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Abstract

Background: Telemonitoring studiesin chronic heart failure are characterized by mixed mortality and hospitalization outcomes,
which have deterred the uptake of telemonitoring in clinical practice. These mixed outcomes may reflect the diverse range of
patient management strategiesincorporated in telemonitoring. To addressthis, we compared the effects of different telemonitoring
strategies on clinical outcomes.

Objective: Theaim of this systematic review and subgroup meta-analysis was to identify noninvasive telemonitoring strategies
attributing to improvements in all-cause mortality or hospitalization outcomes for patients with chronic heart failure.

Methods: Wereviewed and analyzed telemonitoring strategies from randomized controlled trials (RCTs) comparing telemonitoring
intervention with usual care. For each strategy, we examined whether RCTs that applied the strategy in the telemonitoring
intervention (subgroup 1) resulted in asignificantly lower risk ratio (RR) of all-cause mortality or incidence rate ratio (IRR) of
all-cause hospitalization compared with RCTs that did not apply this strategy (subgroup 2).

Results: Weincluded 26 RCTs (N=11,450) incorporating 18 different telemonitoring strategies. RCTsthat provided medication
support were found to be associated with a significantly lower IRR value than RCTs that did not provide this type of support
(P=.01; subgroup 1 IRR=0.83, 95% CI 0.72-0.95 vs subgroup 2 IRR=1.02, 95% CI 0.93-1.12). RCTsthat applied mobile health
were associated with a significantly lower IRR (P=.03; IRR=0.79, 95% CI 0.64-0.96 vs IRR=1.00, 95% CI 0.94-1.06) and RR
(P=.01; RR=0.67, 95% CI 0.53-0.85 vs RR=0.95, 95% CIl 0.84-1.07).

Conclusions:. Telemonitoring strategies involving medication support and mobile health were associated with improvements
in all-cause mortality or hospitalization outcomes. These strategies should be prioritized in telemonitoring interventions for the
management of patients with chronic heart failure.
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Introduction

Chronic heart failure (CHF) is a severe chronic disease [1]
affecting over 26 million people worldwide [2]. Despite
advances in modern medical therapy [3] and multidisciplinary
clinical care [4], CHF continues to manifest a poor quality of
life [5], frequent hospitalizations [6,7], low survival rates [8],
and high health care expenditure [2]. Telemonitoring has been
extensively studied as an innovative approach to enable care
providers to remotely monitor patients at home and provide
timely intervention in the event of clinical deterioration. Over
the past two decades, many enabled care programs have been
devel oped and evaluated, and several reviews have demonstrated
the potential of using telemonitoring interventions to reduce
mortality [9-11] and hospitalizations [9,11] in CHF care.
However, the outcomes from individual randomized controlled
trials (RCTs) are heterogeneous, with nonsignificant effects
obtained in several large and well-designed RCTs [12-14].
Owing to these mixed outcomes, the use of telemonitoring in
CHF care has been questioned [15,16] and has not yet been
embraced in clinical recommendations[17,18].

Mixed outcomesin telemonitoring studies have been attributed
to insufficient support from cardiologists, unsatisfactory patient
compliance [19,20], low predictive power for clinical
deterioration [14], and improvements in usua care [14,18].
However, these findings were limited to narrative analyses of
individual telemonitoring studies. Several reviews have
evaluated specific approaches to CHF care, including maobile
health (mHealth) [21-23]; structured telephone [11,18],
videophone, and interactive voice response devices [24];
education alone; pharmacist interventions; and clinical support
by various care providers [25]. These reviews provide valuable
insight into the effectiveness of specific types of interventions,
but do not explain the mixed outcomes across telemonitoring
interventions involving different components of care.

To address the existing knowledge gap, we conducted a
systematic review and meta-analysis using a novel approach of
evaluating the effect of different noninvasive telemonitoring
strategies on reduced all-cause mortality and hospitalization to
identify which strategies were associated with these outcomes.

Methods

Literature Search

This review was performed according to the Cochrane
Collaboration methodological guidelines [26]. We conducted
a literature search in the PubMed, EMBASE, CINAHL, and
Cochrane Library databases, covering the publication period
from January 1990 to February 2020. The publications were

http://www.jmir.org/2020/11/e20032/

required to be (1) relevant to telehealth, telemedicine,
telemonitoring, telecare, internet, mobile, smartphone, remote
monitoring, or home monitoring; (2) involving patients with
CHF; and (3) inthe English language. Aninformation specialist
officer at the Commonwealth Scientific and Industrial Research
Organization (Brisbane, Australia) and an expert librarian at
Curtin University, Western Australia, Australia helped develop
the bibliographies and conduct the database search (for amore
complete description of our search strategy, see Multimedia
Appendix 1).

Two investigators (HD and SC) independently reviewed the
articles obtained. Disagreements between the two investigators
were resolved by athird reviewer (AM or |E).

Scope of Telemonitoring

Inthisreview, we employed ahierarchical structure considering
that tel ehealth encompasses telemonitoring, as well as eHealth
care processes and communication, telemedicine, and mHealth
[27]. We then defined the scope of telemonitoring as “the use
of information technology to monitor patients at a distance,” as
described by Meystre[28]. Finally, weincluded atelemonitoring
intervention in the analysis if it involved “the transfer of
physiological data such as blood pressure, weight,
electrocardiographic signals, or oxygen saturation through
technology such as telephone lines, broadband, satellite, or
wireless networks” [27].

Inclusion and Exclusion Criteria

Thisreview focused on noninvasive telemonitoring interventions
evaluated through an RCT. The inclusion criteria were: (1)
studies eval uating telemonitoring for CHF for at |east 3 months,
(2) prospective RCTs comparing telemonitoring-based care
with usua care, and (3) full peer-reviewed journal articles
reporting outcomes of all-cause mortality or all-cause
hospitalization. Theexclusion criteriawere: (1) articlesreporting
preliminary analysis outcomes; (2) studies with a sample size
lessthan 50 (Multimedia Appendix 2), because, compared with
large studies, small studies are often associated with a lower
level of reporting quality [29], are more likely to be
heterogeneous[30], and overestimate outcome effects[31]; and
(3) telemonitoring viaimplantable devices, astheseinterventions
often involve a different care paradigm to noninvasive devices
and have been the subject of dedicated reviews[32,33].

Telemonitoring Strategies Extracted

We extracted 18 telemonitoring strategies according to three
categories: technology applications (6 strategies), care objectives
(7 strategies), and care support methods (5 strategies) (Table
1).
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Table 1. Extracted telemonitoring strategies for the subgroup meta-analysis on telemonitoring interventions for chronic heart failure (CHF).

Strategies Descriptions

Technology applications

mHealth® system (or combining with

mHealth apps)
PCP-based system
Weight scale

Blood pressure monitor

ECG® monitoring device

Heart rate monitor

Care objectives

Education

Daily weight monitoring

Diet

Medication support

Exercise

Depression and anxiety

Monitoring symptoms

Care support methods

Collaborative care

Physician support
Nurse support
Call center support

Automated system

An mHealth system was used in the telemonitoring program, and the system involved a set of software
apps mainly designed for mobile devices such as smartphones, personal digital assistants, and tablet
computers.

A PC-based system was used in the telemonitoring program, which involved a set of software apps
mainly designed for PCs.

A device enabling participants to measure body weight and transfer the data to care providersin the
telemonitoring program.

A device enabling participants to measure blood pressure and transfer the data to care providersin the
telemonitoring program.

A device enabling participantsto record ECG and transfer the datato care providersin the telemonitoring
program.

A device enabling participants to measure heart rate and transfer the data to care providersin the tele-
monitoring program.

Thetelemonitoring program included a care objective/component involving CHF education. The education
content could be provided via video clips, animation, or text messages.

The telemonitoring program contained a care objective/component to assist the participantsin daily
weight monitoring. The assistance was delivered predominantly via automated messages and tel ephone
calls.

The telemonitoring program contained a care objective/component for improving dietary behavior rec-
ommended for CHF.

Clinical support was provided to optimally adjust medication therapy or support participants to adhere
to the medication recommendations for CHF.

Exercise was monitored or assessed via electronic questionnaires in the program. Clinical interventions
such as automated messages and telephone calls were provided to assist participants in conducting exer-
cises according to clinical recommendations.

A care objective/component was specifically provided to address depression and anxiety in participants
through the telemonitoring program.

Participants used telemonitoring appsto record their CHF-related symptoms. Accordingly, care providers
reviewed the recorded symptoms and provided interventions.

Interventions and support for collaborative care were provided in the telemonitoring program, such as
collaborative reviews, referrals, and communication for follow up.

Physicianswereincluded in the telemonitoring program to provide clinical intervention to the participants.
Nurses were included in the telemonitoring program to provide clinical intervention to the participants.
A call center was included in the telemonitoring program to provide support to the participants.

Automated systems were used to automatically monitor the participants’ data and provide reminders,

aerts, and notifications to the participants.

@mHealth: mobile health.
bpc: personal computer.
®ECG: electrocardiogram.

Review Outcomes

Therisk ratio (RR) of all-cause mortality and theincidence rate
ratio (IRR) of all-cause hospitalization in the RCTs were
analyzed. TheRR and IRR valuesin each RCT were cal culated
from the event counts of mortality and hospitalization. For each
strategy, we divided the RCTs into two subgroups: RCTs that
applied the strategy in the telemonitoring intervention (subgroup
1) and RCTs that did not apply the strategy (subgroup 2). We

http://www.jmir.org/2020/11/e20032/

then compared the two subgroups (subgroup 1 vs subgroup 2),
and examined whether the difference between the two groups
in the RR and IRR outcomes was statistically significant.

Meta-Analysis
In the meta-analysis, we used a random-effects model with the
DerSimonian-Laird estimator [34,35], and report the RR, IRR,

and 95% CI for each group. For RCTs with no events in one
arm, we applied acontinuity correction of 0.5. The heterogeneity
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of RCTs in each subgroup was examined by the Q test and 12
statistic [36,37]. The statistical significance of heterogeneity
was determined by arelaxed P value of .10 (P,<.10) [38]. The

12 values of 25%, 50%, and 75% were used to reflect a low,
moderate, and high level of heterogeneity, respectively [37].
To evaluatetherisk of bias, aregression test was used to analyze
the asymmetry of a funnel plot of the RR or IRR resultsin a
subgroup [36]. The regression test was used to examine whether
the outcomes of individual RCTs were related to the
corresponding sampling variances[39]. A significant regression
(Pe<.05) indicated a significant risk of bias. The difference
between the two groups (subgroup 1 vs subgroup 2) was
evaluated by a Wald-type test [36], and statistical significance
was determined if the corresponding two-sided P valuewasless
than .05 (P-<.05). A mixed-effects model [36] was aso used
to evaluate the effects of potential confounders, including sex,
age, or the severity measure of left ventricular gjection fraction
(LVEF). The meta-analysis methods and tests were performed
using RStudio Version 1.1.383 [40] associated with the
“metafor” meta-analysis package (version 2.0) [36].

Risk of Bias

A summary of the methodological risk of bias of the included
studies was conducted in accordance with the Cochrane
Handbook for Systematic Reviews of Interventions[26] by two
investigators (HD, SC) using the risk of bias tool in the
Cochrane Collaboration’s review-writing software RevMan 5.3.
This involved reporting the following individual elements for
the included RCTs: random sequence generation, allocation
sequence concealment, blinding of participants and personnel,

http://www.jmir.org/2020/11/e20032/
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blinding of outcome assessment, compl eteness of outcome data,
and selective outcome reporting. Each item wasjudged asbeing
at ahigh, low, or unclear risk of bias. Studies were deemed to
be at the highest risk of bias if they were scored at a high or
unclear risk of bias for either the sequence generation or
allocation concealment domains [26].

Results

Search Results

Theliterature search results are presented in Figure 1. We found
3870 records from the bibliographic search and 56 recordsfrom
three existing systematic reviews[9,11,41] and amanual search,
resulting in atotal of 3926 records. After removing duplicates,
we obtained 1632 articlesfor screening. Inthe screening process,
we excluded 1553 articles because of absence of inclusion
criteria and consequently obtained 79 articles for a full-text
assessment. We then excluded 53 articles according to the
inclusion and exclusion criteria, and one article because of its
poor completion rate recognized by the authors [42]. Finally,
thisreview included 26 RCTs. Among them, 25 RCTsprovided
all-cause hospitalization events and 21 RCTs provided mortality
events.

Among the assessment elements of bias risk, the blinding of
participants and personnel was the least used method in the
RCTs included (Figure 2). There were 11 RCTSs that did not
blind participants and personnel (Figure 3). Nine RCTsdid not
report their blinding status and only six RCTs used a blinding
approach. The blinding of outcome assessment was the least
reported element, and 14 RCTs (54%) had “ unclear risk of bias.”
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Figure 1. Flow diagram of study selection.

Figure2. Risk of bias assessment. Authors' judgments about each methodological quality item are presented as percentages across all included studies.
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Figure 3. Risk of bias summary. Authors judgements about each risk of bias item are summarized for each included study.

Participant Characteristics

The 26 RCTs included 11,450 participants. The participants
characteristics are shown in Table 2. The median age was 67.4
years and the median rate of male participants was 73.15%
(8376/11,450). The participants generally had a significantly
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reduced (<40%) LVEF, with a median LVEF of 29.6%, and
they experienced mild to moderate levels of symptoms, with a
median New York Heart Association functional class score of
2.6. Themediantrial size of the RCTswas 290 participantsand
the median follow-up duration was 12 months.
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Table 2. Participants' characteristicsin 26 randomized controlled trialsincluded in the subgroup meta-analysis.

Characteristic Median (IQR)

Age (years) 67.40 (65.08-72.75)
Trial size (N) 290 (180-675)
Follow-up duration (months) 12 (6-12)

Male (%) 73.15 (66.00-79.95)
LVEF (%) 29.60 (27.00-35.93)
NYHAP class score 26(23-28)

3 VEF: |eft ventricular ejection fraction.
BNYHA: New York Heart Association.

Tel itoring St ateai (25/26, 96%0). Strategiesthat were not commonly used included
emonitoring Sira efg' 6 _ nurse support (2/26, 8%), intervention for depression and anxiety
We extracted 18 telemonitoring strategies from the 26 RCTs,  (3/26, 12%), and exercise (3/26, 12%). The telemonitoring

as shown in Table 3. Some strategies were commonly used,  programs in the RCTs generally contained multiple strategies,
such as telemonitoring weight scales (26/26, 100% RCTs),  with amean of 8.7 strategies per care program.
call-center support (24/26, 92%), and daily weight monitoring
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Table 3. Telemonitoring strategies and randomized controlled trials included in the meta-anaysis.

Ref- N Care support method Care objective Technology application
gnce
Alets Nuse Cal  Fys- Col- gg@ Weight Di- \ed® Ex® DA 3™ pc®  mHedt Scde ppd HR' ECG
Cen- cian labo- et toms
ter ra- P
tive
[43] 384 0 0 1 1 1 1 1 1 1 0 1 1 0 0 1 1 1 0
[44] 216 0 0 1 1 0 0 0 0 1 0 0 0 0 0 1 1 1 0
[45] 156 0 0 1 0 0 0 1 0 1 0 0 0 0 1 1 1 1 0
[46] 133 1 0 1 1 0 1 1 1 1 1 0 1 1 1 1 1 1 0
[12] 1653 O 0 1 1 0 1 1 0 0 0 0 1 0 0 1 0 0 0
[47] 248 0 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 1
[48] 178 1 0 1 1 1 0 1 0 1 0 0 1 0 1 1 1 1 0
[49] 182 0 0 1 1 0 0 1 0 1 0 0 1 0 0 1 1 0 0
[50] 160 0 1 1 1 1 0 1 1 0 1 0 0 0 1 1 1 1 0
[51] 460 0 1 1 1 0 1 1 1 1 0 0 1 0 1 1 1 0 1
[52] 280 0 0 1 1 0 0 1 0 0 0 0 1 0 1 1 0 0 0
[63] 72 1 0 1 1 0 1 1 0 1 0 0 1 0 1 1 0 0 0
[54] 1360 O 0 1 1 1 0 1 1 1 0 0 0 1 0 1 1 1 0
[B5 1538 O 0 1 1 1 1 1 0 1 0 0 1 0 1 1 1 1 1
[13] 710 0 0 1 1 0 0 1 0 0 0 0 1 0 1 1 1 0 1
[56] 181 0 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 0
[57] 319 1 0 1 0 0 0 1 0 1 0 0 0 0 0 1 0 0 0
[58] 72 1 0 1 1 0 1 1 1 1 0 0 1 0 1 1 0 0 0
[59] 261 0 0 1 1 0 1 1 0 0 0 0 1 0 1 1 1 1 1
[60] 339 0 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 1
[14] 12437 O 0 1 0 0 1 1 0 0 0 0 1 0 0 1 1 1 0
[61] 100 1 0 1 1 0 0 1 0 1 0 0 1 0 1 1 1 0 1
[62] 315 0 0 1 1 1 1 1 0 1 0 0 1 0 0 1 0 0 0
[63] 80 0 0 0 1 0 0 1 0 0 0 1 1 0 1 1 1 0 1
[64] 316 0 0 1 0 0 1 1 0 1 1 0 0 0 0 1 1 0 0
[65] 300 1 1 0 0 1 1 1 0 1 0 0 1 0 0 1 1 1 0
Tota 11,450 7 3 24 21 7 12 25 6 16 3 2 17 2 13 26 20 14 8
8Ed: education.

bMeds: medication.

®Ex: exercise.

dD/A: depression and anxiety.
®PC: personal compuiter.
fmHealth: mobile health.
9BP: blood pressure.

PHR: heart rate.
'ECG: electrocardiogram.

Overall Effectiveness of Telemonitoring

Therewere 21 RCTs (n=10,536) with event counts of all-cause
mortality and 25 RCTs (n=9912) with event counts of all-cause

http://www.jmir.org/2020/11/e20032/
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hospitalization. The outcomes of mortality (RR) and
hospitalization (IRR) with 95% Cls are shown in Figure 4 and
Figure 5, respectively. Overal, telemonitoring interventions
were found to be more effective than usua care on reducing
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all-cause mortality (RR=0.85, 95% Cl 0.76-0.94, P=.01) and
all-cause hospitalizations (IRR=0.90, 95% CI 0.81-0.99, P=.04).
The outcomes of both RR and IRR were heterogeneous
(P4=.001), with a low-to-moderate level of heterogeneity

(1=35.3%) in the RR outcomes and a moderate-to-high level

Ding et d

of heterogeneity (1?=73.2%) in the |RR outcomes. In the funnel
plot—hased test, the risk of bias was significant for both RR
(z=1.89, P=.001 and IRR (z=3.33, Pc=.001) outcomes. We
also used the mixed-effects model to adjust for sex, age, or
LVEF, but did not find significant differencesin these results.

Figure4. Event counts and effectiveness of telemonitoring interventions on all-cause mortality. There were 20 randomized controlled trials (N=10,263)
with mortality event countsin the subgroup meta-analysis. RR: relative risk.

Telemonitoring Usual Care
Subgroup of Studies Deaths Participants Deaths Participants Effects (All-cause Mortality) Wit%) RR [95% CI]
Seto et al, 2012 3 50 o 50 p——— 02% 7.00[0.37,132.1
Wagenaar et al. 2019 (e-Vita HF} & 150 4 150 ——— 14% 200062, 6.50]
Olfvari et al. 2017 55 229 24 110 —— 7% 110[072, 16
Kaltar-Leibovici et al. 2017 (IHF-DMS) 23z 682 218 67E gl 153%  1.06[0.81, 1.23
Koehler etal. 2011 (TIM-HF 54 354 55 356 = 88% 089[0.70, 1.39]
Chaudhry et al. 2010 (Tele-HF) oz 226 L a27 b 11.1% 083075 1.2
Wade etal. 2011 B 164 B 152 e 15% 0983[031, 281
Ong etal 2016 (BEAT-HF) 100 s 114 T2z = 119% 089069 1.13]
Kotooka et al. 2018 (HOMES-HF) 10 a0 12 B ] 29% 073035 1.8 - 4
NMelin et al. 2018 3 32 5 40 —_— 11% 075019, 2.90]
Cleland et al, 2005 (TEN-HMS) 25 183 20 &5 —e—e 55% 073044, 1.2
Caparnolla et al. 2004 5 67 7 66 e 16% 070[024, 211 -
Koehler etal 2016 (TIM-HF2} 57 785 &5 73 =; 96% 068[049 093] [
Giordano et al. 2008 21 230 a2 230 e 54%  066[0.39, 1.1 . o 3
Soran et al. 2006 " 160 17 155 —— 32% 063030, 1.29] g
Lynga et al, 2012 {WISH) 5 186 8 153 —_— 168% 058[019, 1.7 4 g .
Willani et al. 2014 5 40 ] 40 L ] 18% 056020, 151] B &
Comin-Calet etal 2016 5 a1 12 a7 [ —— 18% 050[018 1.38] B <
Bekalman et al. 2015 (PCDM) ] 187 19 197 — 27%  044[0.20, 0.9 2
Goldberg et al. 2003 (WHARF) 1 138 26 142 —— 7% 044[0.22, 0.85] 3
Dendale et al. 2012 (TEMA-HF) 4 80 14 8O i I 16% 029[0.10, 0.63] =
Canan(21 sucdes with valkl 63, 10563 panikipants ), StatEscal SigNRcance(p=d,0083) - 100% 082 [0.71,0.84]
Heterogeneily|G=30.69, €820, p=0.05, I'%35.3% ). Test for funnel piot asymenetrylzs-1,89, p=0.05). H @
Favors telemonitoring | Favors usual care g T . . — .
r T T 1
0.05 0.25 1 4 0851076, 0.84] 4o vt
Relative Risk Log Risk Ratie

Figure 5. Event counts and effectiveness of telemonitoring interventions on all-cause hospitalization. There were 24 randomized controlled trials
(N=9612) with hospitalization event countsin the subgroup meta-analysis. IRR: incidence rate ratio.

Telemonitering Usual Care

Subgroup of Studies Events PatiantYear Events PatientYear Effects (All-cause Hospitalization) W(%) IRR [95% G
Koehler et al. 2011 {TIM-HF} 486 TET D 304 7.3 = 59% 1.24 [1.09, 1.42
Cleland et al. 2005 (TEN-HMWS) 155 1087 69 56.7 He 43% 147[0.86.1.56
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Incidence Rate Ratio

Subgroup Comparison of Telemonitoring Strategies

The subgroup of RCTs that provided medication support
(subgroup 1, 15 RCTs, n=4563, IRR=0.83, 95% CI 0.72-0.95)
was found to be associated with a significantly (P=.01) lower
IRR of all-cause hospitalization than the comparison subgroup
of RCTsthat did not apply this strategy (subgroup 2, 10 RCTSs,
n=5349, IRR=1.02, 95% Cl 0.93-1.12), as shown in Tables 4-6
and Multimedia Appendix 3. Within the subgroup of RCTsthat
provided medication support, the telemonitoring interventions
were found to be more effective than usual care on reducing
hospitalizations (15 RCTs, n=4563, IRR=0.83, 95% CI
0.72-0.95, P=.01). The IRR outcomes in both subgroups were
heterogeneous (Multimedia Appendix 3 and Multimedia
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Appendix 4). The outcomes in the comparison subgroup of
RCTsthat did not apply this strategy were associated with the
risk of bias.

Similarly, the subgroup of mHealth (subgroup 1, 12 RCTs,
n=2662, IRR=0.79, 95% CI 0.64-0.96) was associated with a
significantly (P=.03) lower IRR of all-cause hospitalization
than the comparison subgroup (subgroup 2, 13 RCTs, n=7250,
IRR=1.00, 95% CI 0.94-1.06), as shown in Tables 4-6 and
Multimedia Appendix 5. Within the mHealth subgroup, the
telemonitoring interventionswere found to be significantly more
effective than usual care on reducing all-cause hospitalizations
(subgroup 1, 12 RCTs, n=2662, IRR=0.79, 95% CI 0.64-0.96,
P=.03). The IRR outcomes in the mHealth subgroup were
heterogeneous and were associated with arisk of bias.
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Table4. Subgroup meta-analysisto examine the effect of telemonitoring strategies on all-cause hospitalization for randomized controlled trials (RCTSs)
that applied the strategy in the telemonitoring intervention (subgroup 1).

Strategies RCTs Effect Heterogeneity Funnel test Z (P
(N participants) value)

IRR? (95% Cl) P value Q (P value) 2

Technology application

PCP-hased system 2 (1493) 0.54 (0.16-1.81) 32 25.07 (<.001)  96.0% 0.00 (<.001)
Blood Pressure Monitor 19 (7201) 0.87 (0.77-0.98) .02 7250 (<.001) 75.2% —3.30 (.001)
ECGE Monitor 7 (2198) 0.91(0.73-1.12) 37 27.56 (<.001)  78.2% —2.01 (.04)
Telemonitoring Weight 25 (9912) 0.90 (0.83-0.99) .03 7467 (<.001) 67.9% —3.24 (.001)
Scele

Heart Rate Monitor 13 (5353) 0.85 (0.74-0.97) 02 4439 (<.001)  73.0% —2.92 (.003)
Mobile Hedlth System 12 (2662) 0.79 (0.64-0.96) .02 64.40 (<.001)  82.9% —2.16 (.03)

Care objective

Education 10 (5103) 0.86 (0.72-1.02) 10 39.11(<.001)  77.0% —1.82 (.07)
Daily Weight Monitoring 24 (9696) 0.91 (0.83-1.00) .05 7177 (<.001)  68.0% —2.90 (.004)
Monitoring Symptoms 16 (6617) 0.86 (0.74-0.99) .04 68.81 (<.001) 78.2% —2.38 (.02)
Medication 15 (4563) 0.83 (0.72-0.95) 01 47.71(<.001)  70.7% ~1.55(.12)
Diet 6 (2569) 0.75 (0.56-1.02) .07 31.76(<.001) 84.3% —1.07 (:29)
Exercise 3(609) 0.67 (0.35-1.29) 24 24.38(<.001) 91.8% —1.70 (.09)
Depression and Anxiety 2 (464) 0.77 (0.42-1.40) 39 247 (11) 59.5% 0.00 (<.001)

Care support method

Call Center Support 23 (9532) 0.91 (0.83-1.00) .06 71.15(<.001)  69.1% —2.83 (.005)
Physician Support 20 (7384) 0.88 (0.78-0.99) .03 72.83(<.001)  73.9% —2.72(.01)
Automated Alerts 7 (1174) 0.72 (0.53-0.96) .03 2359 (<.001)  74.6% -0.25 (.80)
Collaborative Care Sup- 6 (2697) 0.89 (0.75-1.07) 22 12.32 (.03) 59.4% -0.21(.83)
port

Nurse Support 3 (920) 0.80 (0.61-1.03) .08 3.99 (.13) 49.9% 1.90 (.06)

3RR: incidence rate ratio.
bpc: personal computer.
®ECG: electrocardiogram.
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Table5. Subgroup meta-analysisto examine the effect of telemonitoring strategies on all-cause hospitalization for randomized controlled trials (RCTSs)
that did not apply the strategy in the telemonitoring intervention (subgroup 2).

Strategies RCTs (N partici- Effect Heterogeneity Funnel test Z (P value)
pants)
IRR?(95% Cl) P vaue Q (P value) 12
Technology application
PCP-based System 23(8419) 10.94 (0.86- 1.01) .13 48.12 (<.001) 54.3% —2.68 (.007)
Blood PressureMonitor 6 (2711) 1.00(0.91- 1.10) .99 1.78(.87) 0.0% -0.53 (.59)
ECGE Monitor 18 (7714) 0.90(0.81-099) .05 45.19 (<.001) 62.4% —2.46 (.01)
Heart Rate Monitor 12 (4559) 0.96 (0.85-1.08) .55 26.57 (<.001) 58.6% —1.70 (.09)
Mobile Health System 13 (7250) 1.00 (0.94-1.06) .99 7.90 (.79) 0.0% -1.04(.30)
Careobjective
Education 15 (4809) 0.93(0.84-1.03) .21 34.76 (<.001) 59.7% —2.53(.01)
Daily Weight Monitor- 1 (216) N/AC N/A N/A N/A N/A
ing
Monitoring Symptoms 9 (3295) 097 (0.91- 1.04) .44 5.85 (.66) 0.0% ~1.13(.26)
Medication 10 (5349) 1.02(0.93-112) .67 15.72 (.07) 42.7% —2.79(.01)
Diet 19 (7343) 0.96 (0.88-1.04) .35 37.33 (<.001) 51.8% —2.98 (.003)
Exercise 22 (9303) 0.94 (0.86-1.01) .12 48.04 (<.001) 56.3% —2.58 (.01)
Depressionand Anxiety 23 (9448) 0.91(0.83-099) .05 71.60 (<.001) 69.3% —2.94(.003)
Care support method
Call Center Support 2 (380) 0.74(0.47-1.16) .19 1.59 (.20) 37.2% 0.00 (<.001)
Physician Support 5 (2528) 0.98(0.90-1.06) .65 1.78 (.77) 0.0% -1.05 (.29)
Automated Alerts 18 (8738) 0.98 (0.91-1.05) .61 33.10 (.01 48.6% —2.39 (.02)
Collaborative Care 19 (7215) 0.90(0.81-1.01) .08 61.24 (<.001) 70.6% —3.35(.001)
Support
Nurse Support 22 (8992) 0.92(0.84-1.01) .10 64.19 (<.001) 67.3% -3.32(.001)

3 RR: risk ratio of mortality.

bpc: personal computer.

®ECG: electrocardiogram.

IN/A: not applicable due to insufficient data.
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Table 6. Comparison of the effect of telemonitoring strategies on all-cause hospitalization and all-cause mortality between subgroup 1 and subgroup

2.

Strategies

All-cause hospitalization P value

All-cause mortality P value

Technology application

Blood Pressure Monitor .08
ECG? Monitor 98
Heart Rate Monitor 19
Mobile Health System .03

Care objectives

Education 45
Monitoring Symptoms A3
Medication .02
Diet A3
Exercise .33
Depression and Anxiety N/AP
Care support method
Call Center Support 37
Physician Support 14
Automated Alerts .05
Collaborative Care Support 92
Nurse Support .29

.46
.89

.92
.01

.92

.59
.33
.28
.09

.73
.35
.99
.28
.66

3ECG: electrocardiogram.
BN/A: not applicable due to insufficient data for comparison.

In analysis of all-cause mortality, the mHealth subgroup
(subgroup 1, 10 RCTs, n=3711, RR=0.67, 95% CIl 0.53-0.85)
was also associated with asignificantly (P=.01) lower RR than
the comparison subgroup (subgroup 2, 11 RCTs, n=6852,
RR=0.95, 95% CI 0.84-1.07), as shown in Tables 6-8 and
Multimedia Appendix 6. Within the mHealth subgroup, the
telemonitoring interventions were significantly more effective
than usual care on reducing all-cause mortality (subgroup 1, 10

http://www.jmir.org/2020/11/e20032/

RenderX

RCTs, n=3711, RR=0.67, 95% Cl 0.53-0.85, P<.001). No
significant heterogeneity was detected in both the mHealth
subgroup and comparison subgroup. A significant risk of bias
(P=.01) was found in the comparison subgroup.

In the subgroup comparison of RR and IRR outcomes, we also
used the mixed-effects model to adjust for sex, age, or LVEF,
but did not find significant improvementsin these RR and IRR
analysis results.
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Table 7. Subgroup meta-analysis to examine the effect of telemonitoring strategies on mortality in randomized controlled trials (RCTs) that applied
the strategy in the telemonitoring intervention (subgroup 1).

Strategies RCTs(N participants)  Effect Heterogeneity (P value) and Funnel test Z (P
Funnel Test (P value) vaue)
RR2 (95% CI) Pvaue Q (P value) 12
Technology application
PCP-based System 2 (1493) 1.05(0.90-1.21) .52 0.52 (.47) 0.0% 0.00 (<.001)
Blood Pressure Monitor 16 (7924) 0.83(0.71-098) .03 24.22 (.06) 381%  -1.03(.30)
ECGE Monitor 7 (3475) 0.82 (0.66-1.01) .07 7.88 (.24) 23.8% 0.66 (.51)
Telemonitoring Weight 21 (10563) 0.82(0.71-0.94)  .005 30.89 (.05) 35.3%  —1.89(.06)
Scale
Heart Rate Monitor 11 (6258) 0.82(0.67-1.00) .05 19.66 (.03) 491%  —1.69 (.09)
Mobile Health System 10 (3711) 0.67 (0.53-0.85)  .001 11.58 (.23) 223%  -027(.78)
Care objectives
Education 9 (6308) 0.81(0.70-093)  .004 7.00 (.53) 0.0% -1.37(.17)
Daily Weight Monitoring 21 (10563) 0.82(0.71-0.94)  .005 30.89 (.05) 353%  —1.89(.06)
Monitoring Symptoms 14 (7640) 0.78(0.66-0.92)  .004 17.33(.18) 25.0%  -0.48(.63)
Medication 12 (5475) 0.77(0.60-0.98) .04 18.60 (.06) 40.9% 0.12 (.90)
Diet 6 (2569) 0.67 (0.43-1.03) .07 12.60 (.02) 60.3%  —3.05(.002)
Exercise 3(609) 056 (0.28-1.13) .11 2.49 (.28) 195% 157 (.12)
Depression and Anxiety 2 (464) 0.48 (0.26-0.90) .02 0.12(.73) 0.0% 0.00 (<.001)
Care support method
Call Center Support 19 (10183) 0.81(0.70-0.93)  .005 28.23 (.05) 362%  -2.52(.01)
Physician Support 17 (8191) 0.78(0.66-0.92)  .005 28.47 (.02) 438%  —2.43(.01)
Automated Alerts 6 (1102) 0.82(0.48-1.39) .46 5.68 (.33) 11.9%  1.67(.09)
Collaborative Care Sup- 7 (4235) 0.70(0.48-1.01) .06 18.75 (<.001) 68.0%  —1.14(.26)
port
Nurse Support 3(920) 0.69(0.29-1.67) .42 5.76 (.05) 65.3%  0.23(.81)
8RR: risk ratio.

bpC: personal computer.
CECG: eectrocardiogram.
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Table 8. Subgroup meta-analysis to examine the effect of telemonitoring strategies on mortality in randomized controlled trials (RCTs) that did not

apply the strategy in the telemonitoring intervention (subgroup 2).

Strategies RCTs (N participants)  Effect Heterogeneity Funnel test Z (P
value)
RR2(95% Cl) P value Q (P vaue) 12
Technology application
PCP-based System 19 (9070) 0.79(0.68-0.91) .002 2355 (.17) 23.6% -1.08(.28)
Blood Pressure Monitor 5 (2639) 0.710.49-1.03) .08 6.08 (.19) 34.3% -1.80(.07)
ECGE Monitor 14 (7088) 0.80(0.66-0.97) .03 21.59(.06) 39.8% —2.91 (.004)
Heart Rate Monitor 10 (4305) 0.81(0.65-0.99) .04 10,50 (.31) 14.3% —0.59 (.55)
Mobile Health System 11 (6852) 0.95(0.84-1.07) .40 11.01 (.35) 9.2% -1.67 (.09)
Care objectives
Education 12 (4255) 0.82(0.65-1.04) .11 20.66 (.03) 46.8% -0.89(.37)
Monitoring Symptoms 7 (2923) 0.89(0.69-1.13) .35 8.88 (.18) 32.4% —2.26 (.02)
Medication 9 (5088) 0.84(0.70-1.01) .07 12.11 (.14) 33.9% —2.58 (.01)
Diet 15 (7994) 0.84(0.73-0.96) .02 16.50 (.28) 15.2% -0.34 (.73)
Exercise 18 (9954) 0.83(0.72-0.96) .01 26.24 (.07) 35.2% —1.46 (.14)
Depression and Anxiety 19 (10099) 0.84(0.73-0.96) .02 26.97 (.07) 33.3% —1.42 (.17)
Care support method
Call Center Support 2(380) 1.01(0.29-354) .98 2.63(.10) 62.0% 0.00 (<.001)
Physician Support 4(2372) 0.90(0.71-1.13) .37 2.42 (.49) 0.0% 0.34 (.74)
Automated Alerts 15 (9461) 0.81(0.70-0.94) .008 25.03 (.03) 44.1% —3.76 (<.001)
Collaborative Care Sup- 14 (6328) 0.87(0.77-0.99) .04 11.76 (.54) 0.0% -1.01(.31)
port
Nurse Support 18 (9643) 0.85(0.74-0.96) .02 23.23(.14) 26.8% -2.36(.02)
RR: relative risk.

bpc: personal computer.
®ECG: electrocardiogram.

Discussion

Principal Findings

In this systematic review and meta-analysis, we evaluated 18
telemonitoring strategiesin 26 RCTs. In addition to atraditional
meta-analysis for overall effectiveness, we used a subgroup
comparison method to analyze the effects of different
telemonitoring components on clinical outcomes. We found
that the telemonitoring strategy of providing medication support
was associ ated with reduced all-cause hospitalization, whereas
mHealth systems were associated with both reduced all-cause
hospitalization and reduced all-cause mortality. Therefore, our
review provides unique insight into specific telemonitoring
strategies associated with improved clinical outcomes, which
will help inform future telemonitoring interventions.

The positive findings related to the medi cation support strategy
underscore the importance of medication therapy in
telemonitoring interventions for CHF care. Strong evidence
supports the role of modern pharmacologica therapy in CHF
management for delaying CHF deterioration [66,67], and
reducing mortality and hospitalizations [18,67]. However, the

http://www.jmir.org/2020/11/e20032/

therapeutic benefits are often limited by suboptimal patient
adherence [68] and thislimitation is not addressed by traditional
face-to-face consultations [25]. Our findings suggest that the
use of telemonitoring improves the efficacy of medication
therapy, possibly through frequent reinforcement of compliance,
leading to reduced episodes of clinical deterioration requiring
hospitalization. Further research on optimizing medication
therapy and underlying care processes in telemonitoring
interventionsiswarranted to improveclinical outcomesin CHF
care.

Using the subgroup comparison method, we also found that the
strategy of providing telemonitoring interventions through an
mHeal th system was associ ated with a significant improvement
in both all-cause mortality and hospitalization (or corresponding
RR and IRR) outcomes. These positive findings could be
supported by several unique advantages of using mHealth for
general chronic disease care, including ease of use, portability,
and real-time communication [69-71]. These advantages have
been shown to improve the underlying care processes of
patients self-management [72], care engagement [73,74], and
medication adherence in CHF [75]. Therefore, our positive
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findings support delivering telemonitoring interventionsthrough
mHealth platforms, consistent with theincreasing trend in using
smartphones and computer tabletsfor the primary and secondary
prevention of chronic disease [76,77].

Three recent reviews of mHealth in CHF management have
resulted inincons stent outcomes and, consequently, were unable
to conclude significant clinical benefits[21,23,78]. In contrast
to these traditional reviews, each intervention program in our
mHeal th subgroup combined both telemonitoring and mHealth
interventions. Our positive finding indicatesthat simplemHesalth
appswithout telemonitoring (enabling care providersto provide
timely clinical intervention), such as apps only focusing on
self-management or education, were insufficient to improve
clinica outcomes. Similarly, this finding suggests that
telemonitoring programs focusing on clinical assessment and
intervention, but not delivered through an mHealth environment,
fail to engage patients with CHF in self-management to the
same extent as those provided via mHealth. Therefore, our
finding warrants future research on comprehensive care
programs combining telemonitoring and mHealth to improve
both timely clinical intervention and patient engagement in CHF
care.

As a part of our evaluation, we also conducted a traditional
meta-analysis to evaluate the overall effectiveness of all of the
telemonitoring interventionsin the RCTsincluded in thisreview.
We found that telemonitoring interventions were more effective
than usual care on reducing both all-cause mortality and
all-cause hospitalizations. Thisfinding adds evidence to support
telemonitoring interventions for CHF care generally. In our
review, invasive telemonitoring interventions and small RCTs
were excluded. These exclusions may have refined the selection
of telemonitoring studies, leading to the significant findings, in
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contrast to the three previous mHeal th reviewswith inconclusive
findings [21,23,78].

It is also important to note that several strategies such as daily
weight monitoring, call center support, and exercise contained
limited numbers of RCTsin the subgroup or comparison group.
The evaluation of these strategies was therefore limited by our
subgroup comparison method. However, these strategies should
not be overlooked, and further research on their contributions
to CHF care, such as improving patient adherence to daily
weight monitoring and level of exercise, remains essential to
continuously improve telemonitoring outcomesin future studies.

Limitations

Because the abjective of our review was to evaluate different
telemonitoring strategies, our meta-analysis did not rigorously
exclude RCTswith risk of bias, although we did exclude studies
with small sample sizes. In addition, this review was an
exploratory study, and hence we did not adjust the P value in
the multiple comparisons of the telemonitoring strategies.

Conclusions

The issues of mixed mortality and hospitalization outcomes
have deterred the adoption of telemonitoring in CHF care. To
address this issue, this review extensively investigated
strategy-related factors associated with improvements in the
outcomes, and found that the strategies of (1) providing
medication support and (2) combining telemonitoring
interventionsthrough mHealth were associated with asignificant
improvement in all-cause mortality or hospitalizations.
Importantly, these findings emphasize the importance of
prioritizing medication therapy and patient engagement through
mHealth apps in future telemonitoring interventions for CHF
care.
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Multimedia Appendix 3

Effectiveness of the strategy of providing medication support on reducing the risk of all-cause hospitalization. The subgroup of
randomized controlled trials (RCTs) that provided medication support was compared with the subgroup of RCTs that did not
provide medication support.
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Multimedia Appendix 4

Effectiveness of the strategy of providing medication support on reducing the risk of al-cause mortality. The subgroup of
randomized controlled trials (RCTs) that provided medication support were compared with the subgroup of RCTs that did not
provide medication support.
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Multimedia Appendix 5

Effectiveness of the strategy of combining with mobile health (mHealth), or applying an mHealth system, on reducing the risk
of all-cause hospitalization. The subgroup of randomized controlled trials (RCTYs) that applied the mHealth strategy were compared
with the subgroup of RCTs that did not apply the strategy.
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Multimedia Appendix 6

Effectiveness of the strategy of combining with mobile health (mHealth), or applying an mHealth system, on reducing the risk
of all-cause mortality. The subgroup of randomized controlled trials (RCTs) that applied the mHealth strategy were compared
with the subgroup of RCTs that did not apply the strategy.
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