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Abstract

Background: Mobile health (mHealth) interventions may improve heart failure (HF) self-care, but standard models do not
address informal caregivers needs for information about the patient’s status or how the caregiver can help.

Objective:  We evaluated mHealth support for caregivers of HF patients over and above the impact of a standard mHealth
approach.

Methods: We identified 331 HF patients from Department of Veterans Affairs outpatient clinics. All patients identified a
“CarePartner” outside their household. Patients randomized to “standard mHealth” (n=165) received 12 months of weekly
interactive voice response (1VR) callsincluding questions about their health and self-management. Based on patients’ responses,
they received tailored self-management advice, and their clinical team received structured fax alerts regarding serious health
concerns. Patients randomized to “mHealth+CP’ (n=166) received an identical intervention, but with automated emails sent to
their CarePartner after each I VR call, including feedback about the patient’s status and suggestions for how the CarePartner could
support disease care. Self-care and symptoms were measured via 6- and 12-month tel ephone surveys with a research associate.
Self-care and symptom data al so were collected through the weekly 1V R assessments.

Results: Participants were on average 67.8 years of age, 99% were male (329/331), 77% where white (255/331), and 59% were
married (195/331). During 15,709 call-weeks of attempted IVR assessments, patients completed 90% of their calls with no
difference in completion rates between arms. At both endpoints, composite quality of life scores were similar across arms.
However, more mHealth+CP patients reported taking medications as prescribed at 6 months (8.8% more, 95% Cl 1.2-16.5, P=.02)
and 12 months (13.8% more, Cl 3.7-23.8, P<.01), and 10.2% more mHealth+CP patients reported talking with their CarePartner
at least twice per week at the 6-month follow-up (P=.048). mHealth+CP patients were less likely to report negative emotions
during those interactions at both endpoints (both P<.05), were consistently more likely to report taking medications as prescribed
during weekly 1VR assessments, and also were less likely to report breathing problems or weight gains (all P<.05). Among
patients with more depressive symptoms at enrollment, those randomized to mHealth+CP were morelikely than standard mHealth
patients to report excellent or very good general health during weekly IVR calls.
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Conclusions: Compared to arelatively intensive model of 1VR monitoring, self-management assistance, and clinician alerts, a
model including automated feedback to aninformal caregiver outside the household improved HF patients’ medication adherence
and caregiver communication. mHealth+CP may also decrease patients’ risk of HF exacerbations related to shortness of breath
and sudden weight gains. mHealth+CP may improve quality of life among patients with greater depressive symptoms. Weekly
health and self-care monitoring via mHealth tools may identify intervention effects in mHealth trials that go undetected using
typical, infrequent retrospective surveys.

Trial Registration: ClinicaTrials.gov NCT00555360; https://clinicaltrials.gov/ct2/show/NCT00555360 (Archived by WebCite
at http://www.webcitation.org/6Z4Tsk78B).

(J Med Internet Res 2015;17(6):€142) doi: 10.2196/jmir.4550
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Introduction

Chronic heart failure (HF) is associated with reduced quality
of life, preventable hospitalizations, and early mortality [1,2].
For effective disease management, patients must systematically
monitor symptoms, including shortness of breath, weight gain,
and edema, and follow strict self-care practices including
limiting salt and fluid intake, and taking medications as
prescribed [3,4]. Because HF management is challenging,
patients frequently experience life-threatening exacerbations
that are responsible for $40 billion in US health care costs each
year [5]. Telephone care management can improve HF patients’
prognosis[6-10]. However, telephone follow-up isinadequately
reimbursed and competes with in-person care for clinicians
time [11].

A number of recently completed clinical trials and evidence
syntheses have shown that mobile health (mHealth) interventions
can improve self-care behaviors and physiologic risk factors
for poor outcomes of cardiovascular disease, including heart
failure [12-16]. For example, risk factor management using
interactive voice response (IVR) calls can improve dietary
behaviors and blood pressure control among hypertension
patients in the United States and Latin America [17-19], and
remote monitoring coupled with self-management assistance
has been shown to improve outcomes of cardiovascular disease
in a number of countries [20-25]. Despite these encouraging
findings, not al trials of HF self-management support via
mHealth tools have shown positive outcomes [26,27]. Without
substantial restructuring of financial incentives for health care
organizations and systems to follow up on identified problems,
increased monitoring may beinsufficient tofill the gap between
what HF patients need and what health systems can provide
[28,29].

One potentia solution to bridging the gap between the promise
and the practice of mHealth self-management assistance may
be to expand the reach of interventions so that they support not
only patients but also their informal caregivers. Informal
caregivers often help chronicaly ill patients follow
self-management recommendations by providing support that
is unavailable through professional care management [30-33].
However, in-home caregivers are often elderly, ill, and
overwhelmed [34,35]. Most in-home caregiverslack thetraining
and resources needed to systematically monitor HF patientsand
provide self-management assistance. Moreover, chronicaly ill
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patientsincreasingly have caregivers outside of the household,
making health and self-care monitoring much more difficult
[36,37].

The CarePartner program was developed through a series of
Veterans Affairs (VA) and non-VA pilot and feasibility studies
to address these challenges by enabling structured support by
informal caregivers (CarePartners) who reside outside the
patient’s home. Through this program, patients receive regular
monitoring and tailored self-management education via IVR
calls with feedback to their clinician. While evidence suggests
that between-visit mHealth assistance could be effective in
improving HF self-care and outcomes, it remains unclear
whether feedback to CarePartnersis helpful over and abovethe
support provided directly to patients and clinicians.

This study reports the results of a randomized comparative
effectiveness trial testing the impact of systematic feedback to
patients' CarePartners, compared to patientsreceiving standard
mHealth monitoring and self-management education. Analyses
focused on changes in patients HF-related quality of life,
self-care, and patient-CarePartner communication reported via
6- and 12-month surveys, as well as on patients’ medication
adherence and symptoms reported viaweekly IVR calls.

CarePartners also completed surveys at 6- and 12-months post
enrollment. The primary results of those assessments are
presented elsewhere [38]. In brief, CarePartners who
experienced significant caregiving strain and depression at
baseline experienced significant decreases in those symptoms
if randomized to receive systematic feedback about their
patient-partner’shealth and self-care, and al so reported increased
engagement in self-management support. In order to provide
additional information about the intervention experience from
the CarePartners’ perspective, here we briefly describe
qualitative feedback from CarePartners at follow-up as well as
their unsolicited repliesto email reports sent automatically based
on patients’ 1VR assessment calls.

Methods

Recruitment

Patients were recruited from VA Cleveland Medical Center
outpatient clinics between June 2009 and January 2012 and
were followed for 12 months. To be eligible, patients had to
have an HF diagnosis, New York Heart Association
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classification of 11 or 111, and a documented gjection fraction
<40% (see Multimedia Appendix 1). Patients also had to have
attended at least one VA outpatient visit within the previous 12
months, have a VA primary care provider, and be able to
participate in automated telephone calls in English. Patients
needed to nominate an eligible CarePartner, that is, a relative
or friend living outside their home. Patients were excluded if
they lived in a skilled nursing facility; were prescribed oxygen
supplementation; were receiving palliative care; had a
life-threating condition such aslung cancer; or had ICD-9 coded
diagnoses indicating dementia, bipolar disorder, or
schizophrenia.

Potentially eligible patients identified from electronic medical
records were sent an invitation letter, followed by a screening
and recruitment call. Eligible and interested patientswere mailed
informed consent forms and were assisted in identifying
potential CarePartners using the Norbeck Social Support
Questionnaire (NSSQ) [39]. To be eligible, CarePartners had
to live outside the patient’s home, speak English, have access
to a telephone and email, and report at least monthly contact
with the patient. CarePartners provided verbal consent to
participate.

Randomization

After completing baseline surveys, patient-CarePartner dyads
were randomized by a research associate to a patient-focused
mHealth service (standard mHealth) or a service that included
feedback to patients CarePartners (mHealth+CP). Pairs were
randomized within strata defined by whether the patient had an
in-home caregiver. Sealed randomization envel opeswere created
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by the study coordinator in blocks using an online random
number generator. It was impossible to blind patients to their
random assignment because patients and CarePartners were
aware whether the CarePartner received email feedback.

Standard mHealth I ntervention

Patients, CarePartners, and in-home caregivers (when present)
randomized to standard mHeal th were mailed information about
HF self-care [37]. Patients received weekly 1VR monitoring
and self-management support calls for 12 months. Up to nine
call attempts per week were made at timesthe patient indicated
were convenient. IVR callsincluded recorded information and
guestions that patients answered using their touchtone keypad.
The IVR calls were developed by a panel including primary
care physicians, cardiologists, nurses, and experts in health
behavior change and mHealth. Callslasted roughly 10 minutes
and followed a tree-structured algorithm to ask about overall
health, HF symptoms, and self-management behaviors. Patients
received pre-recorded information tailored to their reported
symptoms and self-care practices. See Figures 1 and 2 for
screenshots of the website used for enrollment and call
scheduling.

When patients reported an urgent issue vial VR (ie, worsening
shortness of breath or asignificant weight increase), the system
automatically issued a fax notification to their clinician. A
significant weight increase was defined as a 5-1b increase over
1 or 2 weeks, a 7-1b increase over 3 weeks, or an average gain
of 2 |bs per week since the last automated call if more than 3
weeks had elapsed. Actions taken by clinicians based on the
faxes were not tracked.
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Figure 1. Patient enrollment page.
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Figure 2. Call scheduling page.
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mHealth+CP | ntervention

The mHealth+CP intervention was based on self-regulation
theory, which emphasizes communication of expectations of
behavior (“standards’), promotion of motivation to mest
standards, and monitoring with feedback regarding the gap
between behavior and standards [40,41]. Patients and
CarePartners randomized to mHealth+CP received identical
intervention elements described above.

mHealth+CP CarePartners were automatically emailed a
structured report after each completed IVR call. CarePartner
reports were sent to their personal, individual email addresses,
which were stored in the system’s secure database at the
University of Michigan. Reports described in lay language what
patients' responses meant in terms of risk for HF exacerbations
and included suggestions for how CarePartners could support
self-management. Email reports referred to the patient using
gender-specific pronouns, for example, “Your partner did not
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weigh himself last week”, but were otherwise de-identified.
Reportsincluded feedback about the patient’smost recent i ssues
asreported during their VR call, including shortness of bresth,
medication adherence, salt, and fluid intake, and increases in
weight. CarePartners were asked to call their patient-partner
weekly to review the reports and address identified problems.

CarePartners received guidelines about how to communicate
in a positive motivating way, avoid conflict by respecting
boundaries, include in-home caregivers, and respect
confidentiality. Patients received anotebook including reminders
and tipsfor their weekly patient-CarePartner calls. CarePartners
received logbooks for tracking IVR reports, upcoming patient
contacts, clinical encounters, and medication refills.
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M easur ement

Baseline, 6-Month, and 12-Month Surveys

Patients HF-specific quality of life, self-care, and
patient-CarePartner communication were measured via
guantitative telephone surveys. Baseline sociodemographic
variables included patients age, race, marital status,
employment status, educational attainment, and income.
Patients' baseline depressive symptoms were measured using
the 10-item version of the CES-D [42]. CarePartners completed
online surveys at each time point; the current analyses include
baseline CarePartner characteristicsrelevant to the comparability
of groups at the time of randomization, and qualitative feedback
from CarePartners’ 12-month surveys.

The primary outcome was HF-specific quality of life at 12
months, as measured by the Minnesota Living with Heart Failure
Questionnaire (MLHFQ) [43]. HF self-care behaviors were
measured using the Revised Heart Failure Self-Care Behavior
Scale (HFSCB) [3]. A measure of HF medication adherence
was created using the HFSCB adherence items with which
patients reported how often they “took [their] pills every day”,
“took [their] pills as the doctor prescribed, ie, took al of the
doses of [their] pills’, “aways refilled prescriptions for [their]
pills on time”, and “had a system to help tell [them] when to
take[their] pills’. The adherence measure based on theseitems
was designed to identify patients reporting perfect adherence
(ie, a binary measure identifying patients reporting “aways”
engaging in al four behaviors). Binary indicators for perfect
adherence tend to correct for inflated adherence reporting
[44,45].

To identify changes in patient-CarePartner communication,
three relationship dimensionswere measured at each time point.
First, as an objective measure of communication intensity,
patients were asked how often over the prior 6 months they
communicated with their CarePartner by phone. Analyses
examined patients' likelihood of reporting that they spoke with
their CarePartner at least twice per week. Second, the affective
dimension of CarePartner support was measured using items
based on prior studies of caregiving relationships [46,47].
Patients were asked how often they experienced each of six
negative emotionswhen talking with their CarePartner (sadness,
loneliness, anger, tension, guilt, or frustration), and analyses
examined patients' likelihood of reporting that they regularly
experience one or more of these emations. Third, to understand
patients perspective of the difficulty involved in CarePartner
communication, analyses examined participants’ likelihood of
agreeing or strongly agreeing that it was “difficult to talk with
[their] CarePartner about [their] illness’.

Weekly | nteractive Voice Response Adherence and
Symptom Reports

Patients' 1V R medication adherence and symptom reportswere
examined as potential indicators of differences acrossarmsin
intervention effectiveness, because short-term reporting intervals
often provide information that is more reliable and less prone
to bias than retrospective recall surveys[48-50]. Patients were
considered adherent if they reported “always’ taking their HF
medication exactly as prescribed in the past week. Patientswere
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classified as experiencing shortness of breath if they reported
being bothered by shortness of breath “daily” or “several days”
in the prior week. Patients were coded as having a significant
weight gainif their reported weight met criteria described above.
Finally, patients were coded as having positive self-reported
health if they reported that their overall health was “excellent”
or “very good”.

CarePartner Feedback

Although replies were not solicited to email reports sent to
CarePartners based on the patient's IVR feedback, if
CarePartners did reply, that message was sent to the study
coordinator. Also, in 12-month follow-up interviews,
CarePartners were asked an open-ended question regarding
what they felt were the strengths of the program. Here we briefly
summarize both types of CarePartner feedback and include
exhaustive lists of CarePartner comments in Multimedia
Appendices 2 and 3.

Statistical Analysis

The sample included all patients with 12-month surveys plus
22 patientsfor whom 6-month survey datawere carried forward.
Initial analyses compared the baseline characteristics of patients
who did versus did not have 12-month data in the imputed
sample. Subsequent analyses compared patients and
CarePartners across armsin the samplewith outcome data. IVR
call completion rates were calculated using one record per week
of attempted IVR calls, that is, 52 call-weeks per patient minus
weeks in which the patient was on vacation or hospitalized.
Logistic models were used to predict patients' likelihood of
completing each weekly call as a function of arm, baseline
characteristics, and the number of weeks since enrollment.
Statistical tests for the analyses of call completion rates were
adjusted for clustering of call-weeks within patients.

The primary outcome was change in HF-specific quality of life
between baseline and 12 months. The study was powered to
detect amedium/small effect (d=.351) assuming a 20% lossto
follow-up, similar to that observed in the prior HF trial by Sisk
et a [51]. All outcomes were analyzed on an intent-to-treat
basis. The xtmixed and logistic regression commands in Stata
version 13.1 [52] were used to identify intervention effects on
patients HF-related quality of life, sef-care, and
patient-CarePartner communication. Predictorsfor each analysis
included an indicator for arm, time (baseline, 6-month, and
12-month), and an arm-by-time interaction. Effect estimates
represent differences across arms adjusted for baseline values.
To examine differences across arms in IVR reports of
medication adherence and symptoms, graphical displays were
created illustrating the proportion of patients reporting a given
outcome each week, separately by arm. Logistic regression
models were fitted to predict patients’ weekly IVR-reported
outcomes, with weekly reports clustered within patient. Models
included thefollowing predictors: arm, time, and an arm-by-time
interaction term. Variancesfor the estimated intervention effects
were adjusted for the within-patient correlation of 1VR reports
across weeks [53-55]. To illustrate the magnitude of
intervention-control differencesin IV R-reported outcomes, the
probability for each outcome at week 26 and 52 was predicted
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based on the logistic model separately for mHealth+CP and
standard mHealth groups.

Among patients with chronic medical problems, depressive
symptoms may influence their perceived health status even
more than objective symptoms and impairments resulting from
their medical condition [56]. Depressed patients often attribute
their difficulties to insufficient social support [57,58], and
CarePartners' support may have counteracted their tendency to
over-generalize health problems[59-61]. To test thishypothesis,
we examined a potential interaction between patients’ baseline
level of depressive symptoms (CES-D) and arm, with respect
to IVR reports of excellent/very good health. Specifically,
patients’ unadjusted frequency of reporting excellent/very good
health was examined graphically as described above, within
subgroups defined by baseline CES-D scores. Because graphical
displays suggested an inflection point with two very different
dopes, wefit logistic models separately for patientswith CES-D
scores that were low (0-4) versus high (5-10). Each model
included terms for am, basdline CESD score, an
arm-by-CES-D interaction, time, and an arm-by-timeinteraction.

Human Subjects Approval

The study protocol was approved by the Ann Arbor VA Human
Subjects Committee, and all patients provided written informed
consent. Patients and CarePartners received US $20 for
completed surveys; patients did not have financial incentives
for completing IVR calls. None of the authors had any financial
conflict of interest.

See Multimedia Appendix 4 for the CONSORT-EHEALTH
checklist [62].

Results

Recruitment and Basdline Char acteristics

A total of 4140 potentially eligible patientswereidentified from
electronic medical records. Of these, 372 were randomized, and
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331 (89%) had outcome data at 12 months (see Figure 3).
Patients lost to follow-up were less likely to report at baseline
that they spoke with their CarePartner at least twice per week
(43.9% versus 65.9%, P=.006) and had better baseline HF
self-care scores as measured by the HFSCB (P=.002) but were
not significantly different from patients with follow-up data on
any other characteristic shown in Table 1 (see a'so Multimedia
Appendix 5).

Patientsin both arms had similar baseline characteristics, except
that mHesalth+CP patientswere more likely to have ahigh school
education or less (Table 1). Education wasincluded in outcome
analyses as a control variable, although analyses not including
education as a covariate produced essentially the same results.
There were no significant baseline differences across arms in
measures of patient-CarePartner communication or in
CarePartner characteristics. As expected in a VA population,
most participants were male. Patients were on average 67.8
years of age (SD 10.2), 77.0% (255/331) were white, 48.0%
(159/331) had a high school education or less, 32.6% (108/331)
lived alone, and 87.6% (290/331) were retired or unemployed.
While most patients (65.9%, 218/331) reported at baseline that
they talked with their CarePartner by phone at least twice per
week over the prior 6 months, 44.8% (147/328) reported
regularly experiencing one or more negative emotions during
those conversations, and 21.5% (71/331) agreed that it was
difficult to talk with their CarePartner about their illness.
Compared to patients, CarePartners were younger, more likely
to be female, more likely to be employed, and had more years
of education. A total of 41.4% (137/331) of CarePartners were
the patients' daughters/daughter-in-laws, 20.2% (67/331) were
sonsg/son-in-laws, 11.2% (37/331) were friends, 9.1% (30/331)
were sisters/sisters-in-laws, and the remaining 18.1% (60/331)
were other family and social network members.
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Table 1. Baseline characteristics of the sample.

Overall (n=331) Standard mHealth (n=165) mHealth+CP (n=166)
Patient characteristics
Agein years, mean (SD) 67.8 (10.2) 68.1 (10.1) 67.6 (10.3)
Male, % (n) 99.4 (329) 98.8 (163) 100.0 (166)
White race, % (n) 77.0 (255) 77.0 (127) 77.1(128)
Married/Partnered, % (n) 58.9 (195) 61.2 (101) 56.6 (94)
High school or less, % (n) 48.0 (159) 41.8 (69) 54.2 (90)
Live alone, % (n) 32.6 (108) 32.7 (54) 32.5 (54)
Unemployed/retired, % (n) 87.6 (290) 86.1(142) 89.2 (148)
Income <$15,000, % (n) 31.4(104) 30.3 (50) 32.5 (54)
CES-D Depression, mean (SD) 3.0(2.5) 3.0(25) 3.0(25)
MLHFQ? mean (SD) 43.3(25.3) 43.0 (26.4) 48.8 (24.3)
HFSCBP, mean (SD) 82.8 (17.9) 82.6 (19.2) 83.0 (16.5)
Adherent to HF Rx%,% (n) 52.3 (173) 50.3 (83) 54.2 (90)
Relationship quality ¢, % (n)
Talk 2+ times/ week 65.9 (218) 66.1 (109) 65.7 (109)
Negative emotions® 44.8 (147) 45.4 (74) 44.2 (73)
Perceived difficulty 21.5(71) 18.8(31) 24.1 (40)
CarePartner characteristics
Agein years, mean (SD) 46.7 (13.2) 47.2 (14.5) 46.2 (11.9)
Male, % (n) 35.0 (116) 32.7 (54) 37.3(62)
Married/Partnered, % (n) 68.6 (227) 67.3 (111) 69.9 (116)
High school or less, % (n) 27.8(92) 23.6(39) 31.9(53)
Unemployed/retired, % (n) 36.9 (122) 38.8 (64) 34.9 (58)

3Mlinnesota Living with Heart Failure Questionnaire Scores. Lower scores indicate better functioning.
PRevised Heart Failure Self-Care Behavior Scale. Higher scores indicate better HF self-care.

CPercent of patients with perfect HF medication adherence over the prior month as measured by the four HFSCB items focused on adherence (see
Methods).

Ypatients reports regarding their relationship with their CarePartner.

®Percent of patients who report regularly experiencing any of six negative emotions when talking with their CarePartner (sadness, loneliness, anger,
tension, guilt, or frustration).

fPercent of patients who agree that it is “difficult to talk to [their] CarePartner about [their] illness’.
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Figure 3. CONSORT Diagram for participantsin the trial.
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I nteractive Voice Response Call Completion

Patients participated for a total of 15,709 call-weeks, during
which they completed 14,175 calls, for a completion rate of
90.2%. IV R compl etion rates were essentially the same between
mHealth+CP and standard mHealth arms (90.8% versus 89.7%),
and there was no change in patients’ likelihood of completing
IVR callsthroughout follow-up (P=.19). Thelikelihood of call
completion was unrelated to patients baseline HF-specific
quality of life (MLHFQ) scores, HF self-management scores,
CES-D scores, or measures of patient-CarePartner relationship
quality (all Pvalues=.15). VR callsgenerated fax notifications
to clinicians 1606 times (11.3% of completed calls), including
743 for weight gain, 774 for shortness of breath, and 89 for both
problems. Therewere no differencesin the number of fax alerts
to clinicians between arms (P=.52).

http://www.jmir.org/2015/6/e142/
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Intervention Effects

Effects on Quality of Life, Self-Care, and CarePartner
Communication Measured via Surveys at 6 and 12
Months

There were no differences by arm at either 6 or 12 monthsin
HF quality of life (MLHFQ) scores (Table 2; both P>.21).
Overall, there were no differences by arm in HF self-care
behaviors measured by the HFSCB composite score. However,
based on the four HFSCB items addressing HF medication
adherence, mHealth+CP patients were 8.8% more likely than
standard mHealth patients to report taking medication exactly
as prescribed at 6 months (62.8% versus 54.0%, P=.02) and
13.8% more likely at 12 months (66.4% versus 52.6%, P=.01).
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Table 2. Intervention effects measured via 6- and 12-month surveys.

Piette et a

Baseline to 6 months

Baseline to 12 months

mHealth+CP effect P value mHealth+CP effect P value
(95% CI) (95% CI)
Quality of lifeand self-care
MLHFQ? +2.66 (-1.51 t0 6.82) 21 0.74 (-4.62 t0 4.77) .98
HFSCBP -2.33(-6.00 to 1.35) 21 -1.08 (-4.74 to 2.58) 56
Adherent to HF Rx® +8.8% (1.2-16.5) .02 +13.8% (3.7-23.8) 01
Relationship quality d
Talk 2+ times/ week +10.2% (0.0-20.5) .048 0.02% (-8.8%, 12.1%) .76
Negative emotions® -9.9% (-19.8t0-0.1) .049 -13.8% (-23.4t0-4.2) .01
Perceived difficulty’ -2.3% (-10.1t0 5.5) 56 -8.3% (-16.6 0 0.0) .049

3Mlinnesota Living with Heart Failure Questionnaire Scores. Lower scores indicate better functioning.
PRevised Heart Failure Self-Care Behavior Scale. Higher scores indicate better HF self-care.
CPatients’ likelihood of reporting perfect HF medication adherence over the prior 30 days as measured by the four HFSCB items focused on heart failure

medication use (see Methods).
Ypatients reports regarding their relationship with their CarePartner.

patients’ likelihood of reporting regularly experiencing any of six negative emotions when talking with their CarePartner (sadness, loneliness, anger,

tension, guilt, or frustration).

"Patients likelihood of agreeing that it is“difficult to talk to [their] CarePartner about [their] illness’.

Patients’ survey responsesindicated that dyadic communication
with their CarePartner was more active and positive in the
mHealth+CP arm. For example, in the 6-month survey,
mHealth+CP patients had an absol ute 10.2% greater likelihood
than standard mHealth patients of reporting talking with their
CarePartner at least twice per week over the prior 6 months
(70.2% versus 60.0%; P=.048). mHealth+CP patients were
significantly lesslikely than standard mHealth patientsto report
regularly experiencing negative emotions when talking with
their CarePartner at the 6-month (31.9% versus 41.8%, P=.049)
and 12-month follow-up (26.6% versus 40.4%, P=.01). Also,
at the 12-month follow-up, mHealth+CP patients were 8.3%
less likely than standard mHealth patients to agree that it was
difficult for them to talk with their CarePartner about their
illness (16.2% versus 24.5%; P=.049).

Effects on Adherence and Symptoms Reported Weekly
via | nteractive Voice Response

Displays of the unadjusted proportion of patients reporting
perfect medication adherence, shortness of breath, and
concerning weight changes via | VR suggested differences that
favored mHealth+CP (Figure 4). These findings were
substantiated by logistic regression analyses. Throughout the
1-year intervention, mHealth+CP patients were consistently
more likely than standard mHealth patientsto report perfect HF
medication adherence over the prior week (main effect for arm,
ie, 3=.5092; 95% CI 0.0857-0.9329; P=.02). There were no
differences in time-trends in adherence reports across arms
(P=.41), and the arm-by-time interaction term was excluded
fromthefinal model. Based on thelogistic model, mHealth+CP

http://www.jmir.org/2015/6/e142/

patients had an 8.3% absolute greater likelihood of reporting
perfect HF medication adherencein the prior week at 6 months
(83.7% versus 75.4% for standard mHealth) and a10.0% greater
likelihood at 12 months (84.9% versus 74.9%).

Over the course of follow-up, mHealth+CP patients became
increasingly lesslikely than standard mHealth patientsto report
shortness of breath during the prior week (arm-by-time
interaction 3=-.0114; 95% CI -0.0206 to -0.0022; P=.049). The
main effect of arm was not statistically significant ([3=.0894;
95% CI -0.2857 to 0.4644; P=.64). mHealth+CP patients had
a4% absol ute reduction compared to standard mHealth patients
in the likelihood of reporting shortness of breath at 6 months
(57% versus 61%) and an 11.1% reduction at 12 months (50.1%
versus 61.2%).

A significant arm-by-timeinteraction indicated that mHealth+CP
patients were significantly less likely than standard mHealth
patients to experience clinically significant weight increases
(R=-.0148; 95% CI -0.0232 to -0.0064; P=.01). The main effect
of armwas not statistically significant (3=.0454; 95% ClI -0.2147
to 0.3055; P=.73). At 12 months, mHealth+CP patients had an
absolute 2.4% decreasein the likelihood of generating aclinician
notification for weight gain, relative to standard mHealth
patients. Given the expected 12-month rate of significant weight
increase in the standard mHealth group (5.4%), the reduction
in the mHedth+CP arm represents a 44.4% relative
improvement.

With respect to patients' reports of excellent/very good health,
arm had neither a main effect (3=-.1469; 95% CI -0.5366 to
0.2427; P=.39) nor an interaction with time (P=.70).
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Figure4. Unadjusted self-care and health status reports for patientsin each randomization group by week since enrollment: Standard mHealth=patients
randomized to IV R monitoring and self-care support with clinician alerts, mHeal th+CP=patients randomized to the same intervention + weekly feedback
to patients' CarePartners. The Y-axis for each panel differsin scale; bars represent the proportion of patients responding with that report. P values are
from logistic regression models testing differences across arms. P values <.05 represent significant effects favoring mHealth+CP. A: Reports of always
taking heart failure medication exactly as prescribed in the prior week. B: Reports of being bothered by shortness of breath every day or several days
inthe prior week. C: Clinically significant weight gain generating anotification to patients’ healthcare team. D: Reports of very good or excellent health

(versus good, fair, or poor health) in the prior week.
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Auxiliary Analysis of the I nteraction Between
Randomization Arm and Baseline Depression Scores
With Respect to Perceived Health Status Reported via
I nteractive Voice Response

Among patients randomized to standard mHealth, there was a
strong negative association between higher (ie, worse) baseline
CES-D depression scores and patients’ likelihood of reporting
excellent healthvial VR (see Figure5). In contrast, IVR reports
of excellent health status were roughly constant in the
mHealth+CP arm, regardless of the patient’s baseline level of
depressive symptoms. The leveling of mHealth+CP patients

perceived health reports across baseline CESD-levels reflected
asomewhat lower proportion of mHealth+CP patients reporting
excellent/very good health relative to standard mHealth patients
when baseline CES-D scoreswerelow, aswell asasubstantially

http://www.jmir.org/2015/6/e142/
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RenderX

higher proportion reporting excellent/very good health among
thosewith greater baseline depressive symptoms. In multivariate
analyses examining the effect of arm on patients' likelihood of
reporting excellent health status separately in groups with low
CES-D (scores 0-4) and high baseline CES-D (5+) scores, the
effect of mHeath+CP was significant in both groups.
mHealth+CP had a positive effect among patients with higher
baseline CES-D scores (3=1.27; 95% Cl 0.42-2.12; P<.01), and
a smaller negative effect among patients with lower baseline
CES-D scores (3=-.46; CI -0.90 to -0.028; P=.04). According
to these models, patientswith abaseline CES-D score of 1 were
11% less likely to report excellent/very good health if
randomized to mHealth+CP, while patients with a baseline
CES-D scoreof 8 were 22% morelikely to report excellent/very
good health if randomized to mHealth+CP relative to the control

group.
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Figure5. Unadjusted reports of excellent/very good health for patientsin each randomization group by baseline CES-D depression score. Higher scores

indicated greater depressive symptoms.

(q_

Excellent or Very Good Health

012345678910
Baseline CES-D Score

CarePartner Feedback

Although mHealth+CP CarePartners’ responsesto | VR reports
were not systematically tracked, many CarePartners did reply
to those email reports, and their messages suggested that the
structured alerts were read and acted upon (see Multimedia
Appendix 2). Examples of text from those CarePartner replies
include:

Hi. Thanks, there is nothing to report. He is doing
quite well, thank you for your continuing caring and
support.

Hi. [Patient-partner’'s name] is coming alone fine,
he was hospitalized for a few days dueto an infection

http://www.jmir.org/2015/6/e142/

RenderX

Standard mHealth

mHealth+CP

012345678910

from his dialysis treatment, he is doing better today,
he just returned from dialysis treatment. Thank you.

Yes he has had a little shortness of breath and has
sought council [sic] from his doctor. Thank you.

Qualitative feedback from mHealth+CP CarePartners in their
12-month online follow-up survey also suggested that they felt
that the feedback about their patient-partner was useful and that
they were using that information as the basis for a stronger,
more active relationship related to their partner’sHF (see Table
3 for example quotes and Multimedia Appendix 3 for an
exhaustive list of CarePartner comments). Comments suggest
that CarePartners found the intervention useful not only for
increasing theinformation base of their self-care assistance, but
that it also served asavehiclefor strengthening their relationship
with their patient-partner more generaly.
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Table 3. Example of responses to open-ended questions to mHealth+CP CarePartners in their 12-month follow-up survey regarding the perceived

strengths of the program.

Category Responses

Informational support and general knowledge about
heart failure

| learned alot about heart failure by being in the program. My father learned alot too!

[The program] gave me better insight into my dad’s health.

It kept my relative in areporting mode where he had to think about what he needed to do be-
cause someone would be checking in with him.

| appreciated the weekly update regarding medications.

[I'liked] the CarePartner calls. The monitoring program is awesome.

[I'liked that] even if | hadn’t spoke with him yet, | knew from the email, he was ok.

Improved communication, reassurance, and relation-
ship quality

[The program] helped my brother and | to get closer and communicate better.

Communication about heart failure was more open.

[The program] helped me understand my dad better.

| liked that my dad told me alot more about his health.

| felt more comfortable talking to my brother about his heart failure.

[The program] helps me to keep in touch with my cousin on aregular basis.

Ease of use and general positive comments

[mHealth+CP was] friendly, easy to understand, the questionnaire was easy to navigate.

It was not very intrusive.

Asfar aswhat | liked about the program, the fact that it even exists! It awonderful ideaand
hopefully will yield results that are hel pful to your patients.

I think it made my Dad alittle more responsible because he was more accountableto an outside

party.

Discussion

Principal Findings

In this randomized comparative effectiveness trial, no group
differences were identified at 6 or 12 months in the primary
outcome of HF-specific quality of life or the composite measure
of HF self-care. However, a number of potentially important
differencesin the process and outcomes of care wereidentified
that favored mHealth+CP compared to standard mHealth. For
example, in both follow-up surveys, a greater proportion of
mHealth+CP patients reported perfect medication adherence,
and mHealth+CP patients were consistently more likely
throughout the 1-year follow-up to report vial VR that they took
their HF medications as prescribed during the prior week.
mHealth+CP patients also had a significantly greater decrease
in their likelihood of reporting shortness of breath vialVR and
were lesslikely to report clinically significant weight gains.

The strongly negative association between patients' baseline
depressive symptoms and VR reports of perceived general
health that we observed in the standard mHealth group was not
apparent among patients who were randomized to mHealth+CP.
In particular, patients with more severe depressive symptoms
a baseline were relatively likely to make positive
self-assessments about their health via VR if they were in the
mHealth+CP arm. This finding (as well as the feedback from
CarePartners presented here) is consistent with studies
suggesting that social support can have powerful impacts on
patients well-being over and above the concrete benefits in
terms of specific self-management behaviors [58].

http://www.jmir.org/2015/6/e142/

These intervention effects represent positive impacts in some
of the most fundamental areas of HF-related self-care and
morbidity. Medication adherence is vital for HF patients, and
poor adherence is a major predictor of acute events [63].
Shortness of breath and rapid weight gain are correlates of
patients functional decline and used as sentinel events to
identify patients at high risk for acute episodes. If these risk
factors can be effectively addressed via mHealth services such
as this one that focus on increasing caregiver support instead
of the use of costly medical services, it would represent amajor
advance.

It isimportant to emphasize that these intervention effectswere
observed in a comparative effectiveness trial, over and above
potential changes in health and self-care among patients
receiving an active control intervention. All participants
identified a CarePartner prior to randomization, and control
patients and CarePartners received considerable information
about HF self-care and self-management support. Control
patients also received weekly VR monitoring and
self-management support callswith feedback to their clinician.

A soon-to-be-published companion paper using survey data
from CarePartnersin thissametrial providesadditional positive
information consistent with the patient information reported
here [38]. Compared to CarePartners in the standard mHealth
arm, those randomized to mHealth+CP reported greater
involvement in the patient’s medication adherence at both
endpoints (both P<.05). mHealth+CP CarePartners also were
more likely to report attending the patient’s medical visits at
the 6-month follow-up. Importantly, CarePartnersreporting the
most symptoms of depression and strain at baseline had those
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symptoms significantly reduced if the CarePartner was in the
mHealth+CP versus standard mHealth arm. These CarePartner
reports as well as the qualitative feedback from CarePartners
reported here suggest that involvement in mHealth information
exchange may significantly improve relationship quality and
self-management assistance for patients with chronic health
problems. The qualitative feedback presented in Table 3 and
Multimedia Appendix 3 is particularly interesting—since many
mHealth+CP CarePartners volunteered that the intervention
served to strengthen their relationship with their patient-partner.

The 1-week reporting interval used for the IV R-based outcome
measures may have been more sensitive to intervention effects
than the 6- and 12-month surveys. Differences across armsin
IVR-reported adherence were consistent over the 12-month
follow-up, and improvementsin shortness of breath and weight
became evident only after several months of program
participation. This suggests that the pattern of effectsis not the
result of biased reporting, which tends to be immediate and
short-lived [64]. Also, improvements in health and self-care
measured via IVR were consistent with patients' improved
medication adherence reported in both follow-up surveys and
with reports of more frequent supportive communication with
CarePartners. More generally, reports of health behaviors are
more reliable when reporting intervals are brief, avoiding the
biases associated with longer periods of retrospective recall
[44,45,49,50,65].

Limitations

Thistrial had several limitations. It ispossiblethat patientswere
biased about their medication adherence reporting in order to
avoid burden for their CarePartner or conflict in therelationship.
However, prior studies have shown that patients' medication
self-reports are highly correlated with objective measures of
medication use, especially when the recall interval is short and
the measure is designed to identify even mild forms of
non-adherence [44,45]. Also, other positive reports from both
patients and CarePartnersin thistrial corroborate patients’ IVR
reports of medication adherence when randomized to
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mHealth+CP. Nevertheless, it would be important to confirm
these findings with medication refill data. Similarly, it would
be useful to verify patients self-reported weights using
data-storing electronic scales. Another limitation isthat thetrial
was conducted among VA patients, nearly al of whom were
men. Caregiving dynamics differ by patients’ demographic and
clinical characteristics, and future studies should determine
whether results can be replicated in other populations, including
non-VA patients and women. Some important clinical
information about participantswas not collected during thetrial.
For example, we do not know whether patients underwent
cardiac surgery, resynchronization therapy, or revascul arization.
While we have no indication that randomization was
unsuccessful, and patients in both groups were well matched
on awide range of baseline characteristics, it remains possible
that unobserved differences in patients' clinical status at the
time of enrollment may have contributed to the intervention
effects observed. Finally, our study had several outcomes
measured at two time points, and multiple comparisons may
have contributed to the findings. However, results were
consistent with the study’s theoretical framework, and
significant results were consistently in the same direction, that
is, favoring mHealth+CP over standard mHealth.

Conclusions

This comparative effectivenesstrial suggeststhat, although not
all outcomes were different across arms at follow-up (notably
HF-specific quality of life and a composite measure of HF
self-care), providing caregivers with automated updates and
guidance on self-care support may enhance the beneficial effects
of mHealth for HF patients’ health and self-management. Given
increasing numbers of patients with chronic illness and the
growing strains on clinical resources, heath systems using
mHealth approaches should consider creative ways to engage
patients' social supporters to play a more active role. Finaly,
trials such asthis onethat include frequent mHealth monitoring
may uncover intervention effects that are missed through more
intermittent surveys and lengthy retrospective recal intervals.

Kimberly Schaub, PhD, and Julie Gee, NP, were key collaborators and clinicians at the Louis Stokes VA in Cleveland Ohio.

Ananda Sen provided invaluable statistical consultation.

The study was funded by VA Health Services Research and Development Program (HSR&D) grant #/IR 07-185. JP is a VA
Senior Research Career Scientist. RT isa VA HSR&D Career Development Awardee. Additional financial support came from
grant #P30DK 092926 from the National Institute of Diabetes and Digestive and Kidney Diseases.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Operationalization of inclusion and exclusion criteria.

[PDE File (Adobe PDF File), 44K B-Multimedia Appendix 1]

Multimedia Appendix 2

Unsolicited email replies from CarePartners when receiving feedback about the status of their patient-partner.

http://www.jmir.org/2015/6/e142/

JMed Internet Res 2015 | vol. 17 | iss. 6 | €142 | p. 14
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v17i6e142_app1.pdf&filename=4a8ef435a2dde06403833cc7171c22da.pdf
https://jmir.org/api/download?alt_name=jmir_v17i6e142_app1.pdf&filename=4a8ef435a2dde06403833cc7171c22da.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Piette et a

[PDE File (Adobe PDF File), 53KB-Multimedia Appendix 2]

Multimedia Appendix 3

Responsesto open-ended questions to mHealth+CP CarePartnersin their 12-month online follow-up survey regarding the perceived
strengths of the program.

[PDFE File (Adobe PDF File), 98K B-Multimedia Appendix 3]

Multimedia Appendix 4
CONSORT-EHEALTH checklist V1.6.2 [65].

[PDE File (Adobe PDF File), 147KB-Multimedia Appendix 4]

Multimedia Appendix 5
Comparison of baseline characteristics for patients with and without follow-up data.

[PDFE File (Adobe PDF File), 68KB-Multimedia Appendix 5]

References

1.  Harrison MB, Browne GB, Roberts J, Tugwell B, Gafni A, Graham ID. Quality of life of individuals with heart failure: a
randomized trial of the effectiveness of two models of hospital-to-home transition. Med Care 2002 Apr;40(4):271-282.
[Medline: 12021683]

2. Benatar D, Bondmass M, Ghitelman J, Avitall B. Outcomes of chronic heart failure. Arch Intern Med 2003 Feb
10;163(3):347-352. [Medline: 12578516]

3. Artinian NT, Magnan M, Sloan M, Lange MP. Self-care behaviors among patients with heart failure. Heart Lung
2002;31(3):161-172. [Medline: 12011807]

4. Ni H, Nauman D, Burgess D, Wise K, Crispell K, Hershberger RE. Factors influencing knowledge of and adherence to
self-care among patients with heart failure. Arch Intern Med 1999 Jul 26;159(14):1613-1619. [Medline: 10421285]

5. Heidenreich PA, Trogdon JG, Khavjou OA, Butler J, Dracup K, Ezekowitz MD, American Heart Association Advocacy
Coordinating Committee, Stroke Council, Council on Cardiovascular Radiology and Intervention, Council on Clinical
Cardiology, Council on Epidemiology and Prevention, Council on Arteriosclerosis, Thrombosis and Vascular Biology,
Council on Cardiopulmonary, Critical Care, Perioperative and Resuscitation, Council on Cardiovascular Nursing, Council
on the Kidney in Cardiovascular Disease, Council on Cardiovascular Surgery and Anesthesia, Interdisciplinary Council
on Quality of Care and Outcomes Research. Forecasting the future of cardiovascular disease in the United States: a policy
statement from the American Heart Association. Circulation 2011 Mar 1;123(8):933-944 [FREE Full text] [doi:
10.1161/CIR.00013e31820a55f5] [Medline: 21262990]

6. Whellan DJ, Hasselblad V, Peterson E, O'Connor CM, Schulman KA. Metaanalysis and review of heart failure disease
management randomized controlled clinical trials. Am Heart J 2005 Apr;149(4):722-729. [doi: 10.1016/j.ahj.2004.09.023]
[Medline: 15990759]

7.  Windham BG, Bennett RG, Gottlieb S. Care management interventions for older patients with congestive heart failure.
Am JManag Care 2003 Jun;9(6):447-59; quiz 460 [FREE Full text] [Medline: 12816174]

8. InglisSC, Clark RA, McAlister FA, Ball J, Lewinter C, Cullington D, et a. 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]

9. PolisenaJ, 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]

10. Konstam MA. Home monitoring should be the central element in an effective program of heart failure disease management.
Circulation 2012 Feb 14;125(6):820-827 [FREE Full text] [doi: 10.1161/CIRCULATIONAHA.111.031161] [Medline:
22331919]

11. Piette JD. Interactive behavior change technology to support diabetes self-management: where do we stand? Diabetes Care
2007 Oct;30(10):2425-2432. [doi: 10.2337/dc07-1046] [Medline: 17586735]

12. PietteJD, List J, Rana G, Townsend W, Striplin D, Heisler M. Mobile health devices as tools for worldwide cardiovascular
risk reduction and disease management. Circulation 2015:0000-0000 (forthcoming).

13. Wakefield BJ, Boren SA, Groves PS, Conn VS. Heart failure care management programs: areview of study interventions
and meta-analysis of outcomes. J Cardiovasc Nurs 2013;28(1):8-19. [doi: 10.1097/JCN.0b013e318239f9¢el] [Medline:
22343208]

http://www.jmir.org/2015/6/e142/ JMed Internet Res 2015 | vol. 17 | iss. 6 | €142 | p. 15
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v17i6e142_app2.pdf&filename=78e923d83a5b805b4efb07512b37d755.pdf
https://jmir.org/api/download?alt_name=jmir_v17i6e142_app2.pdf&filename=78e923d83a5b805b4efb07512b37d755.pdf
https://jmir.org/api/download?alt_name=jmir_v17i6e142_app3.pdf&filename=f51524a96c2b8813f163e36877127a19.pdf
https://jmir.org/api/download?alt_name=jmir_v17i6e142_app3.pdf&filename=f51524a96c2b8813f163e36877127a19.pdf
https://jmir.org/api/download?alt_name=jmir_v17i6e142_app4.pdf&filename=5635a2423c3488ce38b259df89bd75af.pdf
https://jmir.org/api/download?alt_name=jmir_v17i6e142_app4.pdf&filename=5635a2423c3488ce38b259df89bd75af.pdf
https://jmir.org/api/download?alt_name=jmir_v17i6e142_app5.pdf&filename=3444fee1f16c1ac4fdfa63c0d5f8efe6.pdf
https://jmir.org/api/download?alt_name=jmir_v17i6e142_app5.pdf&filename=3444fee1f16c1ac4fdfa63c0d5f8efe6.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12021683&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12578516&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12011807&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10421285&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=21262990
http://dx.doi.org/10.1161/CIR.0b013e31820a55f5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21262990&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2004.09.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15990759&dopt=Abstract
http://www.ajmc.com/pubMed.php?pii=11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12816174&dopt=Abstract
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://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://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=22331919
http://dx.doi.org/10.1161/CIRCULATIONAHA.111.031161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22331919&dopt=Abstract
http://dx.doi.org/10.2337/dc07-1046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17586735&dopt=Abstract
http://dx.doi.org/10.1097/JCN.0b013e318239f9e1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22343208&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Piette et a

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

Pandor A, Gomersall T, Stevens JW, Wang J, Al-Mohammad A, Bakhai A, et al. Remote monitoring after recent hospital
dischargein patientswith heart failure: asystematic review and network meta-analysis. Heart 2013 Dec;99(23):1717-1726.
[doi: 10.1136/heartjnl-2013-303811] [Medline: 23680885]

Kitsiou S, Paré G, JaanaM. Effects of home telemonitoring interventions on patientswith chronic heart failure: an overview
of systematic reviews. JMed Internet Res 2015;17(3):e63 [FREE Full text] [doi: 10.2196/jmir.4174] [Medline: 25768664]
Wootton R. Twenty years of telemedicinein chronic disease management--an evidence synthesis. J Telemed Telecare 2012
Jun;18(4):211-220 [FREE Full text] [doi: 10.1258/jtt.2012.120219] [Medline: 22674020]

Migneault JP, Dedier JJ, Wright JA, Heeren T, Campbell MK, Morisky DE, et al. A culturally adapted telecommunication
system to improve physical activity, diet quality, and medication adherence among hypertensive African-Americans: a
randomized controlled trial. Ann Behav Med 2012 Feb;43(1):62-73. [doi: 10.1007/s12160-011-9319-4] [Medline: 22246660]
Magid DJ, Ho PM, Olson KL, Brand DW, Welch LK, Snow KE, et al. A multimodal blood pressure control intervention
in 3 healthcare systems. Am J Manag Care 2011 Apr;17(4):€96-103. [Medline: 21774100]

Piette D, Datwani H, Gaudioso S, Foster SM, Westphal J, Perry W, et a. Hypertension management using mobile technol ogy
and home blood pressure monitoring: results of arandomized trial in two low/middle-income countries. Telemed JE Health
2012 Oct;18(8):613-620 [FREE Full text] [doi: 10.1089/tmj.2011.0271] [Medline: 23061642]

Boriani G, DaCA, Ricci RP, Quesada A, Favale S, lacopino S, et al. The MOnitoring Resynchronization dEvices and
CARdiac patiEnts (MORE-CARE) randomized controlled trial: phase 1 results on dynamics of early intervention with
remote monitoring. J Med Internet Res 2013;15(8):e167 [FREE Full text] [doi: 10.2196/jmir.2608] [Medline: 23965236]
Scherr D, Kastner P, Kollmann A, Hallas A, Auer J, Krappinger H, et al. Effect of home-based tel emonitoring using mobile
phone technol ogy on the outcome of heart failure patients after an episode of acute decompensation: randomized controlled
trial. JMed Internet Res 2009;11(3):e34 [FREE Full text] [doi: 10.2196/jmir.1252] [Medline: 19687005]

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

Agboola S, Jethwani K, Khateeb K, Moore S, Kvedar J. Heart failure remote monitoring: evidence from the retrospective
evaluation of areal-world remote monitoring program. J Med Internet Res 2015;17(4):e101 [FREE Full text] [doi:
10.2196/jmir.4417] [Medline: 25903278]

Inglis SC, Clark RA, McAlister FA, Ball J, Lewinter C, Cullington D, et a. Structured telephone 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]

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

Vuorinen A, Leppénen J, Kaijanranta H, Kulju M, Heli6 T, van GM, et al. Use of home telemonitoring to support
multidisciplinary care of heart failure patientsin Finland: randomized controlled trial. JMed Internet Res 2014;16(12):e282
[FREE Full text] [doi: 10.2196/jmir.3651] [Medline: 25498992]

Fihn SD, McDonell MB, Diehr P, Anderson SM, Bradley KA, Au DH, et a. Effects of sustained audit/feedback on
self-reported health status of primary care patients. Am JMed 2004 Feb 15;116(4):241-248. [doi:
10.1016/j.amjmed.2003.10.026] [Medline: 14969652]

Inglis SC, Clark RA, McAlister FA, Stewart S, Cleland JGF. Which components of heart failure programmes are effective?
A systematic review and meta-analysis of the outcomes of structured telephone support or telemonitoring as the primary
component of chronic heart failure management in 8323 patients: Abridged Cochrane Review. Eur JHeart Fail 2011
Sep;13(9):1028-1040. [doi: 10.1093/eurjhf/hfr039] [Medline: 21733889

Martire LM, Lustig AP, Schulz R, Miller GE, Helgeson VS. Isit beneficial to involve afamily member? A meta-analysis
of psychosocia interventionsfor chronicillness. Health Psychol 2004 Nov;23(6):599-611. [doi: 10.1037/0278-6133.23.6.599]
[Medline: 15546228]

Lett HS, Blumenthal JA, Babyak MA, Strauman TJ, Robins C, Sherwood A. Social support and coronary heart disease:
epidemiologic evidence and implications for treatment. Psychosom Med 2005;67(6):869-878. [doi:
10.1097/01.psy.0000188393.73571.0a] [Medline: 16314591]

DiMatteo MR. Social support and patient adherence to medical treatment: a meta-analysis. Health Psychol 2004
Mar;23(2):207-218. [doi: 10.1037/0278-6133.23.2.207] [Medline: 15008666]

Pinquart M, Srensen S. Spouses, adult children, and children-in-law as caregivers of older adults: ameta-anal ytic comparison.
Psychol Aging 2011 Mar;26(1):1-14. [doi: 10.1037/a0021863] [Medline: 21417538]

Rosland AM, Piette JD, Choi H, Heisler M. Family and friend participation in primary care visits of patients with diabetes
or heart failure: patient and physician determinants and experiences. Med Care 2011 Jan;49(1):37-45 [ FREE Full text] [doi:
10.1097/MLR.0b013e3181f37d28] [Medline: 21102357]

Martensson J, Dracup K, Canary C, Fridlund B. Living with heart failure: depression and quality of lifein patients and
spouses. JHeart Lung Transplant 2003 Apr;22(4):460-467. [Medline: 12681424]

http://www.jmir.org/2015/6/e142/ JMed Internet Res 2015 | vol. 17 | iss. 6 | €142 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1136/heartjnl-2013-303811
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23680885&dopt=Abstract
http://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://europepmc.org/abstract/MED/22674020
http://dx.doi.org/10.1258/jtt.2012.120219
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22674020&dopt=Abstract
http://dx.doi.org/10.1007/s12160-011-9319-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22246660&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21774100&dopt=Abstract
http://europepmc.org/abstract/MED/23061642
http://dx.doi.org/10.1089/tmj.2011.0271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23061642&dopt=Abstract
http://www.jmir.org/2013/8/e167/
http://dx.doi.org/10.2196/jmir.2608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23965236&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://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.jmir.org/2015/4/e101/
http://dx.doi.org/10.2196/jmir.4417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25903278&dopt=Abstract
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://linkinghub.elsevier.com/retrieve/pii/S0735-1097(09)02921-0
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://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://www.jmir.org/2014/12/e282/
http://dx.doi.org/10.2196/jmir.3651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25498992&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2003.10.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14969652&dopt=Abstract
http://dx.doi.org/10.1093/eurjhf/hfr039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21733889&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.23.6.599
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15546228&dopt=Abstract
http://dx.doi.org/10.1097/01.psy.0000188393.73571.0a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16314591&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.23.2.207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15008666&dopt=Abstract
http://dx.doi.org/10.1037/a0021863
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21417538&dopt=Abstract
http://europepmc.org/abstract/MED/21102357
http://dx.doi.org/10.1097/MLR.0b013e3181f37d28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21102357&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12681424&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Piette et a

36. Vespal, LewisJIM, Kreider RM. Current Population Reports. Washington, DC: US Census Bureau; 2013. America's
families and living arrangements: 2012 URL : http://www.mwcog.org/upl oads/committee-documents/
kV 1Y X19a20140512145731.pdf [accessed 2015-06-03] [WebCite Cache ID 6Z16gjWY V]

37. National Institute on Aging. NIH Pub. So Far Away: Twenty Questions and Answers about Long Distance Caregiving
URL: http://www.nia.nih.gov/sites/default/files/so_far_away_twenty questions about_|ong-distance_caregiving.pdf
[accessed 2015-06-03] [WebCite Cache ID 6Z14AhccT]

38. Piette D, Striplin D, Marinec N, Chen J, Aikens JE. A randomized trial of mobile health support for heart failure patients
and their informal caregivers: impacts on caregiver-reported outcomes. Medical Care 2015:0000-0000 (forthcoming).

39. Norbeck JS, Lindsey AM, Carrieri VL. Further development of the Norbeck Social Support Questionnaire: normative data
and validity testing. Nurs Res 1983;32(1):4-9. [Medline: 6549842]

40. Baumeister RF, VohsKD. Self-regulation, ego depletion, and motivation. Social Pers Psych Compass 2007 Nov;1(1):115-128.
[doi: 10.1111/j.1751-9004.2007.00001..x]

41. Zimmerman BJ. Attaining Self-Regulation: A Socia Cognitive Perspective. In: Boekaerts M, Pintrich PR, Zeidner M,
editors. Handbook of Self-Regulation. San Diego: Academic Press; 2000:13-35.

42.  Irwin M, Artin KH, Oxman MN. Screening for depression in the older adult: criterion validity of the 10-item Center for
Epidemiological Studies Depression Scale (CES-D). Arch Intern Med 1999;159(15):1701-1704. [Medline: 10448771]

43. Rector T, Kubo S, Cohn JN. Validity of the Minnesota Living with Heart Failure questionnaire as a measure of therapeutic
response to enalapril or placebo. Am J Cardiol 1993 May 1;71(12):1106-1107. [Medline: 8475878]

44. Garber MC, Nau DP, Erickson SR, Aikens JE, Lawrence JB. The concordance of self-report with other measures of
medication adherence: a summary of the literature. Med Care 2004 Jul;42(7):649-652. [Medline: 15213489]

45. Stirratt M, Crane H, Simoni J, Czajkowski S, Hillard M, Kahana S, et a. Self-report measures of medication adherence
behavior: Recommendations on optimal use. Translational Behavioral Medicine 2015:0000-0000 (forthcoming).

46. RollandY, Aquino JP, Andrieu S, Beard J, Benetos A, Berrut G, et al. Identification of the main domains for quality of
care and clinical research in nursing homes. J Nutr Health Aging 2011 May;15(5):410-424. [Medline: 21528170]

47. Lieberman MA, Fisher L. The effects of family conflict resolution and decision making on the provision of help for an
elder with alzheimer's disease. The Gerontologist 1999 Apr 01;39(2):159-166. [doi: 10.1093/geront/39.2.159]

48. Robinson MD, Clore GL. Episodic and semantic knowledge in emotional self-report: evidence for two judgment processes.
J Pers Soc Psychol 2002 Jul;83(1):198-215. [Medline: 12088126]

49. Baranowski T. Validity and reliability of self report measures of physical activity: an information-processing perspective.
Research Quarterly for Exercise and Sport 1988 Dec;59(4):314-327. [doi: 10.1080/02701367.1988.10609379]

50. WalshJC, MandaiaS, Gazzard BG. Responsesto a1l month self-report on adherenceto antiretroviral therapy are consistent
with electronic data and virological treatment outcome. AIDS 2002 Jan 25;16(2):269-277. [Medline: 11807312]

51. Sisk JE, Hebert PL, Horowitz CR, McLaughlin MA, Wang JJ, Chassin MR. Effects of nurse management on the quality
of heart failure care in minority communities: arandomized trial. Ann Intern Med 2006 Aug 15;145(4):273-283 [FREE
Full text] [Medline: 16908918]

52. Stata Statistical Software: Release 13.1. College Station, TX: StataCorp LP; 2014. URL : http://www.stata.com/ [accessed
2015-06-03] [WebCite Cache ID 6Z2171uwla]

53.  WhiteH. A heteroskedasticity-consi stent covariance matrix estimator and adirect test for heteroskedasticity. Econometrica
1980 May;48(4):817-830. [doi: 10.2307/1912934]

54. Rogers WH. Stata Technical Bulletin. 1993. Regression standard errorsin clustered samples URL : http:/
/wwwstatacom/support/fags/statistics/stb13 rogerspdf [accessed 2015-06-03] [WebCite Cache ID 621767371]

55. Froot KA. Consistent covariance matrix estimation with cross-sectional dependence and heteroskedasticity in financial
data. The Journal of Financial and Quantitative Analysis 1989 Sep;24(3):333-355. [doi: 10.2307/2330815]

56. Orme J, Kempen GI, Deeg DJ, Brilman El, van Sonderen E, Relyveld J. Functioning, well-being, and health perception
in late middle-aged and older people: comparing the effects of depressive symptoms and chronic medical conditions. JAm
Geriatr Soc 1998 Jan;46(1):39-48. [Medline: 9434664]

57. StrineTW, Kroenke K, DhingraS, Balluz LS, Gonzalez O, Berry JT, et a. The associ ations between depression, health-related
quality of life, social support, life satisfaction, and disability in community-dwelling US adults. J Nerv Ment Dis 2009
Jan;197(1):61-64. [doi: 10.1097/NMD.0b013e3181924ad8] [Medline: 19155812]

58. GladstoneGL, Parker GB, Mahi GS, Wilhelm KA. Feeling unsupported? An investigation of depressed patients perceptions.
J Affect Disord 2007 Nov;103(1-3):147-154. [doi: 10.1016/j.jad.2007.01.019] [Medline: 17328958]

59. Ruo B, Rumsfeld JS, Hlatky MA, Liu H, Browner WS, Whooley MA. Depressive symptoms and health-related quality of
life: the Heart and Soul Study. JAMA 2003 Jul 9;290(2):215-221 [FREE Full text] [doi: 10.1001/jama.290.2.215] [Medline:
12851276]

60. Carels RA. The association between disease severity, functiona status, depression and daily quality of life in congestive
heart failure patients. Qual Life Res 2004 Feb;13(1):63-72. [Medline: 15058788]

61. Bekelman DB, Havranek EP, Becker DM, Kutner JS, Peterson PN, Wittstein IS, et al. Symptoms, depression, and quality
of lifein patients with heart failure. J Card Fail 2007 Oct;13(8):643-648. [doi: 10.1016/j.cardfail.2007.05.005] [Medline:
17923356]

http://www.jmir.org/2015/6/e142/ JMed Internet Res 2015 | vol. 17 | iss. 6 | €142 | p. 17

(page number not for citation purposes)


http://www.mwcog.org/uploads/committee-documents/kV1YX19a20140512145731.pdf
http://www.mwcog.org/uploads/committee-documents/kV1YX19a20140512145731.pdf
http://www.webcitation.org/

                                                6Z16gjWYV
http://www.nia.nih.gov/sites/default/files/so_far_away_twenty_questions_about_long-distance_caregiving.pdf
http://www.webcitation.org/

                                                6Z14AhccT
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6549842&dopt=Abstract
http://dx.doi.org/10.1111/j.1751-9004.2007.00001.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10448771&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8475878&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15213489&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21528170&dopt=Abstract
http://dx.doi.org/10.1093/geront/39.2.159
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12088126&dopt=Abstract
http://dx.doi.org/10.1080/02701367.1988.10609379
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11807312&dopt=Abstract
http://europepmc.org/abstract/MED/16908918
http://europepmc.org/abstract/MED/16908918
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16908918&dopt=Abstract
http://www.stata.com/
http://www.webcitation.org/

                                                6Z171uwIa
http://dx.doi.org/10.2307/1912934
http://wwwstatacom/support/faqs/statistics/stb13_rogerspdf
http://wwwstatacom/support/faqs/statistics/stb13_rogerspdf
http://www.webcitation.org/

                                                6Z1767371
http://dx.doi.org/10.2307/2330815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9434664&dopt=Abstract
http://dx.doi.org/10.1097/NMD.0b013e3181924ad8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19155812&dopt=Abstract
http://dx.doi.org/10.1016/j.jad.2007.01.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17328958&dopt=Abstract
http://europepmc.org/abstract/MED/12851276
http://dx.doi.org/10.1001/jama.290.2.215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12851276&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15058788&dopt=Abstract
http://dx.doi.org/10.1016/j.cardfail.2007.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17923356&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Piette et a

62.

63.

65.

Eysenbach G, Consort-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. JMed Internet Res 2011;13(4):e€126 [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Ghali XK, Kadakia S, Cooper R, Ferlinz J. Precipitating factors leading to decompensation of heart failure. Traits among
urban blacks. Arch Intern Med 1988 Sep;148(9):2013-2016. [Medline: 3046541]

Orne MT. On the social psychology of the psychological experiment: With particular reference to demand characteristics
and their implications. American Psychologist 1962;17(11):776-783. [doi: 10.1037/h0043424]

Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008;4:1-32. [Medline:
18509902]

Abbreviations

HF: chronic heart failure

HFSCB: Revised Heart Failure Self-Care Behavior Scale
IVR: interactive voice response

HSR& D: Health Services Research & Development
mHealth: mobile health

mHealth+CP: moabile health plus CarePartner

MLHFQ: Minnesota Living with Heart Failure Questionnaire
NSSQ: Norbeck Social Support Questionnaire

VA: Veterans Health Administration

Edited by G Eysenbach; submitted 17.04.15; peer-reviewed by S Wbods, A Patel; comments to author 07.05.15; revised version
received 22.05.15; accepted 24.05.15; published 10.06.15

Please cite as:

Piette JD, Sriplin D, Marinec N, Chen J, Trivedi RB, Aron DC, Fisher L, Aikens JE

A Mobile Health Intervention Supporting Heart Failure Patients and Their Informal Caregivers. A Randomized Comparative
Effectiveness Trial

J Med Internet Res 2015;17(6): €142

URL: http://www.jmir.org/2015/6/e142/

doi: 10.2196/jmir.4550
PMID: 26063161

©John D Piette, Dana Striplin, Nicolle Marinec, Jenny Chen, Ranak B Trivedi, David C Aron, Lawrence Fisher, James E Aikens.
Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 10.06.2015. Thisisan open-accessarticle
distributed under the terms 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/, as well as this copyright and license information must be included.

http://www.jmir.org/2015/6/e142/ JMed Internet Res 2015 | vol. 17 | iss. 6 | 142 | p. 18

RenderX

(page number not for citation purposes)


http://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3046541&dopt=Abstract
http://dx.doi.org/10.1037/h0043424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
http://www.jmir.org/2015/6/e142/
http://dx.doi.org/10.2196/jmir.4550
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26063161&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

