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Abstract

Objectives: To review the effect of telemedicine interventions on cardiovascular risk factors con-
trol in people with arterial hypertension (AH), type 2 diabetes (T2D), or both in primary care.
Methods: We conducted a systematic review in February 2024 using PubMed/MEDLINE,
Cochrane Library, and EMBASE databases. We included randomised controlled trials from 2010
onwards, lasting >3 months, comparing telemedicine to standard care for managing cardiovascular
risk factors in adults with AH, T2D, or both.

Results: Among 1803 records, 54 were included. Telemonitoring with teleconsultations showed
the best outcomes. For AH, systolic blood pressure decreased by —5.63 mmHg (95% CI —9.13 to
—2.13) at 6 months and —5.59 mmHg (95% CI —10.03 to —1.14) at 12 months compared to stand-
ard care. For T2D, HbA | c decreased by —0.45% (95% Cl —0.90 to 0.00) at 6 months and —0.18%
(95% CI —0.41 to 0.05) at 12 months compared to standard care. Blood glucose self-monitoring
was as effective as telemonitoring for T2D at 6 months. The effect on diastolic blood pressure,
low-density lipoprotein, triglycerides, and body mass index was non-significant.

Discussion: Telemedicine offers short-term benefits but lacks long-term effectiveness. Optimal
outcomes require a combined telemedicine approach, health education co-intervention, >12-
month follow-up, and careful patient selection.
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Introduction

The rising prevalence of arterial hypertension
(AH) and type 2 diabetes (T2D) presents signifi-
cant challenges to global healthcare systems, par-
ticularly impacting cardiovascular disease-
related mortality as preventative measures
remain inadequate.'~

Development of cardiovascular disease in
individuals with AH and T2D can be influenced
by a variety of risk factors, both modifiable and
non-modifiable. Effective control of blood pres-
sure (BP) and blood glucose (BG) is crucial.
From a clinical standpoint, a 10-mmHg reduc-
tion in systolic BP (SBP), 5-mmHg reduction
in diastolic BP (DBP), and a 0.5% drop in gly-
cated haemoglobin (HbAlc) is associated with
up to a 20% reduction in major cardiovascular
events and considered clinically relevant.>~

However, cardiovascular disease is not only
associated with high BP or BG levels but also
to shared risk factors such as high triglycerides
(TG), high low-density lipoprotein (LDL),
obesity (usually measured as body mass index,
BMI), or chronic kidney disease. Dysfunction
in one system can exacerbate problems in
others, leading to negative health effects.
Consequently, interventions that target one or
two risk factors may also impact others in a
reciprocal manner.'”~’

Primary care plays a central role in the man-
agement of AH and T2D, as well as in prevent-
ing their risk factors and complications. It
serves as the main point of contact for patients
and leads chronic disease management through
screening, health education, treatment initi-
ation, self-management support, and ongoing
counselling to ultimately provide comprehen-
sive and patient-centred healthcare.®'?

Despite its central role, primary care faces
growing challenges such as staff shortages,
fragmentation of care, unequal access, and the

increasing complexity of chronic disease man-
agement.'®'® To overcome these challenges,
telemedicine has emerged as a promising solu-
tion. Telemedicine, as defined by the World
Health Organisation (WHO), facilitates the
delivery of healthcare services across distances
using information and communication tech-
nologies, encompassing diagnosis, treatment,
prevention, research, evaluation, and profes-
sional education.'!*!

In the management of AH and T2D, tele-
medicine streamlines integrated care processes
by enabling early disease detection, treatment
decisions, self-monitoring, patient education,
provider coordination, and adherence to clin-
ical pathways.'® While the COVID-19 pan-
demic has accelerated the adoption of simpler
telemedicine approaches such as teleconsulta-
tions'” or asynchronous telemedicine'*'® in
primary care, the implementation of more
complex measures like telemonitoring, mobile
health or tele-education continues to be con-
strained by financial resources.'%!

For future scale-up of telemedicine in primary
care, it is vital to gather evidence regarding its
clinical effectiveness and determine which
remote care models deliver the optimal outcomes
for managing AH and T2D. As telemedicine ser-
vices have evolved, different approaches have
emerged, and each approach or their combination
should be evaluated. Previous reviews>>>° have
focused primarily on BP and BG control in
patients with isolated AH or T2D, whereas the
effect on other risk factors and in cases of
comorbid AH and T2D should also be explored.

The aim of this systematic review is to
examine how various telemedicine approaches
impact changes in cardiovascular risk factors,
including SBP, DBP, HbAlc, LDL, TG, and
BMI, compared to standard care in people
with AH, T2D or both in primary care settings.
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Methods

Design

A systematic review with meta-analysis was
conducted following the Preferred Reporting
Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines.>” The research
protocol was registered in the PROSPERO
international register of systematic reviews,
with the registration number 227335.

Research questions

The research questions were formed based on
the PIO strategy (population, intervention,
outcome) and were as follows:

1. Which telemedicine intervention is the
most effective in improving control of
SBP, DBP, HbAlc, LDL, TG or BMI com-
pared to standard care in people with AH,
T2D, or both in primary care?

2. What is the difference in effectiveness of
commonly used telemedicine approaches
(telemonitoring, self-monitoring, telecon-
sultation, tele-education) for the control of
SBP and HbA 1c, depending on the combin-
ation used and the patient group (AH, T2D,
or both)?

Search algorithm

In the first part, we systematically reviewed the
existing literature in electronic databases,
including PubMed/MEDLINE, Cochrane
Library, and EMBASE, to retrieve relevant
articles. The search strategy compromised
using Medical Subject Headings for the con-
cepts: “telemedicine” ‘“hypertension”, ‘“‘dia-
betes type 27, “blood pressure”, “blood
glucose”, “HbAlc”, “cholesterol”, “body
mass index”, and “primary health care”. We
employed the Boolean operators such as
“AND”, “NOT”, and “OR” to construct a com-
prehensive search algorithm, as detailed in
Appendix 1. The initial search was performed
in November 2020, and an update search was

conducted in February 2024. In March 2024,
we extended our collections of studies by con-
ducting a comprehensive hand search of the
publications from international bodies and
their websites, including WHO, International
Diabetes Federation, American Diabetes
Association, and Centres for Disease Control.
Additionally, we reviewed leading journals
that focus on telemedicine and primary care,
including Lancet Digital Health, npj Digital
Medicine, Journal of Medical Internet
Research, JMIR mHealth and uHealth,
Journal of Telemedicine and Telecare, British
Journal of General Practice, Annals of Family
Medicine, European Journal of General
Practice, Primary Care Diabetes, and Diabetes
Research and Clinical Practice. We limited
our search to original scientific articles pub-
lished in English between 2010 and 2024 to
focus on recent and significant literature
while ensuring an adequate corpus of work
for thorough analysis.

Study selection

To determine the eligibility of documents for
further analysis, we applied the PICOTS cri-
teria as outlined in Table 1. We included rando-
mised controlled trials (RCTs) that assessed the
effectiveness of telemedicine interventions in
adults with AH, T2D or both in primary care
setting. The decision to focus on RCTs was
based on the research question and objectives
of this systematic review. Studies were
required to report a measurable change in at
least one outcome of interest after a minimum
follow-up period of 3 months, as this provides
sufficient time to estimate intervention effects
and stability of measurements and is consistent
with methodology in previous reviews.'?®
While our review primarily centred on tele-
medicine interventions, we also considered
synchronous patient-provider tele-education
approaches. Originally encompassed within
the broader category of telehealth,'* this term
has been merged with other forms of telemedi-
cine in several RCTs. Consequently, we
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Table 1. PICOTS inclusion and exclusion criteria.

PICOTS Inclusion criteria

Exclusion criteria

Population People with AH, T2D or both

> 18 years of age

Intervention
the WHO,'® including patient

tele-education

Control Standard care involving face-to-face
consultations

Outcome Change in SBP, DBP, HbAlc, TG, LDL,
BMI

Timeframe A follow-up period >3 months

Study design Randomised controlled design

Primary care setting

Telemedicine approaches as defined by

People with other conditions

<18 years of age

Health applications related to nutrition, diet,
mental health, adherence, or education
without involvement of a healthcare
professional

Telemedicine interventions using only artificial
intelligence algorithms and no human
interaction

Standard care supplemented with telemedicine
or educational co-intervention

Other outcomes

A follow-up period <3 months
Qualitative study design
Protocol for clinical study
Hospital setting

deemed it important to examine its role inde-
pendently to fully comprehend its effectiveness.

Data analysis

Qualitative extraction of data. Two independent
researchers (MM & MPS) conducted screen-
ings of the datasets using data extraction tool
that included various study-related characteris-
tics, including author, publication year,
country, study design/setting, sample size,
and inclusion criteria. Additionally, we
extracted telemedicine intervention-related
characteristics, such as the type and duration
of the intervention, outcomes measured, and
main findings. For categorising telemedicine
approaches, we used definitions described in
Table 2.

Quantitative extraction of data. In the quantita-
tive analysis, we examined the mean differ-
ences in SBP, DBP, HbAlc, LDL, TG, and
BMI between telemedicine and standard care
group over a period of 3 to 60 months. To
ensure consistency, we standardised all results
by converting them from their original units

to the International System of Units commonly
used in Europe. Specifically, for TG, we
divided the results originally measured in milli-
grams per decilitre (mg/dL) by 88.57 to obtain
values in millimoles per litre (mmol/L).
Similarly, for LDL, we divided the results ori-
ginally measured in mg/dL by 38.67 to obtain
values in mmol/L.*?

Next, we calculated the mean difference
between groups (A;_c) to determine the vari-
ation in outcomes between the intervention
and control groups. This involved subtracting
the change from baseline to the observed time-
frame in the intervention group (A;) from the
corresponding change in the control group
(Ac). This process allowed us to assess the
overall impact of the intervention compared
to the control group. If A;_c was already
reported in the article, we extracted this data
from the text along with the corresponding
p-values.*

Assessment of risk of bias. Two independent
researchers (MM & MPS) evaluated the
quality of the included studies using Version
2 of the Cochrane tool for assessing bias in
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Table 2. Definition of approaches used in
telemedicine interventions.

Approach Definition

The use of validated automated
devices that transmit patient
vital signs and other data in
real time to a monitoring
centre, where abnormalities
trigger a rapid response
from health
professionals.

Monitoring vital signs at home
using medical devices,
without the need for an
internet connection or
real-time contact with
healthcare providers. Users
can enter readings into a
health application for
optional asynchronous
feedback from health
professionals.?’

Practice of medicine supported
by mobile devices and/or
wireless infrastructure,
often for the purpose of
telemonitoring or
tele-education.>

Medical consultation between
patient and health
professional synchronously
via videoconferencing
equipment or telephone
without face-to-face
contact."*

Distance health promotion and
self-management education
using information and
communication
technologies with the
involvement of health
professionals.?'

Telemonitoring

11,14,15

Self-monitoring

Mobile health
(mHealth)

Teleconsultation

Tele-education

randomised trials.** Disagreements were
resolved by discussion, or, where this was not
possible, by consultation with a research team
(CZ, TVP, ZKK, APS). The risk of bias assess-
ment considered five domains: randomisation

process, deviations from intended interven-
tions, missing outcome data, outcome measure-
ment, selection of reported results. Ultimately,
all domains were categorised as having either a
low risk, some concerns, or a high risk of bias.

Meta-analysis

In meta-analysis, we aimed to evaluate the
effectiveness of prevalent telemedicine
approaches, focusing on interventions such as
self-monitoring or telemonitoring of BP and
BG, coupled with teleconsultations or tele-
education, in comparison to standard care.
Specifically, we examined their impact on
two critical cardiovascular risk factors, SBP
and HbAlc, over 6 and 12 months from base-
line. Due to limited data availability, we were
unable to conduct reliable meta-analyses for
other telemedicine approaches or outcomes.

For our meta-analysis, we included only RCTs
reporting means and standard deviations (SD) or
95% confidence intervals (CI) of observed out-
comes. We followed the methods described in
the Cochrane Handbook for Systematic Reviews
of Interventions (version 6.4, 2023) for calcula-
tions. In cases where studies reported 95% Cls
instead of SDs, we derived SDs using the
formula: SD = \/ Nx(upper limit — lower limit)/
3.92, where N is the number of participants. For
studies reporting standard errors (SE), SD was
derived wusing the formula: SD=SEX\/ N,
where N is the number of participants.

Next, we employed the inverse variance
approach in Review Manager (RevMan)
version 5.4.1 by The Cochrane Collaboration
to calculate pooled mean differences and 95%
CIs. Heterogeneity was assessed using I? statis-
tic, where a value below 50% indicated non-
significant heterogeneity and prompted the
use of a fixed-effect model, while values
above 50% indicated significant heterogeneity,
leading to the use of a random-effects model.>

Finally, we assessed publication bias by
visual inspection of funnel plots. When more
than 3 studies were included in the
meta-analysis, we assessed publication bias
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quantitatively using Egger’s regression test,
which compares effect sizes with their precision
(1/SE). Calculations were performed using IBM
SPSS Statistics (version 25.0), with a p-value
<0.05 indicating possible publication bias.*®

Certainty of the evidence

To determine the certainty of the evidence for
the RCTs included in our meta-analysis, we
used the Grading of Recommendations,
Assessment, Development, and Evaluation
(GRADE) tool. This tool systematically assesses
several factors: risk of bias, inconsistency, indir-
ectness, imprecision, and publication bias.?’
Two independent researchers (MM & MP§)
rated each section. The overall GRADE score,
ranging from very low (@), low (&), moder-
ate (GDP) to high (BDDD), was determined
by discussion. If no consensus could be
reached between MM & MP§, we consulted a
larger research team (CZ, TVP, ZKK, APS).

Results

Search results

The search algorithm yielded a total of 1803
references, as shown in Figure 1. After elimin-
ating duplicate entries and screening the titles
and abstracts, 1273 references were excluded.
Following a thorough evaluation of the full
texts, an additional 476 references were
excluded. Ultimately, the analysis included 54
references. Details on the risk of bias assess-
ment of included studies are provided in
Appendix 2. Overall, 25 exhibited a low risk
of bias, 27 had some concerns, and 2 were
identified as having a high risk of bias.

Effect of telemedicine interventions on
blood pressure

Telemedicine interventions have shown
varying levels of effectiveness in controlling
BP in people with AH, with only a limited
number of interventions achieving a clinically

significant reduction of 10 mmHg in SBP and
5 mmHg in DBP.*** Table 3 summarises the
reported effects of different telemedicine inter-
ventions on cardiovascular risk factors, includ-
ing changes in SBP and DBP in people with
AH. Notably, interventions combining BP tele-
monitoring with teleconsultations have consist-
ently shown the most prominent results.

In the meta-analyses examining the effect of
telemedicine interventions on SBP change
compared to standard care (Table 4), the com-
bination of BP telemonitoring with teleconsul-
tations significantly reduces SBP at both 6- and
12-month intervals in patients with AH,
exceeding the 5-mmHg threshold. However,
when considering patients with AH and T2D,
the impact is irrelevant, with minimal changes
in SBP observed. The effect of BP self-
monitoring combined with teleconsultation on
SBP was insignificant. There was a high level
of heterogeneity between studies, coupled
with low publication bias. Certainty of the evi-
dence was low to moderate. More detailed data
are presented in Appendix 3.

In terms of DBP control, combining BP tel-
emonitoring with teleconsultations in patients
with AH resulted in mean reductions in DBP
ranging from —2.2 to —4.4 mmHg after 6
months***° and from —3.6 to +0.3 mmHg
after 12 months.?%*%47 Isolated interventions,
such as teleconsultations or adherence monitor-
ing,‘“)’53 virtual Visits,56 or isolated mHealth
tele-education approaches®*> were found to
be ineffective. A similar lack of clinical
impact has been observed in patients with
comorbid AH and T2D.**%°

Effect of telemedicine interventions on
glycaemic control

The effectiveness of telemedicine interventions
in controlling BG levels in people with isolated
T2D or comorbid AH and T2D varies with the
number of telemedicine approaches combined,
with multicomponent interventions achieving a
clinically significant mean reduction of 0.5% in
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Figure I. PRISMA flow diagram.

HbAlc after 6 months.%> However, this
effect was not maintained beyond 12
months.®>%7% A detailed overview of the
reported effects of different telemedicine inter-
ventions on cardiovascular risk factors, includ-
ing changes in HbAlc, in people with T2D or

comorbid AH and T2D is shown in Table 5
and Table 6, respectively.

In the meta-analyses (Table 7) examining the
effect of telemedicine interventions on HbAlc
change compared to standard care, the combin-
ation of two interventions (BG telemonitoring



Chronic lllness 21(1)

10

(panunuod)

UOIIEONP3-3[3) PUE SUOIILINSUOII|I YIIM pauiquiod Suliojluowd|d) aJnssaad poolg

Mo / / / / / «0°S— W 9¢ 96¢ o & 39 Dismalorely
suJaduod
swog / / / / 90+ [A4s W8l 96¢ gy € 3° Plomsog
uoIEINP3-393 Y3IM pauiquiod Suliojiuowd|a) a4nssaad poolg
SuJa2U0d (a¥))
swog / / / / 01— ST WZr+ (1) Wl 0S¥ og |& 39 slodely
(nd)
MOT / / / / / 9€— W8l+() W8l 967 o |E 32 Dismalaroely
suJaduod
swog / / / / 90— Cl= W8l 96T gy € 3° Plomsog
Mo / / / / €= «L'Y— Wl sl 6z IB 39 SNUEPY
Mo / / / / €0+ 80— Wl 1£0€ 4 & 39 sijoduely
suJaduod
swog / / / / «9"€— «8°9— W2l oll o |2 39 UEZ0]
suJaduod
swog 0£0— 810— 00— / (A4 €y W9 (R 44 sy € 3° A0g
suJadu0d
awog / / / / Yv— 1"S— W9 L1T iy [E 32 O3
moT / / / / «E£T— «Ey— W9 10V gy T8 30 Anasunyply
suJaduod )
swog / / / / 00 00 W€ 95¢ USs.1939d uuelljoH
SUOIJB}IINSU0DI|3) Y3IM pauiquiod Suliojiuowd|a) anssaad poojg
Mo / / / / «L'T— 8= W2l LTS 1y € 39 SNUBLI
Buliojluowaja) aanssaad poolg
SuJadU0d
swog / / / / / o+ W 54| oy [E3° BIYSW
9304 |jid Yy3m 3urio3lluowa|a) dUIBYPY
selq Jo su FE\wv: [1/1owwi] [7/1owiwi] BHww]  [BHwuw] uoneanq azis (9ouausyau) doyiny
[[B49AO0 INGV o1V 1ai1v - 21vaHV daav das v adwreg

‘(1) ds191se Ue Aq pajedipul saduaJaYIp JuedIuBIS A|[eansiels Yim ‘dnoud aued pJepuels pue SUIDIPAWR[R) USIMIS] (V) 2DURJap uBaw

oy se panuasaud aJe s1nsay “uolsualiadAy [elus1ae yum ajdoad ul |01IUO0D SU01E) YSId UO SUOIUSAISIUI SUIDIPIWS|S] JUSIIYIP JO S109Y° parloday € a|qeL



Mihevc et al.

“dn-mo||0} ‘N4 ‘uonusAIRIUI ‘| ‘Yauow

‘I Xapul ssew Apoq ‘|Ng ‘saplsdA|Sln ‘D] ‘uimoadodi Aisusp-mo| 71T ‘uiqojSowsey paaedA|3 2| yqH aJnssaad poojq dljoaselp g ‘eJnssaad poojq d1joishs 4gs ;puasan]

SUJ22U0d
swiog / / / / / yot+ W9 1501 gg I8 39 BUIA
SHSIA [eMIIA
SUJ9dU0d e
dwos / / / / 9 yi- Wl id seta.nuo) zonbuely
SUJ22UO0d
swiog / / / / v+ ye- WSl 096 pg [€ 39 UBHIUBPIA
uoieONpa-3|33 YjjeaHw
Mo / / / / 01— Se- Wl 9 1y [B 39 SNUBLD
uoI3EdNP3 Yj|eaYy pUe SUOIJLIINSUO0II|3] Y3IM paulquiod Suliojluow-j|as a4nssaud poolg
SUJ9JUOd
swiog 80— / w0 / 99— 01— W8l oty e 183 Nd
Mo / / / / / €0+ Wl 18€ ¢s 18 30 A1)
Mo / / / / 0l- 99— Wl €9C 1518 3 Aeag
Mo / / / / «S' 1= «S'€— Wl (410 67 I8 39 SNUBLPI
SUOI3EJINSU0I3[9) Y3IM paulquiod Suliojluow-j|9s aunssaad poolg
(nd)
Mo / / / / / «§°§— W8l +() W8l 6T o |8 29 Dismalorely
SUJ2JUO0d
swiog / / / / - 9€— W8l v6t gy 1€ 30 Yhlomsog
SUJ9dUO0d
dwos / / / / «9'€— «S'L— Wl 00t 15 [B 32 PIRYSYRAA
selq Jo dsu [w/x] [1/1oww] [1/1oww] [6] [BHww] [BHww] uoneing azis (92uausau) Joyiny
[[B4PAO INav AY 1aiv - 2IV9HV daav dasv a|dwreg

panunuo) °g d|qeL



Chronic lllness 21(1)

12

‘uonen[eAg pue QuawdoPAs UBWISSISSY ‘SUOHEBPUSWIWIOIDY Jo SulpeD) ‘JOVYD ‘9|qedljdde 1ou ‘YN xapul
Aipuadouslay ,N_ {[EAJIUI 9DUBPLUOD %G54 ‘D %56 ‘@Inssaad poojq d1|01sAs ¢gs 2oualayip ueaw ‘gl ‘sa1aqelp 7 9dA1 ‘qg ‘uoisusiiadAy jelislie ‘Hy ‘aanssaud poojq 4g :puasan]

(0£T‘69°1-)
DD V¥N 14 090 SHww | g0+ 01S 6525 4 Wl acl Pue Hy
1600=d #11- “€001-)
DD D ‘9/0°€ =1 98 0100 gHww ¢5'5— 1444 LrorEEsT % Wl HY
(6£T v6'1-)
oD VN €l 0¥8°0 SHww 7z 0+ 1334 8548 4 W9 dzl Pue HY
9/6:0=d (€1'z=€16-)
oD D ‘b£00=1 v/ 7000 SHww £9°g— F74 e BEST % W9 HY
suoijelj|nsuod33al YjiM pauiquuod M:_LOH_:OEU_OH d9
869'0=d (0¥l ‘c6'6—)
® P ‘8py0=2 98 or1°0 SHwWw 97 p— %S| S % Wl HY
£9€0=d (€1 ¥S6-)
o P ‘obS I =1 88 0Z€0 8Hww oz'g— geel P 3 W9 HV
mCO_umu_—..m:OUQ_wu —_u_; ﬂQC_QEOU M:T—Ou_cosu.*_wm d9
(3avyo) aouspias (d ‘enjea ) (%) 4l d (D %S6) u ‘syuaned LSRIEVEIEN| s[eld| uoneing uone|ndoy
ay1 jo Aurersd 1591 dgs u aw
s 49383

‘uopeJnp pue ‘9dAy uonpuaAialul ‘uopejndod

paAJasqo ay3 uo Suipuadap ‘aued paepuess 03 pasedwod (SHww) a4nssaud poo|q d1joIsAs ul 3UBYD BY3I UO SUOIIUBAISIUI DUIDIPIWS|S JO 19947 ‘b d|qeL



13

Mihevc et al.

(panunuod)

SUI92U0S Bdwog / ¥0'0— 00— o Wi+ Sl- Wl LL] og [& 32 d8ejasuedipny

SUI92UOS dwog 080— / / 80°0— A ot W9 001 ,Te39>epad-ysmoulng

SUI93UOS Swog 080+ / / +06°0— 0e- 0Cl— W9 £S1 gg |E 39 US.LIBAA

moT S0+ 000 800— S€0- LT~ L'e— WE qtl ALECR- LN

SUOIIEJINSU0I3[9) YIIM paulquiod Sulio3luowa|a) aunssaud poojq -/+ 3soon|3 poolg

MmoT 09°0— 000 orot+ +09°0— S0+ 8¢ Wl £01 o8 30 Zel)|

Mo ) 1ot 600— «0p"0— Y- 8¢ W9 ¥0¢ LR

SUI92UOS dwog ¥80— / / +86°0— [4 3 «6°9— W9 68 4o I& 39 UBySNEA

SUI92UOS Swog 00°1— 000 610+ +09°0— yot L'S— W9 96 o/ 833 NON
(nd)

SUJadUOS Sulog ov'0— L1'0— L00— «0T°0— 0 0c- WZI+(D W9 vLS g, |8 39 BAOISIOUPO

uo13EINPS-3|93 PUB SUOIFEI|NSUODI|S) Y3IM PaUIqUIOD SUBSW 43430 40 Y3jeaHw 3y3noy3 Suriojiuow-j|as asodn|3 poo|g

MmoT FTA b 600+ L0°0+ «C9°0— Y- I'e— Wl 17T /I8 30 43QIRH

UoI3EONP3-3|3) PUE UOIEBINSU0I3|] Isideweyd yjesHw

MO7  +68°0— 1¥0— L1'0— S1°0— L0— i+ W9 0zl ¢ [B 39 USSUASLIYD

uoiyesnpa-a|33 Yoeod YjjeaH

MmoT / / / 900+ / / W€ 181 g9 I8 39 U031

SUJIDLOD sulog / / / 900— / / Wl 1144 ¢/ B39 EN

SUOIJLJ|NSUOID[O) PUE UOIJEINPI-I[33 OOPIA SIDJIOM dJedyj|esH

SUI92UOS Bdwog / 00— 0€0— «0€°0— / SEl- W9 ¥9¢ 7/ B3 WM

SUOIILJINSU0I3|3) YIIMm pauiquiod jsidewnteyd yyim Sulured) adej-03-adeq

SUJ9JUOD dWOS 600+ / / 80— / / Wzl 66C |/ I& 3@ suosueg

SuJadU0d swog 0s’ot 600— 100— «08°0— ol+ g'et W9 9tl 79 [€ 39 UUEURIOH

SUOIJB3|NSUOI3|9] Y3IM paulquuod Suliojiuow-j|as asodn|3 poolg

MmoT 870~ / / *SL°0— / / Wl 86¢ 1, |8 39 suos.eqd

8uliojiuow-jjos asoodn|3 poolg

seiqyooysi [ w3y ] [ [6] [BHww] [EHww] uoneinQg azis (souauayeu)

I[BI9AO INGV /loww] floww]  3|yqHV ddaav das v a|dwreg Jopny

o1V 1aiv

*(,) dsl4o3sE UR AQ pa1edIpul SadURIRYIP JuBdIIUSIS A|[eonsneIs Yam ‘dnoud saed pJepuels pue SuIDIPaWR[R] USaMIR] (V) ddUdJayIp
uesw ay3 se pasuasa.d a.e s3nsay ‘se19qelp 7 9dA3 yum sjdoad ul [043U0D S.U01DE) YSId UO SUOIIUSAISIUI SUIDIPIWS[SI IUSISYIP JO SI10940 parloday °g ajqel



Chronic lllness 21(1)

Some concerns

Low
Some concerns

Low
Some concerns

Overall
risk of bias
Low

ABMI
[kg/m?]
0.00
/
/
+0.31

[mmol/
L]

/
+0.03
—-0.01
—0.24

ATG

[mmol/
L]

/

/
—0.16*
+0.01

I
—-0.02

ALDL

AHbAIc
[%]
-0.21*
—0.50
-0.19
—0.03
-0.32
-1.70°

ADBP
[mmHg]
-0.7
-0.6
0.6
-2.0

[mmHg]
-2.3
-0.6
-0.8
-34

A SBP

Duration
12M
6M
12M
12M
12M
I0M

Sample
size
457
110
415
240
19 546
301

Legend: SBP, systolic blood pressure; DBP, diastolic blood pressure; HbAlc, glycated haemoglobin; LDL, low-density lipoprotein; TG, triglycerides; BMI, body mass index; M,

month; |, intervention; FU, follow-up.

Blood glucose +/- blood pressure telemonitoring combined with teleconsultations and peer support

Table 5. Continued
McFarland et al.8'
Anzaldo Campos et al.®

Steventon et al.’
Tang et al.®®

(reference)
Lee et al.”®
Jia et al.®2

Author

and teleconsultations) or three interventions
(BG self-monitoring, teleconsultations, and tele-
education) resulted in a mean reduction in
HbAlc of around 0.5%. Notably, the effect
was more consistent with the combination of
three interventions. In contrast, the effect of
the combination of teleconsultations and tele-
education was clinically and statistically insig-
nificant. Furthermore, the reduction in HbAlc
at 12 months did not meet the clinically signifi-
cant threshold of 0.5% for any of the interven-
tions. Notably, the reduction observed in trials
combining BG telemonitoring and teleconsulta-
tions remains statistically significant. The het-
erogeneity between RCTs was high for those
involving BG telemonitoring but low for those
involving BG self-monitoring and/or tele-
education. Publication bias was low, except for
interventions involving BG self-monitoring.
Certainty of the evidence was low to moderate.
More detailed data are provided in Appendix 3.

Effect of telemedicine interventions on
lipid profile

The effect of telemedicine interventions on
lipid profile control in people with AH and/or
T2D is clinically irrelevant. In people with
T2D the mean change in LDL is ranging
from —0.30 to +0.10 mmol/L, whereas the
mean change in TG is ranging from —0.41 to
+0.11 mmol/L.S26567.727475.77.82 1y people
with comorbid AH and T2D the mean change
in LDL is ranging from -0.28 to
+0.05 mmol/L, whereas the mean change in
TG is ranging from —0.20 to +0.07 mmol/
L.58:60-5985-87 A ¢ the evidence is inconsistent,
it is not possible to stratify effectiveness results
by intervention type or duration. In both
groups, the effectiveness was greater in inter-
vention that included tele-education %755

Effect of telemedicine interventions on
body mass index

The effect of telemedicine interventions on
BMI in people with AH and/or T2D is
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clinically irrelevant. In people with T2D the
mean change in BMI ranges from —1.25 to
+0.80 kg/m?,62-6771T4TSIEIO8  hareas in
people with AH and T2D the mean change
in BMI ranges from —0.20 to +2.19 kg/
m2.08485 A¢ the evidence is inconsistent, it
is not possible to stratify effectiveness results
by intervention type or duration.

Discussion

Summary of findings and comparison with
the existing literature

The systematic review indicates significant
improvements in SBP and HbAlc across
various telemedicine approaches for both AH
and T2D, while the impact on DBP, lipid
profile and BMI was clinically insignificant.
However, studies consistently show stronger
evidence of positive outcomes in people with
T2D compared to those with AH. Positive out-
comes are demonstrated as early as 3 months,
with more consistent and sustained improve-
ments seen with longer durations, particularly
over 12 months. However, the effectiveness
and ideal duration vary depending on the type
of intervention and patient group.

In contrast to previous reviews that mainly
focused on the impact of telemedicine
approaches on BP and BG control in primary
or specifically examined a single
type of telemedicine, such as synchronous tele-
medicine,** or limited their analysis to people
with AH? or T2D,22’23’26 our review encom-
passes the entire spectrum of telemedicine
approaches for people with AH, T2D, or both.

The most effective method of managing AH
entails a combination of BP telemonitoring and
teleconsultations.””® Our meta-analysis found
that this approach exceeded the 5-mmHg
threshold but fell short of the desired
10-mmHg SBP target. Long-term benefits
have been observed with BP telemonitoring
interventions lasting at least 12 months,
extending up to 54 months, with the most sig-
nificant impact seen within the first 18

months.**° These findings align with previous
reviews, which highlighted specific subgroups
benefiting more from telemedicine interven-
tions, including individuals with higher BP,
obesity, previous stroke, diabetes, blacks, low-
income individuals, and those with low treat-
ment adherence.’***! In our meta-analysis,
BP telemonitoring was effective only in
patients with isolated AH and not in those
with comorbid T2D. This may be due to
study criteria focusing on HbAlc rather than
changes in SBP, the emergence of novel T2D
treatments that have a positive impact on BP
control, and lower patient adherence to moni-
toring due to tracking multiple parameters.' !
Further research is needed to better understand
this phenomenon.

Several studies have shown a 0.5% reduc-
tion in HbAlc in people with T2D after 6
months,éz_65 although this reduction tends to
decrease after 12 months compared to standard
care.%3099%80 Effective management of T2D in
our meta-analysis involved either a combin-
ation of two approaches (BG telemonitoring
and  teleconsultations)®>%>%2  or  three
approaches (BG self-monitoring, teleconsulta-
tions, and telf:-f:du021ti0n).62’71 BG telemonitor-
ing had a stronger effect in individuals with AH
and T2D compared to those with isolated T2D.
Positive long-term effects were found when
BG self-monitoring was combined with
nurse-led telecoaching over 6 months, extend-
ing to 18 months from baseline.”” In another
study, BG self-monitoring combined with tele-
consultations and tele-education over a 5-year
period maintained the positive effect over the
entire intervention period.®’ These findings
align with previous reviews, which highlighted
greater benefits for recently diagnosed T2D
patients, those receiving telemonitoring or
remote case management, and those with base-
line HbAlc levels >8%.2%%2

Despite the favourable impact of telemedi-
cine on SBP and HbA 1c¢ levels, the current evi-
dence suggests that its effect on changes in
DBP, lipid profile and BMI is considered clin-
ically irrelevant for both AH and T2D°%%-
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398587 and is consistent with previous

reviews.”®*>?> While some reviews described
statistically significant reductions in BMI or
LDL using telemedicine,”*** no meta-analysis
found a clinically significant reduction in BMI
of 2.0 points or a reduction in LDL of
1.0 mmol/L, which would reduce the risk of
cardiovascular events by 20%.%* However,
the results were greater for BMI than for LDL
reduction and were more pronounced when
mHealth, video consultations or remote case
management were used and when interventions
lasted >6 months.**%>7*7>92 T address risk
factors more effectively, it is crucial to
develop alternative interventions focusing on
diet, physical activity, and health education.
These could include structured lifestyle pro-
grammes, personalised dietary advice and
tailored physical activity plans. Community-
based initiatives, support groups or two-way
SMS reminders could improve adher-
ence.®'%%  Furthermore, technology-based
tools such as fitness trackers and diet monitor-
ing apps can provide ongoing support and
encourage positive health behaviours.”®

Implications for research and practice

Scaling up clinically effective telemedicine
interventions in primary care requires consider-
ation of patient-specific factors, including
underlying conditions and expectations,
health literacy, communication preferences,
and complexity of system design.'>'?!0%!
Additionally, specific inclusion criteria should
be established for these interventions, with
individuals having multimorbidity, older age,
low treatment adherence, or recently diagnosed
AH or T2D being ideal candidates.”®®’
Proficiency in using modern technologies
during pre-testing may also enhance the bene-
fits of telemedicine interventions compared to
less proficient users.'®

Regarding the duration of telemedicine
interventions, our meta-analysis highlights
that the effectiveness, particularly in reducing
SBP and HbAlc, is most notable within the

initial 6 months but declines afterward.
However, interventions lasting 6 to 12
months have shown favourable outcomes for
up to 54 months from baseline.**->%¢!

System design is crucial, with a combin-
ation of telemonitoring or mHealth with tele-
consultations being recommended as the gold
standard.?>**?89297 Additionally, integrating
health education into interventions can
enhance their effectiveness and address life-
style risk factors, potentially improving lipid
profile and body weight**-6%-6+6>

Despite the effectiveness of telemedicine
interventions, our systematic review identified
several limitations in the study design (lack of
blinding of patients, increased risk of selection
bias, high or unclear loss to follow-up), hetero-
geneity between studies, small sample sizes,
and underreporting of relevant information.
Future research should prioritise long-term
studies with at least 5 years of follow-up, espe-
cially in the multimorbid elderly popula-
tion.!1+13:97:98 Furthermore, the incorporation
of cardiovascular disease biomarkers such as
HF1, HF2 or CKD273 into telemedicine inter-
ventions could further motivate patients to
manage their conditions effectively.”

Limitations

Although the study used a double-blind review
method following PRISMA standards, it is
important to acknowledge its limitations.
Firstly, relevant studies may have been
missed if authors did not use precise search
terms or describe the primary care setting
accurately. Secondly, some full-text articles
were excluded because they did not meet the
specific WHO definition of telemedicine used
in the study, particularly in cases where there
was no direct interaction with healthcare
workers. Thirdly, due to the broad scope of
the review, meta-analyses were only conducted
for the most prevalent telemedicine approaches
and outcomes reported. However, further
research on less common approaches and
their combinations beyond primary care
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should be conducted to obtain enough studies
to power meta-analyses. Next, subjective jud-
gements may have influenced the assessment
of bias in included studies using the Cochrane
tool, potentially leading to inconsistencies.
However, we addressed this limitation with
discussion among the broader research group.
Finally, we used Egger’s regression method
to assess publication bias, whereas assessing
publication bias in the small number of
studies included in the meta-analysis is challen-
ging and should be interpreted with caution.

Conclusions

Telemedicine has emerged as a promising
modality within primary care, with consider-
able potential to improve clinical outcomes in
people with AH and T2D. Our review shows
that the integration of telemedicine interven-
tions is effective for up to 18 months in
people with AH and up to five years in
people with T2D. However, it is noteworthy
that clinically significant benefits were mainly
observed in people with T2D, especially
within the initial six months, while the sus-
tained reduction in HbAlc levels decreased
over time. However, in the context of the
expansion of telemedicine, it is notable that
almost no telemedicine approach worsened
control of AH and T2D compared with stand-
ard care, and in most cases, at least main-
tained a steady state. To ensure the optimal
development of telemedicine in primary
care, the establishment of evidence-based
clinical guidelines with precise delineation
of intervention modalities, target patient
cohorts, and recommended intervention
durations is imperative. This approach will
not only facilitate the generation of robust
scientific evidence but also promote clinic-
ally impactful and cost-effective outcomes.
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