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ABSTRACT

Objective: This review examined the effectiveness of telemonitoring versus usual care on self-care behaviors among
community-dwelling adults with heart failure.

Introduction: Heart failure is a global health crisis. There is a body of high-level evidence demonstrating that telemonitoring
is an appropriate and effective therapy for many chronic conditions, including heart failure. The focus has been on traditional
measures such as rehospitalizations, length of stay, cost analyses, patient satisfaction, quality of life, and death rates. What has
not been systematically evaluated is the effectiveness of telemonitoring on self-care behaviors. Involving patients in self-care is
an important heart failure management strategy.

Inclusion criteria: This review included studies on adult participants (18 years and older), diagnosed with heart failure (New
York Heart Association Class | - IV), who used telemonitoring in the ambulatory setting. Studies among pediatric patients with
heart failure, adult patients with heart failure in acute care settings, or those residing in a care facility were excluded.

Methods: Eight databases, including CINAHL, Cochrane Central Register of Controlled Trials, Embase, MEDLINE, Epistemo-
nikos, ProQuest Dissertations and Theses, PsycINFO, and Web of Science were systematically searched for English-language
studies between 1997 and 2019. Studies selected for retrieval were assessed by two independent reviewers for methodological
quality using critical appraisal checklists appropriate to the study design. Those meeting a priori quality standards of medium or
high quality were included in the review.

Results: Twelve publications were included in this review (N = 1923). Nine of the 12 studies were randomized controlled trials
and three were quasi-experimental studies. Based on appropriate JBI critical appraisal tools, the quality of included studies was
deemed moderate to high. In a majority of the studies, a potential source of bias was related to lack of blinding of treatment
assignment. Telemonitoring programs ranged from telephone-based support, interactive websites, and mobile apps to remote
monitoring systems and devices. Self-care outcomes were measured with the European Heart Failure Self-care Behaviour Scale
in nine studies and with the Self-care of Heart Failure Index in three studies. Telemonitoring improved self-care behaviors
across 10 of these studies, achieving statistical significance. Clinical significance was also observed in nine of the 12 studies. All
studies utilized one of two validated instruments that specifically measure self-care behaviors among patients with heart
failure. However, in some studies, variation in interpretation and reporting was observed in the use of one instrument.

Conclusions: Overall, telemonitoring had a positive effect on self-care behavior among adult, community-dwelling patients
with heart failure; however, there is insufficient and conflicting evidence to determine how long the effectiveness lasts.
Longitudinal studies are needed to determine the sustained effect of telemonitoring on self-care behaviors. In addition, the
limitations of the current studies (eg, inadequate sample size, study design, incomplete statistical reporting, self-report bias)
should be taken into account when designing future studies. This review provides evidence for the use of telemonitoring,
which is poised for dramatic expansion given the current clinical environment encouraging reduced face-to-face visits.
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Summary of Findings

J.M. Nick et al.

Effectiveness of telemonitoring on self-care behaviors among community-dwelling adults with heart failure

Outcomes

Self-care behavior
assessed using the
European Heart
Failure Self-care
Behavior Scale

Impact (statistical significance)

Of the RCTs, two studies
demonstrated no significant
improvement in self-care
behaviors. Five showed significant
improvement in self-care
behaviors. Of the two RCTs that
had a longitudinal design, one
showed early improvement,
however, no significant difference
at 12 months. The other reported
improved self-care maintained at
12 months.

Of the quasi-experimental studies,
one showed improved self-care

behaviors on all items except

medication intake. The other quasi-

experimental study showed
significant improved self-care

behaviors on all measures.

No. of participants

(studies)

1687 total
participants

(nine studies used
either the 9- or
12-item version;
seven RCTs,

two quasi-
experimental

studies)

Certainty of
evidence (GRADE)

CRIC®)
MODERATE®®

Bibliography: Nick JM, Roberts LR, Petersen AB. Effectiveness of telemonitoring on self-care behaviors among
community-dwelling adults with heart failure: a quantitative systematic review. JBI Evid Synth 2021;19(10):2659-2694.

Comments

Telemonitoring
systems included:
telemonitoring and
communication
technology—guided
disease
management
system; mobile
phone app;
website and
interactive
platform;
automated
education and
coaching; and
telephone-based,
self-management
consultation and
education.

Study time frames
ranged from five
weeks to 12
months.
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Self-care behavior For the RCTs and the quasi- 236 total Sl Telemonitoring

assessed using the experimental study, self-care participants (two MODERATE®® systems included:

Self-care of Heart improved significantly for the RCTs, one quasi- education

Failure Index intervention group on self-care experimental counseling, a DVD,
management and self-care study) and telephone
maintenance, while the self-care support; a remote
confidence subscale improved in monitoring system
two of the studies. and nurse

communication;
and a remote
monitoring system
and mobile app as

the intervention.

Study time frames
ranged from three

to six months.

RCT, randomized controlled trial

GRADE Working Group grades of evidence

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the
estimate of the effect, but there is a possibility that it is substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the
estimate of the effect

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially

different from the estimate of effect

Explanations
a. Two different versions of the instrument, variable time frames for measurement, and wide range in sample size.

b. Different telemonitoring systems were utilized.

c. Small sample size in one study; sufficient sample size in the others.
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Introduction

eart failure (HF) represents a global public

health burden that has increased dramatically
and is associated with decreased quality of life due to
excess morbidity and a high mortality rate."* In
high-resource countries, HF is the leading cause of
hospitalization among adults and older persons.”
With this chronic, progressive disease, patients expe-
rience numerous symptoms including dyspnea,
fatigue, activity intolerance, and fluid retention.
Evidence-based recommendations for treatment of
HF include interventions that aim to enhance self-
care adherence, promote a partnership between
patient and provider, and individualize treatment
plans that take into consideration disease progres-
sion.” Involving clients in self-care shows that timing
is critical to this success; there is a window of
opportunity when patients are symptomatic and
are motivated and able to work with their provider,
but once the patient becomes more debilitated, moti-
vation decreases and so does self-care.* Telemoni-
toring interventions have been associated with
improvements in HF outcomes, including reduced
mortality and hospitalization, increased health-
related quality of life, and increased HF knowl-
edge.>® A number of qualitative and quantitative
studies have examined the effect of telemonitoring
on self-care behaviors among adult HF populations
using validated scales specifically developed to mea-
sure self-care among patients living with HF.”!”

Since the late 1990s, original research reports

have been documenting the impact telemedicine
has on a wide range of physical, social, and mental
disorders. For example, since 2016, over 350 sys-
tematic reviews have been published summarizing
the effectiveness of telemonitoring (TM). This inter-
vention has been shown to improve disease manage-
ment, reduce costs, enhance the patient experience,
and increase satisfaction, indicating feasibility,
acceptability, and effectiveness.'®*” At the same
time, it is important to note that the evidence on
TM also showed under-representation of African
Americans,?**? underscoring the need for greater
representation. Under-representation in research
may contribute to identified health disparities; there-
fore, sensitivity to this social issue and responding
with a commitment to increase ethnic/racial repre-
sentation in future research is essential. This caveat
notwithstanding, there were sufficient studies to
inform this review.
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Effect of telemonitoring programs on managing
heart failure

In the literature, telemonitoring, mHealth, telecare,
and telehealth are often used interchangeably. For
the purpose of this review, the definition of TM is the
transmission of information related to patient health
status (eg, physiological data and symptom scores)
from home to a respective health care setting via
automated invasive or non-invasive electronic devi-
ces or by web-based or telephone-based data
entry.”** Telemonitoring modalities differ in terms
of whether they send the information in real time or
at specified intervals.>* Telemonitoring programs
have historically utilized information and communi-
cation technologies to extend access to health care
for HF patients, with the intent of decreasing the
frequency of travel to facilities, patient burden, and
associated costs, while simultaneously supporting
self-care.'®3¢ These TM systems fall on a spectrum
of patient interactivity — from completely passive to
highly interactive. For example, telephone support
used to monitor and manage HF symptoms may be
as simple as telephone calls that provide educational
support and symptom management.>’ >’ Smart-
phone apps constitute TM when used by patients
to enter physiological data and symptoms that are
reviewed by the provider.!' More advanced technol-
ogy has also been used successfully, such as an
interactive voice response system, in which patients
respond to questions or input physiological data,
which prompts tailored self-management advice and
coaching.'*'®Some technology systems depend on
patients self-reporting. The information may be
transmitted wirelessly or over a landline connection
to the device, allowing for access in both rural and
urban locations.'3”

Computer support for HF patients in the commu-
nity has also included automated emails that provide
information on a patient’s health status and resour-
ces to support disease management,'* as well as
more sophisticated virtual visits. Using a laptop to
connect, patients can confer with their health care
provider via video conferencing, a system that has
gained popularity in recent months. With the assis-
tance of the home health nurse, a peripheral stetho-
scope or portable imaging equipment can be
connected to computers and used to monitor and
document data.*®?”

Other devices used for TM that support HF
patients include wireless remote monitoring systems,
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which are software platforms linked via Wi-Fi to
other devices. Commonly linked devices include
stationary electronic devices external to the patient,
such as an electronic blood pressure monitor, weigh-
ing scale, pulse oximeter, heart rate monitor, and
electrocardiogram (ECG) recorder. The wireless sen-
sor collects and uploads data to the remote monitor-
ing system, which transmits the information to the
health care system. The health care provider views
the data using a web-based application.'®”3” Inva-
sive monitoring, such as implanted devices, can be
used with a remote monitoring system for patients in
their homes. Implanted devices transmit physiologi-
cal measurements such as intrathoracic impedance,
right-sided cardiac pressures, left atrial pressure, and
pulmonary artery pressure.>’

Effect of telemonitoring programs on self-care
behavior

Systematic reviews of studies conducted among the
adult population show that TM improves self-care for
common chronic disorders. The synthesized research
on TM programs for mental health conditions has
indicated varying degrees of effectiveness.”>*® There
is, however, strong evidence demonstrating the effec-
tiveness of TM programs for improving self-care for
social issues such as substance abuse,?”*® workplace
stress reduction,?’ and social isolation.*® However,
to date, systematic reviews have not documented the
effect of TM on self-care among the adult HF popu-
lation.*'* Telemonitoring improves self-care in
other conditions and other HF outcomes; therefore,
it is important to determine the impact of TM on self-
care among adults with HF.

Self-care for adults with heart failure

In general, self-care in the HF population is defined
as a “decision making process involving the choice
of behaviors that maintain physiologic stability
(maintenance) and the response to symptoms when
they occur (management).”**P*8¢) It is a process
whereby patients recognize a change, evaluate the
change, decide to take action, implement a treatment
strategy, and evaluate the response to the treatment.
According to the definition, adherence or compli-
ance to prescribed treatment is a component of self-
care but is not synonymous. The literature fairly
consistently includes HF outcomes related to the
following treatment recommendations: low-salt
intake, healthy diet, daily weight monitoring,
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diuretic and other medication adherence, monitor-
ing blood pressure, patient education to identify
early warning signs, stress reduction, physical exer-
cise, and consistent use of TM equipment,”!1>14-17:41
While TM has improved HF outcomes, synthesized
evidence regarding the effects of TM on self-care is
lacking. Fortunately, there are theoretical constructs
and validated tools to measure self-care behaviors
among adults with HF.

To illustrate, the well-established Situation-
Specific Theory of Heart Failure Self-Care provides
an explanation of the impact and role of self-care
behaviors in the context of HF and, as such, lends
itself to the review question. This theory was first
published by Riegel et al.*® in 2009 and recently
revised in 2016.*7 There are three constructs
included in self-care in HF patients. A “naturalistic
process” creates a situational awareness and influ-
ences self-care maintenance, symptom perception,
and self-management of symptoms; each construct
includes autonomous and consultative elements of
providers and caregivers. In terms of patient behav-
ior, TM could potentially influence all three self-care
processes. For example, perhaps self-care mainte-
nance may be enhanced by engagement with the TM
therapy resulting in an autonomous decision-making
process to follow the prescribed treatment. At the
same time, it is possible that TM helps the patient
recognize and evaluate changes (symptom percep-
tion) and respond to symptoms, thus affecting self-
care. It is also plausible that TM may improve out-
comes by enhancing self-care indirectly through the
consultative contribution of the provider who is
changing the treatment regime, based on the data
received via the TM.

Validated tools that specifically measure self-care
behaviors in the HF population have been devel-
oped. One, the Self-care of Heart Failure Index
(SCHEFTI), first published in 2001, is a self-report
scale that measures self-care maintenance, self-care
management, and self-care confidence. It has under-
gone six revisions and has been translated and psy-
chometrically tested in additional languages.*®*”
Another major tool, The European Heart Failure
Self-Care Behaviour Scale (EHFScBS) has been in
existence since 2003 and has also been translated
and psychometrically validated in multiple lan-
guages.*®®? This tool provides a measure of health
maintenance behaviors that mature over time. In
2009, the instrument underwent revision and
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reduction, which resulted in a 9-item tool that carries
the same validity as the original 12-item instru-
ment.®" In an integrative review of the psychometric
properties, both versions of the EHFScBS were
shown to be psychometrically sound in multiple
languages.®* As stated, both of these validated tools
have been in use for almost two decades in primary
research, and these studies were a rich source of
information when searching literature for this
review.

A search for systematic reviews and umbrella
reviews using TM devices on this population, with
the primary outcome of self-care behaviors, was per-
formed. Two systematic reviews published in 2012
using the same population, intervention, and outcome
as the current review were found; however, both the
Ciere et al.®® and the Radhakrishnan et al.’ only
included randomized controlled trials (RCTs) and
are not current. Additional systematic reviews by
Maric et al.,** Inglis et al.,> and Son®® explored
multiple HF outcomes and included self-care as a
secondary outcome with limited evidence provided.
Two umbrella reviews were identified; one evaluated
the effects of TM on chronic conditions,” while the
other specifically synthesized the effects of TM on HF
patients.®® These umbrella reviews captured the sys-
tematic reviews above; however, neither had self-care
as the primary outcome of interest. Therefore, we see
a need to synthesize current primary evidence, and
include various study designs in addition to RCTs, to
determine the effectiveness of TM among adults with
HF, with self-care behaviors as the primary outcome.

Review question

What is the effectiveness of TM versus usual care on
self-care behaviors among community-dwelling
adults with HF?

Inclusion criteria

The inclusion criteria were developed according to
JBI guidance. Five considerations were used in the
search strings to define the inclusion criteria for
studies: i) type of participants, ii) type of interven-
tion, iii) possible comparators, iv) the outcome of
interest, and v) the type of primary studies.

Participants
This review considered studies that included adult
participants (male and female; 18 years and older)
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with a diagnosis of HF. Studies needed to provide
interventions in the community setting. Studies using
pediatric patients with HF, adult patients with HF in
acute care settings, or those residing in a care facility
were excluded.

Interventions

This review considered studies that evaluated vari-
ous word iterations of TM, such as telemedicine,
mHealth, telehealth, and e-Health systems, that used
technologies that remotely monitor and manage
patients with HF in the community setting. Tele-
monitoring can monitor the condition, inform and
educate the patient, and communicate physiological
parameters and symptoms to the health care pro-
vider. There are four main approaches to TM in HF:
i) structured telephone support, ii) stand-alone TM
devices, iii) implantable/invasive remote monitoring
systems, and iv) wearables.®” Studies reporting use of
any of these TM systems were reviewed. Examples of
stand-alone TM devices include smart apps, interac-
tive voice-response systems, or web-based programs,
and may or may not include physiological measure-
ment tools (eg, blood pressure, heart rate, oxygen
saturation, ECG). In addition to monitoring physio-
logical data, implantable/invasive monitoring devi-
ces can monitor intrathoracic impedance, right-sided
cardiac pressures, left atrial pressure, and pulmonary
artery pressure. Wearables such as patches, watches,
and textiles can monitor physiological parameters.®”

Comparators

This review considered studies using comparators of
usual or standard care, alternative treatments, or
no intervention.

Outcomes

This review considered studies that measured self-
care behaviors as the primary outcome with vali-
dated tools such as the EHFScBS or SCHFI. In
addition, studies that measured specific self-care
behaviors (eg, monitoring weight and blood pres-
sure, modifying diet and self-managing diuretics,
identifying early warning signs and reporting symp-
toms, engaging in stress reduction and physical
activity) as a proxy for self-care were considered.
To clarify, in this review the question is not whether
a specific physiological parameter changed, but
rather whether self-care behaviors changed as a
result of TM; for example, did the patient measure
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their blood pressure more regularly rather than did
their blood pressure improve. Therefore, studies that
focused on changes in physiological parameters but
did not use them as a proxy for self-care outcomes
were not included in this review.

Types of studies

This review considered all data derived from both
experimental and quasi-experimental study designs
including blinded RCTs, RCTs, and non-random-
ized controlled studies (controlled clinical trials) that
employed TM as the intervention and measured
the primary outcome of self-care in the HF popula-
tion. Observational studies, including prospective
and retrospective cohort studies, case-control stud-
ies, and analytical cross-sectional studies, were
also considered.

Methods

This quantitative systematic review was conducted
in accordance with JBI methodology for systematic
reviews of effectiveness.®® This review followed an a
priori protocol.®” The title of this review is registered
in PROSPERO (CRD42019131852).

Search strategy

The search strategy for the review aimed to locate
published and unpublished studies. Words contained
in titles and abstracts were analyzed to find alternate
terms for the different elements on the topic. The
searches used both MeSH and title/abstract for each
element, and coupled expanded terms with Boolean
operators, force phrasing, and truncation. The wild-
card replacement strategy to find American and
British spellings for self-care behavior was unneces-
sary as truncation yielded the same results. Whilst
attempting to maintain consistency in search terms
between databases, the strategy was tailored for
individual databases during the review using the
advanced search feature in each database.

The databases searched included: CINAHL
(EBSCO), Cochrane Central Register of Controlled
Trials, Embase (Elsevier), Epistemonikos, ProQuest
Dissertations & Theses A&I: Health and Medicine,
PsycINFO (EBSCO), MEDLINE (PubMed), and
Web of Science. The reference lists of all reports
and articles selected for critical appraisal were exam-
ined for additional salient studies and any reports
included were added to “other data sources.” The
search for gray literature included: conference
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proceedings, World Health Organization, Clinical-
trials.gov, and National Institute for Health and
Care Excellence. The complete search strategy is
displayed in Appendix I.

The date range for studies was from 1997 to
2019, as TM studies first emerged in the literature
in 1997. The current review considered studies only
in English due to lack of additional language skills
among researchers who conducted this review.

Study selection

Studies obtained from the eight databases were
imported into EndNote X9.0 (Clarivate Analytics,
PA, USA), grouped by their database, and duplicates
were removed. The Clinicaltrials.gov website and
the National Institute for Health and Care Excel-
lence did not provide results. The World Health
Organization International Clinical Trials Registry
Platform resulted in one applicable study, but the
study was ongoing and had not published any results
from patient data. The reports underwent three
stages of screening that resulted in the final inclusion
for the review.

In stage 1 screening, two reviewers examined
titles and abstracts independently against the inclu-
sion and exclusion criteria and made separate rec-
ommendations to retain or discard. Titles were
divided into three groups so that two reviewers
worked on a group: JN & LR; LR & ABP; ABP
& JN. The two reviewers then discussed recommen-
dations and made a final decision to retain or discard
articles. Any disagreements that arose between the
reviewers were resolved through discussion with the
third reviewer.

Stage 2 screening involved importing the retained
studies obtained from stage 1 into the JBI System for
the Unified Management, Assessment, and Review
of Information (JBI SUMARI; JBI, Adelaide,
Australia). Two reviewers (pairs of either JN &
LR; LR & ABP; or ABP & JN) independently
assessed the full-text citations against the a priori
inclusion and exclusion criteria. The two reviewers
discussed recommendations and made a final deci-
sion to retain or discard articles. Any disagreements
that arose between the reviewers were resolved
through discussion with the third reviewer. Reasons
for exclusion of full-text studies were recorded in JBI
SUMARI, and are reported in Appendix II.

Stage 3 screening involved assessment of method-
ological quality of each study. Results from this
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process of screening and selecting studies are
reported in the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) flow
diagram”® in Figure 1.

Assessment of methodological quality
Independently, two reviewers (pairs of either JN &
LR; LR & ABP; or ABP & JN) critically appraised 24
studies for methodological quality using JBI critical
appraisal tools for RCTs and quasi-experimental
studies, analytic cross sectional, and cohort designs.®®
The team sought clarification of study details on three
studies; however, no replies were received from the
authors. Therefore, the team evaluated the articles
based on the information provided in the published
reports and decisions were made to retain or discard.
Any disagreements that arose between the two
reviewers after critical appraisal of the articles were
resolved by consulting the third reviewer, and con-
sensus was reached through team discussion.

Once the team completed the critical appraisal of
methodological quality on each study, a grading
system was applied to determine the final inclusion
or exclusion of individual studies. The three grades
of study quality were: low quality (0% to 33% of
criteria met), medium quality (34% to 66% of
criteria met), or high quality (67% or more of crite-
ria met). Studies reaching medium or high quality
were included. The results of critical appraisals are
reported in narrative form, and noted numerically in
Tables 1 and 2.

Data extraction

After finalizing the list of studies included in the
review, the team extracted the data using the stan-
dardized data extraction tool in JBI SUMARI. The
team extracted information separately, then came
together and standardized the specific details about
the study population, design and methods, sample
size, interventions, statistical significance, time
frames for single and repeated measures, and out-
comes significant to the review question and specific
objectives. The extracted data were checked and
refined throughout the writing process by all three
team members. Detailed characteristics of included
studies are presented in Appendix III.

Data synthesis

The team calculated statistical significance for each
study to determine the effectiveness of the outcome
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of interest for self-care behaviors. Statistical pooling
of quantitative data and meta-analysis was not pos-
sible due to heterogeneity of the severity of HF in the
population, the type and duration of intervention,
varied time points of data collection, and variability
in reporting of outcomes. Since the included studies
used a range of statistical measures, when possible,
the team converted these measures into standard
deviations (SD) for the EHFScBS or SCHIFI scores
to determine clinically significant changes in self-
care behaviors. Clinical significance was defined in
this review as > 0.5 change in SD in the score from
baseline to follow-up.”! New York Heart Associa-
tion (NYHA) classification and age were also ana-
lyzed across studies. The findings are presented in
narrative form and in tables and figures to aid in the
data presentation where appropriate.

Assessing certainty in the findings

The Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) approach
for determining the certainty of evidence was fol-
lowed and a Summary of Findings (SoF) was created
using GRADEPro GDT v.2015 (McMaster Univer-
sity, ON, Canada). The SoF provides a ranking of the
quality of evidence based on absolute risks for the
treatment and control, estimates of relative risk, study
limitations, directness, consistency, heterogeneity,
precision, and risk of publication bias. The outcome
reported in the SoF includes self-care behaviors as
measured by the EHFScBS and SCHFI instruments
among community-dwelling adult patients with HF.

Results

Study inclusion

A comprehensive search of the literature returned 84
identified records, and 12 additional records were
identified through other sources for a total sample
size of 96 studies. Duplicates were removed, leaving
69 records, which were reviewed by title and
abstract. After 30 records were excluded based on
title and abstract, 39 remained. Fifteen of the 39
articles were excluded based on full-text review.
Reasons for exclusion are detailed in Appendix II.
Thus, a total of 24 articles required critical appraisal
of methodological quality. Once critical appraisal
was completed, 12 articles were excluded because,
although they focused on the population of interest
and used a TM intervention, the articles were either
feasibility studies without sufficient data, did not
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report outcome data for self-care behaviors, or did RCTs'®!1:387277 and  three quasi-experimental

not meet methodological rigor > 34% of study studies.'>'”"®
quality. The final analysis yielded 12 studies that Figure 1 depicts the PRISMA flowchart search
were included in the systematic review; nine and review process for study selection and inclusion.
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Figure 1: Search results, study selection, and inclusion process7°
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Table 1: Critical appraisal of eligible randomized controlled trials

J.M. Nick et al.

Citation Ql (02 Q3| Q4|05 | Q6|Q7 | Q8| Q9 |Q10(Q1l|Q12|Q13 | Total | %
Boyne, et al.”? Y| U|Y|N|N|U/|Y | N|Y | Y |Y | Y| Y |B8/13]62°
Hagglund,etal”™ | U | U | Y | N | U | U| Y | N|Y | Y| Y| Y| Y |7/13]54
Lycholip, et al.*® Y| N|Y|U|U|JU|Y|N|Y|Y|Y ]| Y| U/|7/713]|54
Melin, et al.”* U[NJ|Y | N|N|Y [ Y]|Y ]| Y|Y]Y]Y]| Y |913]6"
Seto, et al.”’ Y| Y| Y| N|N|N[Y | Y| Y| Y]|[Y]|Y]| Y |101371°
Srisuk, et al.*® Y| Y| Y| N|[N|Y | Y |[Y ]| Y| Y|Y | Y| Y [11/13]|85°
Varon, et al.”® Ulu|lY|lUulul|lu]|Y|N|Y]|]Y]Y/|Y]|Y]713]|54
Vuorinen,etal™ | U | N | Y | N | N | U | Y | Y | Y |[Y|Y ]| Y| Y |8/13]|e62°
Wagenaar,etal’® | Y | U | N | N | N | U | Y | Y |Y ]| Y| Y |Y]| Y |B813]|e2?
Total % 56 | 22 | 89 | 0 | 0 |22 |100| 56 | 100|100 | 100 | 100 | 89

Y, yes; N, no; U, unclear.
“Medium quality.
PHigh quality.

JBI critical appraisal checklist for randomized controlled trials (RCTs):

Q1 =was true randomization used for assignment of participants to treatment groups?
Q2 =was allocation to treatment groups concealed?
Q3 =were treatment groups similar at baseline?

Q4 = were participants blind to treatment assignment?
Q5 = were those delivering treatment blind to treatment assignment?
Q6 = were outcome assessors blind to treatment assignment?
Q7 = were treatment groups treated identically other than the intervention of interest?
Q8 = was follow-up complete, and if not, were strategies to address incomplete follow-up utilized?
Q9 = were participants analyzed in the groups to which they were randomized?
Q10 =were outcomes measured in the same way for treatment groups?
Q11 =were outcomes measured in a reliable way?
Q12 =was appropriate statistical analysis used?
Q13 =was the trial design appropriate, and any deviations from the standard RCT design (individual randomization, parallel groups) accounted for in the conduct

and analysis of the trial?

Of note, two studies report on the same sample and  months.”* Therefore, we included both publications
intervention; findings, however, focused on different  to evaluate the ability of the intervention to sustain

time points, specifically, three months”® and six self-care behaviors.

Table 2: Critical appraisal of eligible quasi-experimental studies (non-randomized experimental studies)

Citation Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Total %
Evangelista et al.*” | Y Y Y Y U U Y Y Y 7/9 | 77°
78 b

Moon et al. Y Y u Y Y u Y Y Y 7/9 77
Stut et al.™ Y Y Y N Y Y Y Y Y 8/9 | 89°
Total % 100 100 67 67 67 33 100 100 100

Y, yes; N, no; U, unclear.

PHigh quality.

JBI critical appraisal checklist for quasi-experimental studies:

Q1 =ls it clear in the study what is the “cause” and what is the “effect”?

Q2 = Were the participants included in any comparisons similar?

Q3 =Were the participants included in any comparisons receiving similar treatment/care, other than the exposure or intervention of interest?

Q4 =Was there a control group?

Q5 = Were there multiple measurements of the outcome both pre and post the intervention/exposure?

Q6 =Was follow-up complete, and if not, was follow-up adequately reported and strategies to deal with loss to follow-up employed?

Q7 =Were the outcomes of participants included in any comparisons measured in the same way?

Q8 =Were outcomes measured in a reliable way?

Q9 =Was appropriate statistical analysis used?
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Methodological quality
The 12 articles included in this review ranged from
moderate to high quality, with low to moderate risk
of bias. Sample size varied greatly across studies and
results were not weighted, which could bias results.
Out of nine RCTs (Table 1), three RCTs achieved
high quality (> 67%) on critical appraisal,®®”*"”
and six achieved between 54% and 62 %, indicating
moderate quality assessment,'®11:3873:75:76 [y the
RCTs, true randomization was unclear in 44%
(Q1),"7375 and only two studies clearly docu-
mented concealment of the allocation procedure
(Q2).>*77 In all the RCTs, blinding of participants
(Q4), those delivering the treatment (QS5), or out-
come assessors (Q6) was either not possible due to
the nature of the intervention, or not documented.
Four of the RCTs did not clearly indicate follow-up
procedures (Q8).'%7%73:73

All the quasi-experimental studies (Table 2) were
of high quality (77% to 89%). In two studies it was
not possible to determine follow-up strategies
(Q6).">78 A strength of all included studies was
the use of validated scales.

Characteristics of included studies

This review considered studies that investigated the
effectiveness of TM on self-care behaviors among
community-dwelling HF patients. The review aimed
to compare the use of TM equipment and/or pro-
grams with usual care for the effect on self-care
behaviors. Appendix III presents a detailed summary
of salient characteristics of the research studies
included in this review that used TM to influence
self-care behaviors. Characteristics included setting,
participants, description of the intervention, sample
size, outcomes measured (specific instrument used),
and main statistical results to indicate statistical sig-
nificance or non-significance.

Country/setting

Of the 12 studies, six were conducted at a single
site. in the following countries: Canada,”’
Finland,'' Korea,”® Thailand,*® the United King-
dom,”® and the USA.'” The other six studies were
multi-center studies. One study'® was conducted in
three countries (the United Kingdom, Germany,
and Spain), while the remaining five studies were
conducted across multi-center sites within single
countries in either Netherlands'®"%7¢  or
Sweden.”®74

JBI Evidence Synthesis

© 2021 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of JBI

J.M. Nick et al.

Participants

The 12 studies considered in this review presented
data obtained from 1923 participants. The total
sample size for the nine studies using the EHFScBS
was 1687 and for the three studies using the SCHFI
tool was 236. The number of participants per study
ranged from 36 to 450. Two studies had fewer than
50 participants,'””® three studies had between 50
and 100,'%737% and seven studies had more than
100.'%-13:38:727577 One of the studies included a
dyad interaction of a participant and a caregiver
and measured the patient’s perception of self-care
as well as the caregiver’s perception of the patient’s
self-care behaviors.*®

All studies reported participants’ gender. Upon
analysis, two studies included slightly more women
(52% to 53%),7°® while the other 10 studies
showed a predominance of male participants rang-
ing from 54% to 83% of the sample. Additionally, as
HEF is a chronic, progressive disease, severity of HF
and age are important confounders in HF. There-
fore, we considered the NYHA classification and
age across studies to determine how variability in
participant population may have affected self-care
outcomes.

The included studies reported the NYHA classifi-
cation to describe their participants. Ten studies
provided detail as to the percentage of participants
in each classification, while two studies simply stated
the inclusion criteria was Class IT or I1I,”® or Class III
or IV without specifying the distribution. Class II
and III constituted the majority of participants.
Additionally, two studies included Class 1,°%7¢
and five studies included Class IV.'0-'1.72%76.77
Table 3 provides the breakdown of distributions
in HF classification for each study.

All studies included adult participants (age
18years or older). The mean age across studies
ranged from 54 to 75years (Table 4). When mean
ages between studies were analyzed, there were some
notable differences. For two studies the mean age
was less than 60vyears old, six had a mean age
between 60 and 70 years, and four studies had a
mean age of 71 years or greater. Five studies pro-
vided the age range of participants: three studies had
a narrow range 59 to 65,28 60 to 75,7 66 to 77,7°
while the other two studies reported a very broad
range: 32 to 93,”* and 18 to 90."" Seven studies did
not provide age range. Of note, the two related
studies used the same participants; therefore, the
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Table 3: Distribution of study participants by New York Heart Association classification
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178 and Varon et al.” are not represented because the

percentage distribution in each New York Heart Association (NYHA) classification was not reported; however, their inclusion criteria included NYHA classification Il

and lll, and Ill and IV, respectively.

age distribution was the same.”>”* The variation in
the participants’ demographics was one factor that
impacted the appropriateness of conducting a meta-
analysis.

Interventions

The types of TM interventions included in this
review fell into three broad categories: i) telephone
or videoconference support, ii) interactive TM devi-
ces with physiological data collection, and iii)

interactive TM devices without physiological data

collection. The interactive TM devices that collected

physiological data were the largest category. Several

interventions combined modalities. Two interven-

tions utilized telephone consultations as the primary

modality:

e telephone consultation and educational material
in the form of HF manual and DVD?%;

e telephone consultation after an initial 30-minute
face-to-face session.”®

Table 4: Distribution of study participants by mean age (years)

7
6

Mean age (years)
= N W B~ U
O O O O o o o

\ N N A N
? ? ? 3 ?
& & & & &
A > A Q' QY S
NN & P
© 2 SRR
& o
RO N
<

68 o 66 69 67
58

I | I I I I

N N N N N NS N
2 ? ? > ? > 2

RN A
\ A \ Q\ (\\ \
")Q’} .\C)O c,@ /g\o . \(& (\/b’b
I3\ Ky & 52
A\) &’b

JBI Evidence Synthesis

© 2021 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of JBI

2670



SYSTEMATIC REVIEW

Eight different interventions involved the intro-
duction of interactive TM devices that also collected
physiological data. In these studies, treatment
groups were provided devices that connected assess-
ment equipment and facilitated electronic transmis-
sion of data.'®!1:15:17:7277 A]| data collected by the
devices were automatically collected and transferred
to the main system except for the mobile app utilized
by Vuorinen et al.,"* which required manual input of
physiological readings that were then uploaded and
transferred. These interactive TM systems included:
e a TM device that measured weight, blood pres-

sure, and ECG'%;

e OPTILOGG health information system installed
in the home via a tablet connected to weight
scale, symptom monitor, medication guide, and
lifestyle advice”*”?;

e Doc@Home unit measuring blood pressure,
pulse, oxygen saturation, and weight”’;

e Motiva platform with interactive telehealth,
access to personal health care channel, educa-
tional information, and measurement of blood
pressure, pulse, oxygen saturation, and
weight!>"3;

e a remote monitoring system that instructed par-
ticipants to take weight, blood pressure, and
heart rate daily, and provided feedback and
alerts'’;

e access to Heartfailurematters.org website along
with use of the e-Vita platform, which recorded
weight, blood pressure, and heart rate”®;

e wireless uploading of weight, blood pressure,
ECG recordings, and symptom questions on a
mobile phone”’;

e a TM home-care package that included a weight
scale, blood pressure monitor, a mobile phone
with a pre-installed app, and self-care instruc-
tions, plus telephone follow-up from the HF

Ill.lI'SC.11

One TM intervention provided an interactive
HealthBuddy TM device that utilized pre-set dia-
logues and prompted responses to symptom and
knowledge questions,”* but did not collect physio-
logical data. In response to TM data, participants
received feedback in a variety of formats, including
autogenerated recommendations or a real-time tele-
phone consultation with a health care provider.
Most interventions that introduced a device utilized
teleconferencing to allow provider response to data.
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Other differences between intervention modalities
included the level of access to a nurse or other
provider, frequency of user interface with device
(twice daily to weekly), and level of individual tai-
loring (pre-set dialogues vs tailored messaging)
based on patient self-reported measurements and
assessment of symptoms. The variation in the type
of intervention and timing of follow-up prevented
construction of a suitable meta-analysis.

Review findings

Outcomes and instruments

Self-care behavior was the outcome of interest in this
review. Measures, outcomes, and data collection
intervals of each study are presented in Appendix
II. Two validated instruments measured self-care
behaviors using participants’ self-report. In studies
using the EHFScBS-care Behavior scale, self-care
behavior was denoted as a composite score in which
the 12-item version encompasses adherence to regi-
men, consulting behaviors, and adaptation of behav-
iors,®” and in the 9-item version represents only
adherence to regimen and consulting behaviors.””
Originally the EHFScBS (either 12- or 9-item ver-
sion) was scored with a lower composite score indi-
cating better self-care behaviors (possible score 12 to
60 for the 12-item version, and 9 to 45 for the 9-item
version); however, some literature utilizes a stan-
dardized score of 0 to 100, with a higher composite
score indicating better self-care behaviors. In this
review, two of the included studies used the stan-
dardized scoring, as noted in Appendix IIL.7%"® In
the three studies that used the SCHFL'"*%"7 self-
care behavior was denoted in three components —
self-care maintenance, self-care management, and
self-care confidence — and results were reported
for each subscale with higher scores indicating
greater self-care behaviors. The variation in the
scales and versions used, as well as scoring issues
(eg, anchor reversal, standardized scores) precluded
meta-analysis.

Measurement intervals

Eight studies conducted a one-time measurement of
self-care behaviors at either five weeks, six weeks,
three months, six months, or nine months.'%11:17:73-
757778 In the study by Stut et al.'’ enrollment
occurred at various times, but follow-up self-care
behaviors were measured for all participants at “the
end of the study.” As a result, this led to inconsistent
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intervention exposure ranging from two to
18 months. The remaining three studies conducted

follow-up at multiple intervals (eg, three, six, and/or
12 months).>%7%7°

Self-care behavior outcomes

In general, despite varied time frames and differences
in intervention characteristics, studies indicated
short-term effectiveness of TM for improved self-
care, but long-term effectiveness was unclear.
Ten'517:38:7278 f the 12 studies reported statistical
significance for improved self-care behavior using
EHFScBS and SCHEFI instruments as shown in
Appendix IIT and detailed below.

Self-care behavior measured with EHFScBS

Six studies used the 9-item version of EHFScBS.
Three studies interpreted lower scores as improved
self-care and measurements; all intervention group
(IG) change scores improved and ranged from —2.4
points to —9 points lower, with an average of
—6.8.1%737% Conversely, the control group (CG)
change of scores in these studies showed little
improvement (—0.75 lower range) or deterioration
(+2.5 upper range); however, inconsistencies in one
of these studies'® were observed between stated
interpretation and reporting of results. Of the
remaining three studies in this category, two used
reverse anchoring and standardized the scoring,
interpreting higher scores as improved self-care.”®”®
In these studies, IG scores improved from 4.2 to 7.56
points higher. For Moon et al.,”® CG participants
had worse self-care (—0.75). The study by Wagenaar
et al.”® evaluated two IGs and self-care behavior
improved similarly in both intervention groups.
Results of the CG were not reported on follow-up.
The final study using the EHFScBS-9 reported per-
centage change in five self-care behaviors rather than
provide a score.'® In this study, all areas showed
statistically improved self-care except for medication
intake; there was no CG.

Three studies used the 12-item version of the
EHFScBS''"7%7% and all three interpreted improved
self-care with lower scores. The IG change scores
ranged from —1.8 to —5.2 lower, indicating
improved self-care behaviors. The final CG change
score for Boyne et al.”* decreased by 0.1. The second
study reported on the change scores for the two IGs
but did not report on CG scores since they used a pre-
post design.”> When testing one TM intervention
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against another TM system, there were no significant
differences in the self-care improvement, as both
interventions had a positive effect on self-care behav-
iors. In the third study, " the IG and CG change score
indicated similar improvement (—3.8 points lower).

When analyzing the studies using the EHFScBS by
study design, there were seven RCTs and two quasi-
experimental studies. Five RCTs were of moderate to
high quality and showed significant improvement in
self-care behaviors.”>”® Two RCTs, which were of
moderate quality, showed no statistical difference in
self-care behaviors.'®!!" In actuality, in the study by
Vuorinen et al.,'* both IG and CG groups showed
improvement in self-care behaviors, diminishing sta-
tistical significance. In summary, of seven RCTs,
only one study'® showed no improvement in self-
care. The two quasi-experimental studies using the
EHFScBS-9 version indicating improved self-care
behavior were of high quality.'>”®

Self-care behavior measured with SCHFI

Three studies'”*®”” measured self-care behavior
change using the SCHFI instrument, which has three
sub-scales: self-care maintenance, management, and
confidence, with higher change scores interpreted as
improvement. One study measured self-care at three
months,'” one study measured at three and six
months,*® and one at six months only.”” At three
months all IG subscales showed improvement. Self-
care maintenance change scores ranged from +11.5
to 12.2; self-care management change scores ranged
from +6.4 to 8; and self-care confidence change
scores ranged from +7 to 13.7. At six months,
self-care maintenance showed an 8.2 to 9.3 point
positive change score; self-care management showed
a 10.5 to 12 point positive change score; and self-
care confidence showed a positive change score of
0.3 to 15.5.

For two studies,'”*® CG change scores at three
months, namely self-care maintenance and manage-
ment, changed negligibly; however, self-care confi-
dence improved with a range of 2.6 to 5.9. At six-
months CG change scores improved for both self-
care management (+2.2 to 11.4) and confidence
(+0.4 to 7.4) in both studies,*®”” whereas mainte-
nance improved in one study (+6.6)"” but decreased
(=1.4) in the other.?®

Of the three studies using the SCHFI instrument,
two were RCTs*®”” and one was a quasi-experimen-
tal study,'” which were all of high methodological
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quality. All three studies reported significant
improvement in self-care management and mainte-
nance, and one study reported significant improve-
ment in self-care confidence at three months.'”

Clinical significance

We analyzed change in SD for all included studies
except for the study conducted by Stut ez al.'® which
reported only percentage improvement; for this

J.M. Nick et al.

study, we used the end point percentage change to
evaluate clinical significance (see Table 5). If change
in SD was not reported in the study, the team
calculated SDs from the other statistical parameters
provided such as interquartile ranges, standard
errors, box plot and whiskers, and confidence inter-
vals. Different equations were required depending
on the original statistic reported in the study (equa-
tions used for each calculation of change in SD are

Table 5: Clinical significance of improvements in self-care behaviors in adults with heart failure using

telemonitoring
Within-group comparisons Between-group comparisons
Clinical signifi- Final self-care behavior | Clinical signifi-
Final self-care behavior change | cance (change in | change in SD between | cance (change in
Citation in SD from baseline to follow-up SD > 0.5) IG vs CG SD > 0.5)
Boyne, et al.”? 12 mo.=0.8 v 1.3 v
Evangelista, et al.”” | SC Maintenance 3 mo.=3.9 17 SC Maintenance =1.5 17
SC Management 3 mo.=1.8 17 SC Management=1.8 |
SC Confidence 3 mo.=0.5 174 SC Confidence =2.3 174
Hagglund, et al.”®>® |3 mo.=0.8 7 0.3 X
Lycholip, et al.*® 9 mo.=0.8 174 0.2 X
Melin, et al.”* 2 6 mo.=1.5 v 1.3 -
Moon, et al.”® 5 weeks = 0.05 X 1.2 17
Seto, et al.”’ SC Maintenance 6 mo.= 7.0 P SC Maintenance=7.1 |~
SC Management 6 mo.=28.5 17 SC Management=2.3 |
SC Confidence 6 mo.=1.1 174 SC Confidence =2.3 17
Srisuk, et al.>® ® SC Maintenance 6 mo. = 1.41 P SC Maintenance =0 X
SC Management 6 mo.=3.53 174 SC Management =3.5 17
SC Confidence 6 mo.=5.66 7 SC Confidence =5.7 174
Stut, et al.*? Daily weighing improved 31% Unable to calcu- | No CG results reported | Unable to
Fluid restriction improved 14% late change in SD determine
Low-salt diet improved 16% as only % changes
Physical activity improved 38% reported. Improve-
ments seen
Varon, et al.”® © 6 weeks =2.5 17 No control group Unable to
results reported determine
Vuorinen, et al.** ¢ |6 mo.=0.1 X 1.4 P
Wagenaar, et al.”® &f112 mo.=6.15 17 Reported some results | Unable to
for CG, but unable to determine
compare since Cls for
CG were not reported
at follow-up

CG, control group; Cl, confidence interval; IG, intervention group; mo, months; SC, self-care; SD, standard deviation; SE, standard error; SQRT, square root.
2SDs calculated from interquartile ranges using S ~ (qs - q;)/1.35 (http://www.math.hkbu.edu.hk/~tongt/papers/median2mean.html).
PSDs calculated from SEs using SD = SE x SQRT (N) (https://handbook-5-1.cochrane.org/chapter_7/

7_7_3_2_obtaining_standard_deviations_from_standard_errors_and.htm).

“Authors reported combined scores for both 1Gs. SDs estimated from box plot and whiskers as approximately equal to the range/4 (https://mathcs.org/statistics/

course/Descriptives/box.html).
9dSignificant differences between IG and CG at baseline.

€SDs calculated from Cls of adjusted model SD = SQRT(N)"(UpperCl — LowerCl)/(tapha, of 2) (https://www.youtube.com/watch?v=IOnIPgCaspk).

fIG 1 did not constitute telemonitoring, therefore only IG 2 is included.
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included in Table 5). When we analyzed within
intervention group changes, nine studies achieved
clinical significance with change in SD!0:17:38:7277
and one study demonstrated clinical improvement
with percentage change.'> However, when compar-
ing between the IG and the CG, clinical significance
was demonstrated in seven studies.'!17>38:72:74.77.78
Three studies did not report CG results post inter-
vention,">*”>”¢ precluding evaluation of clinical sig-
nificance, and two studies'®”? did not demonstrate
clinical significance. Table 5 displays the change in
SDs at study end points and indicates which studies
achieved clinical significance.

Discussion

This review included 12 studies (nine RCTs and
three quasi-experimental) of moderate to strong
evidence. There is strong evidence showing both
statistical and clinical significance with 11 different
interventions tested. Overall, the findings of this
review can be generalized to adult HF patients
(age 18years and above) and NYHA Class I-1V.

Study outcomes were measured with validated
scales (two versions of the EHFScBS and the SCHFI
instrument) to determine statistical significance of
self-care behavior change. Not only did TM inter-
ventions and the type of follow-up vary, length of
study time frames also varied from five weeks to
12 months, which has important implications for
interpreting statistical and clinical significance.
Ten of the 12 studies showed statistically significant
improvement in self-care behaviors as a result of TM
interventions.'>!73%7278 - Additionally, clinicians
should consider clinical significance as well as sta-
tistical significance”! in determining TM effective-
ness. Seven of the 12 studies demonstrated TM
effectiveness with clinical significance in improved
self-care behaviors.'">!73872:7477.78 \y/e identified
three categories of interventions: telephone-based
consultation, interactive TM with physiological
measurements, and interactive TM without physio-
logical measurement.

Two TM interventions were primarily telephone-
based consultations.*®”® The study by Moon et al.”®
had a small sample size but still achieved statistical
significance. It was difficult to analyze clinical sig-
nificance due to the reverse scoring of EHFScBS-9,
and based on the pre- and post-SDs presented, the
reported change in SD was incorrect. Our calcula-
tion of change in SD, using the presented pre- and
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post-SDs, indicated no clinically significant change
within IG, but did show between-group clinical
significance.

Srisuk ez al.*® found both statistical and clinically
significant improvement was achieved within the IG.
At both three months and six months, self-care
behaviors improved; at three months, two SCHFI
subscales statistically improved, and at six months
all three SCHFI subscales statistically improved with
the intervention when comparing IG and CG. At six
months, clinical significance was partially demon-
strated; only self-care management and confidence
improved between groups. The inclusion of dyads
was a unique component of this study, which could
have affected outcomes as patients may have been
prompted to complete self-care behaviors by their
caregivers. This study was one of only two studies
including patients from NYHA Class I in addition to
Class II and III. With most patients classified as
NYHA 1II or IIT at the start of the study and given
the progressive nature of HF, continuing their level
of self-care maintenance six months out could be
considered clinically important.

While using different validated tools, these two
telephone-based TM interventions demonstrated
clinical effectiveness in improving self-care behav-
iors. Effectiveness is further substantiated by statis-
tical significance demonstrated to varying degrees.
Given both clinical and statistical significance, it
appears that telephone-based consultation is an
effective TM to improve self-care behaviors.

Eight interventions utilized interactive TM devi-
ces that either automatically uploaded physiological
measurements or required the patient to enter phys-
iological values.' 1173872747778 Dyegpite small group
size and quasi-experimental design, the study by
Evangelista et al."” found TM to be effective, showing
both statistical and clinical significance. The engage-
ment aspect of daily interaction with TM and addi-
tional interaction with a research nurse may have kept
participants motivated and more attuned to their
symptoms, which may explain why self-care mainte-
nance and self-care confidence subscales were
impacted the most. Because of the non-randomization
in the design, the participants in the two groups were
slightly different in terms of NYHA classification.
However, the class IV comprised only 4% of the
CG (ie, one patient more with severe HF than in
the IG), and most likely did not affect results. Even
with the above design challenges, the combination
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remote monitoring system plus alerts and feedback
must have created enough magnitude in the TM
intervention to make it effective.

Two related studies, Higglund et al.”® and Melin
et al.,”* used the same intervention and sample but
reported outcomes at two different end points. Both
studies found statistical and clinical significance with
their intervention. While the TM device was similar to
that used in other studies of this category of inter-
ventions, there was no additional human interaction.
Having a sufficient and similar sample size between
IG and CG, plus randomizing participants into the
two groups, strengthened the validity of the results.
The 9-point within-group improvement in the IG
score at three months,”* and the 9-point improvement
at six months for the Melin ez al.”* study suggest that
singular technology without human interaction can
improve self-care behaviors. Of note, clinical signifi-
cance was not demonstrated by Higglund et al.”? at
three months when comparing IG and CG, whereas at
six months clinical significance was demonstrated
favoring the IG compared to CG.”*

Lycholip et al.'® found neither statistical nor
clinical significance. Study design limitations may
have precluded obtaining statistically significant
improvement. Despite using an RCT design, there
were significant between-group differences at base-
line. Additionally, conflicting information was
reported; in the abstract, the authors reported better
self-care in the TM group at baseline, yet the results
section reported that the control group had signifi-
cantly better self-care behaviors at baseline. The
authors report that over the course of the study,
CG self-care behaviors improved, while the TM
group did not significantly change. Thus, the authors
report no difference between groups at the end of the
study. However, the text of the abstract does not
match the text of the results, and the pre-post bar
graph in the results section does not match results
text but does agree with the abstract. The discrep-
ancies suggest that there was confusion regarding
EHFScBS since interpretation is not intuitive as
lower scores indicate better self-care. These incon-
sistencies preclude sound evaluation of TM effec-
tiveness in this study.

Seto et al.”” conducted an RCT using SCHFI to
measure self-care behavior. At six months, both
statistical and clinical significance was demon-
strated, indicating TM effectiveness. More specifi-
cally, only the self-care maintenance subscale was
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statistically improved between-groups. At the same
time, clinical significance was demonstrated for all
three subscales at six months. There are a number of
features of this TM intervention that may have
contributed to the observed statistical and clinical
improvements in self-care behaviors. The interven-
tion involved very close monitoring of the patients
(eg, data were sent immediately and, when indicated,
the cardiologist responded to alerts within minutes),
which authors postulate led to improved ability to
optimize patients’ medication regimen, which may
have supported self-care maintenance. Furthermore,
the real-time immediacy of the feedback capitalized
on the “teachable moment” to help patients modify
their lifestyle behaviors, or reinforce instructions
they received in the clinic (eg, increase diuretics,
decrease salt intake). In contrast, other interventions
in this review provided delayed automated feedback
at varied intervals. These findings further underscore
the difficulty in distinguishing between the impact of
changes in the patients’ self-care behaviors versus
changes in clinical (provider) management. In addi-
tion, it is noted that the authors engaged in an
extensive user-centered design process to develop
and beta test the app, which is likely to have con-
tributed to the higher rates of adherence observed in
this study and, in turn, resulted in higher levels of
engagement in self-care.

The study reported by Stut e al.'> was a quasi-
experimental study using the Motiva TM device and
measured self-care behavior using the EHFScBS-9.
Despite using the EHFScBS to measure self-care
behaviors, the authors only reported percentage
changes on five domains of self-care, rather than
EHFScBS scores. Statistically significant change was
reported, and the study also appears to represent
clinical significance by percent change. In this study,
the percentage of adherence to self-care behaviors
improved in four of the five areas. While there is no
set threshold for percent change to indicate minimal
clinically important difference specifically men-
tioned in the literature, we would argue that these
improvements point to clinically significant change
in self-care behavior, which aligns with other find-
ings in this review. Medication intake was the only
behavior that did not statistically or clinically change
significantly. Outcomes may have been affected by
inconsistent dose of the intervention since partici-
pant enrollment occurred over a period of time, but
the study concluded on a set date. Therefore, the
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length of participation varied from 2 to 18 months
(reported average: 9 months). The lack of EHFScBS
scores limits conclusions drawn from this study.

Varon et al.”” tested two different TM devices
(Motiva and Doc@Home) with a pre-post design
that allowed participants to serve as their own con-
trol, comparing TM to usual care. The authors
reported combined results from both groups; there-
fore, we are unable to determine if one intervention
was better than the other. When analyzing the com-
bined findings, both statistical and clinical signifi-
cance (within-group) were observed in self-care
behavior improvements. Interestingly, with both
interventions, the authors reported general improve-
ment in self-awareness, self-management, and assis-
tance-seeking, all of which contribute to increases in
perceived importance of self-management and self-
care. The intensity of these interventions was greater
than other studies included in this review in that it
required measurement of four (vs one, two, or three)
physiological parameters twice per day (vs daily,
weekly, or biweekly). However, the study period
was limited to six weeks, which was among the
shortest. A longer trial period may have allowed
for stronger conclusions on the effects of these tele-
health platforms on self-care behaviors and other
patient outcomes. Both this study and the previous
study by Stut et al.'® using Motiva showed improve-
ments in self-care behaviors.

Surprisingly, while the six-month study by Vuor-
inen et al.'" demonstrated no between-group statis-
tical significance, it did demonstrate clinical
significance in self-care behavior change, which is
more important to the clinician. These disparate
results may be explained by the fact that this study
had a young age distribution of patients. As the
authors note, this younger, more stable population
may have derived less benefit from TM than older
patients with worsening HF. Another factor to con-
sider is that participants in the CG also showed
increased interest in their health, which has positive
implications for the maintenance of self-care behav-
iors. It is possible that a longer exposure to the TM
would have resulted in statistical difference in self-
care behaviors. Finally, achieving statistical signifi-
cance may have been hampered by the Hawthorne
effect, as the study nurse observed that the CG was
more active in their care after study enrollment.

Wagenaar et al.”® compared a combined educa-
tion website and a TM platform to usual care and
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demonstrated statistical significance at three months
and clinically significant within-group differences in
self-care behaviors at 12 months. However, the lack
of confidence intervals prevented calculation of
between-group clinical significance. In this study,
attenuation of TM effect on self-care behaviors over
time was of interest as there was no statistically
significant difference observed at 12 months. Factors
potentially impacting the longitudinal results may
include the lower level of HF severity. The majority
of participants were classified as NYHA Class I and
IT; it is possible that the effect of the TM intervention
on self-care behaviors would be larger within a
population experiencing more severe HF-related
symptoms.* At the same time, TM may hold the
most promise among stable HF patients as it has the
potential to decrease the need for, or replace, routine
face-to-face clinic visits. This study, therefore,
underscores the need to consider ways to sustain
effect of TM.5%8!

In summary, interactive TM devices that also
collect physiological measurements were effective
in improving self-care behaviors. Seven of the eight
studies in this intervention category demonstrated
statistical significance for improvement in self-care
behaviors. Five studies showed between-group clini-
cal significance, and a sixth, while only reporting
percentages, also showed clinical improvement.

In a separate category, one TM, although inter-
active, did not collect physiological data.”* Using a
commonly known smart app system, the Health-
Buddy, Boyne et al.”* demonstrated both statistical
and clinical significance at three, six, and 12 months’
measurement times. Three factors may have
impacted the results. First, accessibility to the TM
device may have promoted self-care behaviors since
HealthBuddy is downloaded on to a mobile phone.
Having ready access to the cell phone may have
facilitated patient adherence. Secondly, using
HealthBuddy for a long period of time (a year) also
provided a large dose response. Finally, the impact of
sample size must be considered, as it was quite large,
and larger sample sizes can detect smaller effects. It
appears that a TM intervention that simply increases
awareness of HF symptoms and supports knowledge
is also effective for improving self-care behaviors.

Overall, despite challenges such as unequal base-
line groups, small sample sizes, and short study time
frames, there is strong evidence showing both statis-
tical and clinical significance with various forms of
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TM. The majority of patients in this review were
NYHA Class II or III (ie, symptomatic but stable),
which suggests that telemonitoring interventions
may be more effective among patients within these
classes rather than asymptomatic or unstable or with
worsening HF disease. Like previous studies, we
were unable to determine which TM is most effec-
tive.®? Systematic reviews have indicated TM effec-
tiveness across various populations and disease
conditions outcomes, including reduced rehospitali-
zation, length of stay, and costs, as well as improved
patient satisfaction and health-related quality of
life.*'* The current systematic review is unique
in summarizing TM effectiveness on HF patients’
self-care behavior outcomes. The main findings sup-
port TM as an effective intervention to improve self-
care behaviors as measured by either the EHFScBS or
SCHEFI. This review adds to the body of knowledge
regarding the effective use of TM for chronic health
conditions, including HF. This is encouraging as TM
systems can be expensive initially, but may reduce
costs in the long run.

Limitations of the included studies

The main limitations of the studies included in the
review relate to the heterogeneity of the TM inter-
ventions, the length of intervention, the subjective
nature of self-reporting, variation in sample sizes,
and other design flaws. Telemonitoring systems
included a range from simple telephone visits to
more complex TM devices. Furthermore, each study
reported data collected at variable times, thus hin-
dering evaluation of dose response. All studies relied
on self-reporting of self-care behavior, potentially
introducing subjective recall bias. Additionally,
some of the study designs included in the review
were of medium quality and introduced risk of bias,
thereby creating the possibility of alternate explan-
ations for the conclusions.'®!'>7%73:7576 Tywq stud-
ies had a minimal sample size of just 18 to 21
participants per group,'”>’® limiting generalizability
despite apparent effectiveness. All of the RCTs either
lacked blinding or a clear description of a blinding
procedure (for participants or those delivering treat-
ment), 11387277 Which could introduce bias. Two
quasi-experimental studies lacked sufficient infor-
mation on follow-up.'”>”® Many studies did not
report power analysis, effect size, or adequate infor-
mation to determine appropriateness of sample size;
therefore, questions remain regarding underpowered
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studies. Yet despite study design limitations and
variability of treatment protocols, overall, there
was a favorable effect of TM on self-care behaviors,
thereby increasing generalizability. Moreover, the
heterogeneity of the multinational study samples
enhances clinical applicability to populations with
varied characteristics.

Limitations of the review
A major limitation of this review is that meta-analysis
was not possible, thus limiting the strength of con-
clusions. Factors that prohibited meta-analyses
included inconsistent use of anchor scores resulting
in disparate interpretations of high and low outcome
score; outcomes reported with various statistics
(mean score with SDs, interquartile ranges, standard
errors, or confidence intervals, or percentage
changes); different versions of the EHFScBS scale
used; two different instruments measuring self-care
behaviors; and different data collection periods.
Without being able to determine overall effect size
for TM, itis not possible to speak to the strength of the
positive effect. As a result, this review cannot deter-
mine whether TM is superior to other interventions.
Heart failure is a progressive disease and as
comorbidities increase with age, this variable could
be a factor that impacts effectiveness of therapy.
Comorbidities can negatively affect the ability to
perform self-care behaviors.* This team was unable
to determine the confounding impact of comorbid-
ities across studies as there was inconsistency in
reporting. Some did not report presence of comor-
bidities,'*”>7>77 another only reported the presence
of a comorbidity as a dichotomous variable (yes/
no),”® while others listed frequency of specific dis-
eases or risk behaviors (eg, smoking),!15:17:73:74.76
However, the number and type of comorbidities
reported varied considerably. One study reported
comorbidities using an index score that reported
either low, medium, or high.>® Without homogene-
ity of any of the variables, new statistical results
could not be achieved through meta-analyses. Stud-
ies with older age ranges could be expected to have
more comorbidities; however, in this review, age did
not appear to negatively impact self-care outcomes.
Review findings may not be generalizable to all
populations due to under-representation of sub-
groups, other forms of TM not reviewed, and differ-
ences in health care systems. Additionally, variation
in personal and community characteristics (eg, social
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support and living conditions), which were not
reflected in these studies, could impact TM effec-
tiveness. While self-care behaviors improved with
TM, it does not ensure better HF outcomes and was
not the focus of this review.

Search limitations must be noted because search
terms may have prevented the capture of additional
publications. Due to language constraints, important
studies were potentially excluded that would have
helped broaden the extant literature for inclusion.
Since both the EHFScBS and SCHFI instruments
have been translated into multiple languages and
have undergone psychometric validation, there are
likely studies using either of the two instruments that
were published in other languages. While we used
the broadest MeSH terms for TM and self-care, if
published studies did not link their definition to the
MeSH terms we used, this could also have impacted
the results. For instance, authors may not have
identified their telephone intervention as a TM.
Finally, the searches were completed in November
2019, and there may be new primary research studies
published that have not been included in this review.

Conclusions

The evidence from this review provides support for
using TM as an effective therapy for increasing self-
care management in adult community-dwelling HF
populations. Effective TM interventions ranged
from simple telephone-based support to sophisti-
cated remote monitoring devices. Heart failure is a
prevalent chronic condition globally; therefore, it
was important to determine effectiveness of this
specific intervention on increasing patients’ involve-
ment in their own care. The importance of improv-
ing self-care behaviors cannot be underestimated as
involving patients in their own care improves disease
outcomes.

Recommendations for practice

Given the moderate to strong quality of the studies,
and the largely consistent findings of statistical and
clinical significance, TM should be considered a
valid intervention to improve self-care behavior
among adult community-dwelling HF patients. Care
providers can choose from a variety of TM options
to enhance patients’ engagement in self-care behav-
iors. However, due to the possibility of attenuated
effect over time, health care providers must be alert
to the possibility of declining self-care. Re-
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motivation strategies may be needed to sustain ben-
efits gained during early periods of TM.

Originally TM was used to extend health care
access to rural settings, with limited expansion to
specific settings lacking specialists.®” Insurance reim-
bursement was also a limiting factor in the use of TM
(eg, Medicare limited to use in US rural settings, poor
reimbursement rates). However, the public health
emergency from the COVID-19 pandemic and resul-
tant social sequestration has forced expansion of TM
use and temporary full reimbursement across all
areas of health care.®! Local, state, and federal
policy-makers can use the results of this systematic
review to refine reimbursement policies and proce-
dures to maintain the expanded use and level of
remuneration for TM. Greater health care access
and achievement of primary care milestones through
use of TM may help mitigate the gap caused by social
determinants of health. Professional organizations
can also use this systematic review to increase sup-
port for this practice.

Recommendations for research

As the use of TM increases, there is great potential to
reduce gaps in the science of TM. Research is needed
to determine which components of TM are most
critical and whether there is value-added with lay-
ered or multi-modal approaches. Since there were a
variety of TM systems included in this review, repli-
cation studies are needed to compare multiple sys-
tems to determine specificity and sensitivity in the
science of TM as therapy. In the current culture of
cost containment, head-to-head comparisons and
cost-effectiveness analyses are needed. Despite strict
security and privacy regulations, the explosive use of
telehealth was made possible through temporary
relaxation of government restrictions and additional
funding.®! Given the current climate, measuring the
effect of telehealth office visits in conjunction with
TM versus face-to-face office visits will be a popular
and useful topic to study.

In general, diverse populations are under-repre-
sented in research, and telehealth studies are no
exception. A priority would be to test effectiveness
of TM equipment among participants with demo-
graphics mirroring the HF patient population. A
pivotal question remains: Is the effectiveness of
TM due to increased provider interaction in response
to alerts or due to patients’ increased ability to adjust
self-care behaviors, or both? There is still a need for
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greater understanding of the mechanism by which
TM improves outcomes.®® Existing theoretical mod-
els may provide a structure to test hypotheses and
could explain the mechanism of self-care behavior in
HF patients.’”***” Additionally, since the two
instruments used by the study authors in this review
rely on self-report of behaviors, subjectivity is built
in to results. Future studies using the EHFScBS or
SCHFI with parallel objective measures would pro-
vide new knowledge on the impact of self-care on
disease outcome. Finally, we are unable to make a
statement regarding sustained effectiveness of this
therapy. All studies administered treatment and
measured the effect at short intervals. We now know
short-term TM is effective; however, the use of TM
for 12 months had conflicting results. Studies of
longer duration must be conducted to see if TM
provides a sustained effect or whether other factors,
such as novelty of equipment wearing off, increased
self-care burden, or progressively worsening HF,
attenuate effects. The possibility of long-term effec-
tiveness for TM is an exciting prospect.
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Appendix I: Search strategy

Search conducted in June 2019 and updated November 2019.

CINAHL (EBSCO)

J.M. Nick et al.

1 “heart failure” or “cardiac failure” or chf or “chronic heart failure” or “congestive | 56,433
heart failure” English only.

2 telemedicine or telemonitor™ or telehealth™ English only. 18,250

3 self-care™ English only. 42,289

4 outpatient™ or “ambulatory care” English only. 98,436

5 S1 AND S2 AND S3 AND S4 12

Cochrane Central Register of Controlled Trials

1 (*"heart failure” or “cardiac failure” or chf or “chronic heart failure” or 27,629
“congestive heart failure”):kw OR (*heart failure” or “cardiac failure” or chf or
“chronic heart failure” or “congestive heart failure”):ti,ab,kw

2 (telemedicine or telemonitor™ or telehealth®):kw OR (telemedicine or tele- 4467
monitor™ or telehealth®):ti,ab,kw
(self-care™):kw OR (self-care™):ti,ab,kw 3711

4 (outpatient™ or “ambulatory care”):kw OR (outpatient™ or “ambulatory care”):- |40,550
ti,ab,kw

5 #1 AND #2 AND #3 AND #4 12

Embase (Elsevier)

1 (‘heart failure’/exp/mj OR 'heart failure’:ab,ti OR ‘cardiac failure”:ab,ti OR 280,567
chf:ab,ti OR ‘chronic heart failure’:ab,ti) AND English:la AND [1997-2019]/py
2 (‘telemedicine’/exp/mj OR telemedicine:ab,ti OR telemonitor™:ab,ti OR tele- 25,740
health™:ab,ti) AND English:la AND [1997-2019]/py
3 ('self-care’/exp/mj OR ’self care’/exp/mj OR ’self-care’:ab,ti OR ’self care:ab;ti) 33,161
AND English:la AND [1997-2019]/py
JBI Evidence Synthesis © 2021 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of JBI 2683
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('ambulatory care’/exp/mj OR ‘ambulatory care’:ab,ti OR outpatient™:ab,ti) AND |217,016
English:la AND [1997-2019]/py
#1 AND #2 AND #3 AND #4 22

Epistemonikos

(title:("heart failure” OR “cardiac failure” OR chf OR “chronic heart failure” OR 9362
“congestive heart failure”) OR abstract:(“heart failure” OR “cardiac failure” OR

chf OR “chronic heart failure” OR “congestive heart failure”))

(title:(telemedicine OR telemonitor® OR telehealth™) OR abstract:(telemedicine |2217
OR telemonitor® OR telehealth™))

(title:(self-care™) OR abstract:(self-care™)) 1728
(title:(outpatient™ OR “ambulatory care”) OR abstract:(outpatient™ OR “ambula- |12,277
tory care”))

#1 AND #2 AND #3 AND #4 5

ProQuest Dissertations & Theses A&I: Health and Medicine

su(“heart failure” OR CHF OR “cardiac failure” OR “chronic heart failure”) AND 1157
la.exact(“English”) AND pd(19950101-20191231)

su(telemedicine OR telehealth OR telemonitor®) AND la.exact(“English”) AND 413
pd(19950101-20191231)

su(“self care™ OR self-care™) AND la.exact(“English”) AND pd(19950101- 681
20191231)

su(outpatient™ OR “ambulatory care”) AND la.exact(“English”) AND 706
pd(19950101-20191231)

S1 AND S2 AND S3 AND S4 0

JBI Evidence Synthesis
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PsycINFO (EBSCO)

J.M. Nick et al.

Search results

Search | Search parameters November 15, 2019
1 “heart failure” or “cardiac failure” or chf or “chronic heart failure” or “congestive | 4080

heart failure” in English.
2 telemedicine or telemonitor™ or telehealth” 7459
3 self-care” 16,540
4 outpatient™ or “ambulatory care” 63,768
5 S1 AND S2 AND S3 AND S4 1

MEDLINE (PubMed)

Search results
Search | Search parameters November 15, 2019
1 Search (((heart failure[MeSH Terms]) OR (“heart failure” or “cardiac failure” or | 147,308
chf or “chronic heart failure”)) AND English[Language]) AND (“1997"[Date -
Publication]: “2019"[Date - Publication])
2 Search (((telemedicine[MeSH Terms]) OR (telemedicine[Title/Abstract] OR tele- |28,647
monitor™[Title/Abstract] OR telehealth*[Title/Abstract])) AND English[Language])
AND (“1997"[Date - Publication]: “2019”[Date - Publication])
3 Search (((self-care[MeSH Terms]) OR (self-care[Title/Abstract] OR “self care”[Ti- |46,589
tle/Abstract])) AND English[Language]) AND (“1997"[Date - Publication]:
“2019”[Date - Publication])
4 Search (((ambulatory care[MeSH Terms]) OR (“ambulatory care”[Title/Abstract] |134,568
OR outpatient™[Title/Abstract])) AND English[Language]) AND (“1997"[Date -
Publication]: “2019"[Date - Publication])
5 #1 AND #2 AND #3 AND #4 19

Web of Science (Clarivate Analytics)

Search results

Search | Search parameters November 13, 2019
1 ((TS = (heart failure OR cardiac failure OR chf OR chronic heart failure OR 250,007

congestive heart failure)) OR (Tl = (heart failure OR cardiac failure OR chf OR

chronic heart failure OR congestive heart failure))) AND LANGUAGE: (English)

Indexes = SCI-EXPANDED, SSCI, ESCI Timespan =1997-2019
2 ((TS = (telemedicine or telemonitor™ or telehealth™)) OR (Tl = (telemedicine or |17,531

telemonitor® or telehealth™))) AND LANGUAGE: (English)
Indexes = SCI-EXPANDED, SSCI, ESCI Timespan =1997-2019

JBI Evidence Synthesis
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3 ((TS = (self-care™)) OR (Tl = (self-care™))) AND LANGUAGE: (English) 15,283
Indexes = SCI-EXPANDED, SSCI, ESCI Timespan =1997-2019
4 ((TS = (outpatient™ or “ambulatory care”)) OR (Tl = (outpatient™ or “ambulatory |129,445

care”))) AND LANGUAGE: (English)
Indexes = SCI-EXPANDED, SSCI, ESCI Timespan =1997-2019

5 (#1 AND #2 AND #3 AND #4) AND LANGUAGE: (English) 13
Indexes = SCI-EXPANDED, SSCI, ESCI Timespan = 1997-2019

JBI Evidence Synthesis © 2021 The Authors. Published by Wolters Kluwer Health, Inc. on behalf of JBI 2686
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Appendix Il: Studies ineligible following full-text

J.M. Nick et al.

review

Citation

Reason for exclusion

Creaser JW, DePasquale EC, Vandenbogaart E, Rourke D,
Chaker T, Fonarow GC. Team-based care for outpatients
with heart failure. Heart Fail Clin. 2015;11(3):379-405.

This study was not primary research. It is not a
systematic review or scoping review. It appears to
be a traditional review of the literature. Lack of
data.

Evans J, Papadopoulos A, Silvers CT, Charness N, Boot
WR, Schlachta-Fairchild L, et al. Remote health monitor-
ing for older adults and those with heart failure:
adherence and system usability should HF preserved-
ejection fraction patients participate in a HF program?
Telemed J E Health. 2016;22(6):480-8.

Focus was on usability and adherence, no self-care
parameters measured. Ineligible outcomes mea-
sured.

Fenner DJ, Gulati SK, Emig ME. Heart failure readmission
reduction through care coordination. J Card Fail.
2015;21(8):S77-8.

This study focused on readmissions as the primary
outcome by using videoconferencing as the clinic
visit; did not measure self-care. Ineligible out-
comes measured.

Fonarow GC, Albert NM. Team-based care for heart
failure. Heart Fail Clin. 2015;11(3):xi—xii.

This publication was an editorial piece, not
primary research. The piece reviews heart failure
and the impact of team-based care. Author is a
contributing author to the Creaser, et al. 2015
study, which is published in this journal issue.
Lack of data.

Kelly L. Should HF preserved-ejection fraction patients
participate in a HF program? Circulation.
2014;130(Suppl. 2).

This study was reported as a conference abstract.
The focus of the outcomes was on living with
heart failure, not on self-care behaviors. Ineligible
outcomes measured.

Kraai |, de Vries A, Vermeulen K, van Deursen V, van der
Wal M, de Jong R, et al. The value of telemonitoring
and ICT-guided disease management in heart failure:
results from the IN TOUCH study. Int J Med Informatics.
2016;85(1):53-60.

Measured health-related quality of life, readmis-
sion, death rate, and cost, but not self-care.
Ineligible outcomes measured.

Lupon J, Gonzalez B, Mas D, Urrutia A, Arenas M,
Domingo M, et al. Patients’ self-care improvement with
nurse education intervention in Spain assessed by the
European Heart Failure Self-Care Behavior Scale. Eur J
Cardiovasc Nurs. 2008;7(1):16—-20.

Measured effect of nurse education intervention,
no mention of telehealth/telemonitoring. Ineligible
intervention.

Nundy S, Razi RR, Dick JJ, Smith B, Mayo A, O’Connor A,
et al. A text messaging intervention to improve heart
failure self-management after hospital discharge in a
largely African-American population: before-after study.
J Med Internet Res. 2013;15(3):e53.

This was a feasibility study with insufficient
outcome data.
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(Continued)

Citation

Reason for exclusion

Pekmezaris R, Nouryan CN, Schwartz R, Castillo S,
Makaryus AN, Ahern D, et al. A randomized controlled
trial comparing telehealth self-management to standard
outpatient management in underserved Black and
Hispanic patients living with heart failure. Telemed J E
Health. 2019;25(10):917-25.

This study was a randomized controlled trial but
did not measure self-care, rather reported emer-
gency department visits, hospitalizations, and
length of stay. Ineligible outcomes measured.

Piette JD, Gregor MA, Share D, Heisler M, Bernstein SJ,
Koelling T, et al. Improving heart failure self-manage-
ment support by actively engaging out-of-home care-
givers: results of a feasibility study. Congest Heart Fail.
2008;14(1).

This was a feasibility study and did not have study
results for self-care. Lack of data.

Stut W, Deighan C, Armitage W, Clark M, Cleland JG,
Jaarsma T. Design and usage of the HeartCycle Educa-
tion and Coaching Program for Patients with heart
failure. JMIR Res Protoc. 2014;3(4):e72.

Same study as the 2015 results. Focus of this
study was on usage, not patient outcomes of self-
care behaviors. Ineligible outcomes measured.

Takeda A, Taylor SJC, Taylor RS, Khan F, Krum H,
Underwood M. Clinical service organisation for heart

failure. Cochrane Database Syst Rev. 2012;(9):CD002752.

This was an updated systematic review on heart
failure death, readmissions, or quality of life,
rather than primary research focused on the
outcome of self-care behaviors. Ineligible out-
comes measured.

Wagenaar KP, Broekhuizen BD, Dickstein K, Jaarsma T,
Hoes AW, Rutten FH. Effectiveness of an interactive
platform, and the ESC/HFA heartfailurematters.org web-
site in patients with heart failure: design of the
multicentre randomized e-Vita heart failure trial. Eur J
Heart Fail. 2015;17(12):1310-16.

Focus was on study design rather than results.
Lack of data.

Wagenaar KP, Broekhuizen BDL, Jaarsma T, Mosterd A,
Willems FF, Dickstein K, et al. Effectiveness of an
interactive platform with disease management facilities,
and of the ESC/HFA heartfailurematters.org website: a
3-arm multicenter randomised trial, the e-Vita heart
failure study. Eur J Heart Fail. 2014;16:256.

Focus was on the design of a future study to be
conducted. Lack of data.

Woodend AK, Sherrard H, Fraser M, Stuewe L, Cheung
T, Struthers C. Telehome monitoring in patients with
cardiac disease who are at high risk of readmission.
Heart Lung. 2008;37(1):36—45.

Focus was not on self-care behaviors as the
outcome. Ineligible outcomes measured.
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Appendix Ill: Characteristics

of included studies

Setting/ Participant Outcomes
Study Country context characteristics Groups and size measured Description of main results
Randomized controlled trials
Boyne Netherlands Outpatient NYHA functional classification II-IV. | Intervention: HealthBuddy TM device that EHFScBS-12 Baseline:
et al.”? clinics from Total percent in each class: 57% utilized pre-set dialogues and prompted Note: Lower score interpreted as | 1G=18.9 (£5.3)
three different | class Il; 40% class Il; 3% class IV. responses (daily) to symptom and knowledge improved self-care CG=20.9 (+6.1)
hospitals 1G: 28.8% class Il; 20.7% class IlI; questions, n=197 P=0.001
8% class IV. Control: Usual care, n= 185 3 months:
CG: 28.5% class Il; 19.4% class IlI; IG=17.4 (+£6.1)
2% class IV. CG=20.0 (£5.1)
Age > 18 years; range 32-93 P <0.001
years; mean 71 years (+ 11.2). 6 months:
IG=17.1 (+4.4)
CG=20.0 (£5.7)
P <0.001
12 months:
IG=17.4 (£4.5)
CG=20.8 (+5.8)
P <0.001
Hagglund Sweden Patients NYHA functional classification II-Ill. | Intervention: Usual care plus OPTILOGG TM EHFScBS-9 Baseline:
et al.”? recently Total percent in each class: 26% (tablet connected to weight scale, symptom Note: Lower score interpreted as | IG=26 (IQR 17, 29)
discharged to | class Il; 74% class lIl. monitoring and guidance for titration of improved self-care CG=23 (IQR 15, 31),
home from 1G: 38% class Il; 62% class . diuretics, information, lifestyle advise according P=0.8
three CG: 18% class II; 82% class Ill. to guidelines). Patients were asked to step on 3 months:
university Age mean 75 (+8) years scale daily, and were provided current day’s IG=17 (IQR 13, 22)
hospitals [Age range not provided] dose of diuretics and tips on how to improve CG=21 (IQR 17, 25),
life with HF. Every 5 days, input symptoms, P <0.05
N=E¥
Control: Usual care included the same
information sheet regarding HF, and a priority
phone number to call for problems, n=40
Lycholip Netherlands Multicenter NYHA functional classification II-IV. | Intervention: TM device measuring weight, EHFScBS-9 Baseline:
et al.*° RCT con- Total percent in each class: 26.3% | blood pressure, and ECG twice weekly plus Note: Lower score interpreted as |1G=16.3 (£7.5)
ducted in class II; 60.2% class I1l; 11.9% class | usual care, n =58 improved self-care CG=19.2 (£7.7)
10 Dutch V. Control: Usual care included provider use of an P=0.023
hospitals 1G: 28.6% class II; 61.4% class IIl; ICT—guided disease management system, 9 months:
10.5% class IV. n =60 IG=15.4 (£6.7)
CG: 25.4% class II; 61% class IlI; CG=16.8 (+6.9)
13.6% class IV. P=ns
Age > 18 years;
Age mean 69 (+11.5) years
[Age range not reported]
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CG: 44% class 1I; 10% class 1I/11l;
42% class Ill; 4% class IV.

Age 18-88 years

Age mean 53.7 (+13.7) years

symptoms and received feedback through
mobile phone. Cardiologist reviewed alerts and
called patients when warranted, n=>50
Control: Usual care, n =50

Melin Sweden Participants NYHA functional classification II-IIl. | Intervention: Usual care plus OPTILOGG TM EHFScBS-9 Baseline:

et al.” recruited and | Total percent in each class: 26% system (tablet connected to weight scale, Note: Lower score interpreted as | IG=25.5 (IQR, 14.5, 30.2)
enrolled while | class Il; 58% class llla; 15% class symptom monitoring and guidance for titration | improved self-care CG=23.0 (IQR, 14.8, 31.3)
in hospital or | Illb; 73% class IlI. of diuretics, information, lifestyle advice P=ns
within 4 CG: 18% class II; 65% class Illa; according to guidelines). Patients were asked 6 months:
weeks of 18% class Illb; 83% class Ill. to step on scale daily, and provided current IG=16.5 (IQR, 12, 22)
discharge 1G: 38% class Il; 50% class Illa; 13% | day’s dose of diuretics and tips on how to CG=23.5 (IQR 18.8, 30.0)
from three class lllb; 63% class IlI. improve life with HF. Every 5 days, input P <0.05
university Age mean 75 (+8.0) years symptoms, n =32
hospitals [Age range not reported] Control: Usual care, n=40

Seto et al.”’ | Canada University NYHA functional classification II-IV. | Intervention: Mobile phone-based TM system SCHFI Baseline:
Health Total percent in each class: 43% in addition to usual care. Daily weight and Includes three subscales: self- SC maintenance
Network class 1I; 11% class 11/11l; 42% class blood pressure, and weekly single-lead ECG care maintenance, self-care man- | IG=65.1 (+18.6)
Heart 1Il; 4% class IV. recordings sent wirelessly via Bluetooth to agement, and self-care confi- CG=58.9 (+18.7)
Function IG: 42% class II; 12% class 11/11l; mobile phone and data servers at hospital. dence SC management
Clinic 42% class Ill; 4% class IV. Patients also answered questions daily on 1G=58.1 (£+24.5)

CG=57.9 (+22.4)
SC confidence
1G=57.4 (+£20.6)
CG =55.8 (+20.0)
6 months:

SC maintenance
1G=73.3 (+£11.6)
CG =65.5 (+15.8)
P=0.03

SC management
1G =68.6 (+16.0)
CG=69.3 (+18.3)
P=0.7

SC confidence
1G=57.7 (+£19.5)
CG=56.2 (£21.8)
P=0.9
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Srisuk
et al.*®

Thailand

Rural
community

NYHA functional classification |, I,
or lll.

Total percent in each class: 7%
class I; 50% class II; 43% class Ill.
IG: 10% class I; 46% class II; 44%
class IlI.

CG: 4% class |; 54% class II; 42%
class Il

Age 59-65 years

Age mean 62 (+16.24) years

Intervention: Received face-to-face educational
counseling (in outpatient clinic), a heart failure
manual and DVD, with scripted telephone calls
for 15 minutes per week for first month and
every two weeks for second month, months
3-6, n=>50 dyads (patient and support person
living in same residence)

Control: Usual care, n =50 dyads (patient and
support person living in the same residence)

SCHFI

Includes three subscales, self-
care maintenance, self-care man-
agement and self-care confi-
dence

Baseline:

SC maintenance
1G=22.1 (SE 3.2)
CG=26.7 (SE 3.2)
SC management

1G =30.6 (SE 2.9)

CG =35.6 (SE 2.9)
SC confidence
1G=23.5 (SE 2.9)
CG =25.2 (SE 2.9)
[Type Il tests of fixed effects
for group, P=0.361]
3 months:

SC maintenance
1G=34.3 (SE 3.3)
CG=27.7 (SE 3.3)
SC management

1G =38.6 (SE 2.5)
CG=37.1 (SE 2.9)
SC confidence
1G=237.2 (SE 2.4)
CG=31.1 (SE 2.9)
[Type Il tests of fixed effects
for group, P=0.863]
6 months:

SC maintenance
1G=31.4 (SE 3.0)
CG=25.3 (SE 3.0)
SC management
1G=142.6 (SE 2.4)
CG =37.8 (SE 2.9)
SC confidence
1G=39.0 (SE 2.1)
CG =32.6 (SE 2.9)
[Type Il tests of fixed effects
for group, P=0.117]
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(Continued)
Setting/ Participant Outcomes
Study Country context characteristics Groups and size measured Description of main results
Varon United Community NYHA functional class llI, IV Intervention #1: Received Doc@Home TM EHFScBS-12 Baseline:
et al.”® Kingdom (excluded class | and II). system by Docobo (United Kingdom). Stand- Note: Lower score interpreted as | 1G, and IG,=30"
Note: Percentage in each NYHA alone unit, no video streaming, no educational | improved self-care P<0.05
classification not reported. information, measures blood pressure, pulse, 6 weeks:
Age > 18 years; range not Sp02, weight. Patients were asked to measure IG; and 1G, =24.8"
reported 5 physiologic parameters twice per day, P <0.05
Age mean 68.5 (+12.2) years n=105 Note: Both telehealth programs
Intervention #2: Received Motiva TM platform showed a general improvement in
by Philips (Germany). Interactive telehealth self-care behaviors. Authors
platform, access to personal health care combined groups for analysis. Data
channel, educational information, measures was reported in box plot only.
blood pressure, pulse, Sp02, weight. Patients “Estimated data points from box
were asked to measure 5 physiologic parame- plot.
ters twice per day, n =306
Control: Participants received usual care prior
to both interventions. Therefore, each
participant served as their own control.
Baseline data was compared to post-interven-
tion follow-up.
Note: Unequal sample size was due to more
Motiva units being available for testing than
Doc@Home units.
Vuorinen Finland Cardiology NYHA functional classification II, Ill | Intervention: Received usual care plus EHFScBS-12 Baseline:
et al.** outpatient and IV. TM-assisted self-care intervention, which Note: Lower score interpreted as |1G=27.6 (+£6.8)
clinic Total percent in each class: 38.3% | included weight scale, blood pressure monitor, | improved self-care CG=27.9 (+6.5)
class II; 58.5% class IlI; 3.2% mobile phone with app, and self-care instruc- 6 months:
class IV. tions. Patients were asked to measure physio- IG=22.6 (+6.9)
1G: 40% class II; 58% class II; 2% logic parameters and answer symptom CG=124.1(+8.3)
class IV. questions on a weekly basis, n =47 Effect size between-group
CG: 36% class IlI; 60% class Ill; 4% | Control: Usual care included regular follow-up difference (95% Cl) B =—1.320
class IV. face-to-face visits with a multidisciplinary team, (—3.842 to 1.184)
Total age range 18-90 years patient self-care and monitoring, and P=0.298
IG age mean 57.9 (£11.9) years; telephone visits with a specialized heart failure
CG: age mean 58.3 (+11.6) years nurse, n =46
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(Continued)

Setting/ Participant Outcomes
Study Country context characteristics Groups and size measured Description of main results
Wagenaar Netherlands 9 outpatient NYHA functional classification I-IV. | Intervention #1: Received usual care plus EHFScBS-9 Baseline:

et al.”®

clinics

Total percent in each class: 42.8%
class I; 35.9% class II; 13.6% class
Il; 7.7% class IV.

1G,: 48.9% class I, 32.6% class I,
12.1% class Ill, 6.4% class IV.

CG: 39.9% class I, 38.5% class II,
16.8% class Ill, 4.9% class IV.

Age range 66—77 years

Age mean 66.8 (+11) years

educational website (does not constitute TM
and therefore not included in review), n =150
Intervention #2: Received usual care plus
e-Health adjusted pathway using educational
website plus e-vita interactive TM platform
with standardized weighing scale and blood
pressure/heart rate device. Patients were asked
to record readings at a fixed time daily. HF
nurse received out of limit alerts and contacted
patient by phone as deemed necessary,
n=150

Control: Usual care, n =150

Note: Scores were standardized
and anchors changed. Higher
scores were interpreted as
improved self-care.

IG, =72.0 (+£16.0)
CG=70.6 (+14.6)
P=<0.001

3 months: (95% CI)*

1G, =78.2 (3.80 to 9.43)
CG =70.8 (reference group)
P <0.001

6 months: (95% CI)*

IG, =78.6 (0.48 to 6.94)

CG =74.2 (reference group)
P=0.070

12 months: (95% CI)*
IG,=76.1 (—0.74 to 6.41)
CG=72.7 (reference group)
P=0.184

*Adjusted for self-care at baseline

Quasi-experimental studies

Evangelista USA
et al.”

Participants
were recruited
from the
inpatient
setting at a
single tertiary
care center

NYHA functional classification II, IlI.

Total percent in each class: 69%
class Il; 31% class IlI.

1G: 66.7% class Il; 33.3% class Il
CG: 71.4% class Il; 28.6% class lll;
4% class IV.

Age range not reported

Age mean 72.7 (+8.9) years

Intervention: Received Motiva TM platform by
Philips (Germany). Interactive telehealth
platform, access to personal health care
channel, educational information, measures
blood pressure, pulse, Sp02, and weight.

TM provided alerts and feedback; research
nurse communicated with the participant via
teleconferencing and collaborated with the
primary care provider. Patients were asked to
measure 5 physiologic parameters and answer
symptom questionnaire daily, n=21

Control: Hospitalized for HF exacerbation
randomly selected from a larger pool of ~157
participants enrolled in another RCT, n=21

SCHFI

Includes three subscales:
self-care maintenance, self-care
management and self-care
confidence

Baseline:

SC maintenance
IG=54.4 (+£9.2)
CG =589 (+12.6)
P <0.001

SC management
IG=49.0 (+10.3)
CG=51.2 (+11.9)
P <0.001

SC confidence
IG=68.2 (+13.1)
CG=69.1 (+10.9)
P <0.001

3 months:

SC maintenance
IG=65.9 (+13.1)
CG=57.9 (£14.6)
P <0.001

SC management
IG=55.4 (+12.1)
CG=50.2 (+10.3)
P < 0.0001

SC confidence
IG=75.2 (+13.6)
CG=71.7 (£11.3)
P <0.001
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Age mean 66 (+12) years

blood pressure, pulse, Sp02, and weight, and
asks patient symptom questions. Patients were
asked to measure 5 physiologic parameters
and answer symptom questions daily, n =123

Control: Using cross-over design, participants
were compared to patients with a similar level
of control of symptoms and signs at end of
Phase 1 (well- vs poorly-controlled) and usual
care with a diuretic minimization or
optimization, respectively.* However, no CG
findings reported.

behaviors including, daily
weighing, fluid restriction,
low-salt diet, medication intake,
and physical activity.

(Continued)
Setting/ Participant Outcomes
Study Country context characteristics Groups and size measured Description of main results
Moon Korea Outpatient NYHA functional classification II, lll. | Intervention: 30-minute face-to-face education | EHFScBS-9 Baseline:
et al.”® department of | Percent in each class unreported on HF and self-management of HF, followed by | Note: Scores were standardized IG=16.06 (+4.83)
Cardiology Age range 60—75 years 4 weekly telephone-based TM consultations and anchors changed. Higher CG=19.15 (£ 4.83)
Internal Age mean 68.16 (+5.86) years and education, n =18 scores were interpreted as P=0.056
Medicine Control: Usual care included 30-minute improved self-care. 5 weeks later:
division at a face-to-face education on HF and self- 1G=23.61 (+ 4.88)
university management of HF, n=20 CG=18.40 (+ 3.73)
hospital P <0.001
Stut et al.®® | United King- 3 hospitals NYHA functional classification llI/IV. | Intervention: Received Motiva TM platform by | EHFScBS-9 Percentage of patients that were
dom, Total percent in each class: 34% Philips (Germany). Interactive telehealth Note: EHFScBS-9 used but adherent to individual self-care
Germany, class Il; 66% class Ill. platform, access to personal health care combined score not reported. behaviors at baseline and study
Spain Age range not reported channel, educational information, measures Reported change in individual SC | end, and relative increase (not

absolute increase). Note: No SDs
provided.

Daily weighing

Baseline =72%

Study end =94%

Relative increase 131% P < 0.001
Fluid restriction

Baseline =77%

Study end = 88%

Relative increase 114% P < 0.05
Low-salt diet

Baseline =80%

Study end =93%

Relative increase 116% P < 0.001
Medication intake Baseline =95%
Study end =96%

Relative increase 11% P> 0.05
Physical activity

Baseline = 50%

Study end =69%

Relative increase 138% P < 0.001
Note: Length of participation var-
ied between 2 and 18 months

depending on time of enrollment.

CG, control group; Cl, confidence interval; ECG, electrocardiogram; EHFScBS-9, 9-item European Heart Failure Self-care Behaviour Scale; EHFScBS-12, 12-item European Heart Failure Self-care Behaviour Scale; HF, heart
failure; ICT, information and communication technology; IG, intervention group; IQR, interquartile range; ns, non-significant; NYHA, New York Heart Association; RCT, randomized controlled trial; SC, self-care; SCHFI,
Self-Care of Heart Failure Index; SD, standard deviation; SE, standard error; TM, telemonitoring.

M3IATYH DILVINILSAS

1D 32 IN W



