 0.03); however, it was not significant (p = 0.17),
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I2 = 60%. Similarly, subgroup analysis for mHealth interventions favoured mHealth over
usual care with a mean difference of —0.04 (CI —0.14, 0.06); however it was not significant
(p = 0.44) 1? = 59%. Subgroup analysis for the telephone communication interventions
also favoured intervention over usual care with a mean difference of —0.43 (CI —0.94,
0.08); however, it was not significant (p = 0.10), I? = 96%. Subgroup meta-analysis for the
telehealth interventions that included self-management behaviours led to an improvement
in HbA1lc levels compared to usual care with a mean difference of —0.35 (CI —0.51, -0.18),
p < 0.0001, I? = 0%).

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Basudev et al. 2016 96 17 93 94 17 114 41% 0.20[-0.27, 0.67] I
Dario etal. 2017 768 092 208 741 099 91 54% 0.27 [0.03, 0.51]
Fortmann etal. 2017 85 1.2 63 9.4 2 63 36% -090[1.48,-0.32]
Gupta etal. 2020 786 104 40 838 137 81 43% -052[-0.96,-0.08]
Holmen et al. 2014 (FTA) 7.8 1 51 82 13 50 42% -040[-0.85 005 T
Holmen et al. 2014 (FTA + counselling) 8 14 50 82 13 50 38% -020[-0.73033] —
Kleinman etal. 2017 79 14 44 82 15 46 37% -0.30[-0.84,024] —
Lee etal. 2020 869 015 120 87 015 120 6.0% -0.01[-0.050.03] 1
Odnoletkova et al. 2016 6.9 1287 7 11 287 57% -0.10[0.27,0.07) —=1
Pressmanetal. 2014 74 18 107 74 17 9 4.0% 0.00[-0.49, 0.49] S E—
Ramallo-Farifia et al. 2020 (CBI) 74 18 557 73 19 586 55% 0.10[0.11,0.31] -
Ramallo-Farifia et al. 2020 (PFI) 74 2 654 73 19 586 55% 010012032 -
Ramallo-Farifia et al. 2020 (PTI) 73 12 528 73 19 586 57% 0.00 [-0.18,0.18] -1
Steventon et al. 2014 815 149 300 838 16 213 52% -0.23[-050,0.04] S |
Sunetal 2019 697 065 44 7.22 087 47 50% -0.25[0.56,0.06] -
Tangetal 2013 81 168 202 833 181 213 4.9% -0.23 [-0.57,0.11] e
Yaughn et al. 2020 976 206 44 914 242 45 21% 0.62[-0.31,1.55)
von Storch etal. 2019 658 072 60 695 102 56 50% -0.37[0.69,-0.05] e
Warren etal. 2018 81 09 B3 81 075 63 51% 0.00[-0.29,0.29] T
Wild et al. 2016 79 14 160 84 13 159 51% -0.50[0.80,-0.20] —_—
Williams et al. 2012 79 035 B0 87 015 60 59% -0.80[0.90,-0.70] -
Total (95% CI) 3735 3607 100.0% -0.18[-0.35,-0.01] E
Heterogeneity: Tau®= 0.12; Chi*= 270.72, df= 20 (P < 0.00001); F= 93% t y

Testfor overall effect: Z= 2.05 (P = 0.04) -1 05 0 0.5 ;

Favours [experimental] Favours [control]

Figure 2. Mean HbAlc for all telehealth studies. BMI was used as a secondary outcome measure.

Nine studies were included for the overall analysis which favoured usual care as
opposed to telehealth interventions as a means to improve body mass index (BMI) amongst
adults with type 2 diabetes. A random effects meta-analysis concluded that there was no
statistical difference between the groups with a mean difference of 0.41 (CI —0.47, 1.29),
p = 0.36, I? = 65% (see Appendix B). Corresponding Forest plots for all the meta-analysis
and subgroup analysis can be found in the Appendix (see Appendix B).

4. Discussion

Results from the meta-analysis indicate that telehealth interventions, irrespective of
the telehealth technology used, had greater influence on reducing HbAlc levels compared
to usual care. The narrative synthesis of the studies suggests that telemonitoring and tele-
phone communication interventions had the greatest influence on HbAlc levels amongst
adults living with type 2 diabetes.

Whilst results from the meta-analysis favoured telehealth interventions over usual
care for telemonitoring, telephone communication and mHealth interventions, none of
these findings were statistically significant. As such, it is difficult to identify which of type
of telehealth technology is most effective related to the management of type 2 diabetes.
In a similar systematic review conducted by Lee et al. [47], the greatest effect on type
2 diabetes related outcomes was seen in telephone-delivered interventions, followed by
Internet blood glucose monitoring system interventions, and lastly, interventions involving
the automatic transmission of self-monitored blood glucose data (SMBG) using a mobile
phone or a telehealth unit.

Telemonitoring interventions included in this review varied in the type of technology
used and the volume of health care provider input; however, interventions that demon-
strated statistically significant changes in HbAlc incorporated some form of personalised
feedback regarding type 2 diabetes management. This observation supports the findings
from a systematic review conducted by Faruque et al. [48] who found that telemedicine
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interventions that facilitated more interaction between health care providers and patients
were more likely to have greater effects on HbAlc levels. Our findings suggest that tele-
monitoring interventions incorporating personalised feedback into patient care are more
likely to improve the effectiveness of the various types of telehealth interventions.

Whilst results from the subgroup meta-analysis for the mHealth interventions failed
to demonstrate statistically significant differences in HbAlc, mHealth interventions had a
greater effect on lowering HbAlc levels compared to usual care alone. From the selection of
mHealth studies included in the systematic review, 4 of the 10 studies observed a significant
reduction in mean HbAlc levels compared to controls. Whilst these studies varied in the
design of mHealth interventions, all four studies shared the common feature of providing
personalised feedback to participants.

Whilst age has been previously reported as a barrier towards telehealth engage-
ment [49], it was not possible to further explore this relationship through meta-analysis as
the available study data were not stratified by age group.

Of the selected studies in the following systematic review, only 2 of the 29 studies
reported age as an influential factor. Holmen et al. [44] reported that those over the age of
63 years demonstrated higher levels of engagement with the mobile app compared to their
younger counter parts (p = 0.045). Sun et al. [5] reported that better treatment outcomes
were observed in those over the age of 40 years for a combined telemonitoring and mHealth
intervention. Of the selected studies in this review that demonstrated a significant reduction
in HbAlc, the average age of participants was 59.1 years for telemonitoring interventions,
54.9 years for mHealth interventions, 59.8 years for telephone communication interventions,
58.1 years for virtual consultation and 50.2 years for the video education intervention.

A recent systematic review by Tchero et al. [50] showed that patients aged 41-50 years
or over 50 years were found to have more benefit from telemedicine interventions compared
to younger age groups. The rationale behind these findings were not clear; however,
they support the need for future telehealth studies to consider the effect of age within both
the study design and the evaluative stages of research to better understand its effects.

Of the 29 studies included in the systematic review, 9 studies had evaluated one or
more components of type 2 diabetes self-management behaviour as a secondary outcome
measure [8,30,31,35,37,39,44,51,52]. Results from the subgroup meta-analysis indicated
that telehealth studies that utilised strategies to support the self-management behaviours of
patients with type 2 diabetes saw significant improvement in HbAlc levels compared to the
usual care groups (p < 0.0001). Whilst strategies to support the adoption and maintenance
of self-management behaviours varied across the studies, these findings demonstrate that
the inclusion of self-management behaviour strategies within telehealth interventions plays
a critical role in lowering HbAlc levels. These strategies include regular interaction with
a health care professional, personalised health coaching and goal setting around healthy
lifestyle behaviours.

Studies that observed significant improvements in HbAlc levels that had evaluated
one or more components of self-management behaviours had utilised a form of telemon-
itoring for blood glucose levels as well as regular reporting for one or more forms of
self-management behaviours. This real time sharing of blood glucose data and associated
health information can create a sense of accountability for the patient as they may feel a
greater responsibility to maintain daily blood glucose readings. This phenomenon can be
explained by the Hawthorne effect (inclination to perform better when being watched) [53].
Whilst the Hawthorne effect is recognised as a form of bias in interventional studies, its po-
tential application as a strategy to improve patient engagement regarding their diabetes
management should not be overlooked [54].

Improvements in self-management related behaviours were reported across a number
of studies in this review [8,31,35,44,52]. Change in self-management behaviours were
assessed using tools such as the Diabetes Self-Management Questionnaire (DSMQ) [35]
and the Diabetes Self Care Activities Scale [52]. In the mHealth study by [44], participants
who had access to health counselling as a part of the mHealth intervention saw significant
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changes in self-management related behaviours compared to those who did not have
access to health counselling. Improvements were also reported for specific diabetes self-
management related domains such as medication adherence [31] and diet and foot care [8].

Whilst socioeconomic status (SES) as indicated by level of education or income were
reported across a number of studies, the relationship between socioeconomic status and
mean HbAlc was only evaluated in one of the selected studies [55], which found that tele-
monitoring combined with virtual case management improved HbAlc and systolic blood
pressure outcomes in the lowest SES groups compared to higher SES groups. As it is well
understood that type 2 diabetes disproportionately affects lower income communities [56],
a number of the selected studies in this review have recruited subjects who were of a lower
socioeconomic status or who belong to socially disadvantaged communities.

A recent study [57] found that median household income had a significant influence
on telehealth engagement when virtual consultation was utilised in place of usual face-to-
face care in primary health care settings, with those with lower median household incomes
more likely to forgo an appointment.

There were two studies in the included review that also considered the relation-
ship between socioeconomic factors and their influence on telehealth efficacy; however,
this relationship was not explicitly tested [4,41]. Both studies demonstrated significant
improvements in HbAlc levels amongst a cohort of low-income earners for telemonitoring
and mHealth telehealth interventions. As SES was not controlled for in these studies, it is
not possible to examine the effect of socioeconomic factors on telehealth efficacy. This is
an important finding as low SES has previously been linked to poorer health outcomes as
a result of low formal education and low technical literacy which have been reported as
barriers to telehealth engagement [49].

As patient and health care provider experiences have been shown to influence tele-
health outcomes [58], we had intended to further explore this relationship in this review.
Due to the inconsistencies in the assessment of perceived care and absence of associated
data across studies, it was not possible to conduct a meta-analysis to further explore this
relationship.

There were seven studies in this review that had evaluated perceived effectiveness of
care or patient experiences of telehealth through participant surveys with questions focused
around the use of telehealth technologies [5,8,31,35,40-42]. Whilst all these studies reported
high levels of client satisfaction regarding telehealth intervention, only two studies for-
mally tested treatment satisfaction between the intervention and control groups. Findings
from Tang et al. [40] indicated that the intervention group had greater overall treatment
satisfaction compared to the control group (p < 0.001), better knowledge regarding blood
glucose testing (p < 0.004), and a better understanding of diabetes at 12 months (<0.001),
whilst Kleinman et al. [31] reported no significant difference between the level of client
satisfaction between intervention and control groups.

5. Conclusions

This systematic review has supported previous findings regarding the effectiveness
of telemonitoring interventions on improving the HbAlc levels in adults with type 2 di-
abetes, particularly where there are higher levels of health care provider involvement.
This review also demonstrated that telehealth interventions that address type 2 diabetes
self-management behaviours have a greater effect on lowering HbAlc levels compared
to usual care alone. It is recommended that future randomised controlled trial studies in
the area of telehealth and type 2 diabetes management examine the influence of age and
socioeconomic status, consider longitudinal study designs to better understand long-term
behaviour change effects and evaluate patient and health care provider experiences of
telehealth to understand the feasibility of telehealth care models in primary care settings.
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Limitations

Not all potential randomised controlled trial studies were retrieved due to public
access rights. It is important to note that whilst three telephone communication studies
included in this review saw significant changes in mean HbA1c levels for adults living with
type 2 diabetes, the small number of high-quality telephone-based intervention studies for
type 2 diabetes management extracted makes it difficult to draw any strong conclusions.

The search strategy utilised in this review may have excluded potential randomised
control trial studies as we chose not to include comorbidity studies and studies that
looked at type 1 or gestational diabetes. The decision to include such studies may have
further strengthened the research findings. The search strategy in this review chose not
to include specific types of telehealth technologies within the formal search, relying on
the terms “telehealth” and “telemedicine” to capture all relevant articles. As such, it is
recognized that potential studies may have been missed had they not been associated
with these terms. This review also chose not to include the search terms “socioeconomic
status” or “age effect” within the formal search strategy which have been reported as key
barriers towards telehealth efficacy. This decision may have led to the lack of available

data which was required to further explore the influence of socioeconomic status and age
on telehealth efficacy.

Author Contributions: Conceptualization, N.R. and H.H.; methodology, N.R and H.H.; formal
analysis, N.R and H.H.; investigation, N.R and H.H.; data curation, N.R.; writing—original draft
preparation, N.R.; writing—review and editing, H.H.; supervision, H.H.; project administration, H.H.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

Appendix A. Cochrane Back Review Group Risk of Bias Assessment

Risk of Bias Assessment
using the Cochrane Back
Review Group
Assessment Criteria

Argawal et al., 2019

Basudev et al., 2016

1. Was the method of
randomisation adequate?

2. Was the treatment
allocation concealed?

3. Was the patient
blinded to the
intervention?

4. Was the care provider
blinded to the
intervention?

5. Was the outcome
assessor blinded to the
intervention?

-
_

6. Was the dropout rate
described and
acceptable?

o
~ j ~ =t wg <+ [ —
N = S o N X oo o g o = o — © g o = q
l\HOONNHOO I “‘O*mommmNNﬂO\oo
— IS < RN o a @ N o o d 49 49 & 2 S g 9 o N o g
o2 Lo 2 a d " dga—=4a "8 ({8505 & O
NN._:N'T&N\.\,_;OO\N\_;J-'N,_:NNN\ﬂ\.—iN.\
P S N S N~ BT S o SN o S S S AN N - & 4 9« "0 g
= 2 e =54 8T F " 8 L » r® Y96 L g S e 50 J 8 2 8w o 4
S LT S5 g8 %5 E g s g @ ECERET g Y e ¥EY
e e o= ]
S Y ET S5 8855 52 EETETEE 5 Y2
22 5P g ity ysitiis s bl
=5 9 Q@ ¥ @& @® O g 2 = Hh =5 22 =
< S £ 5 & = g = = < & E 5 0 2 =
AP EOC gEEEE " "3 efEsv e FE s g2 = E
= 3 M SL&'E ) =g = =
5]
~

-

7. Were all randomised

participants analysed in

the group to which they
were allocated?




Int. ]. Environ. Res. Public Health 2021, 18, 12171 14 of 18

Risk of Bias Assessment
using the Cochrane Back
Review Group
Assessment Criteria

Argawal et al., 2019
Basudev et al., 2016
Dario et al., 2017
Egede et al., 2017
Fortmann et al., 2017
Gong et al., 2020
Greenwood et al., 2014
Gupta et al., 2020
Hansen et al., 2017
Holmen et al., 2014
Kleinman et al., 2017
Lee et al., 2020
Lee etal., 2017
Mcleod et al., 2020
QOdnoletkova et al., 2016
Parsons et al., 2019
Pressman et al., 2014
Ramallo-Farifa et al., 2020
Shea et al., 2013
Steventon et al., 2014
Sun et al., 2019
Tang et al., 2013
Trief et al., 2013

Vaughn et al., 2020
von Storch et al., 2019
Warren et al., 2018
Weinstock et al., 2011
Wild et al., 2016
Williams et al., 2012

8. Are reports of the
study free of suggestion
of selective outcome
reporting?

9. Were the groups
similar at baseline
regarding the most
important prognostic
indicators?

10. Were co-interventions
avoided or similar?

11. Was the compliance
acceptable in all groups?

12. Was the timing of the
outcome assessment
similar in all groups?

Key:
Appendix B. Meta-Analysis and Subgroup Analysis Results (RevMan 5.4)
HbA1c mean difference for all telehealth studies.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% C| IV, Random, 95% CI
Basudevetal 2016 96 1.7 93 94 1.7 114 4.1% 0.20 [-0.27, 0.67] —
Dario etal. 2017 7.68 092 208 T41 0499 91 a.4% 0.27[0.03, 0.51]
Fortmann etal. 2017 848 12 63 9.4 2 63 3.6% -0.90[-1.48 -0.332]
Gupta etal. 2020 7.86 1.04 40 838 1.37 x| 4.3% -0.52[-0.896,-0.08] e —
Holmen et al. 2014 (FTA) 7.8 1 a1 82 13 a0 4.2% -0.40 [-0.85, 0.05] E—
Holmen et al. 2014 (FTA + counselling) 8 14 a0 a2 1.3 a0 3.8% -0.20 [-0.73, 0.33]
Kleinman etal. 2017 79 11 44 82 14 46 3T7% -0.30 [-0.84, 0.24] — 1
Lee etal. 2020 869 015 120 a7 018 120 6.0% -0.01 [-0.05, 0.03] 1
Odnoletkova et al. 2016 6.9 1 287 T 11 287 8.7% -0.10 [0.27, 0.07] T
Pressman etal. 2014 T4 18 107 74 17 91 4.0% 0.00 [-0.45, 0.49) I —
Rarmallo-Farifia et al. 2020 (CBl) T4 1.8 a8s7 7.3 1.9 586 5.5% 010[F0.11,0.31] I —
Ramallo-Farifia et al. 2020 (PFI) T4 2 654 7.3 1.9 586 5.5% 0.10[0.12,0.33) I —
Ramallo-Farifia et al. 2020 (PTI) T3 12 a8 7.3 19 aB6 a8.7% 0.00[-0.18,018] I
Steventon et al. 2014 815 148 300 838 16 213 8.2% -0.23 [-0.50, 0.04] —
Sunetal 2019 6.97 065 44 T22 087 47 a.0% -0.25 [-0.56, 0.06) T
Tang etal 2013 81 168 202 833 181 23 4.9% -0.23 [0.87,0.11] ———
Waughn etal. 2020 976 206 44 914 242 45 21% 0.62 [-0.31,1.55]
van Storch etal. 2018 648 072 B0 6495 1.02 a6 8.0% -0.37 [-0.69,-0.05] E—
Warren etal 2018 81 049 63 a1 074 63 a1% 0.00 [-0.28, 0.29] I —
Wild etal. 2016 79 14 160 a4 1.3 159 a1% -0.50[-0.80,-0.20] E——
Williams etal. 2012 7.9 035 60 a7 014 60 59% -0.80[-0.80,-0.70] -
Total (95% CI) 3735 3607 100.0% -0.18 [-0.35, -0.01] -
Heterogeneity: Tau®=0.12; Chi*= 270,72, df= 20 (P = 0.00001}; F= 93% 51 —DI 5 b 055 15
Testfor averall effect; Z=2.05 (P =0.04) . .

Favours [experimental] Favours [control]
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HbAlc mean difference for telemonitoring interventions.

Mean Difference
Total Weight IV,

Random, 95% CI

Mean Difference
IV, Random, 95% CI

Experimental Control
Study or Subgroup Mean SD Total Mean SD
Dario etal. 2017 7E8 082 208 741 089
Kleinman etal. 2017 T8 11 44 82 14
Lee etal 2020 869 015 120 8.7 014
Pressman et al. 2014 T4 1.8 107 T4 17
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Ramallo-Farifia et al. 2020 (PFI T4 2 G654 73 14
Ramallo-Farifia et al. 2020 (PTI) 73 1.2 4528 73 18
Steventon etal. 2014 8148 149 300 838 16
Sunetal. 2019 6.97 0.65 44 722 087
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Warren etal. 2018 81 049 63 81 0758
Wild et al. 2016 79 1.4 160 84 13
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Testfor overall effect Z=139(FP=017)
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HbA1c mean difference for mHealth interventions.

1

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Faortrnann et al. 2017 85 1.2 63 9.4 2 B3 31% -080[1.48-037 &Y
Holrmen et al. 2014 (FTA) 7.8 1 51 82 13 50 5.0% -0.40[-0.85 0.05) B
Holmen et al. 2014 (FTA + counselling) 8 14 50 82 13 50 36% -0.20[0.73,0.33) ——
Kleintman et al. 2017 74011 44 82 15 46 35% -0.30[0.84,0.24]
Rarnallo-Farifia et al. 2020 (CBI) T4 18 857 T3 19 886 221%  010F011,0.31) I —
Rarnallo-Farifia et al. 2020 (PFI) T4 2 G54 73 019 886 ME%  010[0.12,0.32 I e —
Rarnallo-Farifia et al. 2020 (PTI) T3 12 A28 73 19 586 298% 000[0.18,0.18] —
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Heterogeneity: Chi®=19.28, df= 8 (P = 0.01), F= 59%
Testfor overall effect Z=0.78 (P =0.44)
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HbA1lc mean difference for telephone communication interventions.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Odnoletkava et al. 2016 6.9 1287 711 287 340%  -010[F0.27,0.07] —
von Storch etal. 2019 6.58 0.72 60 6495 1.02 a6 31.0% -0.37 [0.69, -0.05] —
Williams etal. 2012 79 035 60 87 0148 60 350% -0.80[0.90, -0.70] —a
Total (95% CI) 407 403 100.0%  -0.43[-0.94, 0.08] e ——
Heterogeneity; Tau®= 0.19; Chi*= 50.81, df= 2 (P = 0.00001); F= 96% i] _0515 3 0?5

Testfor overall effect Z=1.64 (P=010)
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HbAlc mean difference for telehealth interventions that included self-management behaviours.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Holmen et al. 2014 (FTA) T8 1 51 82 13 50 13.2%  -040[-0.85 0.08) r
Holmen et al. 2014 (FTA + counselling) g8 14 50 82 13 50 96% -020[0.73, 033 —
Kleinman et al. 2017 T8 11 44 82 15 46 9.2%  -0.30[-0.84, 0.24) —
Pressmanetal 2014 T4 18 107 74 17 91 11.3% 0.00[-0.49, 0.49]
von Starch etal. 2019 658 072 B0 685 1.02 86 259% -0.37 [[0.69,-0.09] e —
Wild et al. 2016 79 14 160 84 1.3 159 308% -0.50[0.80,-0.20] —
Total (95% CI) 472 452 100.0% -0.35[-0.51,-0.18] i
Heterogeneity: Tau®= 0.00; Chi*= 3.36, df= & (P = 0.64); F= 0% 51 -IJI 5 ) EIIS

Testfor overall effect: £=4.16 (P = 0.0001)
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Body Mass Index (BMI) mean difference.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Basudevetal. 2016 3089 7.4 93 36 T 114 98%  -0.FO[-2.69,1.29) —=1T
Fortmann etal. 2017 3149 54 63 321 BB 63 9.2%  -0.20[2.31,1.91] I
Gupta etal. 2020 28.4 g 40 74 81 10.9% 1.40[-0.38, 3.18] o
Kleinman etal. 2017 298 58 44 281 4 46 9.4% 1.70[-0.37,377] I e —
Odnoletkava et al. 2016 299 5 287 304 51 287 167%  -0.50[1.33,033] — T
Pressman etal. 2014 345 08 107 352 4 91 16.6%  -0.70[1.54,014] —T
Waughn et al. 2020 321 BB 44 337 85 45 56%  -1.60[4.76,1.56]
von Storch et al. 20149 31.8 v 60 294 44 56 9.2% 2.40[0.29, 4.51]
Wild et al. 2016 338 7T O160 .8 64 159 126% 2.00([0.583, 3.47] . —
Total (95% CI) 898 942 100.0% 0.41 [-0.47,1.29] ?

Heterogeneity: Tau®=1.03; Chi*=22.57 df=8 (P =0.004), F=65% o 3 3 3 H

Testfor overall effect: 2= 0.91 (P = 0.36) Favours [experimental] Favours [control]
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