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Introduction 
Digital health interventions (DHIs) have the potential to 
transform the diagnosis, monitoring, and management 
of chronic cardiovascular conditions. However, the DHI 
term covers a disparate group of technologies, ranging 
from electronic health record systems to wearable devices 
and remote consultation software. Many DHIs are widely 
deployed in health systems across the world, with 
adoption rapidly increasing in response to the COVID-19 
pandemic. This adoption has not always been based on 
evidence of effectiveness in improving patient outcomes. 
In 2018, WHO provided a framework to classify DHIs 

into one of 28 categories to allow more transparent 
comparisons of technologies aiming to solve similar 
health-care challenges.1

Telemedicine is a major category of the WHO DHI 
classification with a direct impact on the delivery of 
clinical care.1 These technologies provide remote 
consultations between patients and clinicians, case 
management, remote monitoring of health data, and 
transmission of these data to health-care providers. 
Cardiovascular diseases are a leading cause of morbidity 
and mortality across the globe, accounting for nearly a 
third of global deaths in 2016.2 Conditions such as heart 
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Summary
Background Telemedicine has been increasingly integrated into chronic disease management through remote patient 
monitoring and consultation, particularly during the COVID-19 pandemic. We did a systematic review and meta-
analysis of studies reporting effectiveness of telemedicine interventions for the management of patients with 
cardiovascular conditions.

Methods In this systematic review and meta-analysis, we searched PubMed, Scopus, and Cochrane Library from 
database inception to Jan 18, 2021. We included randomised controlled trials and observational or cohort studies that 
evaluated the effects of a telemedicine intervention on cardiovascular outcomes for people either at risk (primary 
prevention) of cardiovascular disease or with established (secondary prevention) cardiovascular disease, and, for the 
meta-analysis, we included studies that evaluated the effects of a telemedicine intervention on cardiovascular 
outcomes and risk factors. We excluded studies if there was no clear telemedicine intervention described or if 
cardiovascular or risk factor outcomes were not clearly reported in relation to the intervention. Two reviewers 
independently assessed and extracted data from trials and observational and cohort studies using a standardised 
template. Our primary outcome was cardiovascular-related mortality. We evaluated study quality using Cochrane risk-
of-bias and Newcastle-Ottawa scales. The systematic review and the meta-analysis protocol was registered with 
PROSPERO (CRD42021221010) and the Malaysian National Medical Research Register (NMRR-20–2471–57236).

Findings 72 studies, including 127 869 participants, met eligibility criteria, with 34 studies included in meta-analysis 
(n=13 269 with 6620 [50%] receiving telemedicine). Combined remote monitoring and consultation for patients with 
heart failure was associated with a reduced risk of cardiovascular-related mortality (risk ratio [RR] 0·83 [95% CI 
0·70 to 0·99]; p=0·036) and hospitalisation for a cardiovascular cause (0·71 [0·58 to 0·87]; p=0·0002), mostly in 
studies with short-term follow-up. There was no effect of telemedicine on all-cause hospitalisation (1·02 [0·94 to 1·10]; 
p=0·71) or mortality (0·90 [0·77 to 1·06]; p=0·23) in these groups, and no benefits were observed with remote 
consultation in isolation. Small reductions were observed for systolic blood pressure (mean difference –3·59 [95% CI 
–5·35 to –1·83] mm Hg; p<0·0001) by remote monitoring and consultation in secondary prevention populations. 
Small reductions were also observed in body-mass index (mean difference –0·38 [–0·66 to –0·11] kg/m²; p=0·0064) 
by remote consultation in primary prevention settings.

Interpretation Telemedicine including both remote disease monitoring and consultation might reduce short-term 
cardiovascular-related hospitalisation and mortality risk among patients with heart failure. Future research should 
evaluate the sustained effects of telemedicine interventions.
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failure and management of high blood pressure are well 
suited to telemedicine approaches through the adaption 
of existing technologies for use outside of traditional 
health-care environments (eg, bluetooth and mobile 
transmission in blood pressure sphygmomano meters).3 
The UK National Health Service is estimated to spend 
more than £9 billion per annum on direct health-care 
costs associated with cardiovascular disease, and an 
additional £19 billion might be attributed to lost 
economic activity from morbidity and premature 
mortality.2 Telemedicine approaches could improve the 
efficiency and effectiveness of disease management, 
particularly during COVID-19 pandemic restrictions. 
For example, in the early months of the global COVID-19 
response, hospital presentations for acute coronary 
syndrome fell by 40–50% in North America and Europe, 
representing a sudden shift in the burden of active 
cardiac disease away from acute hospital facilities.4–6

The role of DHIs in monitoring and managing patients 
with cardiovascular disease was systematically reviewed 
for studies reported up to Jan 21, 2014, by Widmer and 
colleagues.7 The authors identified 40–49% relative risk 
(RR) reductions in a composite outcome including acute 
cardiovascular events, hospitalisations, and deaths for 
patients with existing cardiovascular diseases managed 
by a DHI. However, the technologies included in the 
review predated WHO classifications and were analysed 
as a single DHI entity despite covering vastly different 

approaches to patient management.1 As well as the newer 
WHO standardisation, there has been extensive progress 
in health-care technology during the last 7 years. In this 
systematic review and meta-analysis, we provide an 
updated synthesis of evidence on the effectiveness of 
telemedicine in the management of cardiovascular 
diseases.

Methods 
Search strategy and selection criteria 
In this systematic review and meta-analysis, we searched 
PubMed, Scopus, and Cochrane Library from inception 
to Jan 18, 2021. The search strategy is outlined in the 
appendix (pp 3–4), including terms for telemedicine 
interventions (eg, remote monitoring, wearables, and 
biosensors) and cardiac disease. We included any study 
that evaluated the effects of a telemedicine intervention 
on cardiovascular outcomes for people either at risk 
(primary prevention) of cardiovascular disease or with 
established (secondary prevention) cardiovascular 
disease. The comparator groups included patients who 
did not receive a telemedicine intervention. We included 
randomised controlled trials and observational or cohort 
studies published in English language peer-reviewed 
journals. Studies applying telemedicine interventions to 
mixed disease populations were included if patients with 
cardiovascular disease comprised more than 50% of the 
total study population. We excluded studies if there was 

Research in context

Evidence before this study
We searched PubMed, Scopus, and Cochrane Library from 
inception to Jan 18, 2021, using terms for telemedicine 
interventions (eg, remote monitoring, wearables, and 
biosensors) and cardiac disease. We also searched the PROSPERO 
systematic review protocol database using the same criteria. We 
identified trials and observational studies in which technologies 
consistent with the WHO definition of telemedicine were tested 
in people with or at risk of cardiovascular disease and outcomes 
were reported. A single relevant meta-analysis reported the 
effect of a broad group of digital health interventions (not 
restricted to telemedicine) on a composite outcome of 
myocardial infarction, stroke, revascularisation, hospitalisations 
(admissions to hospital), and all-cause mortality. The 
interventions were associated with a 39% reduction in this 
outcome across nine randomised trials. However, studies 
included were published before January, 2014, and technologies 
with very different purposes were grouped in a single 
intervention, with notable heterogeneity in findings. This 
review predated WHO definitions for telemedicine (published in 
2018). Therefore, we did a systematic review and meta-analysis 
to specifically address the effect of telemedicine interventions 
for cardiovascular populations, to include contemporary trial 
data, and to report relevant individual cardiovascular outcomes 
rather than using a composite endpoint.

Added value of this study
Our study used newer WHO classification of digital health 
interventions to focus on specific telemedicine approaches 
across 72 studies of patients with cardiovascular disease or risk 
factors. Meta-analysis was possible for 34 studies across groups 
of patients with heart failure, other known cardiovascular 
diseases, and primary prevention populations. In patients with 
heart failure, meta-analysis of available evidence showed 
reduced short-term risk of cardiovascular-related hospitalisation 
and mortality in patients receiving combined remote disease 
monitoring and consultation. This association was not observed 
by remote consultation alone. Small reductions in systolic blood 
pressure and body-mass index were also shown in smaller 
studies using telemedicine for risk factor modification.

Implications of all the available evidence
Telemedicine, including both remote disease monitoring and 
consultation, might reduce short-term cardiovascular-related 
mortality and hospitalisation risk among patients with heart 
failure. There was limited consistent evidence in other 
cardiovascular populations. Future research should evaluate the 
sustained effects of telemedicine interventions and 
generalisability of these technologies to populations in a 
non-trial setting.

See Online for appendix
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no clear telemedicine intervention described or if 
cardiovascular or risk factor outcomes were not clearly 
reported in relation to the intervention. We manually 
searched the three most frequently identified journals 
(European Heart Journal, Journal of Telemedicine and 
Telecare, and Journal of Medical Internet Research) from 
our initial search and searched Google Scholar to identify 
additional relevant papers.

PXK, DKFY, and MAAR independently screened the 
titles and abstracts of retrieved citations to identify 
relevant studies. All screenings were completed by 
two researchers independently (PXK, DKFY, or MAAR), 
with disagreements resolved by consensus. PXK and 
DKFY reviewed the full-text articles, and any disagree-
ments were resolved by consensus with MAAR serving 
as arbiter. The strength of agreement between the 
two initial reviewers was assessed by Cohen’s Kappa. 
We contacted the primary authors for data verification 
and missing data in publications if the relationship 
between the telemedicine intervention and outcomes 
were qualitatively but not quantitatively expressed, with 
the aim to gain additional primary data for meta-
analysis.

Data analysis 
Our primary outcome was cardiovascular-related mortality. 
Our secondary outcomes included hospital isation (ie, 
admission to hospital) secondary to cardio vascular causes, 
all-cause mortality, and all-cause hospitalisation. We also 
included studies that reported changes in cardiovascular 
risk factors such as blood pressure, lipid profile, and body-
mass index (BMI). We used the duration of patient 
follow-up to separate studies into short-term (≤12 months) 
or long-term (>12 months) studies.

Telemedicine interventions were classified into one of 
four groups, as defined by WHO.1 These groups were 
remote consultations between patients and health-care 
providers (remote consultation), remote monitoring of 
patient health or remote monitoring of diagnostic data 
(remote monitoring), transmission of medical data to 
health-care providers (medical data transmission), and 
consultations for case management between health-care 
providers (remote case management).

For studies meeting our inclusion criteria, we did a 
full-text review and data extraction using a standardised 
template for outcome measures and study population 
demographics (study design, population size, age and 
sex distribution, duration of study, specifics of the 
telemedicine intervention, WHO telemedicine classi-
fication, and key findings). We did quantitative analyses 
using Cochrane systematic review software 
(ReviewManager version 5.4.1) to determine the effect 
size of each telemedicine intervention in the meta-
analysis. Methods for extraction and analysis followed 
Cochrane guidance.8 We chose to only calculate meta-
estimates in which there was comparable data available 
for at least three studies per outcome.9 The relative 

intervention effects were described by RR and standard 
mean difference along with the 95% CIs.

We generated the meta-analysis estimates for 
dichotomous outcomes using pooled RRs. For the 
continuous data, pooling was done by combining the 
differences in means or standardised differences in 
means with a random-effect model and displayed with 
forest plots. All grouped studies were analysed for 
variability with reported I² estimates of heterogeneity.

We used the Cochrane risk-of-bias tool for randomised 
controlled trials10 and Newcastle-Ottawa Scale quality 
assessment for studies that were not randomised 
controlled trials.11 We assessed publication bias was for 
the primary outcome by visual inspection of a funnel plot 
and Egger’s regression test for asymmetry.12

This systematic review and meta-analysis followed 
PRISMA reporting guidelines and was prospectively 
registered with the PROSPERO (CRD42021221010) and 
the Malaysian National Medical Research Register 
(NMRR-20–2471–57236).

Role of the funding source 
The funder had no role in the study design, data 
collection, analysis, interpretation of data, writing of the 
report, or the decision to submit for publication.

Results 
A summary of the screening process and exclusions is 
provided in a PRISMA flow diagram (figure 1). A total of 
368 records were identified from the electronic databases 
with an additional 71 records through manually searching 
journals and searching Google Scholar. After removing 
duplicates, 405 records were screened for the titles and 
abstracts. Of these, we assessed 189 full-text articles for 
eligibility and included 72 studies in the data extraction 
and qualitative synthesis. The two independent reviewers 
had high agreement on study inclusion (κ=0·91 [95% CI 
0·85–0·98]; p<0·0001). Five of 12 primary authors who 
were contacted provided verification and additional data.

The 72 studies included in the systematic review 
involved 127 869 participants, of whom 82 818 (65%) were 
male and 45051 (35%) were female (table and appendix 
pp 5–12). Only one study evaluated solely a female 
population,53 and the rest included participants of both 
sexes. All studies focused on adult populations except for 
one neonatal study.54 39 (54%) studies were done in 
Europe, 23 (32%) in North America, six (8%) in Asia, 
two (3%) in South America, one (1%) in Australia, and 
one (1%) in both Europe and Asia. The age of included 
participants could be aggregated across 59 studies 
(n=122 891) at 70 (SD 13) years. Four studies only reported 
the age ranges of participants between 41·5 and 
90·0 years. The duration of the studies varied between 1 
and 79 months, with 49 meeting our criteria for short-
term follow-up (≤12 months; 68%) and 22 for long-term 
follow-up (>12 months; 31%). One study did not report 
follow-up time and could not be included in the 
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metaanalysis. All trials included in the meta-analysis 
used individual patient randomisation.

The majority of studies included patients with heart 
failure (n=39; table), and 19 studies addressed secondary 
prevention populations (appendix pp 5–9). A smaller 
number of studies included primary prevention 
strategies (n=12; appendix pp 10–12). An additional 
two studies included combinations of these groups (table 
and appendix pp 5–12). There were similar numbers of 
studies testing remote monitoring (n=19), remote consul-
tation (n=22), and both strategies in combination (n=29). 
The other categories of telemedicine inter ventions were 
less common; only one study combined remote 
monitoring with remote case management, another 
combined remote consultation with remote case 
management, and none included the fourth category, 
medical data transmission.

A total of 34 studies involving 13 269 patients (8629 [65%] 
were male participants and 4640 [35%] were female 
participants) contributed data that were considered 
appropriate for meta-analysis. Of these participants, 
6620 (50%) were assigned to a telemedicine intervention 
group and 6649 (50%) received usual clinical care. 
Follow-up ranged 3–79 months, with 21 (62%) studies 
reporting short-term outcomes within 12 months of 
telemedicine intervention. 22 (65%) of the 34 studies 
included patients with heart failure. Similar numbers 
tested remote consultation alone (12 [35%]) and com-
bined remote monitoring and consultation (16 [47%]), 

with fewer studies focused on remote monitoring alone 
(six [18%]).

Only studies including patients with heart failure had 
sufficient homogeneity to be included in the meta-
analysis for cardiovascular mortality. Combined remote 
monitoring and consultation was associated with a 17% 
reduction in the risk of cardiovascular mortality across 
eight studies that included 4795 patients with heart 
failure (RR 0·83 [95% CI 0·70–0·99]; p=0·036; figure 2). 
There was no significant difference in effect size between 
short-term (n=222; 0·57 [0·23–1·41]; p=0·23) and long-
term (n=4573; 0·84 [0·70–1·01]; p=0·058) follow-up 
studies (p=0·41 for subgroup difference) and 
heterogeneity remained low (I²=0%). No overall benefit 
in cardiovascular mortality risk was observed in three 
studies using remote consultation techniques alone 
(n=572; 0·97 [0·63–1·47]; p=0·87; appendix p 13).

For hospitalisation secondary to cardiovascular disease, 
only studies focused on patients with heart failure were 
suitable for pooling within meta-analysis. Telemedicine 
interventions combining remote monitoring and 
consultation were associated with a reduction in the risk 
of cardiovascular hospitalisation across nine studies 
(n=4548; RR 0·71 [95% CI 0·58–0·87]; p=0·0002; 
figure 3). However, there was high heterogeneity in this 
result (I²=80%), caused by a risk reduction in studies of 
short-term follow-up (n=1470; 0·53 [0·39–0·74]; 
p=0·0001; figure 3A), in which longer follow-up had no 
change in the risk of cardiovascular-related hospitalisation 
(n=3078; 1·00 [0·92–1·09]; p=0·98; figure 3B). Remote 
consultation alone was not associated with altered risk in 
three studies with high heterogeneity (n=572; 0·74 
[0·37–1·47]; p=0·38; appendix p 14).

Seven long-term heart failure studies using combined 
remote monitoring and consultation reported all-cause 
mortality. A non-significant trend towards lower 
mortality was observed with the telemedicine inter-
vention groups compared with standard care groups, but 
with moderate heterogeneity between studies (I²=49%; 
n=5115; RR 0·90 [95% CI 0·77–1·06]; p=0·23; figure 4A). 
Three long-term heart failure studies using remote 
monitoring alone were not associated with change in all-
cause mortality risk (n=1474; 1·11 [0·79–1·54]; p=0·55; 
figure 4B).

Three studies in patients with heart failure showed no 
significant change in all-cause hospitalisation risk 
following a telemedicine remote monitoring intervention 
(n=1863; RR 1·02 [95% CI 0·94–1·10]; p=0·71; appendix 
p 15).

For cardiovascular risk factors, meta-analysis was 
possible for short-term follow-up studies measuring 
change in blood pressure and BMI in participants given a 
telemedicine intervention. In cardiovascular secondary 
prevention populations, the combination of remote 
monitoring and consultation was associated with a small 
but significant reduction in systolic blood pressure across 
three studies (n=538; mean systolic blood pressure 

Figure 1: Study selection

368 records identified through database search

405 records after duplicates removed

216 records excluded

189 full-text articles assessed for eligibility

405 abstracts and titles screened

72 studies included in the data extraction and  
      systematic review 

34 studies included in meta-analysis

71 additional records identified through other sources

117 full-text articles excluded
32 no specific telemedicine intervention
24 not related to cardiovascular management 
10 incomplete outcome measures 

4 repeat analysis of the same cohort
47 not an intervention study
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Country Study 
design

Total 
population 
(N)

Patient 
characteristics

Duration of 
follow-up 
(months) 

Tele-
medicine 
group (n)

Telemedicine 
Intervention

WHO classification Key findings

Antonicelli 
et al 
(2008)13

Italy Randomised 
controlled 
trial

57 Mean age 78·0 
(SD 7·1) years; 
35 male 
participants

12 28 Telephone consultation 
and data monitoring 
(weekly electro cardio-
gram transmission, 
symptoms, adherence, 
blood pressure, heart 
rate, weight, and urine 
output)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of patient 
health or remote 
monitoring of 
diagnostic data by 
provider

Reduced mortality and 
hospitalisation rates in intervention 
group recruited after hospitalisation 
with heart failure, associated with 
better compliance with treatment 
than control (91% vs 43%); 
secondary reductions in blood 
pressure and cholesterol level, and 
better health perception reported 
than in controls

Antonicelli 
et al 
(2010)14

Italy Randomised 
controlled 
trial

57 Mean age 78·2 
(SD 7·3) years; 
33 male 
participants

12 29 Telephone consultation 
and data monitoring 
(weekly electro cardio-
gram transmission, 
symptoms, adherence, 
blood pressure, heart 
rate, weight, and urine 
output)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Home telemonitoring group 
recruited as outpatients had 
increased β blocker usage, lower 
mortality and hospital admissions, 
and better medication adherence 
than control group (89·7% vs 35·7%)

Böhm et al 
(2016)15

Germany Randomised 
controlled 
trial

1002 Mean age 66·3 
(SD 10·4) years; 
799 male 
participants

22·9 505 Text message alerts, 
telephone consultation, 
and data monitoring 
(fluid status)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Primary endpoint as death from any 
cause or first hospitalisation for 
cardiovascular disease was 45·0% in 
the intervention group and 48·1% in 
control group (p=0·13); all-cause 
death did not differ significantly 
between groups (p=0·52)

Boriani 
et al 
(2017)16

Europe and 
Israel

Randomised 
controlled 
trial

865 Mean age 66·0 
(SD 10·0) years; 
133 male 
participants

24 437 Data monitoring (lung 
fluid accumulation and 
atrial tachyarrhythmia)

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

No difference in composite and 
individual endpoints of death and 
cardiovascular-related and device-
related hospitalisation between 
groups; a significant reduction in a 
composite endpoint of health-care 
resource use of 38% in the 
telemedicine vs control groups 
(IRR 0·62 [95% CI 0·58–0·66]; 
p<0·001)

Chaudhry 
et al 
(2010)17

USA Randomised 
controlled 
trial

1653 Median age 61·0 
(IQR 51·0–73·0) 
years; 959 male 
participants

6 826 Telephone-based 
interactive voice-
response system 
(symptoms and weight 
monitoring)

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

The telemedicine group and the 
usual-care group did not differ 
significantly for all-cause mortality 
(11·1% in the telemonitoring group 
and 11·4% in the usual-care group; 
p=0·88) or hospital readmission 
(49·3% in the telemonitoring group 
and 47·4% in the usual-care group; 
p=0·45) 

Dendale 
et al 
(2012)18

Belgium Randomised 
controlled 
trial

160 Mean age 76·0 
(SD 10·0) years; 
104 male 
participants

6 80 Bluetooth-enabled cell 
phone for automated 
data monitoring (blood 
pressure, weight, and 
heart rate), web-based, 
and email

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

The total number of follow-up days 
lost to hospitalisation, dialysis, or 
death was significantly lower in 
telemedicine group as compared to 
usual care group (13 days vs 30 days; 
p=0·02)

Dunagan 
et al 
(2005)19

USA Randomised 
controlled 
trial

151 Mean age 70·0 
(SD 13·3) years; 
66 male 
participants

12 76 Telephone consultation Consultations 
between remote 
patient and health-
care provider

Patients assigned to telemedicine 
had a reduced risk of any hospital 
attendance (HR 0·67 [95% CI 
0·47–0·96]; p=0·029) or hospital 
readmission (0·67 [0·46–0·99]; 
p=0·045). There were no significant 
associations with heart failure-
specific readmission, functional 
status, mortality, or satisfaction with 
care.

(Table continues on next page)
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Country Study 
design

Total 
population 
(N)

Patient 
characteristics

Duration of 
follow-up 
(months) 

Tele-
medicine 
group (n)

Telemedicine 
Intervention

WHO classification Key findings

(Continued from previous page)

Frederix 
et al 
(2019)20

Belgium Randomised 
controlled 
trial

160 Mean age 76·0 
(SD 10·0) years; 
93 male 
participants

79 80 Email, telephone 
consultation, and data 
monitoring (weight, 
blood pressure, and 
heart rate)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Telemedicine was associated with 
reduced days lost to heart failure 
readmission compared with usual 
care (p=0·04), but without effect on 
all-cause mortality (HR 0·83 [95% CI 
0·57–1·20]; p=0·32) 

Gingele 
et al 
(2019)21

Netherlands Randomised 
controlled 
trial

382 Mean age 71·0 
(SD 11·0) years; 
226 male 
participants

26 197 Telephone consultation 
and electronic device 
for data monitoring 
(symptoms, 
knowledge, and 
behaviour)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Telemedicine associated with fewer 
heart failure-related hospitalisations 
[IRR 0·54 [95% CI 0·31–0·88]), but 
no difference in time to first heart 
failure-related hospital admission, 
all-cause mortality, or days alive and 
out of hospital

Giordano 
et al 
(2009)22

Italy Randomised 
controlled 
trial

460 Mean age 57·0 
(SD 10·0) years; 
391 male 
participants

12 230 Telephone consultation 
and data monitoring 
(electrocardiogram)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

1 year home-based telemonitoring 
programme reduced hospital 
readmissions and significantly 
reduced the mean cost of hospital 
admissions by 35% among patients 
with chronic heart failure (€843 
[SD 1733] in the intervention vs 
€1298 [2322] in usual care, p<0·01)

Guédon-
Moreau 
et al 
(2013)23

France Randomised 
controlled 
trial

433 Mean age 61·6 
(SD 12·5) years; 
382 male 
participants

24·2 221 Data monitoring by 
implantable 
cardioverter-
defibrillator holter 
(abnormal heart 
rhythm)

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

The telemedicine home monitored 
group had fewer inappropriate 
implantable cardiac defibrillator 
shocks than patients with usual 
ambulatory monitoring (5% vs 10% 
with usual care; p<0·05) with non-
inferiority for major adverse events

Koehler 
et al 
(2011)24

Germany Randomised 
controlled 
trial

710 Mean age NA; 577 
male participants

24 354 Telephone consul-
tation, wireless 
Bluetooth device, 
personal digital 
assistant cell phone, 
and data monitoring 
(electrocardiogram, 
blood pressure, and 
weight)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

No significant effect of remote 
telemonitoring on all-cause 
mortality, cardiovascular death, or 
hospitalisation

Koehler 
et al 
(2018)25

Germany Randomised 
controlled 
trial

1538 Mean age 70·0 
(SD 10·5) years; 
1070 male 
participants

59 765 Telephone consultation 
and data monitoring 
(electrocardiogram, 
blood pressure, weight, 
and oxygen saturation)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Reduced proportion of days lost due 
to unplanned cardiovascular-related 
hospital admissions and all-cause 
death in a telemedicine management 
group compared with usual care 
(IRR 0·80 [95% CI 0·65–1·00]; 
p=0·046)

Kotooka 
et al 
(2018)26

Japan Randomised 
controlled 
trial

181 Mean age 66·2 
(SD 14·3) years; 
107 male 
participants

31 90 Telephone 
consultation, web-
based, and data 
monitoring (blood 
pressure, pulse rate, 
weight, and body 
composition)

Consultations 
between remote 
patient and 
healthcare provider; 
remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

There was no difference in the 
primary composite endpoint of all-
cause death or rehospitalisation due 
to worsening heart failure between 
telemedicine and usual care groups 
(HR 0·95 [95% CI 0·55–1·65], p=0·57)

(Table continues on next page)
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Lear et al 
(2014)27

Canada Randomised 
controlled 
trial

78 Age range 
41·5–76·0 years; 
66 male 
participants

4 38 Web-based cardiac 
rehabilitation, one-to-
one chat consultation, 
email, and data 
monitoring (heart rate)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

The telemedicine cardiac 
rehabilitation programme was 
associated with no difference in 
exercise capacity (45·7 [95% CI 
1·04–90·48] increase in Bruce 
protocol time in the intervention 
group  versus baseline, but below the 
specified clinically relevant threshold 
of 60 s)

López-Liria 
et al 
(2019)28

Spain Randomised 
controlled 
trial

50 Mean age 75·0 
(SD 12·0) years; 
24 male 
participants

12 25 Web-based data 
monitoring from 
implantable cardiac 
devices

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

Following permanent pacemaker 
insertion, no difference observed 
between remote monitoring and 
control groups for emergency 
hospital visits and rehospital isations 
(28% vs 32%; p=0·53); both groups 
showed statistically significant 
improve ments in the baseline 
parameters based on the Minnesota 
Living with Heart Failure 
questionnaire

Lundgren 
et al 
(2016)29

Sweden Randomised 
controlled 
trial

50 Mean age 62·9 
(SD 12·8) years; 
29 male 
participants

2 25 Web-based and email 
consultations

Consultations 
between remote 
patient and health-
care provider

No significant difference in 
depressive symptoms, cardiac 
anxiety, and quality of life for 
patients with heart failure between 
groups managed remotely using 
internet-based cognitive behavioural 
therapy and online moderated 
discussion forums

Lüthje et al 
(2015)30

Germany Randomised 
controlled 
trial

176 Mean age 65·9 
(SD 12·0) years; 
136 male 
participants

15 87 Data monitoring (fluid 
overload)

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

Remote monitoring of implantable 
cardiac devices in patients with heart 
failure was associated with no 
difference in heart failure-related 
hospitalisations (HR 1·23 [95% CI 
0·62–2·44]; p=0·55) or all-cause 
mortality compared with controls 
(8·6% vs 4·6% usual care at 1 year; 
p=0·50)

Morgan 
et al 
(2017)31

England Randomised 
controlled 
trial

1650 Mean age 69·5 
(SD 10·2) years; 
1415 male 
participants

24 824 Telephone consultation 
and data monitoring 
from implantable 
electronic devices

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

No significant differences between 
remote monitoring group and 
controls for a primary outcome of 
all-cause mortality or unplanned 
cardiovascular hospitalisation 
(42·4% vs 40·8% in usual care; 
p=0·87); no differences were 
observed for secondary outcomes

Piette et al 
(2015)32

USA Randomised 
controlled 
trial

372 Mean age 67·9 
(SD 10·2) years; 
366 male 
participants

12 189 Email and telephone 
consultations, and data 
monitoring (systematic 
monitoring and 
tailored self-
management 
education via 
interactive voice 
response)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Telemedicine intervention using a 
mobile health application was 
associated with less caregiving strain, 
and better engagement of care 
givers with patients with heart 
failure than in the control group

Piotrowicz 
et al 
(2015)33

Poland Randomised 
controlled 
trial

107 Mean age 56·7 
(SD 11·9) years; 
95 male 
participants

2 75 Data monitoring 
(electrocardiogram, 
weight, and blood 
pressure)

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

Significant improvement for peak 
oxygen uptake in the telemedicine-
delivered exercise intervention 
group; however, there were no 
observed deaths or hospitalisations 
in either intervention or control 
groups

(Table continues on next page)
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Rahimi 
et al 
(2020)34

UK Randomised 
controlled 
trial

202 Mean age 71·6 
(SD 11·5) years; 
145 male 
participants

20 101 Telephone 
consultation, tablet 
computer-enabled 
Bluetooth and app, and 
data monitoring 
(weight, blood 
pressure, and heart 
rate)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Physical wellbeing of participants did 
not differ significantly between 
telemedicine home monitoring of 
patients with heart failure and 
control groups

Riegel et al 
(2002)35

USA Randomised 
controlled 
trial

358 Mean age 72·0 
(SD 12·0) years; 
175 male 
participants

6 130 Telephone and email 
consultation

Consultations 
between remote 
patient and health-
care provider

Significant reduction in the 
hospitalisation rate for heart failure 
(0·21 [SD 0·5] vs 0·41 [0·77 
admissions per person in usual care, 
p=0·01), hospital days for heart 
failure, and multiple readmissions, 
and better patient satisfaction in the 
telemedicine intervention group 
than in the control group; cost 
savings for inpatient heart failure 
care were reported after deduction of 
the intervention costs

Rodríguez-
Gázquez 
et al 
(2012)36

Colombia Randomised 
controlled 
trial

63 Mean age 70·0 
(SD 10·5) years; 
31 male 
participants

9 33 Telenursing sessions Consultations 
between remote 
patient and health-
care provider

Improvement in a self-care scale of at 
least 20% for patients managed by 
telemedicine compared with controls

Scherr et al 
(2009)37

Austria Randomised 
controlled 
trial

120 Median age 66·0 
(IQR 62·0–72·0) 
years; 85 male 
participants

6 54 Telephone 
consultation, email, 
web-based, and data 
monitoring (blood 
pressure, heart rate, 
and weight)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Home telemonitoring following an 
episode of decompensated heart 
failure was associated with a non-
significant trend towards a lower 
composite outcome of death or 
hospitalisation compared with 
controls (50% RR reduction, p=0·06)

Tajstra 
et al 
202038

Poland Randomised 
controlled 
trial

600 Mean age 64·0 
(SD NA) years; 
487 male 
participants

12 299 Telephone consultation 
and data monitoring 
from remote 
monitoring devices

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Remote monitoring and guided care 
of implantable cardiac devices was 
associated with a reduction in the 
primary composite outcome of all-
cause mortality or cardiovascular 
death compared with usual care 
(39·5% vs 48·5% in usual care; 
p=0·048)

Thorup 
et al 
(2016)39*

Denmark Randomised 
controlled 
trial

119 Mean age 62·8 
(SD 11·5) years; 
51 male 
participants

12 64 Tablet and data 
monitoring (blood 
pressure, pulse rate, 
weight, and daily steps)

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

Increased walking from a mean of 
5191 (SD 3198) to 7890 (SD 2629) 
steps per day among patients for 
cardiac diseases with remote 
monitoring; notably more among 
younger patients with better 
adherence to the pedometer

Weintraub 
et al 
(2010)40

USA Randomised 
controlled 
trial

188 Mean age 69·0 
(SD 13·5) years; 
124 male 
participants

3 95 Telephone consul-
tation, data monitoring 
via automated health 
monitoring device 
(weight, blood 
pressure, and heart 
rate)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Remote telemedicine monitoring of 
bodyweight, blood pressure, heart 
rate, and self-reported health 
associated with a reduction in rate of 
heart failure hospitalisation 
compared with controls (risk rate 
0·50 [95% CI 0·25–0·99]; p=0·05)

(Table continues on next page)
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Dadosky 
et al 
(2018)41

USA Prospective 
non-
randomised 
trial

141 Mean age 79·8 
(SD 10·1) years; 
105 male 
participants

1 49 Interactive tele-
management video 
sessions and data 
monitoring via remote 
sensor (heart rate, 
respiration, body 
position, electro cardio-
gram, and weight)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Patients receiving the telemedicine 
intervention had lower 
rehospitalisation rates (17% vs 24%) 
than those receiving usual care, 
despite higher predicted 
rehospitalisation risk

Quinn 
(2006)42

USA Quasi-
experi-
mental 
study

22 Mean age 76·5 
(SD NA) years; age 
range 
49·0–90·0 years; 
11 male 
participants

3 22 Telephone consultation Consultations 
between remote 
patient and health-
care provider

The frequency of reported symptoms 
decreased at the end of the 
telemedicine intervention; the 
hospitalisation rate was also lower 
than in a historical cohort with 
hospitalisation data available

Chen et al 
(2010)43

Taiwan Cohort study 550 Mean age 62·8 
(SD 15·5) years; 
387 male 
participants

6 275 Telephone consultation Consultations 
between remote 
patient and health-
care provider

A significantly lower all-cause 
admission rate per person 
(intervention group had 0·60 
[SD 0·77] admissions per person; and 
usual care group had 0·96 [0·85] 
admissions per person), shorter 
length of hospital stay (reduced by 
8 days per person), and lower total 
6 month medical costs (reduced by 
US$2682 per patient) in the 
intervention group compared than in 
the usual care group.

Kurek et al 
(2017)44

Germany Cohort study 574 Median age for 
remote 
monitoring group 
63·0 
(IQR 56·0–69·0) 
years; median age 
for non-remote 
monitoring group 
62·0 
(IQR 53·0–70·0) 
years; 482 male 
participants

36 574 Data monitoring of 
implantable cardiac 
devices via remote 
monitoring online 
system

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

Significantly lower all-cause 
mortality in patients under remote 
monitoring compared with 
propensity-matched controls up to 
3 years of follow-up (4·9% vs 22·3% 
in controls; p<0·0001)

Mittal et al 
(2016)45

USA Cross-
sectional

106 027 Mean age 71·6 
(SD 13·0) years; 
68 159 male 
participants

30 106 027 Telephone consultation 
and data monitoring 
from cardiac 
implantable electronic 
device

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Comparisons made between early 
and later initiation of remote 
monitoring for implantable cardiac 
devices; prompt initiation of remote 
monitoring was associated with 
increased chance of survival (HR 1·18 
[95% CI 1·13–1·22, p<0·001) 

Martín-
Lesende 
et al 
(2017)46

Spain Cohort study 42 Mean age 78·9 
(SD 7·5) years; 
19 male 
participants

12 15 Data monitoring from 
smartphones to web-
platform (aided with 
alert system)

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

Home-based telemedicine 
application and alerting system 
associated with reduced 
hospitalisation days and emergency 
department attendances compared 
with patients who were not 
randomised from before the 
intervention (1·1 [SD 1·5] vs 2·6 [1·6] 
admissions per patient for  usual care 
attendances)

(Table continues on next page)
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difference –3·59 [95% CI –5·35 to –1·83] mm Hg; 
p<0·0001; figure 5). No effect was noted in diastolic 
blood pressure, or in studies using remote consultation 
without monitoring. For studies in primary prevention 
populations, telemedicine inter ventions did not have a 
significant effect on systolic or diastolic blood pressure 
(appendix p 16).

Four short-term follow-up studies used remote 
consultation targeting bodyweight as a primary 
prevention strategy for reducing cardiovascular risk, with 
an overall small effect on BMI (n=1076; mean BMI 
difference –0·38 [95% CI –0·66 to –0·11] kg/m²; 
p=0·0064; figure 5). No effect was shown in secondary 
prevention populations (appendix p 16).

A total of 38 studies in populations of patients with 
cardiovascular disease did not meet our criteria for 
quantitative meta-analysis (table and appendix pp 5–12). 
In populations of patients without heart failure, studies 
reported various outcome measures that could not be 
combined across more than two studies, such as physical 
activity and sedentary time, lipid concentrations, 
participation in cardiac rehabilitation, and peak oxygen 
uptake.

The major potential source of bias identified across all 
intervention trials was the inability to mask participants 
and practitioners in a telemedicine intervention, with the 
majority adopting an open-label design (appendix 
pp 17–18). The Newcastle-Ottawa Scale used for 

Country Study 
design

Total 
population 
(N)

Patient 
characteristics

Duration of 
follow-up 
(months) 

Tele-
medicine 
group (n)

Telemedicine 
Intervention

WHO classification Key findings

(Continued from previous page)

Masella 
et al 
(2008)47

Italy Cohort study 67 Mean age 64·0 
(SD 9·0) years; 
58 male 
participants

3 67 Data monitoring from 
implantable 
cardioverter 
defibrillator

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

A remote telemonitoring service for 
implantable cardiac devices 
improved efficiency of care; only a 
small number of clinical events 
occurred in cohort study

Moore 
(2016)48

USA Cohort study 22 Median age 78·2 
(IQR NA) years; 
7 male 
participants

4 22 Telephone consultation 
and data monitoring 
(blood pressure, oxygen 
saturation, and weight)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Home-based telemonitoring 
supported by nurse practitioner 
reviews was associated with lower 
short-term admission rates to 
hospital compared with national 
average figures, but this was a small 
cohort

Nishii et al 
(2015)49

Japan Cohort study 195 Mean age 66·3 
(SD 11·3) years; 
149 male 
participants

24 195 Data monitoring 
(serum brain natriuretic 
peptide and fluid 
status)

Remote monitoring 
of patient health or 
remote monitoring 
of diagnostic data by 
provider

Device implanted to measure volume 
status by intrathoracic impedance 
triggering alerts; B-type natriuretic 
peptide concen trations and 
bodyweight were not significantly 
different from baseline in patients 
with alerts

Odeh et al 
(2015)50

UK Cohort study 48 Mean age 71·1 
(SD 10·4) years; 
19 male 
participants

24 48 Telehealth service Consultations 
between remote 
patient and health-
care provider

In a mixed observational cohort 
including patients with heart failure, 
telemedicine was associated with 
reduced hospital admissions 
compared with a pre-telemedicine 
period

Rosen et al 
(2017)51

USA Cohort study 50 Mean age 61·0 
(SD 12·0) years; 
14 male 
participants

6 50 Telehealth platform for 
daily, real-time 
reporting of health 
status, and video 
conferencing

Consultations 
between remote 
patient and health-
care provider

Patients given telemedicine 
intervention did not have lower 
hospital admission rates
compared with a previous period in 
this non-randomised study (37% vs 
43%; p=0·32)

Scalvini 
et al 
(2006)52

Italy Cohort study 438 Mean age 68·2 
(SD 14·8) years; 
268 male 
participants

12 226 Teleassistance and data 
monitoring 
(electrocardiogram)

Consultations 
between remote 
patient and health-
care provider; remote 
monitoring of 
patient health or 
remote monitoring 
of diagnostic data by 
provider

Patients with heart failure supported 
with a home-based telemonitoring 
system had more proactive health-
care contacts than a comparator 
group managed by general 
practitioners; however, the cohorts 
differed widely in baseline risk

HR=hazard ratio. IRR=incident rate ratio. NA=not available. OR=odds ratio. RR=risk ratio. *This study also included secondary cardiovascular prevention patients.

Table: Summary of heart failure studies
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non-randomised studies showed the majority of studies 
to be of medium or high quality (16 [80%] studies), with 
four (20%) studies of low quality (appendix p 19). Visual 
assessment of a funnel plot for studies reporting 

cardiovascular mortality risk in heart failure did not 
suggest publication bias (appendix p 20) and this was 
supported by Egger’s regression test for plot asymmetry 
(p=0·93).

Figure 2: Risk of cardiovascular-related mortality in patients with heart failure studies

Intervention (n/N) Control (n/N) Weight Risk ratio (95% CI)
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Figure 3: Studies reporting risk of cardiovascular-related hospitalisation in patients with heart failure using combined remote monitoring and consultation
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Discussion 
In this systematic review and meta-analysis, we found 
reduced cardiovascular-related mortality and hospital-
isation for patients with heart failure who received 
combined remote telemedicine monitoring and 
consultation compared with usual care. This effect was 
not observed by simple remote access to a health-care 
professional without additional monitoring data. 
Reductions in cardiovascular-related hospitalisation were 
only observed in cohorts with heart failure short-term 
follow-up and were driven by early reductions within 
12 months of telemedicine intervention. No telemedicine 
intervention was shown to alter risk of all-cause 
hospitalisation or mortality. Small improvements in 
systolic blood pressure were shown in secondary 
prevention populations and BMI in primary prevention 
populations with telemedicine. These findings suggest a 
definite role for telemedicine in the management of heart 
failure, particularly in early treatment optimisation, but 
the value is less clear for long-term management strategy 
and other cardiovascular diseases.

The average risk reduction of cardiovascular-related 
hospitalisation (28%) in patients with heart failure had 
notable heterogeneity, with the greatest reductions within 
12 months of intervention but no effectiveness in larger 
studies with a longer follow-up. These results might 
suggest early gains from implementing telemedicine 
interventions in this group, but perhaps less success in 
patients with progressive or more advanced heart failure. 
An alternative explanation might be that patients have 
reduced responsiveness to monitoring prompts once the 
potential novelty of telemedicine interventions has 

diminished. This explanation is well recognised in the 
related area of activity tracking by wearable devices,55 but 
might be accentuated where active participation is 
required to measure trends, such as with patients with 
heart failure recording regular bodyweights for fluid 
status. Participation in telemedicine programmes is a 
complex area; a 2018 systematic review of barriers to 
telemedicine adoption identified 33 separate obstacles, 
including resistance to change and insufficient 
technological literacy of patients and health-care staff.56 
These effects are even more likely to be observed in the 
real-world adoption of these tools outside of engaged 
clinical trial populations.

Although face-to-face clinician contact might be 
considered crucial for the delivery of traditional health 
care, our Article suggests isolated remote consultation 
does not improve hospitalisation or mortality risk in the 
absence of patient monitoring data. It is unsurprising 
that effectiveness was noted in cohorts of participants 
with heart failure, where medical therapy is proven for 
multiple therapeutic drugs in well conducted randomised 
trials. It is well recognised from registry data that many 
patients with heart failure do not receive optimised 
therapy, partly due to insufficient dose titration following 
drug initiation.57,58 It is plausible that the remote 
monitoring data gave additional value to remote consul-
tations for heart failure by allowing health-care 
professionals to review and titrate medical treatments 
with quicker cadence than might be possible using 
specialist review clinics. The high hospitalisation and 
mortality risk for patients with heart failure makes these 
endpoints easier to power for intervention trials. Our 

Figure 4: Studies reporting risk of all-cause mortality in patients with heart failure during long-term follow-up
(A) Remote monitoring and consultation for heart failure management. (B) Remote monitoring only for heart failure management.
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Article highlights a scarcity of standardised outcome 
measures for populations of patients without heart 
failure, which prevented meta-analyses. Plausible 
surrogate outcome measures of future risk (eg, physical 
activity levels) are important, but larger trials using 
mortality and hospitalisation as endpoints would advance 
the evidence base for telemedicine outside of heart 
failure.

In health-care settings where resources are constrained, 
or where patient access is challenging, equivalence of 
telemedicine with usual care might represent substantial 
benefit. However, most studies in this Article did not set 
out to show non-inferiority. As digital tracking and 
telemedicine become widespread, marginal, rather than 
transformative, gains from new technology are probable, 
akin to the small absolute risk reductions achieved by 
novel drug therapies.59 Improvements in access or 
engagement with health care are likely to become even 

more important outcome measures to demonstrate 
benefit.

Our results build on evidence from a previous 
systematic review and meta-analysis by Widmer and 
colleagues,7 which included studies reporting up to 
January, 2014. In the 8 years since this publication, we 
have identified an additional 22 studies to add to meta-
analysis. Many recent trials used connected wearable 
technologies and automated mobile transmission of data 
such as blood pressure, heart rate, and oxygen 
saturations. These methods reflect very recent societal 
and technological advances that have normalised use of 
cost-effective personal telemedicine devices. The review 
by Widmer and colleagues7 also considered digital health 
interventions as a single entity, making the meta-estimate 
of relative risk less applicable to specific telemedicine 
methods. We have aligned our systematic review and 
meta-analysis with the newer WHO classification of 

Figure 5: Change in blood pressure and body-mass index during short-term follow-up
(A) Remote consultation only for secondary cardiovascular disease prevention (systolic blood pressure). (B) Remote monitoring and consultation for secondary 
cardiovascular disease prevention (systolic blood pressure). (C) Remote monitoring and consultation for secondary cardiovascular disease prevention (diastolic blood 
pressure). (D) Remote consultation only for primary cardiovascular disease prevention (body-mass index).
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DHIs published in 2018, highlighting differences 
between remote consultation and monitoring. These 
international classifications should form the basis of 
consistent comparisons in the future.1 Consistency and 
specificity is crucial for the synthesis of data in future 
meta-analyses; a 2021 review using a restrictive search 
strategy specific to the telemedicine term identified only 
four of the trials included in our systematic review.60 
However, classi fication approaches are not without 
limitations in a world of rapidly evolving technologies 
and personal health-care devices. It is likely that the 
WHO classification will need regular review to recognise 
new approaches to telemedicine, such as robotics-
assisted health care.61

An additional limitation of the previous systematic 
review and meta-analysis7 was the use of a composite 
cardiovascular outcome including myo cardial infarction, 
stroke, revascularisation, hospitalisation, and mortality. 
The studies published since January, 2014, allow for more 
precise estimates using specific cardiovascular outcomes, 
although there is still some heterogeneity between 
studies. This heterogeneity is inevitable given the 
differences between telemedicine interventions. For 
example, two studies by Morgan and colleagues31 and 
Koehler and colleagues25 appeared to be providing similar 
remote interventions for patients with heart failure. 
However, there were marked differences in approach, 
with Morgan and colleagues31 using weekly data 
downloads from implantable cardiac devices to guide 
protocolised patient advice and Koehler and colleagues25 

using a daily transmission of multiple measures 
including bodyweight, blood pressure, oxygen saturations, 
and self-reported health for immediate daily physician 
review and therapy modification. Both studies broadly 
implement a remote monitoring and consultation 
strategy and are grouped together for the purposes of the 
WHO classification.

The variation in technologies and evaluation methods 
highlights the challenge of estimating the broad efficacy 
of telemedicine as a therapeutic strategy; the variation in 
technology and implementation can be stark and is 
likely to increase with the rapid expansion of direct-to-
consumer wearable tracking technologies that will form 
part of many pragmatic telemedicine interventions. 
These examples also highlight the important differences 
between efficacy in research settings and scalability to an 
unselected general population. It is crucial that 
pragmatic implementation studies that assess the 
acceptability, feasibility, and fidelity of telemedicine 
interventions are undertaken in addition to randomised 
trials of effectiveness.62 One systematic review and meta-
analysis has suggested a trend towards improved EQ-5D 
quality of life scores among telemedicine users 
compared with usual care, but there are only a few small 
studies in this area.63 There is broader concern about 
replacing relationship-based clinical care with 
telemedicine-guided algorithmic pathways, which might 

not improve care for some patients. New care pathways 
must ensure additional support for groups at risk of 
digital exclusion.64 If done well, there is some evidence 
that provision of digital applications can be used to drive 
improvements in health literacy and behaviours in 
populations hard to reach using traditional medical 
approaches.65 Under standing the effect of socioeconomic 
advantage on the success of telemedicine is crucial to the 
real-world implementation of these systems.

There are some limitations to our approach. We 
adopted a focused search strategy for telemedicine digital 
health interventions to align with WHO classifications, 
which might have excluded some studies where these 
specific terms were not included. As discussed, the meta-
estimates reported need to be interpreted with caution 
due to the high variation in the specific technologies and 
protocols implemented as well as differences in 
comparator groups with usual care. There were few 
studies reporting comparable data outside of cohorts of 
patients with heart failure. Although small reductions in 
bodyweight and systolic blood pressure were shown in 
primary and secondary cardiovascular prevention 
cohorts, the clinical impact and sustainability of these 
small changes were uncertain. The long-term benefits of 
telemedicine interventions were hard to assess, as many 
studies were of short duration, and even those with long-
term follow-up did not necessarily continue the 
telemedicine intervention for the full period of reporting.

Our findings suggest a definite role for telemedicine in 
the management of heart failure, when combining both 
remote monitoring and patient consultation to optimise 
treatments and personalised advice for patients. 
Telemedicine was associated with reduced cardio vascular 
mortality and hospitalisation. Small gains in the 
management of cardiovascular risk factors might be 
achievable with telemedicine interventions, but there is 
less certainty for effectiveness in populations of patients 
with cardiovascular disease but without heart failure. 
Future research needs to address the application of these 
technologies to unselected populations and longer-term 
effectiveness.
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