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Abstract

Background: Telemonitoring (TM) can improve heart failure (HF) outcomes by facilitating patient self-care and clinical
decisions. The Medly program enables patients to use a mobile phone to record daily HF readings and receive personalized
self-care messages generated by a clinically validated algorithm. The TM system also generates alerts, which are immediately
acted upon by the patients’ existing care team. This program has been operating for 3 years as part of the standard of care in an
outpatient heart function clinic in Toronto, Canada.

Objective: This study aimed to evaluate the 6-month impact of this TM program on health service utilization, clinical outcomes,
quality of life (QoL), and patient self-care.

Methods: This pragmatic quality improvement study employed a pretest-posttest design to compare 6-month outcome measures
with those at program enrollment. The primary outcome was the number of HF-related hospitalizations. Secondary outcomes
included all-cause hospitalizations, emergency department visits (HF related and all cause), length of stay (HF related and all
cause), and visits to the outpatient clinic. Clinical outcomes included bloodwork (B-type natriuretic peptide [BNP], creatinine,
and sodium), left ventricular ejection fraction, and predicted survival score using the Seattle Heart Failure Model. QoL was
measured using the Minnesota Living with Heart Failure Questionnaire (MLHFQ) and the 5-level EuroQol 5-dimensional
questionnaire. Self-care was measured using the Self-Care of Heart Failure Index (SCHFI). The difference in outcome scores
was analyzed using negative binomial distribution and Poisson regressions for the health service utilization outcomes and linear
regressions for all other outcomes to control for key demographic and clinical variables.

Results: Available data for 315 patients enrolled in the TM program between August 2016 and January 2019 were analyzed.
A 50% decrease in HF-related hospitalizations (incidence rate ratio [IRR]=0.50; P<.001) and a 24% decrease in the number of
all-cause hospitalizations (IRR=0.76; P=.02) were found when comparing the number of events 6 months after program enrollment
with the number of events 6 months before enrollment. With regard to clinical outcomes at 6 months, a 59% decrease in BNP
values was found after adjusting for control variables. Moreover, 6-month MLHFQ total scores were 9.8 points lower than baseline
scores (P<.001), representing a clinically meaningful improvement in HF-related QoL. Similarly, the MLHFQ physical and
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emotional subscales showed a decrease of 5.4 points (P<.001) and 1.5 points (P=.04), respectively. Finally, patient self-care after
6 months improved as demonstrated by a 7.8-point (P<.001) and 8.5-point (P=.01) increase in the SCHFI maintenance and
management scores, respectively. No significant changes were observed in the remaining secondary outcomes.

Conclusions: This study suggests that an HF TM program, which provides patients with self-care support and active monitoring
by their existing care team, can reduce health service utilization and improve clinical, QoL, and patient self-care outcomes.

(J Med Internet Res 2020;22(2):e16538) doi: 10.2196/16538
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Introduction

Background
Heart failure (HF) is estimated to affect more than 1 million
Canadians [1] and 6.5 million adults in the United States [2],
many of whom experience chronic symptoms of fatigue and
shortness of breath, punctuated by sporadic episodes of
decompensation [3]. The unpredictability of these episodes
leads to more HF hospitalizations compared with other
conditions, representing a significant burden on health systems
[4]. For patients with HF, hospitalizations and daily symptoms
have a negative impact on daily functioning and ultimately their
quality of life (QoL) [5].

Existing medical interventions, including pharmaceutical
treatments, have been successful in prolonging the lives of
patients with HF. However, with the exception of heart
transplantation, full recovery is unlikely. Similar to many other
chronic conditions, guideline-directed medical therapy also calls
for patients with HF to play an active role through
self-management of their diet, fluid restriction, and adherence
to the medication schedules [6]. Although many patients with
HF receive education for HF self-management during
face-to-face clinic visits with care providers [6], mechanisms
to support self-care between planned visits are needed to support
patients once they go back to living their daily lives.

Telemonitoring (TM), which uses noninvasive electronic devices
to collect and transmit physiological and disease-related data
collected in patients’ homes to a care provider, can provide this
self-care support [5,7], particularly when the TM system
includes an algorithm that can provide targeted personalized
feedback [8]. When combined with timely data transmission to
clinicians, which can enable the early detection and remote
clinical intervention of symptom exacerbations [9], TM has the
potential to optimize HF management. This is supported by
several meta-analyses of randomized controlled trials (RCTs),
which have concluded that TM reduces the risk of mortality
and the number of hospitalizations when compared with the
standard of care [10-13]. Most recently, results from the large
Telemedical Interventional Management in Heart Failure II
study found that HF TM significantly reduced the percentage
of days lost because of unplanned cardiovascular hospital
admissions and all-cause death [14]. However, this evidence
generally comes from efficacy trials, which are designed to
measure an intervention’s impact under ideal conditions [15].
Such conditions are attained through the use of restrictive
inclusion criteria and additional resources (eg, implementation

staff, training plans, and trial supervision) aimed at ensuring
intervention uptake and appropriate use [16]. In fact, the results
of high-profile neutral HF TM trials [17-19] have been largely
attributed to problems in the intervention’s delivery and uptake
[20]. As real-world interventions tend to have broader inclusion
criteria and more barriers to appropriate use, it is not uncommon
for them to demonstrate less benefit compared with the outcomes
of similar interventions in more controlled trials [15].

The overarching trend toward positive evidence in efficacy trials
is likely sufficient to encourage many health organizations to
make HF TM available to their patient populations. However,
questions remain about when, how, and under what conditions
HF TM interventions should be delivered. Such questions are
best answered by what has been termed practice-based evidence
[16], which is the output of research that emphasizes an
understanding of context through the use of pragmatic and mixed
method study designs often seen in the quality improvement
evaluations of real-world health services [21].

Study Objectives
The objective of this study was to evaluate the 6-month impact
of an HF TM program, called Medly, on health service
utilization, clinical outcomes, QoL, and patient self-care. A
published protocol outlined the mixed method quality
improvement evaluation of the implementation and impact of
the Medly program [22], which is implemented as part of the
standard of care in an outpatient heart function clinic in Toronto,
Canada.

Methods

Study Design
This pragmatic quality improvement study employed a
pretest-posttest design to compare impact outcome measures
after 6 months of enrollment with those at baseline. The study
period spanned from August 23, 2016 (the date when the first
patient was enrolled), to June 31, 2019, and was conducted at
an ambulatory heart function clinic at the Peter Munk Cardiac
Centre (PMCC). The PMCC is a part of the University Health
Network (UHN), which is a large university-affiliated
organization composed of 5 hospitals and institutes located in
Toronto. The UHN Research Ethics Board (16-5789) approved
the study as a quality improvement project. Under this definition,
data generated as part of the standard of care could be analyzed
for quality improvement purposes. However, collecting
additional research data through questionnaires required
informed consent from patients. Therefore, although all patients
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entering the program were invited to consent to complete
patient-reported outcome questionnaires, this consent was not
required to analyze the health service utilization and laboratory
data that were retrospectively collected as part of this study.

The Intervention
The Medly program features a clinically validated algorithm
[23] to provide patients with personalized self-care messages
and to alert members of their core HF care team when clinical
intervention may be required. By outsourcing much of the
self-care support to the algorithm, clinician resources are freed
to manage more urgent cases within minutes of receiving patient
data. This, according to the US Food and Drug Administration,
is a form of active monitoring [24]. In contrast, passive TM is
when patient data get transmitted but a clinician is not expected
to take immediate clinical action [24], as is the case if a TM
system cannot contextualize data based on urgency or if the
telehealth clinician does not have rapid access to the patient’s
most responsible physician (MRP) to make a necessary change
to the patient’s care plan. The Medly program is hypothesized
to improve patient self-care and enable early clinical intervention
at the onset of symptom exacerbations. This, in turn, is expected
to reduce avoidable health service utilization and improve HF
clinical outcomes as well as patients’ QoL.

Telemonitoring System
The Medly system includes a patient-facing app, which can be
downloaded into an iOS or Android smartphone. The app
enables patients to record weight, blood pressure, and heart rate
using peripheral weight scales and blood pressure monitors.
These data can be transmitted automatically to the Medly app
via Bluetooth or entered manually. In addition, patients manually
report symptoms by answering yes or no to a short series of
questions (as seen in Figure 1). Once entered, these measures
are processed by the algorithm embedded within the app that
classifies a patient’s current health status into 1 of 9 states based
on whether a value (or a clinically meaningful combination of
multiple values) is above or below target thresholds, which have
been set by the clinical team. The states (ie, algorithm outputs)
determine which self-care messages are displayed to patients
within the app. Examples of the self-care feedback messages
include confirming with patients when everything is normal,
instructing patients to take their prescribed diuretic medication
when the change in weight is above the set threshold (ie,
evidence of fluid retention), and suggesting when to contact
their care providers or go to the emergency department (ED).
The details of the algorithm’s development and its clinical
validation have been published [23]. Other features of the Medly
app include the ability to view graphical trends of each reading’s
values and, to assist with adherence, an automated phone call
to remind patients if they have not yet taken morning readings
by 10 AM.

Figure 1. Pages of the Medly app showing the incomplete morning card with required readings, the symptoms questionnaire, and personalized self-care
feedback after all 4 readings were taken and processed by the algorithm.
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The algorithm also triggers alerts destined to clinical members
of the patients’ care team, which can be delivered via email or
viewed in the Web-based Medly dashboard, which currently
stands apart from the hospital electronic medical record (EMR).
Email alerts are contextualized by indicating which parameter
or parameters triggered the alert, which is presented alongside
the patient’s current medication list, latest HF-related laboratory
results, and patient contact information. Similarly, this
contextual information is also available on the Medly dashboard

in addition to longitudinal graphs of each parameter measured
and laboratory results. As such, the Medly dashboard is primarily
used to actively manage periods of HF instability, but it can
also be used when the patient is stable (eg, during follow-up
visits), as it provides a holistic and longitudinal snapshot of the
patient’s health. The Medly system was developed at the UHN,
and all data collected resides in secure UHN servers. An
example of the patient profile in the Medly dashboard has been
illustrated in Figure 2

Figure 2. Patient profile in the Web-based Medly clinician dashboard and an example of an email alert message.

Intended Use: Supporting Clinical and Operational
Services
The Medly program is intended to complement and not replace
existing services. As such, the treating cardiologist presents the
Medly program to a patient as a therapeutic option, and a
decision regarding enrollment is made jointly between both
parties. After a patient agrees to enter the program, they meet
with a technical support staff member to begin the onboarding
process, which includes an assessment of the patient’s equipment
needs. Patients who require all pieces of equipment are provided
with a Medly kit that includes a smartphone, which has been
paired with an A&D Bluetooth–enabled weight scale and blood
pressure cuff. For patients using their own smartphone, the
technical support staff helps them download the Medly app from
the Apple or Google Play store. If patients are missing one or
both peripheral devices, they can borrow the missing device
from the clinic for the duration of enrollment. Rationale and
details of the bring your own device (BYOD) model have been
published [25]. After setting up the equipment, the staff member
then trains the patient on how to use the system and sets the
target thresholds (based on the MRP’s instructions) to customize
the algorithm. The entire onboarding process (ie, account
creation, training, study consent, and equipment management)
takes approximately 30 min. If technical issues are experienced,
patients are instructed to contact the technical support staff
member who helps them troubleshoot the problem and replace
the equipment if necessary.

Unlike many other HF TM programs and trials, the Medly
program does not have a defined end date. Rather, patients can
stay in the program indefinitely or until there is no longer a
clinical need (eg, patient receives a heart transplant). Regardless
of duration, patients are expected to take their readings every
day, first thing in the morning. The clinical response to TM
alerts follows a triage structure during business hours with a
frontline clinician (typically a registered nurse [RN] or nurse
practitioner [NP] embedded within the care team in the
outpatient clinic) who reviews alerts in the Medly dashboard
and coordinates with the wider circle of care. Assuming a
caseload of roughly 300 patients, a single frontline coordinator
will typically receive and manage between 45 and 60 alerts per
day. If required, more serious alerts or issues outside the
frontline clinician’s scope of practice are escalated to the MRP.
When adapting this program to fit clinic workflows, the MRPs
opted to receive all email alerts so that when issues were
escalated, they could easily retrieve all the relevant information
from their email without having to log in to the dashboard. To
ensure 7-day per week coverage, MRPs know that there is no
frontline clinician working; therefore, it is up to them to manage
all the alerts received in their email on weekends. Previous
studies on the implementation of the program confirm that the
intervention was being used by patients and clinicians as
intended and that satisfaction was high among patients and
clinicians [26,27].

Adaptable Components of the Medly Program
A qualitative study identified program components that can be
adapted to ensure sustainability and fit within a site’s existing
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workflows, culture, and resources while maintaining the key
ingredients needed to deliver the program’s intended outcomes
[25]. First, the types of peripheral devices used are adaptable
(ie, it does not matter if patients use their own device or borrow
standardized equipment nor does it matter if data are transferred
automatically via Bluetooth). Second, the professional
qualifications of the frontline clinical staff members are
adaptable, provided they have some experience in cardiology.
These findings informed moving toward a BYOD model for
those who already have the necessary equipment. Another
change is that when the program started, the frontline clinical
and technical support roles were played by NPs and a telehealth
analyst, respectively. However, since May 2018, both roles are
being performed by a single RN who is still embedded within
the outpatient clinic but who actively monitors all patients
enrolled in the Medly program.

Study Participants
Participants in this study included all those who were enrolled
in the Medly program between August 23, 2016, and January
31, 2019 (6 months before the end of the study period). To be
eligible for the program, patients had to meet the following
criteria: (1) aged 18 years or older, (2) diagnosed with HF and
followed by a cardiologist at the heart function clinic, (3) can
speak and read English (or have an informal caregiver who
does), and (4) are able to comply with using Medly. In addition,
clinicians use clinical judgment in determining whether they
believe a patient will benefit. Considerations typically include
disease severity (eg, New York Heart Association [NYHA]
classification class 2 or 3), a need for self-care support, and a
perception that patients will be engaged enough to take daily
readings.

Outcome Measures
Outcomes to evaluate the pre-post impact of the Medly program
over a 6-month period are classified into 4 categories: (1) health
service utilization, (2) clinical outcomes, (3) QoL, and (4)
self-care.

Health Service Utilization
The primary outcome was the number of HF-related
hospitalizations. Secondary health service utilization outcomes
included the number of all-cause hospitalizations, number of
visits to the ED (HF related and all cause), length of stay (HF
related and all cause), and number of visits to the outpatient
clinic. Baseline values represented a count of events occurring
6 months before enrollment to the date of enrollment. Follow-up
values represented a count of events occurring from the date of
enrollment to the calendar date, 6 months following enrollment.
Finally, the length of stay was defined as the cumulative number
of days spent as an inpatient over the periods defined above.

Clinical Outcomes
HF-related clinical outcomes primarily included laboratory tests
routinely done as part of HF management, including B-Type
Natriuretic Peptide (BNP), which is secreted by the heart in
response to stretch from pressure or volume overload [28]. As
such, BNP is a key HF prognostic indicator, with higher levels
being associated with an increased risk of mortality and
hospitalization. Additional clinical outcomes included creatinine,

sodium, and left ventricular ejection fraction (LVEF). Finally,
given the natural decline of HF, we also sought to measure the
impact of the Medly program on predicted survival via the
Seattle Heart Failure Model (SHFM) score [29].

Quality of Life
HF-specific QoL was assessed using the Minnesota Living with
Heart Failure Questionnaire (MLHFQ), which is composed of
21 items, in which participants rate their perceptions of the
degree to which HF and its treatment impacts their daily life on
a 6-point Likert scale ranging from 0 (meaning no impairment)
to 5 (meaning very much impaired). Therefore, lower scores
indicate better HF-specific QoL, and an increase or decrease in
5 points is considered the minimal clinically significant change
[30]. The MLHFQ yields a total QoL score and a score for the
physical and emotional well-being subscales. In addition, the
5-level EuroQol 5-dimensional (EQ-5D-5L) questionnaire was
used as a measure of generic health status [31], with total
EQ-5D-5L scores being calculated based on a time trade-off
value set derived for Canada by Xie et al [32].

Self-Care
The Self-Care of Heart Failure Index (SCHFI) was used to
measure changes in patients’self-care [33]. Unlike the MLHFQ,
the SCHFI does not produce a total score but rather a
standardized score between 0 and 100 for the scales of
maintenance (behaviors aimed at maintaining physiologic
stability), management (response to symptoms when they occur),
and self-care confidence. A score above 70 on each subscale is
considered adequate, and an 8-point difference is considered to
be the minimally important change [34].

Demographic and Control Variables
Demographic and clinical characteristics were collected to
describe the study population, and a subset of these was used
as control variables in the impact analyses to increase the
likelihood that any observed changes in the outcomes could be
attributed to the Medly program. Selected control variables
included sex, age at enrollment, NYHA class, LVEF at
enrollment (categorized as reduced ejection fraction [LVEF
<40%] vs preserved ejection fraction [≥40%]), location of
enrollment (inpatient ward vs outpatient clinic), and duration
followed at the outpatient clinic (<6 months vs >6 months). The
latter is based on results from a previous RCT evaluating the
Medly system, which found that new patients (regardless of
treatment arm) improved more than long-term patients because
of the confounding effect of being enrolled at the outpatient
clinic [35].

Data Collection
Data for the health service utilization outcomes, clinical
outcomes, inputs for the SHFM, and available demographic and
control variables were extracted from patients’ EMRs and the
Medly program’s administrative records. Laboratory values at
baseline and 6 months were taken from laboratory tests
performed closest to the actual baseline or 6-month date within
a 2-month window.

Questionnaires for the remaining demographic information and
the QoL and self-care outcomes were administered to patients
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who consented. Baseline questionnaires were given to patients
during the enrollment session, and although patients were
encouraged to complete it before leaving, they were permitted
to take it home and return the completed questionnaire using
prepaid postage. The 6-month questionnaires were mailed to
patients at the appropriate time with instructions to complete
and return it using prepaid postage.

Data Analysis
Although many patients are enrolled in the Medly program
indefinitely, the intended primary analysis was to compare
baseline outcome values with those at 6 months [22].
Paired-sample t tests and Wilcoxon signed-rank tests were
originally planned [22]; however, we ultimately opted to perform
multivariate regressions to allow for the controlling of possible
confounders.

Linear regressions (ordinary least squares method) of the
aforementioned control variables were performed to analyze
differences in the QoL, self-care, and clinical outcomes. These
regressions required the transformation of non-normal outcome
data when applicable (ie, cubic transformation for EQ-5D-5L
data and log transformation for the BNP and creatinine data).
Finally, the Breusch-Pagan test was used to test the presence
of heteroscedasticity [36]. If found, the linear regressions were
reported with robust standard errors to correct for
heteroscedasticity [37], as was the case for the BNP and sodium
linear regressions.

Most of the health service utilization outcomes were regressed
with negative binomial distribution to account for the presence
of overdispersion [38]. An exception was the analysis for
HF-related hospitalizations, which used Poisson regression
because no overdispersion was detected. As, by definition,
patients new to the outpatient clinic would have a lower number
of visits at their baseline measure relative to the number of visits
at 6 months, an interaction term between time and duration
followed at the outpatient clinic was added to this regression.
All outcome data generated by patients who entered the program
during the study period were analyzed under the
intention-to-treat principle. However, because health service
utilization data could not be generated following a person’s
death, patients who died before completing 6 months in the
program were excluded from the health utilization analyses to
avoid biasing the results in a positive direction.

Baseline and 6-month descriptive statistics for each outcome
variable (before adjusting for the control variables) and

descriptive statistics for the variables used to characterize the
study population were obtained using SPSS version 24 (IBM
Corporation). The data transformations and regressions were
conducted in RStudio version 1.0.153 (RStudio Inc). All
statistical tests results were 2-tailed, and a P value of less than
.05 (P<.05) was used to indicate statistical significance.

Results

Characteristics of Study Participants
A total of 315 patients were enrolled in the program during the
study period, of which 255 consented to complete questionnaires
(211 patients returned a baseline questionnaire and 156 returned
a completed 6-month questionnaire).

Participants of the Medly program were predominantly men
(245/315, 77.8%), with an average age of 58.3 years (SD 15.5).
With regard to clinical characteristics, approximately half
experienced relatively mild daily HF symptoms with 47.1%
(143/304) of patients being classified as NYHA class 2 or less
at the time of program enrollment, and the average LVEF of
patients was 31.8% (SD 13.4). Three-fourth (235/315, 74.6%)
of the participants were enrolled during regularly scheduled
outpatient visits, whereas 25.5% (80/315) were enrolled from
the inpatient ward before being sent home following a hospital
stay. Slightly more than half (183/315, 58.1%) had been
followed by the HF clinic for more than 6 months at the time
of enrollment, with the remaining being considered new to the
clinic. Additional patient characteristics are presented in
Multimedia Appendix 1.

Of the 315 patients who entered the program during the analysis
period, 30 patients were no longer enrolled after 6 months: 57%
(17/30) were removed for clinical reasons (eg, received a heart
transplant, recovered, and became palliative), 27% (8/30) left
for personal reasons (eg, perception that the benefits were not
worth the effort and life circumstances), and 17% (5/30) of these
patients died. A comprehensive analysis of why patients were
removed or chose to leave the Medly program was published
elsewhere [27].

Impact of the Medly Program
The descriptive statistics for the baseline and 6-month outcome
values before adjusting for the control variables are presented
in Table 1.
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Table 1. Descriptive statistics for baseline and 6-month outcome variables.

6 monthsBaselineOutcomes

Mean (SD)NMean (SD)N

Health service utilization

0.23 (0.51)3090.46 (0.71)309Hospitalizations (HFa related)

0.49 (0.97)3080.64 (0.89)308Hospitalizations (all cause)

4.5 (14.6)3095.9 (11.1)309Length of stay (HF related)

6.2 (17.1)3087.4 (12.4)308Length of stay (all cause)

0.02 (0.14)3090.04 (0.21)309EDb visits (HF related)

0.17 (0.54)3080.13 (0.48)308ED visits (all cause)

2.7 (2.2)3081.9 (1.8)308Outpatient clinic

Clinical outcomes

540.3 (725.2)216701.4 (757.5)277B-type natriuretic peptide (pg/mL)

137.9 (3.0)223137.7 (3.1)282Sodium (mmol/L)

131.6 (59.7)223123.9 (52.1)282Creatinine (µmol/L)

33.4 (13.3)27432.1 (13.6)308Left ventricular ejection fraction (%)

0.82 (0.94)3150.85 (0.94)315Seattle Heart Failure Model

Quality of life

42.4 (26.0)15653.2 (26.3)211MLHFQc—total

17.4 (11.9)15622.9 (11.8)211MLHFQ—physical

10.2 (7.6)15612.0 (7.5)211MLHFQ—emotional

0.81 (0.12)1530.79 (0.12)2085-level EuroQol 5-dimensional questionnaire

Self-care

78.5 (13.9)15670.9 (16.8)210SCHFId—maintenance

72.5 (19.1)6664.2 (21.9)142SCHFI—management

69.7 (20.2)15467.2 (20.4)209SCHFI—confidence

aHF: heart failure.
bED: emergency department.
cMLHFQ: Minnesota Living with Heart Failure Questionnaire.
dSCHFI: Self-Care of Heart Failure Index.

Health Service Utilization
For the primary outcome, the number of HF-related
hospitalizations decreased from a mean (minimum to maximum,
SD) of 0.46 (0-4, 0.71) to 0.23 (0-3, 0.51). After adjusting for

the control variables, the Poisson regression found a statistically
significant incidence rate ratio (IRR) of 0.50 (P<.001),
comparing the number of HF-related hospitalizations between
6 month and baseline (Table 2). This can be interpreted as a
50% reduction in the number of HF-related hospitalizations.
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Table 2. Poisson and negative binomial regressions showing the effect of 6 months in the Medly program on the number of heart failure–related and
all-cause hospitalizations when controlled for key demographic and clinical variables.

All-cause hospitalizations negative binomial regressionbHeart failure–related hospitalizations Poisson regressionaVariables

P valueIRRCoefficient (SE)P valueIRRc (SE)Coefficient (SE)

.020.76 (0.09)−0.28 (0.12)<.0010.50 (0.07)−0.69 (0.15)6-month follow-up

<.0013.55 (0.45)1.27 (0.13)<.0013.36 (0.52)1.21 (0.15)Onboarded from ward

.200.84 (0.84)−0.18 (0.14).981.00 (0.15)0.00 (0.16)Left ventricular ejection
fraction <40%

<.0011.20 (1.20)0.18 (0.05).0131.16 (0.07)0.15 (0.06)New York Heart Associa-
tion class

.541.00 (0.004)0.003 (0.004).681.00 (0.004)0.00 (0.00)Age (years)

.991.00 (0.16)−0.002 (0.16).951.01 (0.17)0.01 (0.18)Female

.520.92 (0.12)−0.08 (0.13).900.98 (0.15)−0.02 (0.15)New to outpatient clinic

<.001N/A−1.41 (0.34)<.001N/Ad−1.53 (0.38)Intercept

aNumber of observations = 606.
bNumber of observations = 604.
cIRR: incidence rate ratio.
dN/A: not applicable.

The number of all-cause hospitalizations also decreased from
an average of 0.64 (0-7, 0.89) to 0.49 (0-6, 0.97) after 6 months.
The results of the negative binomial regression, also shown in
Table 2, confirm that this represents a significant reduction in
all-cause hospitalizations of 24% (IRR=0.76; P=.02).
Regressions for length of stay (HF related and all cause), ED
visits (HF related and all cause), and outpatient clinic visits
found no significant difference between baseline and 6 months
as shown in Multimedia Appendix 2.

Clinical Outcomes
For the main clinical outcome of BNP, the mean (minimum to
maximum, SD) baseline value was 701.4 pg/mL (10.0-3852.1,
757.5), which decreased to 540.3 pg/mL (10.0-3739.7, 725.2)
when measured at 6 months. After log transforming the BNP

values and adjusting for the control variables in the linear
regression (Table 3), there was a statistically significant decrease
in BNP values at 6 months when compared with baseline. With
a log-transformed outcome variable, an intuitive interpretation
can be obtained from exponentiating the coefficient of interest.
Therefore, exponentiating 0.47 (the coefficient for the 6-month
follow-up variable) results in 1.59, indicating a 59% reduction
in BNP after adjusting for the effect of the key demographic
and control variables.

Linear regressions for the other clinical outcomes of sodium,
creatinine, and LVEF indicated no significant change between
baseline and 6-month values when holding control variables
constant (Multimedia Appendix 2). Similarly, no change was
found in the predicted survival score.

Table 3. Linear regression showing the effect of 6 months in the Medly program on B-type natriuretic peptide when controlled for key demographic
and clinical variables.

Log (B-type natriuretic peptide) regressionaVariables

P valueCoefficient (SE)

<.001−0.47 (0.11)6-month follow-up

.160.20 (0.14)Onboarded from ward

<.0010.47 (0.13)Left ventricular ejection fraction <40%

<.0010.36 (0.04)New York Heart Association class

<.0010.02 (0.004)Age (years)

.03−0.30 (0.13)Female

.91−0.01 (0.12)New to outpatient clinic

<.0013.51 (0.30)Intercept

aNumber of observations = 486, adjusted R2 = 0.22, F statistic (df) = 20.47 (7,478), P<.001.

J Med Internet Res 2020 | vol. 22 | iss. 2 | e16538 | p. 8https://www.jmir.org/2020/2/e16538
(page number not for citation purposes)

Ware et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Quality of Life
The mean (SD) MLHFQ total, physical, and emotional scores
decreased from 53.2 (26.3) to 43.4 (26.0), 22.9 (11.8) to 17.4
(11.9), and 12.0 (7.5) to 10.2 (7.6), respectively. After adjusting
for the control variable in the linear regressions (Table 4),
improvements in MLHFQ scores were statistically significant
for all 3 subscales. Specifically, the 6-month MLHFQ total

scores were 9.8 points lower than their scores at baseline
(P<.001), representing a change that is well above the 5-point
change considered to be clinically meaningful. The physical
and emotional subscales saw a decrease of 5.4 points (P<.001)
and 1.5 points (P=.04), respectively. The linear regression of
EQ-5D-5L scores found no significant change in the generic
health status (Multimedia Appendix 1).

Table 4. Linear regressions showing the effect of 6 months in the Medly program on heart failure–related quality of life when controlled for key
demographic and clinical variables.

MLHFQ—emotional regressiondMLHFQ—physical regressioncMLHFQa—total regressionbVariables

P valueCoefficient (SE)P valueCoefficient (SE)P valueCoefficient (SE)

.04−1.51 (0.74)<.001−5.44 (1.18)<.001−9.78 (2.54)6-month follow-up

.29−1.00 (0.94).281.59 (1.48).144.74 (3.21)Onboarded from ward

.17−1.19 (0.86).02−3.23 (1.36).02−6.77 (2.94)Left ventricular ejection fraction <40%

<.0011.38 (0.30)<.0013.37 (0.48)<.0017.13 (1.03)New York Heart Association class

<.001−0.21 (0.03)<.001−0.17 (0.04)<.001−0.64 (0.10)Age (years)

.74−0.29 (0.88).720.50 (1.39).58−1.66 (3.00)Female

.71−0.30 (0.79).03−2.78 (1.24).10−4.47 (2.69)New to outpatient clinic

<.00122.08 (2.13)<.00127.26 (3.37)<.00178.34 (7.29)Intercept

aMLHFQ: Minnesota Living with Heart Failure Questionnaire.
bNumber of observations = 354, adjusted R2 = 0.22, F statistic (df) = 15.12 (7, 346), P<.001.
cNumber of observations = 354, adjusted R2 = 0.19, F statistic (df) = 12.74 (7, 346), P<.001.
dNumber of observations = 354, adjusted R2 = 0.16, F statistic (df)=10.74 (7, 346), P<.001.

Self-Care
After 6 months in the Medly program, the mean (SD) SCHFI
scores for maintenance, management, and confidence increased
from 70.9 (16.8) to 78.5 (13.9), 64.2 (21.9) to 72.5 (19.1), and
67.3 (20.4) to 69.7 (20.2), respectively. After adjusting for the
control variables in the linear regressions (Table 5), a

statistically significant 7.76-point improvement in SCHFI
maintenance scores (P<.001) and 8.46-point improvement in
SCHFI management scores (P=.01) were found. These are close
to or above the 8-point difference considered to be minimally
clinically important. Finally, although there was a 2.55-point
increase in SCHFI confidence scores, this change was not
statistically significant.

Table 5. Linear regressions showing the effect of 6 months in the Medly program on self-care maintenance, management, and confidence when controlled
for key demographic and clinical variables.

SCHFI—confidence regressiondSCHFI—management regressioncSCHFIa—maintenance regressionbVariables

P valueCoefficient (SE)P valueCoefficient (SE)P valueCoefficient (SE)

.232.55 (2.15).018.46 (3.29)<.0017.76 (1.67)6-month follow-up

.065.08 (2.73).413.18 (3.81).0056.02 (2.13)Onboarded from ward

.23−2.99 (2.48).970.129 (3.45).27−2.13 (1.94)Left ventricular ejection fraction <40%

.003−2.57 (0.87).082.23 (1.30).02−1.56 (0.68)New York Heart Association class

.25−0.09 (0.08).810.03 (0.12).100.10 (0.06)Age (years)

.13−3.82 (2.51).92−0.37 (3.47).48−1.40 (1.97)Female

.034.87 (2.27).62−1.62 (3.24).262.00 (1.78)New to outpatient clinic

<.00179.67 (6.14)<.00155.87 (8.93)<.00168.53 (4.80)Intercept

aSCHFI: Self-Care of Heart Failure Index.
bNumber of observations = 353, adjusted R2 = 0.09, F statistic (df) = 5.75 (7, 345), P<.001.
cNumber of observations = 199, adjusted R2 = 0.02, F statistic (df) = 1.519 (7, 191), P=.02.
dNumber of observations = 350, adjusted R2 = 0.06, F statistic (df) = 4.17 (7, 342), P<.001.
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Discussion

Principal Findings
This paper presents the results from a pragmatic pretest-posttest
study aimed at determining the 6-month impact of an HF TM
program that has been implemented as part of the standard of
care in an outpatient heart function clinic. We found a 50%
reduction for the primary outcome of HF-related hospitalizations
and a 24% reduction in the number of all-cause hospitalizations
after controlling for the key demographic and clinical variables
of age, sex, NYHA class, LVEF, location of enrollment, and
newness to the outpatient clinic. No significant changes were
found for the other health service utilization outcomes of length
of stay, ED visits, and outpatient clinic visits. However, because
the Medly program was intended to fill the gap between
scheduled clinic visits rather than to replace existing elements
of care, the number of outpatient clinic visits was not expected
to decrease. Thus, the fact that closer remote monitoring did
not contribute to an increase in outpatient visits can be
interpreted as a positive finding, particularly because no
increases in ED visits were observed.

This study also showed that enrollment in the Medly program
was associated with a significant reduction in BNP levels after
6 months, which, when interpreted alongside the lack of
significant changes in other HF biomarkers (eg, creatinine),
signals an improvement in patients’ physical health status.
Finally, this study found statistically and clinically significant
improvements in overall, physical, and emotional HF-related
QoL as well as in self-care maintenance and self-care
management.

Comparison With Prior Work
In 2012, an RCT evaluating an earlier version of the Medly
system found overall improvements in QoL compared with a
control group in addition to significant improvements in BNP
and self-care in patients who have been followed in the
outpatient heart function clinic for more than 6 months.
However, that study was underpowered (50 patients in each
control and intervention arm) to show an impact on health
service utilization outcomes. Now, with a larger sample size
and a sustained program more firmly established within a
clinic’s existing services, our study has replicated the original
positive findings of that RCT in addition to showing a significant
reduction in the number of hospitalizations.

These results are also consistent with systematic reviews and
meta-analyses of RCTs [5,39,40], with the latest (at the time of
writing) by Zhu et al [13] concluding that HF TM significantly
reduces the number of all-cause and cardiac hospitalizations.
Importantly, meta-analyses also point to a decreased risk of
mortality, an outcome that could not be evaluated, given the
lack of a control group in our study.

Practice-based evidence provides insights into an intervention’s
real-world effectiveness and can further our understanding of
when, how, and under what conditions interventions should be
delivered. Therefore, the results of this study are most useful
for decision makers or TM program planners when interpreted
alongside the contextual detail provided in this and previous

publications about the Medly program [26,27] in addition to
overarching recommendations about when and how to
implement HF TM interventions. For instance, a recent
consensus statement from the Heart Failure Society of America
broadly concluded that HF TM has the most impact when (1)
patients are most at risk (eg, recent hospitalization, prone to
fluid overload, and struggles with medication adherence), (2)
rates of TM system usage and adherence are high, and (3) clear
actions can be taken in response to the TM data [20]. In many
respects, the results from this study are consistent with this
consensus statement considering the high rates of patient
adherence to the Medly program [27] and the fact that actionable
feedback is sent to patients and that clinicians are part of the
patient’s immediate circle of care. In addition, the statistical
significance of the clinical variables used as controls in our
impact analysis (ie, NYHA class and whether patients were
enrolled immediately following an inpatient stay) is coherent
with the idea that HF TM is most beneficial for patients most
at risk. In light of this, these results are particularly meaningful
because they suggest that an outpatient HF TM program can
demonstrate impact under real-world conditions even when the
inclusion criteria are left broad and decisions about enrollment
are made based on clinical judgment.

Limitations
The pragmatic study design, including the fact that much of the
study data were collected as part of the standard of care, has
methodological limitations. First, there was no control group,
meaning that even if the analyses controlled for key
demographic and clinical variables, the outcomes may have
been influenced by subject maturation. Second, health service
utilization data were restricted to events occurring at the 5 urban
hospitals and institutes that make up the UHN. Therefore,
although it is unlikely that patients would voluntarily seek HF
care outside of the UHN, any such visits could not be analyzed,
representing a major limitation of this study. This also applies
to clinical outcome data, which were restricted to laboratory
tests conducted at the UHN. However, because the Medly
program does not necessarily aim to reduce the number of
scheduled outpatient visits (which typically occur every 6
months), the impact of this limitation on laboratory data is
expected to be minimal. Third, because the administrative data
analyzed were not collected for the purposes of this study,
important context is missing that would enable the drawing of
more definitive conclusions. For example, although we can
conclude that enrollment in the Medly program did not increase
the overall number of outpatient visits, we did not have data
that would allow us to further analyze what this means in terms
of changes in scheduled versus unscheduled outpatient visits.
Fourth, not all patients enrolled in the program consented to
complete the questionnaires, leaving the analysis of
patient-reported outcomes subject to selection bias. Similarly,
allowing clinicians to use their judgment in determining who
might benefit from the program may also contribute to
difficulties in generalizing the results. Fifth, although the skew
toward the enrollment of men in the Medly program is consistent
with lower proportions of women in heart function clinics and
HF research [41,42], this sex- and possibly gender-based
limitation is an important consideration for the design of future
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TM interventions and research. Finally, because there is no
defined duration of follow-up in the Medly program, not all
patients who were initially a part of the program were enrolled
for the full 6 months. However, analyses followed the
intention-to-treat principle to mitigate any potential bias of
excluding patients who left the program early.

Conclusions
This study presented the results of a pretest-posttest study to
evaluate the impact of an HF TM program by comparing the
change in outcome measures at 6-month follow-up with those
at baseline. After controlling for key demographic and clinical

variables, regression analyses found that enrollment in the TM
program led to a 50% reduction in the number of HF-related
hospitalizations, a 24% reduction in all-cause hospitalizations,
and a 59% reduction in BNP values. In addition, enrollment in
the TM program was associated with statistically and clinically
significant improvements in HF-related QoL and self-care
maintenance and management. This study suggests that a
real-world HF TM program, which provides patients with
self-care support and active clinical monitoring by their existing
care team, can reduce health service utilization and improve
clinical, QoL, and patient self-care outcomes.

Authors' Contributions
PW, HR, JC, and ES contributed to the study design. PW led the data collection and write-up. CB performed the statistical analysis.
MM contributed to the data collected and analysis. All authors contributed to the interpretation of the results and reviewed and
edited the manuscript. All authors read and approved the final version of the manuscript.

Conflicts of Interest
HR, JC, and ES are considered inventors of the Medly system under the intellectual property policies of the UHN and may benefit
from future commercialization of the technology by the UHN.

Multimedia Appendix 1
Baseline demographic and clinical characteristics of participants.
[DOCX File , 20 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Regression outputs for length of stay, emergency department visits, outpatient clinic visits, sodium, creatinine, left ventricular
ejection fraction, Seattle Heart Failure Model, and 5-level EuroQol 5-dimensional questionnaire.
[DOCX File , 28 KB-Multimedia Appendix 2]

References

1. Blais C, Dai S, Waters C, Robitaille C, Smith M, Svenson LW, et al. Assessing the burden of hospitalized and community-care
heart failure in Canada. Can J Cardiol 2014 Mar;30(3):352-358. [doi: 10.1016/j.cjca.2013.12.013] [Medline: 24565257]

2. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Heart Disease and Stroke Statistics-2017 Update: a report from the American Heart
Association. Circulation 2017 Mar 7;135(10):e146-e603 [FREE Full text] [doi: 10.1161/CIR.0000000000000485] [Medline:
28122885]

3. Greenhalgh T, A'Court C, Shaw S. Understanding heart failure; explaining telehealth - a hermeneutic systematic review.
BMC Cardiovasc Disord 2017 Jun 14;17(1):156 [FREE Full text] [doi: 10.1186/s12872-017-0594-2] [Medline: 28615004]

4. Ross JS, Chen J, Lin Z, Bueno H, Curtis JP, Keenan PS, et al. Recent national trends in readmission rates after heart failure
hospitalization. Circ Heart Fail 2010 Jan;3(1):97-103 [FREE Full text] [doi: 10.1161/CIRCHEARTFAILURE.109.885210]
[Medline: 19903931]

5. Kitsiou S, Paré G, Jaana M. Effects of home telemonitoring interventions on patients with chronic heart failure: an overview
of systematic reviews. J Med Internet Res 2015 Mar 12;17(3):e63 [FREE Full text] [doi: 10.2196/jmir.4174] [Medline:
25768664]

6. Ezekowitz JA, O'Meara E, McDonald MA, Abrams H, Chan M, Ducharme A, et al. 2017 Comprehensive Update of the
Canadian Cardiovascular Society Guidelines for the Management of Heart Failure. Can J Cardiol 2017 Nov;33(11):1342-1433.
[doi: 10.1016/j.cjca.2017.08.022] [Medline: 29111106]

7. Vassilev I, Rowsell A, Pope C, Kennedy A, O'Cathain A, Salisbury C, et al. Assessing the implementability of telehealth
interventions for self-management support: a realist review. Implement Sci 2015 Apr 24;10:59 [FREE Full text] [doi:
10.1186/s13012-015-0238-9] [Medline: 25906822]

8. Brons M, Koudstaal S, Asselbergs FW. Algorithms used in telemonitoring programmes for patients with chronic heart
failure: a systematic review. Eur J Cardiovasc Nurs 2018 Oct;17(7):580-588 [FREE Full text] [doi:
10.1177/1474515118786838] [Medline: 29954184]

9. Desai AS, Stevenson LW. Connecting the circle from home to heart-failure disease management. N Engl J Med 2010 Dec
9;363(24):2364-2367. [doi: 10.1056/NEJMe1011769] [Medline: 21080836]

J Med Internet Res 2020 | vol. 22 | iss. 2 | e16538 | p. 11https://www.jmir.org/2020/2/e16538
(page number not for citation purposes)

Ware et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v22i2e16538_app1.docx&filename=3f03d9c56ab03900ee4742e8d567a063.docx
https://jmir.org/api/download?alt_name=jmir_v22i2e16538_app1.docx&filename=3f03d9c56ab03900ee4742e8d567a063.docx
https://jmir.org/api/download?alt_name=jmir_v22i2e16538_app2.docx&filename=62dee72267436ed676afc9267aa18a54.docx
https://jmir.org/api/download?alt_name=jmir_v22i2e16538_app2.docx&filename=62dee72267436ed676afc9267aa18a54.docx
http://dx.doi.org/10.1016/j.cjca.2013.12.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24565257&dopt=Abstract
http://europepmc.org/abstract/MED/28122885
http://dx.doi.org/10.1161/CIR.0000000000000485
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28122885&dopt=Abstract
https://bmccardiovascdisord.biomedcentral.com/articles/10.1186/s12872-017-0594-2
http://dx.doi.org/10.1186/s12872-017-0594-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28615004&dopt=Abstract
http://europepmc.org/abstract/MED/19903931
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.109.885210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19903931&dopt=Abstract
https://www.jmir.org/2015/3/e63/
http://dx.doi.org/10.2196/jmir.4174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25768664&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2017.08.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29111106&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-015-0238-9
http://dx.doi.org/10.1186/s13012-015-0238-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25906822&dopt=Abstract
http://europepmc.org/abstract/MED/29954184
http://dx.doi.org/10.1177/1474515118786838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29954184&dopt=Abstract
http://dx.doi.org/10.1056/NEJMe1011769
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21080836&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Ware P, Seto E, Ross HJ. Accounting for complexity in home telemonitoring: a need for context-centred evidence. Can J
Cardiol 2018 Jul;34(7):897-904. [doi: 10.1016/j.cjca.2018.01.022] [Medline: 29861204]

11. Dierckx R, Pellicori P, Cleland JG, Clark AL. Telemonitoring in heart failure: Big Brother watching over you. Heart Fail
Rev 2015 Jan;20(1):107-116. [doi: 10.1007/s10741-014-9449-4] [Medline: 24972644]

12. Bashi N, Karunanithi M, Fatehi F, Ding H, Walters D. Remote monitoring of patients with heart failure: an overview of
systematic reviews. J Med Internet Res 2017 Jan 20;19(1):e18 [FREE Full text] [doi: 10.2196/jmir.6571] [Medline:
28108430]

13. Zhu Y, Gu X, Xu C. Effectiveness of telemedicine systems for adults with heart failure: a meta-analysis of randomized
controlled trials. Heart Fail Rev 2019 May 24:-. [doi: 10.1007/s10741-019-09801-5] [Medline: 31197564]

14. Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider K, Kirwan B, et al. Efficacy of telemedical interventional
management in patients with heart failure (TIM-HF2): a randomised, controlled, parallel-group, unmasked trial. Lancet
2018 Sep 22;392(10152):1047-1057. [doi: 10.1016/S0140-6736(18)31880-4] [Medline: 30153985]

15. Singal AG, Higgins PD, Waljee AK. A primer on effectiveness and efficacy trials. Clin Transl Gastroenterol 2014 Jan
2;5:e45 [FREE Full text] [doi: 10.1038/ctg.2013.13] [Medline: 24384867]

16. Ammerman A, Smith TW, Calancie L. Practice-based evidence in public health: improving reach, relevance, and results.
Annu Rev Public Health 2014;35:47-63. [doi: 10.1146/annurev-publhealth-032013-182458] [Medline: 24641554]

17. Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, Böhm M, Telemedical Interventional Monitoring in Heart Failure
Investigators. Impact of remote telemedical management on mortality and hospitalizations in ambulatory patients with
chronic heart failure: the telemedical interventional monitoring in heart failure study. Circulation 2011 May
3;123(17):1873-1880. [doi: 10.1161/CIRCULATIONAHA.111.018473] [Medline: 21444883]

18. Chaudhry SI, Mattera JA, Curtis JP, Spertus JA, Herrin J, Lin Z, et al. Telemonitoring in patients with heart failure. N Engl
J Med 2010 Dec 9;363(24):2301-2309 [FREE Full text] [doi: 10.1056/NEJMoa1010029] [Medline: 21080835]

19. Ong MK, Romano PS, Edgington S, Aronow HU, Auerbach AD, Black JT, Better Effectiveness After Transition–Heart
Failure (BEAT-HF) Research Group. Effectiveness of remote patient monitoring after discharge of hospitalized patients
with heart failure: the better effectiveness after transition -- heart failure (BEAT-HF) randomized clinical trial. JAMA Intern
Med 2016 Mar;176(3):310-318 [FREE Full text] [doi: 10.1001/jamainternmed.2015.7712] [Medline: 26857383]

20. Dickinson MG, Allen LA, Albert NA, DiSalvo T, Ewald GA, Vest AR, et al. Remote monitoring of patients with heart
failure: a white paper from the Heart Failure Society of America Scientific Statements Committee. J Card Fail 2018
Oct;24(10):682-694. [doi: 10.1016/j.cardfail.2018.08.011] [Medline: 30308242]

21. Kessler R, Glasgow RE. A proposal to speed translation of healthcare research into practice: dramatic change is needed.
Am J Prev Med 2011 Jun;40(6):637-644. [doi: 10.1016/j.amepre.2011.02.023] [Medline: 21565657]

22. Ware P, Ross HJ, Cafazzo JA, Laporte A, Seto E. Implementation and evaluation of a smartphone-based telemonitoring
program for patients with heart failure: mixed-methods study protocol. JMIR Res Protoc 2018 May 3;7(5):e121 [FREE
Full text] [doi: 10.2196/resprot.9911] [Medline: 29724704]

23. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Developing healthcare rule-based expert systems: case
study of a heart failure telemonitoring system. Int J Med Inform 2012 Aug;81(8):556-565. [doi:
10.1016/j.ijmedinf.2012.03.001] [Medline: 22465288]

24. US Food and Drug Administration. 2019. Medical Device Data Systems, Medical Image Storage Devices, and Medical
Image Communications Devices URL: https://www.fda.gov/media/88572/download [accessed 2020-01-21]

25. Ware P, Ross HJ, Cafazzo JA, Laporte A, Gordon K, Seto E. User-centered adaptation of an existing heart failure
telemonitoring program to ensure sustainability and scalability: qualitative study. JMIR Cardio 2018 Dec 6;2(2):e11466
[FREE Full text] [doi: 10.2196/11466] [Medline: 31758774]

26. Ware P, Ross HJ, Cafazzo JA, Laporte A, Gordon K, Seto E. Evaluating the implementation of a mobile phone-based
telemonitoring program: longitudinal study guided by the consolidated framework for implementation research. JMIR
Mhealth Uhealth 2018 Jul 31;6(7):e10768 [FREE Full text] [doi: 10.2196/10768] [Medline: 30064970]

27. Ware P, Dorai M, Ross H, Cafazzo J, Laporte A, Boodoo C, et al. Patient adherence to a mobile phone-based heart failure
telemonitoring program: a longitudinal mixed-methods study. JMIR Mhealth Uhealth 2019 Feb 26;7(2):e13259 [FREE
Full text] [doi: 10.2196/13259] [Medline: 30806625]

28. Park M, Vittinghoff E, Shlipak MG, Mishra R, Whooley M, Bansal N. Associations of N-terminal pro-B-type natriuretic
peptide with kidney function decline in persons without clinical heart failure in the Heart and Soul Study. Am Heart J 2014
Dec;168(6):931-9.e2 [FREE Full text] [doi: 10.1016/j.ahj.2014.09.008] [Medline: 25458658]

29. Levy WC, Mozaffarian D, Linker DT, Sutradhar SC, Anker SD, Cropp AB, et al. The Seattle Heart Failure Model: prediction
of survival in heart failure. Circulation 2006 Mar 21;113(11):1424-1433. [doi: 10.1161/CIRCULATIONAHA.105.584102]
[Medline: 16534009]

30. Bennett SJ, Oldridge NB, Eckert GJ, Embree JL, Browning S, Hou N, et al. Comparison of quality of life measures in heart
failure. Nurs Res 2003;52(4):207-216. [doi: 10.1097/00006199-200307000-00001] [Medline: 12867777]

31. Herdman M, Gudex C, Lloyd A, Janssen M, Kind P, Parkin D, et al. Development and preliminary testing of the new
five-level version of EQ-5D (EQ-5D-5L). Qual Life Res 2011 Dec;20(10):1727-1736 [FREE Full text] [doi:
10.1007/s11136-011-9903-x] [Medline: 21479777]

J Med Internet Res 2020 | vol. 22 | iss. 2 | e16538 | p. 12https://www.jmir.org/2020/2/e16538
(page number not for citation purposes)

Ware et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.cjca.2018.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29861204&dopt=Abstract
http://dx.doi.org/10.1007/s10741-014-9449-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24972644&dopt=Abstract
https://www.jmir.org/2017/1/e18/
http://dx.doi.org/10.2196/jmir.6571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28108430&dopt=Abstract
http://dx.doi.org/10.1007/s10741-019-09801-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31197564&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(18)31880-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30153985&dopt=Abstract
http://europepmc.org/abstract/MED/24384867
http://dx.doi.org/10.1038/ctg.2013.13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24384867&dopt=Abstract
http://dx.doi.org/10.1146/annurev-publhealth-032013-182458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24641554&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.018473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21444883&dopt=Abstract
http://europepmc.org/abstract/MED/21080835
http://dx.doi.org/10.1056/NEJMoa1010029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21080835&dopt=Abstract
http://europepmc.org/abstract/MED/26857383
http://dx.doi.org/10.1001/jamainternmed.2015.7712
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26857383&dopt=Abstract
http://dx.doi.org/10.1016/j.cardfail.2018.08.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30308242&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2011.02.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21565657&dopt=Abstract
https://www.researchprotocols.org/2018/5/e121/
https://www.researchprotocols.org/2018/5/e121/
http://dx.doi.org/10.2196/resprot.9911
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29724704&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2012.03.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22465288&dopt=Abstract
https://www.fda.gov/media/88572/download
https://cardio.jmir.org/2018/2/e11466/
http://dx.doi.org/10.2196/11466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758774&dopt=Abstract
https://mhealth.jmir.org/2018/7/e10768/
http://dx.doi.org/10.2196/10768
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30064970&dopt=Abstract
https://mhealth.jmir.org/2019/2/e13259/
https://mhealth.jmir.org/2019/2/e13259/
http://dx.doi.org/10.2196/13259
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30806625&dopt=Abstract
http://europepmc.org/abstract/MED/25458658
http://dx.doi.org/10.1016/j.ahj.2014.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25458658&dopt=Abstract
http://dx.doi.org/10.1161/CIRCULATIONAHA.105.584102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16534009&dopt=Abstract
http://dx.doi.org/10.1097/00006199-200307000-00001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12867777&dopt=Abstract
http://europepmc.org/abstract/MED/21479777
http://dx.doi.org/10.1007/s11136-011-9903-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21479777&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


32. Xie F, Pullenayegum E, Gaebel K, Bansback N, Bryan S, Ohinmaa A, Canadian EQ-5D-5L Valuation Study Group. A
Time Trade-off-derived Value Set of the EQ-5D-5L for Canada. Med Care 2016 Jan;54(1):98-105 [FREE Full text] [doi:
10.1097/MLR.0000000000000447] [Medline: 26492214]

33. Riegel B, Lee CS, Dickson VV, Carlson B. An update on the self-care of heart failure index. J Cardiovasc Nurs
2009;24(6):485-497 [FREE Full text] [doi: 10.1097/JCN.0b013e3181b4baa0] [Medline: 19786884]

34. Norman GR, Sloan JA, Wyrwich KW. Interpretation of changes in health-related quality of life: the remarkable universality
of half a standard deviation. Med Care 2003 May;41(5):582-592. [doi: 10.1097/01.MLR.0000062554.74615.4C] [Medline:
12719681]

35. Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Mobile phone-based telemonitoring for heart failure
management: a randomized controlled trial. J Med Internet Res 2012 Feb 16;14(1):e31 [FREE Full text] [doi:
10.2196/jmir.1909] [Medline: 22356799]

36. Hill RC, Griffiths WE, Lim GC. Principles of Econometrics. Hoboken, NJ: Wiley; 2008.
37. Stock JH, Watson MW. Heteroskedasticity-robust standard errors for fixed effects panel data regression. Econometrica

2008;76(1):155-174. [doi: 10.1111/j.0012-9682.2008.00821.x]
38. Cameron AC, Trivedi PK. Regression-based tests for overdispersion in the Poisson model. J Econom 1990;46(3):347-364.

[doi: 10.1016/0304-4076(90)90014-k]
39. Xiang R, Li L, Liu SX. Meta-analysis and meta-regression of telehealth programmes for patients with chronic heart failure.

J Telemed Telecare 2013 Jul;19(5):249-259. [doi: 10.1177/1357633X13495490] [Medline: 24163234]
40. Inglis SC, Clark RA, Dierckx R, Prieto-Merino D, Cleland JGF. Structured telephone support or non-invasive telemonitoring

for patients with heart failure. Heart 2017 Feb 15;103(4):255-257. [doi: 10.1136/heartjnl-2015-309191] [Medline: 27864319]
41. Pressler SJ. Women with heart failure are disproportionately studied as compared with prevalence: a review of published

studies from 2013. J Cardiovasc Nurs 2016;31(1):84-88. [doi: 10.1097/JCN.0000000000000212] [Medline: 25419948]
42. McSweeney J, Pettey C, Lefler LL, Heo S. Disparities in heart failure and other cardiovascular diseases among women.

Womens Health (Lond) 2012 Jul;8(4):473-485 [FREE Full text] [doi: 10.2217/whe.12.22] [Medline: 22757737]

Abbreviations
BNP: B-type natriuretic peptide
BYOD: bring your own device
ED: emergency department
EMR: electronic medical record
EQ-5D-5L: 5-level EuroQol 5-dimensional questionnaire
HF: heart failure
IRR: incidence rate ratio
LVEF: left ventricular ejection fraction
MLHFQ: Minnesota Living with Heart Failure Questionnaire
MRP: most responsible physician
NP: nurse practitioner
NYHA: New York Heart Association
PMCC: Peter Munk Cardiac Centre
QoL: quality of life
RCT: randomized controlled trial
RN: registered nurse
SCHFI: Self-Care of Heart Failure Index
SHFM: Seattle Heart Failure Model
TM: telemonitoring
UHN: University Health Network

Edited by G Eysenbach; submitted 07.10.19; peer-reviewed by T Jamieson, A Miranda, I Kedan, NM Trofenciuc, M Lahr; comments
to author 05.11.19; revised version received 17.11.19; accepted 05.01.20; published 06.02.20

Please cite as:
Ware P, Ross HJ, Cafazzo JA, Boodoo C, Munnery M, Seto E
Outcomes of a Heart Failure Telemonitoring Program Implemented as the Standard of Care in an Outpatient Heart Function Clinic:
Pretest-Posttest Pragmatic Study
J Med Internet Res 2020;22(2):e16538
URL: https://www.jmir.org/2020/2/e16538
doi: 10.2196/16538
PMID:

J Med Internet Res 2020 | vol. 22 | iss. 2 | e16538 | p. 13https://www.jmir.org/2020/2/e16538
(page number not for citation purposes)

Ware et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/26492214
http://dx.doi.org/10.1097/MLR.0000000000000447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26492214&dopt=Abstract
http://europepmc.org/abstract/MED/19786884
http://dx.doi.org/10.1097/JCN.0b013e3181b4baa0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19786884&dopt=Abstract
http://dx.doi.org/10.1097/01.MLR.0000062554.74615.4C
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12719681&dopt=Abstract
https://www.jmir.org/2012/1/e31/
http://dx.doi.org/10.2196/jmir.1909
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22356799&dopt=Abstract
http://dx.doi.org/10.1111/j.0012-9682.2008.00821.x
http://dx.doi.org/10.1016/0304-4076(90)90014-k
http://dx.doi.org/10.1177/1357633X13495490
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24163234&dopt=Abstract
http://dx.doi.org/10.1136/heartjnl-2015-309191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27864319&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0000000000000212
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25419948&dopt=Abstract
http://europepmc.org/abstract/MED/22757737
http://dx.doi.org/10.2217/whe.12.22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22757737&dopt=Abstract
https://www.jmir.org/2020/2/e16538
http://dx.doi.org/10.2196/16538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Patrick Ware, Heather J Ross, Joseph A Cafazzo, Chris Boodoo, Mikayla Munnery, Emily Seto. Originally published in the
Journal of Medical Internet Research (http://www.jmir.org), 06.02.2020. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medical Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
as well as this copyright and license information must be included.

J Med Internet Res 2020 | vol. 22 | iss. 2 | e16538 | p. 14https://www.jmir.org/2020/2/e16538
(page number not for citation purposes)

Ware et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/

