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Abstract

Background: Previoustrials of telemonitoring for heart failure management have reported inconsistent results, largely due to
diverse intervention and study designs. Mobile phones are becoming ubiquitous and economical, but the feasibility and efficacy
of amobile phone-based tel emonitoring system have not been determined.

Objective: The objective of this trial was to investigate the effects of a mobile phone-based telemonitoring system on heart
failure management and outcomes.

Methods: One hundred patients were recruited from a heart function clinic and randomized into telemonitoring and control
groups. The telemonitoring group (N = 50) took daily weight and blood pressure readings and weekly single-lead ECGs, and
answered daily symptom questions on a mobile phone over 6 months. Readings were automatically transmitted wirelessly to the
mobile phone and then to data servers. Instructions were sent to the patients’ mobile phones and alerts to a cardiologist's mobile
phone as required.

Results: Baseline questionnaireswere completed and returned by 94 patients, and 84 patients returned post-study questionnaires.
About 70% of telemonitoring patients completed at least 80% of their possible daily readings. The change in quality of life from
baseline to post-study, as measured with the Minnesota Living with Heart Failure Questionnaire, was significantly greater for
the telemonitoring group compared to the control group (P = .05). A between-group analysisalso found greater post-study self-care
maintenance (measured with the Self-Care of Heart Failure Index) for the telemonitoring group (P = .03). Brain natriuretic peptide
(BNP) levels, self-care management, and left ventricular gection fraction (LVEF) improved significantly for both groups from
baseline to post-study, but did not show a between-group difference. However, a subgroup within-group analysis using the data
from the 63 patients who had attended the heart function clinic for more than 6 months revealed the telemonitoring group had
significant improvements from baseline to post-study in BNP (decreased by 150 pg/mL, P =.02), LVEF (increased by 7.4%, P
= .005) and self-care maintenance (increased by 7 points, P = .05) and management (increased by 14 points, P = .03), while the
control group did not. No differences were found between the telemonitoring and control groups in terms of hospitalization,
mortality, or emergency department visits, but the trial was underpowered to detect differencesin these metrics.

Conclusions: Our findings provide evidence of improved quality of life through improved self-care and clinical management
from amobile phone-based telemonitoring system. The use of the mobile phone-based system had high adherence and wasfeasible
for patients, including the elderly and those with no experience with mobile phones.
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Introduction

The demand for health care resources to manage heart failure
isincreasing with the aging population. Innovative methods to
help alleviate this burden and to improve the poor outcomes
from heart failure are required. Previous studies on traditional
telemonitoring of heart failure patients (ie, using dedicated
hardware as an information and transmission hub) have
determined telemonitoring hasthe potential to reduce mortality,
hospitalizations, and costs as well as improve quality of life,
self-care, and New York Heart Association (NYHA) class[1-4].
However, the results of telemonitoring trials have been
inconsistent largely due to diverse study interventions and
variationsin study design.

Little is known about the feasibility and effects of mobile
phone-based telemonitoring systems. Investigating mobile
systems is a logical next step because they enable greater
scalability of telemonitoring due to their relatively low cost
compared to traditional systems, and because they provide more
freedom for the patient due to their portability. Two recent
randomized controlled trials of mobile phone-based
telemonitoring for heart failure management have been reported
in literature [5,6]. The Telemedical Interventional Monitoring
in Heart Failure (TIM-HF) trial by Koehler et al (2011) found
no reductions in hospitalizations or mortality [5]. The authors
concluded their study does not rule out the potential benefits of
telemonitoring, but instead that there is a need to identify the
heart failure population that could benefit from telemonitoring
[5]. Thetrial by Scherr et al (2009), which required patients to
enter readings using a mobile phone's Internet browser,
highlighted the importance of system design on the success of
the telemonitoring system [6]. Many patients found using the
Internet browser to be too difficult, resulting in 12 out of the
54 patients in the intervention group being “ never beginners.”

The objective of our randomized controlled trial wasto perform
an in-depth investigation of the effects of a highly automated
and user-centered mobile phone-based telemonitoring system
on self-care and clinical management, with the aim of improving
heart failure outcomes (Trial Registration: ClinicalTrials.gov

http://www.jmir.org/2012/1/e31/

NCTO00778986). We used an extensive user-centered design
processto devel op the telemonitoring system in order to ensure
it was as easy to use as possible and to meet the needs of the
clinicians and patients. User-centered design refers to a
philosophy that bases the design on information about and input
from the people who will be using the product. The
user-centered design process will be discussed in a separate
publication.

Methods

Study Participants

One hundred participants were recruited from the University
Health Network (UHN) Heart Function Clinic in Toronto,
Ontario, between September 2009 and February 2010 (Figure
1). The UHN Research Ethics Board approved the trial prior to
commencement. The primary intent of the trial wasto pilot the
telemonitoring system in order to determine the impact of the
system on self-care and clinical management. A sample size
calculation was based on the Self-Care of Heart Failure Index
(SCHFI), using a population standard deviation of 20 and an
effect size of 10 (effect size represents a clinically significant
change of more than half a standard deviation) as determined
in previous studies (apha = 0.05, power = 0.8) [7,8]. We
calculated the required sample size per group to be 34, and
recruited 50 participants for the intervention group and 50 for
the control group to compensate for the patients estimated as
lost to follow-up, including due to mortality, over the six-month
trial.

Eligible participants were ambulatory patients diagnosed with
heart failure. Other eligibility criteriaincluded 18 years of age
or older, ability to speak and read in English, not on the heart
transplantation list, an expected survival of greater than one
year, and a left ventricular gjection fraction (LVEF) less than
40%. During their Heart Function Clinic visit, patientswho met
the inclusion criteria (as deemed by their cardiologist), were
invited to speak to the study coordinator (ES) regarding
participation in the study. Each participant provided informed
consent and received Can $24 as reimbursement for travel and
parking expenses.
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Figure 1. Flow of participants through the trial.

Study Protaocol

The 100 participants were randomized into the telemonitoring
(TM) group and standard care (SC) group using stratified
four-block randomization. Stratification was based on NYHA
classification (NYHA class II-I11 and NYHA class V). There
were no participants in NYHA class |I. An online
computer-generated randomization tool, Research Randomi zer
[9], was used to determine the order of participants in the
telemonitoring and standard care groups. The study coordinator
was blinded to which group the patient would be assigned until
each patient consented to participate in the trial.

Each patient received a questionnaireto complete at home. The
guestionnaire included demographic and clinical characteristic

http://www.jmir.org/2012/1/e31/
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questions, and the SCHFI and the Minnesota Living with Heart
Failure Questionnaire (MLHFQ), which are validated tools for
measuring self-care and quality of life, respectively [10-12].
The SCHFI ismade up of three subscales: self-care maintenance
(choice of behaviors used to maintain physiological stability),
self-care management (response to symptoms when they occur),
and self-care confidence. The maintenance, management, and
confidence subscales consist of 5, 6, and 4 Likert questions,
respectively. A higher score on the SCHFI indicates improved
self-care. The MLHFQ consists of 21 questions that use a
6-point Likert scale. The physical dimension score for the
MLHFQ is the summation of 8 questions (eg, Did your heart
failure make you sit or lie down to rest during the day?), while
the emotional dimension score is the summation of 5 other
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guestions (eg, Did your heart failure make you worry?). A lower
score on the MLHFQ indicates higher quality of life.

The standard care group received standard care at the UHN
Heart Function Clinic, which includesvisiting the clinic between
once every 2 weeksto once every 3 to 6 months, depending on
the severity of the patient’s heart failure condition and the need
for optimizing their medication. Standard care also includes
heart failure education during preliminary visits at the Heart
Function Clinic and the ability to telephone the clinic as
necessary. Participants in the standard care group were not
contacted again regarding the study until the end of thetrial.

The participants in the telemonitoring group received the
telemonitoring system in addition to standard care. They were
asked to use the telemonitoring system for 6 months to take
daily morning weight and blood pressure readings as well as
weekly single-lead electrocardiograms (ECGs) if provided with
an ECG recorder. They were also asked to answer daily morning
symptom questions on a mobile phone. Only the 17 patients
who did not have an implantable cardioverter defibrillator (ICD)
were provided with an ECG recorder because the recorder was
not certified for use with ICDs. Patients were also told to report
their symptoms through the mobile phone if they did not feel
well during the day. The patients in the telemonitoring group
were given an individua training session on how to use the
system during the recruitment session, and were provided with
technical support by telephone throughout the study. The daily
measurements took about 5 minutes each morning.

Six months after recruitment, all participants were mailed a
post-study questionnaire. Semi-structured interviews were
conducted with participants in the telemonitoring group to
determine their experiences with the system. Twenty-two
patients were interviewed, at which point saturation was
achieved (ie, no new themes were identified). The individual
interviews lasted between 15 and 60 minutes and took placein
a private consultation room at the Heart Function Clinic.

The five clinicians (three cardiologists and two nurse
practitioners) from the Heart Function Clinic who managed the
alertsand/or used the datafrom the telemonitoring system during
thetrial were also interviewed post-study. Each semi-structured
interview lasted between 15 and 45 minutes. All patient and
clinician interviews were audio-recorded and later transcribed.

http://www.jmir.org/2012/1/e31/
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Telemonitoring System Overview

The weight and blood pressure readings (UA UC-321PBT
weight scale and UA-767PBT blood pressure monitor, A&D
Medical, USA) and ECG recordings (SelfCheck ECG PMP4,
CardGuard, lsrael) were automatically sent wirelessly via
Bluetooth to amobile phone (BlackBerry Pearl 8130, Research
in Motion, Canada) and then to the data repository at the
hospital. Patients also answered symptom questions (mainly
yes/no) through the mobile phones. The measurements sent to
the datarepository included astudy identifier. No patient names
were transmitted and no identifying information was stored on
the mobile phone. The mobile phone displayed an instruction
on what to do after taking each measurement. A final message
or aert based on the physiological and symptom information
was sent to the mobile phone (Figure 2). Clinicians were able
to modify any necessary physiological target ranges per patient
through a secure website. The alerts ranged from low priority
ones (eg, to retake the measurements if the patient feelsworse)
to high priority aerts (eg, to go to the local emergency
department or call 911). The patients and the clinicians were
ableto view the physiologica dataon asecure websitein tabular
and graphic formats. All the datawere also stored and accessible
on the mobile phone. If a patient did not take al the required
measurements by 10 am each morning, an automated adherence
reminder phone call was sent to their home tel ephone.

If measurementswere outside of thetarget rangeor if the patient
reported symptoms, alerts were emailed to the cardiologist’'s
mobile phone. The email aerts included the patient’s contact
information, medication list, symptom and physiological
information (including the ECG recording as an attachment, if
available), latest serum creatinine and potassium, and the alert
message sent to the patient. If the cardiologist determined
contacting the patient was warranted, they were ableto call the
patient by selecting their phone number in the email. The patient
alert message a so instructed them to contact the Heart Function
Clinicif they felt they should. During the trial, the cardiol ogist
usually called the patient within afew minutes of receiving the
alert. The cardiologist emailed the study coordinator specifying
the action resulting from each alert (eg, caling the patient,
modificaton of medications, etc) by replying to the original
email dert.
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Figure 2. Sample message sent to patient’s mobile phone.
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Summary

Weight 173.2 (+3.2 Ibs)

BP 150
90

Pulse 75 /min.

Sympt. None

Follow your doctor’s instructions
to take extra 40 mg lasix now.

Follow your salt & fluid restriction.

Press 1 for menu

Outcome M easures

The primary outcomes of this study included a surrogate for
heart failure prognosis, specifically brain natriuretic peptide
(BNP), self-care as measured by the SCHFI, and quality of life
as measured by the MLHFQ. Hospital readmissions, number
of nights in hospital, and mortality were secondary outcome
measures because the study was underpowered to detect
differences between groups for these metrics. Other secondary
outcome mesasures included number of emergency department
visits and number of Heart Function Clinic visits. In addition,
LVEF, NYHA class, medication prescriptions, and blood test
results (specifically creatinine, sodium, potassium, hemoglobin,
and urate values) were also subsequently analyzed.

http://www.jmir.org/2012/1/e31/
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Data Analysis

The normality of the data for each outcome measure was
determined through Kolmogorov—Smirnov and Shapiro—Wilk
tests of normality. Data that were normally distributed were
MLHFQ, SCHFI maintenance, SCHFI management, sodium,
potassium, hemoglobin, urate, and LVEF values. All other
parameters were analyzed with non-parametric tests.

Between-group analyses using independent Student t tests and
Mann-Whitney tests (for normally and not normally distributed
data, respectively) were first performed to compare the
telemonitoring group and standard care group post-study data.
Between-group analyses were also performed to compare the
change scores. Paired Student t tests and Wilcoxon signed rank
tests were then performed to compare baseline and post-study
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data within the telemonitoring and standard care groups. The
statistical analyseswere performed using the statistical software
application SPSS 17.0 (IBM Corporation, USA). Statistical
significance was considered at P < .05 unless otherwise
specified. All test results reported are 2-tailed.

Interview data were analyzed using a conventional content
analysisapproach[13]. Two researchers (ESand CM) analyzed
the transcripts independently and coded the transcripts with the
software program NVivo version 7 (QSR International,
Doncaster, Victoria, Australia). The researchers then discussed
the themes and issues that emerged until a consensus was
reached. The qualitative results are presented in detail in an
accompanying paper [14].

Results

Twelve out of 112 patients approached to participate in this
study declined. One patient felt overwhelmed by the idea of
participating inthetrial, two did not want to take measurements
every day, one said he did not have the time, and one thought
as aresult of a stroke he would not be able to understand how
to perform the monitoring. The remainder did not provide
specific reasons for declining. The three patients from the
telemonitoring group who withdrew from the study included a
patient who became incapacitated during the trial dueto afall,
and two participants who decided to withdraw from the study
when they had technical difficulties with the telemonitoring
equipment. No patients in the standard care group officialy
withdrew from the study (Figure 1).

Baseline Patient Data

Table 1 shows the baseline demographic and clinical
characteristics of the 100 patients who participated in the trial.
The profiles of the telemonitoring and standard care groups
were similar and representative of the patient population
attending the UHN Heart Function Clinic. A comparison of
baseline study parameters showed no statistical differences
between telemonitoring and standard care groups for any
outcome measures. Baseline questionnaires were completed
and returned by 94 patients (46 from the telemonitoring group
and 48 from the standard care group) and 84 patients returned

http://www.jmir.org/2012/1/e31/

Seto et d

post-study questionnaires (39 from the telemonitoring group
and 45 from the standard care group), while 82 patients returned
both baseline and post-study questionnaires.

Telemonitoring System Utilization

Patient Adherence

Patients completed their required measurements on average
between 5 to 6 days per week throughout the six-month trial
(Figure 3). Adherence decreased only dlightly from the
beginning of the tria to the end. Adherence during the first
week wasrelatively low because some patients had to travel for
anumber of daysto get home before using the system, and some
patients required technical telephone support before properly
using the system. About 42, 33, and 16 out of the 50
telemonitoring group patients (84%, 66%, and 32%) completed
at least 91 (50%), 146 (80%), and 173 (95%) of possible daily
readings over the six months, respectively. Missed
measurements were sometimes due to technical issueswith the
telemonitoring system or else because of patients going on
vacation without bringing the monitoring equi pment with them.

The adherence data presented are an underestimate of the true
adherence because they are based on the adherence phone calls
sent at 10 am if patients had not yet completed their daily
measurements. Occasionally, patients would take their
measurements after 10 am when the adherence reminder was
already sent because they had woken after 10 am.

Clinical Utilization of the System

Table 2 summarizes the clinical utilization of the system and
the actions the clinicians performed based on the alerts. One
cardiologist received the mgjority (1367) of the email alerts.
Another cardiologist received aerts (311 a erts) when covering
for the primary cardiologist for a three-week period. Low
priority alerts were more frequently generated than the more
urgent alerts. The cardiologists (and occasionally a nurse
practitioner) called patients 480 times over the 6 months, often
to provideinstructions or to educate. The most common clinical
action was an instruction or change in medication (105 times).
Other actionsincluded ordering additional blood work, moving
the patient’s clinic visit forward, or instructing the patient to
seetheir family physician or to go to the emergency department.
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Table 1. Baseline demographic and clinical characteristics of patient participants®

Characteristic telemonitoring group standard care group
(N =50) (N =50)
Age, mean (SD), years 55.1(13.7) 52.3(13.7)
Gender, No. (%) Male 41 (82) 38 (76)
Female 9(18) 12 (24)
Ethnicity, No. (%) Caucasian 39 (78) 33 (66)
African Canadian 5(10) 4(8)
South East Asian 2(4) 2(4)
Chinese 0 3(6)
Other 4(8) 8(16)
Marital status, No. (%) Married 34 (68) 28 (56)
Not Married 12 (24) 19 (38)
Living arrangement, No. (%) Living with partner or fami- 42 (84) 38 (76)
ly
Living aone 6 (12) 9(18)
Highest education level achieved, No. (%) Less than high school 1(2 6(12)
High school 12 (24) 13 (26)
College/University 33 (66) 28 (56)
Income, No. (%) < $15,000 9(18) 11(22)
$15,000-$49,999 16 (32) 18 (36)
> $50,000 15 (30) 13(26)
Preferred not to answer 6 (12) 5(10)
Employment, No. (%) Full-time 13 (26) 14 (28)
Part-time 3(6) 1(2
Disability dueto heart fail- 18 (36) 19(38)
ure
Retired 8(16) 7(14)
Unemployed 4(8) 7(14)
NYHA class, No. (%) I 21 (42) 22 (44)
1Al 6(12) 5(10)
I 21 (42) 21 (42)
v 2(4) 2(4
L eft ventricular € ection fraction, mean (SD) 27.1(7.8) 27.0(9.9)
Blood pressure, mean (SD) Systolic 108 (17) 102 (16)
Diastolic 69 (13) 66 (11)
Pulse, mean (SD), beats/minute 73 (11) 73 (13)
Blood test values, mean (SD) Creatinine, umol/L 108 (34) 105 (41)
Sodium, mmol/L 139 (3) 139 (3)
Potassium, mmol/L 4.4(0.4) 4.2(0.5)
Hemoglobin, g/L 135 (13) 142 (15)
Urate, umol/L 413 (117) 412 (124)
Duration of heart failure, median, (interquartilerange), years 4.8 (7.8) 35(8.2)
Primary cause of heart failure, No. (%) Ischemic 20 (40) 13 (26)
http://www.jmir.org/2012/1/e31/ JMed Internet Res 2012 | vol. 14 |iss. 1| e31 | p. 7
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Characteristic telemonitoring group standard care group
(N =50) (N =50)
Idiopathic 22 (44) 29 (58)
Other 8(16) 8(16)

@Wissing values account for totals |ess than 100%.

Figure 3. Weekly adherence to completing all daily measurements.
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Table2. Clinicd utilization of the telemonitoring system and clinical actions resulting from aerts

Clinical system use/action

Times occurred over the 6-month trial

Email alerts sent to Cardiologist A; Cardiologist B

Logged onto website by Cardiologist A; Nurse Practitioner A
Phoned patient due to alerts

Medication changed or medication instructions given
Ordered additional blood work

Moved clinic visit forward to an earlier date

Instructed patient to go to local emergency department
Instructed patient to contact family physician

1367; 311
67, 34
480

105

26

9

6

4

BNP, NYHA Class, LVEF, SCHFI, and MLHFQ
Results

Table 3 shows the results from the statistical analysis. BNP
values for both the telemonitoring and standard care groups
decreased post-study (P = .001, P = .002, respectively).

http://www.jmir.org/2012/1/e31/
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Similarly, NYHA class, LVEF, sdlf-care maintenance, and
self-care management improved for both groups. However,
quality of life as measured with the MLHFQ significantly
improved only for thetelemonitoring group (P = .02), including
the physical (P = .02) and emotional dimensions (P = .03).
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A comparison of the post-study data between groupsfound only
a dtatisticaly significant difference in SCHFI maintenance
scores, indi cating the telemonitoring group had greater self-care
maintenance (ie, ahigher SCHFI maintenance score) (P =.03).
A comparison of the change scores between groups found only

Seto et d

a statistically significant difference in the overall MLHFQ
scores, indicating that the telemonitoring group had greater
improvement in quality of life (ie, a larger difference from
baseline to post-study MLHFQ scores) (P = .05).

Table 3. Resultsfor BNP, NYHA class, LVEF, SCHFI, and MLHFQ scores

Parameter telemonitoring group standard care group Between- Between-
St-
N  Basdinemean Post-study Pvalue N  Basdine Post-study P vaue g{lj);; (?a?ta g:(:rllz e
(SD) mean (SD) mean (SD)  mean (SD) P value Scores
P value

BNP (pg/mL) 44 592 (538) 414 (604) .001 44 426 (501) 303 (460) .002 2 5
NYHA class 43  25(0.6) 2.1(0.7) .000 38 2.6(0.6) 22(0.7) .001 8 8
LVEF (%) 41 252(8.8) 32.7(11.8) .001 35 24.8(9.7) 31.3(12.5) .001 7 7
Self-care mainte- 38 65.1(18.6) 73.3(11.6) .004 44 589(18.7) 655(15.8) .006 .03 6
nance (SCHFI)
Self-caremanage- 18 58.1(24.5) 68.6 (16.0) .02 21 579(224) 69.3(18.3) .01 7 9
ment (SCHFI)
Self-careconfidence 37 57.4(20.6) 57.7(195 .7 43 55.8(20.0) 56.2(21.8) 9 9 .8
(SCHFI)
Quality of life(ML- 38 50.3(29.1) 41.4(26.7) .02 44  478(22.6) 47.3(234) 9 2 .05
HFQ)
Quality of life— 38 21.7(12.8) 17.8(129) .02 44 21.0(105) 20.2(10.5) 5 3 A
physical (MLHFQ)
Quality of life— 38 11.7(8.6) 9.5(7.8) .03 44 11.0(7.0) 11.3(6.9) 8 2 .07

emotiona (MLHFQ)

As with previous studies of multidisciplinary heart function
clinics, it was hypothesized being enrolled in the Heart Function
Clinic would improve outcomes particularly for those patients
new to the clinic. To test if there was a clinic effect on the
outcome measures showing improvements in both groups, the
changes in outcome measures were compared for patients who
were new to the clinic (< 6 months, N = 37) versus those who
were long-term patients (> 6 months, N = 63). We chose six
months as the cut-off point because patients newly referred to

the clinic usually require three months to up-titrate medication
and a further three months to reach clinical stability. In the
telemonitoring group, 18 patients were new to the clinic versus
19 in the standard care group. Patients who were new to the
clinic improved more than those who were long-term with
respect to BNP and LVEF (Table 4). Self-care maintenance of
the new patients also improved more, but the difference was
not statistically significant.

Table4. Comparison of patients new to the Heart Function Clinic (enrolled < 6 months) and long-term patients (enrolled > 6 months)

Parameter Petients enrolled < 6 months Petients enrolled > 6 months P value
N Baseline mean (SD) N Baseline mean (SD)

Changein BNP (pg/mL) 35 279.8 (606.4) 53 65.4 (325.5) .003

Changein NYHA class 33 0.5(0.8) 44 0.4 (0.5) 6

Changein LVEF (%) 34 -9.5(10.6) 42 -5.1(11.4) .02

Change in self-care maintenance (SCHFI) 31 -10.6 (17.9) 51 -5.4(14.1) A

Change in self-care management (SCHFI) 12 -9.5(17.1) 27 -11.7 (19.4) T

To minimize the clinic effect, the statistical analysis was
repeated post-hoc removing the data from the 37 patients new
to clinic. Table 5 shows the subgroup statistical results for the
parameters that improved for both groups. For long-term
patients, the BNP (P = .02), LVEF (P = .005), self-care
maintenance (P = .05), and self-care management (P = .03)
significantly improved only for the telemonitoring group. A

http://www.jmir.org/2012/1/e31/

comparison of the post-study data and change scores between
groups found only a statistically significant difference in
post-study MLHFQ emotional dimension scores, indicating the
telemonitoring group had better post-study quality of life
(emotional dimension) compared to the standard care group (P
=.05).
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Table5. Resultsfor BNP, NYHA class, LVEF, and SCHFI scores with new patients to the clinic removed
Parameter telemonitoring group standard care group Between- Between-
St-
N  Basdinemean Post-study Pvalue N  Basdine Post-study P vaue 2{335 é):ta gg(;lrjlge
(SD) mean (SD) mean (SD)  mean (SD) P value Scores
P value
BNP (pg/mL) 27 583 (464) 433 (445) .02 26 326 (296) 349 (467) 4 3 A
NYHA Class 26 2.6(0.5) 2.2(0.7) .002 18 2.7(0.6) 2.3(0.5) .01 1.0 9
LVEF (%) 24 239(8.9) 31.3(12.3) .005 18 28.1(105 30.1(14.7) 4 9 A
Self-care mainte- 23 64.9(20.3) 719(12.7) .05 28 59.1(187) 63.1(16.9) A .07 5
nance (SCHFI)
Self-caremanage- 13 515(235)  65.0(129) .03 14 621(17.8) 72.1(12.0) .08 2 7

ment (SCHFI)

Mortality Results

During the trial, three patients from the telemonitoring group
died and none died from the standard care group. One patient
died from newly diagnosed cancer, the second was suspected
to have died from sepsis due to a leg ulcer, and the third died
from post-heart transplantation complications (transplant
performed prior to study enrollment).

Health Care Resource Utilization Results

Table 6 shows the results from the Mann-Whitney tests
comparing the heath care resource utilization by the

Table6. Resultsfor health care resource utilization

telemonitoring and standard care groups during the trial. No
differences were found between the groups for number of
hospitalizations (P = .1), number of nightsin hospital (P = .2),
or number of visits to the emergency room (P = .6). However,
the telemonitoring group visited the Heart Function Clinic
during the six months more often than the standard care group
(P = .04) because the cardiologist managing the alerts asked
severa patientsto come into clinic when their health appeared
to be deteriorating, as alerted by the telemonitoring system.

Parameter telemonitoring group standard care group P value
N Mean (SD) N Mean (SD)

Number of hospital admissions 38 0.5(0.8) 44 0.2(0.4) 1

Number of nightsin hospital 38 2.3(5.3) 44 1.3(4.2) 2

Number of emergency department visits 38 0.4 (0.9) 44 0.3(0.5) 6

Number of Heart Function Clinic visits 39 3.5(3.6) 45 25(25) .04

M edication and Blood Test Results

Table 7 shows the number of patients prescribed
angiotensin-converting enzyme (ACE) inhibitor and/or
angiotensin receptor blocker (ARB), beta-blocker, diuretic,
statin, aldosterone antagonist, digoxin, and antiarrhythmic
medication at baseline and post-study for the telemonitoring
and standard care groups. Using McNemar'stest, no statistical
differences were found between the frequency of medication
prescribed at baseline compared to the frequency of medication

http://www.jmir.org/2012/1/e31/

prescribed post-study for either of the groups, except more of
the patients in the telemonitoring group were prescribed
aldosterone antagonist post-study (P = .02). Seven patients in
the telemonitoring group started to take aldosterone antagonist
during the six-month trial. No significant statistical differences
were found comparing the post-study frequency of medication
between groups using Fisher's exact test. No significant
differences were found between baseline and post-study
creatinine, sodium, potassium, hemoglobin, and urate blood test
results.
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Table 7. Number of patients prescribed various types of medication

Medication telemonitoring group standard care group Between-
. . group post-

Baseline Post study Pvalue Baseline Post study P vaue study data
Pre- Notpre-  Pre- Not pre- Pre- Not pre-  Pre- Not pre- P value
scribed scribed scribed scribed scribed scribed scribed scribed

ACE-inhibitor 49 1 44 1 10 48 2 36 2 1.0 .6

and/or ARB

Beta-blocker 49 1 44 1 1.0 49 1 38 0 1.0 1.0

Diuretic 47 3 42 3 10 45 5 34 4 10 7

Statin 31 19 27 18 10 26 24 22 16 3 1.0

Aldosteroneantago- 23 27 27 18 .02 29 21 23 15 7 10

nist

Digoxin 16 34 16 29 10 22 28 16 22 7 7

Antiarrhythmic 14 36 12 33 1.0 6 44 6 32 1.0 3

Discussion

A randomized controlled trial was performed to evaluate a
user-centered, mobile phone-based telemonitoring system.
Although the trial was underpowered to detect its impact on
hospitalization and mortality, the results suggest quality of life
improved with the use of the system through increased self-care
and improved clinical management. BNP, LVEF, and NYHA
class al improved over the course of the tria for both the
telemonitoring and standard care groups. A subgroup analysis
using only the participantswho had attended the clinic for more
than 6 months showed only the telemonitoring group had
significant improvements in BNP and LV EF from baseline to
post-study. It is possible atrial with alarger sasmple size would
find a reduction in hospitalization and mortality in the
telemonitoring group.

One of the most significant changes in clinical management
with the telemonitoring system was the ability to optimize a
patient’'s medication regimen. For example, there was a
statistically significant increase in the number of patientsinthe
telemonitoring group who were prescribed aldosterone
antagonist compared to the standard care group. Previous studies
have found less than a third of eligible patients receive heart
failure guideline-recommended aldosterone antagonist therapy
[15]. The benefits of adosterone antagonist, in terms of
reductions in mortality and hospitalizations, have been well
documented. However, patients are often not prescribed this
therapy partially because of the need to closely monitor serum
potassium levels due to the risk of hyperkalemia [16]. It is
possible the increase in use of aldosterone antagonist in the
telemonitoring group can be attributed to the close monitoring
of the patients enabled by the telemonitoring system.

In terms of self-care, the telemonitoring system provided
immediate automated instructions and enabled clinica
intervention at the most appropriate time (“teachable moments”)
to help patients modify their lifestyle behaviors. For example,
many patients found their weight and blood pressure increased
after a high sodium meal. By reducing their salt intake for the
next few meals, their weight and blood pressure would return
to within their normal range. Some patients also received

http://www.jmir.org/2012/1/e31/

automated reminders to take extra diuretic medication after a
weight gain, which confirmed taking the extra medication was
the correct course of action. Even though this group of patients
received prior instruction from their cardiologist to take extra
diuretic medication in this situation, they were still often hesitant
to take the extra medication without prior confirmation.

A large-scde (N=1653) randomized controlled trial,
Telemonitoring to Improve Heart Failure Outcomes (Tele-HF),
was conducted using as a primary outcome measure acomposite
of readmission for any reason or death from any cause within
180 days of enrollment [17]. That trial found no reduction in
mortality or hospital admissions from the use of a
telephone-based interactive voice-response system to record
heart failure symptoms and weight data. One of the possible
reasons no differences were found between groups is the
Tele-HF trial attempted to engage patients in self-care only in
terms of performing the daily reporting of symptomsand weight.
Real-time automated self-care advice and instructions (taking
extra diuretic medication, following salt and fluid restrictions,
etc) based on the reported symptoms and weight—as
implemented in our study—might have had asignificant positive
impact. In addition, site coordinators reviewed the patient
information daily on weekdaysfor the Tele-HF trial and should
have contacted the patient as required. It is possible the
necessary real-time response by clinicians was not provided.

Finaly, 14% of the Tele-HF patients randomized into the
intervention group never used the system, and only 55% of the
patients were using the system at least 3 times per week by the
final week. The Tdle-HF trial lasted 180 days, whichwassimilar
to our trial. However, by the final week of our trial, 89% of our
patients were taking their measurements at least 3 times per
week (excluding the 3 patients who had died). Our high rate of
adherence may be dueto the perceived benefit, ongoing positive
reinforcement, and ease of use of our system even among the
very elderly (the oldest patient in the telemonitoring group was
aged 88 years). Thetria by Scherr et al (2009) also found low
adherence rates due to patients having difficulty in manually
entering and sending their daily blood pressure, heart rate, body
weight, and dosage of heart failure medication through amobile
phone’s Internet browser [6]. The differencesin adherencerates
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between these trial s underscore the importance of system design
on the successful implementation of telemonitoring systems.

The TIM-HF trial investigated the effects of wireless medical
devices with a personal digital assistant (PDA) on health
outcomes of 710 heart failure patients randomized into
intervention and control groups. Similar to the Tele-HF trial,
thistrial found no statistically significant differences between
the groups with respect to mortality, number of hospitalizations,
or days in hospital [5]. However, an exploratory subgroup
analysis suggested the efficacy of telemonitoring to improve
heart failure outcomes could be dependent on the characteristics
of the patient population. The investigators concluded further
trials were required to explore the effects of telemonitoring in
defined patient subgroups.

In our study, being newly enrolled into the Heart Function Clinic
overshadowed improvements from the telemonitoring system
in terms of the within-group analysis. In addition, many of our
participants had stable heart failure, and had not been admitted
to hospital for many years. Bowles et a (2009) also suggested
targeting higher risk patients with greater probability of being
rehospitalized in order to demonstrate the most effective
outcomes from telemonitoring [ 18]. Eligibility criteriafor study
participation that included admission to hospital within the
previous year and being part of the Heart Function Clinic for
at least 6 months may have resulted in more significant
improvements in health outcomes.

Although the clinicians viewed the ECG recordings that were
available, the benefits of the ECG recordings compared to the
costs of the devices were not conclusive. Feedback from the
clinicians indicated they thought the ECG recordings were of
some use, but the inability to provide the devicesto participants
with ICDs was a significant drawback.

Limitations

A confounder to our study was the clinic effect that caused
improvements in outcomes in both the telemonitoring and
standard care groups, as described above. Future studies should
consider recruitment of stable clinic patients. Secondly, patients
were enrolled in the winter and completed the tria in the
summer when heart failure patients are often healthier due to
reductions in respiratory illnesses. This seasona effect may
have al so contributed to the observed improvementsin both the

Acknowledgments

Seto et d

telemonitoring and standard care groups. A third limitation was
the small sample size that did not provide adequate power to
detect the effects of the telemonitoring on mortality and
hospitalization outcomes. A future trial with a larger sample
size would help further determine the effects of the
telemonitoring system on health service utilization and its health
economic impact. In addition, the proportionate benefit of
self-care versus clinical management changes on health
outcomes could not be definitively determined. For example,
the improvements observed in the telemonitoring group may
belargely attributed to the increased prescription of aldosterone
antagonist. Furthermore, about a third of the patients in the
telemonitoring group used the telemonitoring system for a
number of weeks prior to completing the baseline questionnaire.
Although the patients were instructed to answer the
guestionnaire based on information before they used the
telemonitoring system, it was clear many patients were basing
their answers on information associated with system use because
their questionnaire responses sometimes did not match the
information provided during their recruitment interviews. This
minimized the measured impact of the telemonitoring system.
Limitationsto the questionnaire dataa so include potential recall
bias and self-reporting. Finally, the telemonitoring system was
only available in English, which limited the participant
population to patients who were able to read rudimentary
English.

Conclusions

The results from our trial suggest mobile phone-based
telemonitoring improves quality of life through improved
self-care and clinical management. A subgroup analysis using
only the participants who had attended clinic for more than 6
months showed only the telemonitoring group had significant
improvements in BNP and LV EF from baseline to post-study.
Animportant component to successful telemonitoring for heart
failure appears to be immediate feedback to the patients to
address any potential decompensation either through automated
messages and/or advice from a clinician who is familiar with
patients histories. In addition, in order for patientsto bewilling
to integrate telemonitoring into their daily lives, the system
must be easy and quick to use. Further research with an
appropriate heart failure patient population and larger sample
sizeis required to determine the extent of the benefits of such
atelemonitoring system on heart failure outcomes.

Funding for thiswork wasin part provided by the Toronto General Hospital Foundation and the Natural Sciencesand Engineering
Research Council of Canada Strategic Research Network Grant entitled Healthcare Support through Information Technology

Enhancements (hSITE).

Conflictsof I nterest
None

References

1.  InglisSC, Clark RA, McAlister FA, Ball J, Lewinter C, Cullington D, et al. Structured tel ephone support or telemonitoring
programmes for patients with chronic heart failure. Cochrane Database Syst Rev 2010(8):CD007228. [doi:

10.1002/14651858.CD007228.pub2] [Medline: 20687083]

http://www.jmir.org/2012/1/e31/

JMed Internet Res 2012 | vol. 14 |iss. 1| €31 | p. 12
(page number not for citation purposes)


http://dx.doi.org/10.1002/14651858.CD007228.pub2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20687083&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Setoet a

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Clark RA, Inglis SC, McAlister FA, Cleland JG, Stewart S. Telemonitoring or structured telephone support programmes
for patients with chronic heart failure: systematic review and meta-analysis. BMJ 2007 May 5;334(7600):942 [EREE Full
text] [doi: 10.1136/bmj.39156.536968.55] [Medline: 17426062]

Polisena J, Tran K, Cimon K, Hutton B, McGill S, Palmer K, et al. Home telemonitoring for congestive heart failure: a
systematic review and meta-analysis. J Telemed Telecare 2010;16(2):68-76. [doi: 10.1258/jtt.2009.090406] [Medline:
20008054]

Klersy C, De Silvestri A, Gabutti G, Regoli F, Auricchio A. A meta-analysis of remote monitoring of heart failure patients.
JAm Coall Cardiol 2009 Oct 27;54(18):1683-1694. [doi: 10.1016/j.jacc.2009.08.017] [Medline: 19850208]

Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, B6hm 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]

Scherr D, Kastner P, Kollmann A, Hallas A, Auer J, Krappinger H, MOBITEL Investigators. Effect of home-based
telemonitoring using mobile phone technology on the outcome of heart failure patients after an episode of acute
decompensation: randomized controlledtrial. JMed Internet Res 2009;11(3):e34 [ FREE Full text] [doi: 10.2196/jmir.1252]
[Medline: 19687005]

Riegel B, Vaughan Dickson V, Goldberg LR, Deatrick JA. Factors associated with the devel opment of expertisein heart
failure self-care. Nurs Res 2007 Jul;56(4):235-243. [doi: 10.1097/01.NNR.0000280615.75447.f7] [Medline: 17625462]
Riegel B, Lee CS, Dickson VV, Carlson B. An update on the self-care of heart failure index. J Cardiovasc Nurs 2009
Dec;24(6):485-497. [doi: 10.1097/JCN.0b013e3181b4baal] [Medline: 19786884]

Urbaniak GC, Plous S. Research Randomizer. URL: http://www.randomizer.org/ [accessed 2011-11-16] [WebCite Cache
ID 63FKN7qtR]

Riegel B, Moser DK, Glaser D, Carlson B, Deaton C, ArmolaR, et a. The Minnesota Living With Heart Failure
Questionnaire: sensitivity to differences and responsivenessto intervention intensity in aclinical population. Nurs Res 2002
Aug;51(4):209-218. [Medline: 12131233]

Riegel B, Carlson B, Maoser DK, Sebern M, Hicks FD, Roland V. Psychometric testing of the self-care of heart failure
index. J Card Fail 2004 Aug;10(4):350-360. [Medline: 15309704]

Rector TS, Cohn JN. Minnesota Living With Heart Failure Questionnaire. URL: http://www.license.umn.edu/Products/
Minnesota-Living-With-Heart-Failure-Questionnaire  294019.aspx [accessed 2011-08-08] [WebCite Cache ID
60NHNOGV7]

Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov;15(9):1277-1288.
[doi: 10.1177/1049732305276687] [Medline: 16204405]

Seto E, Leonard KJ, Cafazzo JA, Barnsley J, Masino C, Ross HJ. Perceptions and Experiences of Heart Failure Patients
and Clinicians on the Use of Maobile Phone-Based Telemonitoring. JMed Internet Res 2012 Oct 21;14(1):e25-e65 [FREE
Full text] [doi: 10.2196/jmir.1912]

Albert NM, Yancy CW, Liang L, Zhao X, Hernandez AF, Peterson ED, et al. Use of aldosterone antagonistsin heart failure.
JAMA 2009 Oct 21;302(15):1658-1665. [doi: 10.1001/jama.2009.1493] [Medline: 19843900]

Zannad F, McMurray JJ, Krum H, van Veldhuisen DJ, Swedberg K, Shi H, EMPHASIS-HF Study Group. Eplerenonein
patients with systolic heart failure and mild symptoms. N Engl JMed 2011 Jan 6;364(1):11-21 [FREE Full text] [doi:
10.1056/NEJM 0a1009492] [Medline: 21073363]

Chaudhry SI, Mattera JA, Curtis JP, Spertus JA, Herrin J, Lin Z, et al. Telemonitoring in patients with heart failure. N Engl
JMed 2010 Dec 9;363(24):2301-2309 [FREE Full text] [doi: 10.1056/NEJM 0a1010029] [Medline: 21080835]
BowlesKH, Holland DE, Horowitz DA. A comparison of in-person home care, home care with telephone contact and home
care with telemonitoring for disease management. J Telemed Tel ecare 2009;15(7):344-350. [doi: 10.1258/jtt.2009.090118]
[Medline: 19815903]

Abbreviations

ACE: angiotensin-converting enzyme
ARB: angiotensin receptor blocker

BNP: brain natriuretic peptide

ECG: electrocardiograms

ICD: implantable cardioverter defibrillator
LVEF: left ventricular gjection fraction
MLHFQ: Minnesota Living with Heart Failure Questionnaire
NYHA: New York Heart Association
RCT: randomized controlled trial

SC: standard care

SCHFI: Self-Care of Heart Failure Index

http://www.jmir.org/2012/1/e31/ JMed Internet Res 2012 | vol. 14 |iss. 1|e31]|p. 13

(page number not for citation purposes)


http://www.bmj.com/cgi/pmidlookup?view=long&pmid=17426062
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=17426062
http://dx.doi.org/10.1136/bmj.39156.536968.55
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17426062&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2009.090406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20008054&dopt=Abstract
http://dx.doi.org/10.1016/j.jacc.2009.08.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19850208&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://www.jmir.org/2009/3/e34/
http://dx.doi.org/10.2196/jmir.1252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19687005&dopt=Abstract
http://dx.doi.org/10.1097/01.NNR.0000280615.75447.f7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17625462&dopt=Abstract
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://www.randomizer.org/
http://www.webcitation.org/

                                                63FKn7qtR
http://www.webcitation.org/

                                                63FKn7qtR
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12131233&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15309704&dopt=Abstract
http://www.license.umn.edu/Products/Minnesota-Living-With-Heart-Failure-Questionnaire__Z94019.aspx
http://www.license.umn.edu/Products/Minnesota-Living-With-Heart-Failure-Questionnaire__Z94019.aspx
http://www.webcitation.org/

                                                60nHNOGV7
http://www.webcitation.org/

                                                60nHNOGV7
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
http://www.jmir.org/2012/1/e25/
http://www.jmir.org/2012/1/e25/
http://dx.doi.org/10.2196/jmir.1912
http://dx.doi.org/10.1001/jama.2009.1493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19843900&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1009492
http://dx.doi.org/10.1056/NEJMoa1009492
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21073363&dopt=Abstract
http://dx.doi.org/10.1056/NEJMoa1010029
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://dx.doi.org/10.1258/jtt.2009.090118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19815903&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Setoet a

SD: standard deviation

Tele-HF: Telemonitoring to Improve Heart Failure Outcomes
TIM-HF: Telemedical Interventional Monitoring in Heart Failure
telemonitoring: telemonitoring

UHN: University Health Network

Edited by H Potts, submitted 09.08.11; peer-reviewed by J Polisena, A Kollmann; comments to author 19.09.11; revised version
received 04.12.11; accepted 12.12.11; published 16.02.12

Please cite as:

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;14(1):e31

URL: http://www.jmir.org/2012/1/e31/

doi: 10.2196/jmir.1909
PMID: 22356799

©Emily Seto, Kevin J Leonard, Joseph A Cafazzo, Jan Barngley, Caterina Masino, Heather J Ross. Originally published in the
Journal of Medical Internet Research (http://www.jmir.org), 16.02.2012. Thisisan open-access article distributed under theterms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in the Journal of Medica Internet
Research, is properly cited. The complete bibliographic information, a link to the original publication on http://www.jmir.org/,
aswell asthis copyright and license information must be included.

http://www.jmir.org/2012/1/e31/ JMed Internet Res 2012 | vol. 14 | iss. 1| e31 ]| p. 14
(page number not for citation purposes)

RenderX


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

