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Abstract

Background: Adctivity monitoring is necessary to investigate sedentary behavior after a stroke. Consumer wearable devices are
an attractive alternative to research-grade technol ogy, but measurement properties have not been established.

Objective: The purpose of this study was to determine the accuracy of 2 wrist-worn fitness trackers: Fitbit Charge HR (FBT)
and Garmin Vivosmart (GAR).

Methods: Adults attending in- or outpatient therapy for stroke (n=37) wore FBT and GAR each on 2 separate days, in addition
to an X6 accelerometer and Actigraph chest strap monitor. Step counts and heart rate data were extracted, and the agreement
between devices was determined using Pearson or Spearman correlation and paired t or Wilcoxon signed rank tests (one- and
two-sided). Subgroup analyses were conducted.

Results: Step countsfrom FBT and GAR positively correl ated with the X6 accelerometer (p=.78 and p=.65, P<.001, respectively)
but were significantly lower (P<.01). For individuals using a rollator, there was no significant correlation between step counts
from the X6 accelerometer and either FBT (p=.42, P=.12) or GAR (p=.30, P=.27). Heart rate from Actigraph, FBT, and GAR
demonstrated responsiveness to changes in activity. Both FBT and GAR positively correlated with Actigraph for average heart
rate (r=.53 and .75, P<.01, respectively) and time in target zone (p=.49 and .74, P<.01, respectively); these measures were not
significantly different, but nonequival ence was found.

Conclusions: FBT and GAR had moderate to strong correlation with best available reference measures of walking activity in
individuals with subacute stroke. Accuracy appears to be lower among rollator users and varies according to heart rhythm.
Consumer wearables may be a viable option for large-scale studies of physical activity.

(JMIR Cardio 2018;2(1):el) doi:10.2196/cardio.8199

KEYWORDS
physical activity; heart rate; accel erometry; stroke rehabilitation; walking

: recovery [1,2]. In addition to reducing disability, fitness
Introduction interventions, particularly cardiorespiratory training, improve
Activity After Stroke walking ability and aerobic capacity [3,4]. Onthe basis of strong

y evidencefor aclear effect on cardiovascular health [5], physical
activity is a key component of secondary prevention to lower

Physical activity and exercise are recommended for stroke
survivors because of the wide range of benefits that support
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the risk of recurrent stroke [6]. Unfortunately, there is a gap
between clinical guidelines and actual behavior. Studies have
consistently found that persons with stroke are very
sedentary [7-11], even when compared to older adultswith other
chronic health conditions [12,13]. Despite sufficient capability,
many individuals are not active enough to support physical
fitness[14], and cardiorespiratory health may decline over
time[15].

Monitoring Activity

Asan outcome measure for research trias, for example, testing
the effectiveness of exercise training, self-report measures are
frequently used to collect information on free-living physical
activity but are prone to inaccuracy (eg, overestimation) from
recal bias[16,17]. As severa investigators have
recommended [14,17-19], combining objective methods of
guantifying movement (ie, accel erometry) with questionnaires
and heart rate monitors will alow for better evaluation of
interventions, both in and outside of clinica settings (eg,
rehabilitation). Wearable technology provides a practical way
to continuously record physiological responsesasdaily activity
is tracked; however, challenges to implementation exist in
certain contexts such as with patient populations.

Historically, accelerometer-based activity monitors devel oped
for research settings have been expensive and relatively difficult
to use. For example, the Accelerometry for Bilateral Lower
Extremities system, which accurately measureswal king activity
after stroke, requirestrained personnel and a custom algorithm
that operates on proprietary software to process the data [20].
The commercially available Actigraph wGT3X+ can measure
heart rate with a chest strap sensor; however, adherence to
wearing the device in the community is extremely low [19].
Activity monitoring is now accessibleto the public with recently
developed “fitness trackers’ (eg, Fitbit and Garmin) that are
inexpensive and user-friendly. These popular consumer devices
provide information on step counts and heart rate and are,
therefore, attractive for large-scale studies of physical activity.
As a health behavior change strategy, feedback to the wearer
could aso foster motivation and accountability in
self-management programs [21,22].

Accelerometers can bereliable and valid for activity monitoring
in personswith stroke [9], whereas the measurement properties
of consumer “wearables’ have not been established. The purpose
of this study was to determine the accuracy of 2 fitness
trackers—Fitbit Charge HR (FBT) and Garmin Vivosmart
(GAR)—for measuring physical activity among individuals
attending stroke rehabilitation. We hypothesized that step counts
and heart rate data from the consumer devices would have
“acceptable” agreement with previously validated sensors.
Patient perceptions of device acceptability and usability were
also investigated.

http://cardio.jmir.org/2018/1/el/
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Methods

Participants

This study was approved by the institutional research ethics
board. Sample size target was 40 to represent the range of
physical function typical of the subacute stroke population.
Between June 2016 and March 2017, 37 adults attending in- or
outpatient therapy for stroke at the Toronto Rehabilitation
Ingtitute provided written informed consent following an
invitation to participate. Individual swere excluded if they were
unableto walk without physical assistance from another person
or if they were unable to understand written or spoken English.
Participant characteristics are presented in Table 1.

Procedures

Participants wore 4 devices for 5.5-10 hours consecutively: (1)
Actigraph chest strap heart rate monitor worn under clothing;
(2) wGT3X+ sensor (Actigraph, Pensacola, Florida, USA); (3)
Model X6-2mini (“X6") accelerometer (Gulf Coast Data
Concepts, LLC, Waveland, Mississippi, USA); and (4) consumer
wearable device on the wrist of the less-affected arm: FBT
(Fitbit Inc., San Francisco, California, USA) and GAR (Garmin
Ltd., Schaffhausen, Switzerland), which wereworn on 2 separate
days within 1 week. The wGT3X+ sensor is also capable of
accelerometry but was only used in this study to store the
Actigraph heart rate data. Although body location differs
between devices, the placements are consistent with previous
validation methods and regular functionality such that results
are applicableto usein “rea-life”

Study personnel visited inpatients on the stroke unit in the
morning (typically between 8 am and 9 am) to don the devices
and then retrieved them at the end of the workday (~4 pm).
Outpatient participants were met during the day and sent home
wearing the devices, along with instructions to remove them
before bed and to return them at their next visit or therapy
session. A piece of Fabrifoam was used to affix the wGT3X+
sensor and X6 accelerometer to the ankle of the less-affected
leg. Participants were instructed to go about normal daily
activities and not remove the devices unless required (eg,
discomfort, personal hygiene, or risk of damage), or unlessthey
became a burden. Upon retrieval or return, participants
completed a feasibility questionnaire asking about their
experience and thoughts on the device (Multimedia Appendix
1). Part A was completed after each time either the FBT or GAR
was worn, and Part B, pertaining to the chest strap and ankle
units, was administered on the second day. Both parts consisted
of 6 questions, and responses were obtained through yes/no
options, spacefor open explanations, aswell asLikert and visual
analog scales.
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Table 1. Participant characteristics (n=37).
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Descriptive variable

Mean (SD)2 median, or count

Range or percentageb

Age, years 64.4 (15.0)
Women 13
Height, cm 171.0(9.3)
Weight, kg 77.1(15.4)
Time post stroke, days 42.6 (33.2)
Affected side
Left 20
Right 15
Bilateral 1
None 1
NIH-SS° score 2
covs? score 85
BBS® score 53
cMsAf stage of leg 6
cmsAf stage of foot 6
Walking speed, m/s 0.92 (0.29)
Gait aid
None 12
Rollator 17
Single point cane 8
Atrial fibrillation 6

41-90

35
152-190.5
45-113
12-135

41

0-11

65-91

4-56

47

0.28-1.5

32
46
22
16

83D: standard deviation.

bPerc:entageﬁ may not sum to 100% due to rounding.
°NIH-SS: National I nstitutes of Health-Stroke Scale.
dcov's: Clinical Outcome Variables Scale.

®BBS: Berg Balance Scale.

fCMSA: Chedoke-McMaster Stroke Assessment.

Within 2 days of activity monitoring, the following tests were
conducted for each participant during a short data collection
session or as part of routine clinical care (data then extracted
from patient chart): the National Institutes of Health-Stroke
Scale (NIH-SS) [23], Berg Balance Scale (BBS) [24], Clinical
Outcome Variables Scale (COVS) [25], Chedoke-McMaster
Stroke Assessment (CMSA) [26] stage of leg and foot, and
self-selected walking pace obtained from a pressure-sensitive
mat (GAITRIte, CIR Systems Inc., Havertown, Pennsylvania,
USA). Height and weight were also recorded. The following
information was obtained from hospital charts or directly from
participants: age, sex, time since stroke, lesion location, medical
history, and list of medications.

Maximum heart rate was determined in 1 of the following 3
ways: cardiopulmonary exercise test as part of routine care
(value recorded by electrocardiography when respiratory
exchangeratio >1.1; n=3); estimation using published formulas
(164-0.7xage for individuals taking beta-blockers[27] and
208-0.7xage for al others[28]; n=3 and 26, respectively); or

http://cardio.jmir.org/2018/1/el/

peak heart rate observed during the 2-day monitoring if higher
than the age-predicted maximum (n=5).

Data Processing

Step counts were extracted from the X6 accelerometer data
using a previously validated custom written algorithm
implemented in  MATLAB (MathWorks, Nantick,
Massachusetts, USA) [29]. FBT and GAR were synchronized
to the manufacturers’ Web-based applications to extract step
counts.

Heart rate data, transmitted from the Actigraph chest strap
monitor to the wGT3X + sensor via Bluetooth, weretransferred
to a computer, initially processed in 60-second epochs using
the ActiLife software version 6 (Actigraph, Pensacola, Florida,
USA), and exported to atext file. We noted that a number of
Actigraph data points were physiologically improbable (<45
beats per minute); these were removed before further processing.
To allow for comparison of heart rate measurement, we created
time-aligned Actigraph and FBT/GAR data series. Actigraph

JMIR Cardio 2018 | vol. 2 |iss. 1 |el | p.5
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heart rate data were averaged over 5-min epochs to compare
with FBT values, which were manually transcribed into a
spreadsheet from the Web application due to manufacturer’'s
restrictions in accessing raw data. GAR heart rate time series
data were downloaded from the Web application as TCX files
in 60-second epochs and converted into text files.

Because alarge amount of heart rate datawere missing, wefirst
examined responsiveness of Actigraph, FBT, and GAR measures
to changes in activity. Step counts from the X6 accelerometer
weretallied over 5-min (for FBT) and 1-min (for GAR) epochs
and aligned with the heart rate data. Heart rate, as recorded by
each device, was averaged over all periods of rest (epochswith
zero steps recorded) and at 3 intensities of walking activity:
50-79%, 80-99%, and >100% of comfortable cadence (based
on self-selected walking on the GAITRite mat). We then
determined agreement between the Actigraph and FBT/GAR
heart rate data. If epochs were missing for one device, the
corresponding data were deleted for the other device. From
these modified time series, average heart rate and time within
atarget zone (55-80% of maximum heart rate) were cal culated
for each device.

Data Analysis

Step counts from FBT and GAR were compared with the X6
accelerometer using Spearman correlation (p) and Wilcoxon
signed rank tests. Both step count analyses were conducted for
the whole group and separately by usual gait aid. To test the
responsiveness of the devices to changes in physical activity,
average heart rate at each intensity was compared with resting
heart rate using paired t tests. Pearson or Spearman correlation
and paired t tests or Wilcoxon signed rank tests, respectively,
were used to compare average heart rate and time within the
target heart rate zone from the Actigraph with those from the
FBT and GAR. Analyses of heart rate data were conducted for

Rozanski et al

the group as awhole and separately for those with and without
diagnosis of arrhythmia (ie, atrial fibrillation); only those
participantswith at least 60 min of valid heart rate datafor both
deviceswereincluded. For one-sided tests of equivalence, +5%
of the mean or median reference value was chosen as the
upper/lower boundary limit; however, a clinically acceptable
level of uncertainty is not clear from previous research. All
statistical analyses were conducted in SAS version 9.2 (SAS
Ingtitute Inc., Cary, North Carolina, USA), and aphawas .05.

Bland-Altman plots were used to visualize interdevice
agreement. The difference between the FBT or GAR data and
the reference measurements for each participant were plotted
against the average of the 2 values. The mean or median
differenceand its 95% ClI or interquartile range were represented
by lines on each graph.

Results

Missing Data

Out of al the participants, 5 chose not to complete the second
day of the study; therefore, analysis of step count data was
limited to 36 participantsfor FBT and 33 for GAR. Furthermore,
2 participants declined to wear the Actigraph chest strap, and
there were less than 60 min of valid heart rate data on both
devices for 4 (when wearing FBT) and 9 participants (when
wearing GAR); therefore, comparison of Actigraph and
wrist-device heart rate data was limited to 30 (for FBT) and 22
(for GAR) participants. Potential reasons for missing data are
discussed below.

Step Counts

Results of the step count analyses are presented in Table 2, and
Bland-Altman plots showing agreement of each wrist-worn
device with the X6 accelerometer arein Figure 1.

Table 2. Agreement in step counts between X6 accel erometer and wrist-worn devices.

Group FBT® GARP
n p(Pvaue) Difference® Error P,Pur® n p(Pvaue) Difference Error P; PusL
(IQR)A (IQR) (IQR) (IQR)
All participants 36 .78(<.001) 463 32.9% .002; .99 3B .65(<.001) 963 40.9% .008;
(-220t0924)  (8.3-52.5) (59-1390) (14.9-695) s>
No gait aid 13  .97(<.001) -203 10.3% .85; .32 1 .56 (.07) -561 23.1% .28;
(-28810339)  (5.5-30.4) (-1960t0971) (14.7-46.1) ekeQ77
Rollator 15 42(12 926 52.3% .01; .99 5 .30(.27) 1390 67.2% .001;
(386-1939) (39.9-56.9) (283-2376) (26.2-730) e>D
Singlepointcane 8  .98(<.001) 406 12.6% 08,90 7 .93(003 963 21.3% 02;
(-1810912) (58223 (377-1330) (150-41.1) bresk>®

3FBT: Fitbit Charge HR.
bGAR: Garmin Vivosmart.

“The difference is calculated as the X6 accelerometer step count minus the wrist device step count; therefore, a positive value means the wrist-worn
device undercounted, whereas a negative value means the wrist-worn device overcounted.

9 QR: interquartile range

dp values are for Wilcoxon signed rank tests: two-sided to compare median step counts of the devices and one-sided testing of whether the median
difference is significantly different from alower (P ) and upper (Py) limit (the greater of the 2 is reported).

http://cardio.jmir.org/2018/1/el/
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Figure 1. Bland-Altman plots of step count agreement between X6 accelerometer (ACC) and wrist-worn devices: left, Fithit Charge HR (FBT), and
right, Garmin Vivosmart (GAR). Solid bold line is the median difference between step count measurements, averaged over al participants. Dashed

lines are the interquartile range of the difference. Note that the scale on the y-axis is not the same between the graphs.
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For step count measurement of all participants combined, there
was astrong positive correlation between the X6 accel erometer
and FBT (p=.78, P<.001) and a moderate positive correlation
between the X6 accelerometer and GAR (p=.65, P<.001).
However, the FBT (S;5=191.5, P=.002; 32.9% error) and GAR
(S5=144.5, P=.008; 40.9% error) significantly undercounted
steps compared with the X6 accelerometer. According to the
equivalence tests, the median step count differences were not
significantly less than the respective upper boundary limits
(Py=.99).

For the gait aid subanalyses, there were strong positive
correlations between X6 accelerometer and FBT step counts
(p>.97, P values <.001) and no significant difference in step
counts between devices in both the no gait aid (S;,=—3, P=.85;
10.3% error) and single-point cane (S,=13, P=.08; 12.6% error)
groups. However, nonequivalence from undercounting was
reveal ed by one-tailed tests (P=.32 and P,=.90, respectively).
Conversely, for the rollator group, there was no significant
correlation between X6 accelerometer and FBT step counts
(p=.42, P=.12), and the FBT significantly undercounted steps

Table 3. Responsiveness of heart rate devices to change in walking activity.

5000

Difference (ACC-GAR)

-5000

compared with the X6 accelerometer (S,,=44, P=.01; P,=.99;
52.3% error). There was amoderate positive correl ation (p=.56,
P=.07) and no significant difference in step counts between the
X6 accelerometer and GAR (S;5=—13, P=.28; 23.1% error) for
participants not using a gait aid, but measurements were not
equivalent (P =.77). Although there was a strong positive
correlation between step counts from the X6 accelerometer and
GAR in the single-point cane group (p=.93, P=.003), the GAR
significantly undercounted steps for these individuals (Sg=14,
P=.02; Py=.99; 21.3% error). In the rollator group, there was
no significant correlation between X6 accelerometer and GAR
step counts (p=.30, P=.27), and the GAR significantly
undercounted steps compared with the X6 accelerometer
(S14=59, P=.001; P>.99; 67.2% error).

Heart Rate

On average, valid Actigraph, FBT, and GAR heart rate data
were available for 42.4% (95% Cl 35.7-48.8), 95.3% (95% Cl
93.3-97.2), and 75.1% (95% CI 63.8-86.5) of the time worn
during monitoring, respectively. Dataindicating responsiveness
of heart rate to changes in activity are presented in Table 3.

Cadence (%) Five-min epochs

One-min epochs

FBT?2 Actigraph GAR? Actigraph

Percentage change P (n)¢ Percentage change P (n) Percentage change P (n) Percentage change P (n)

(95% CI)© (95% Cl) (95% CI) (95% Cl)
50-79 6.3(3.2-9.3) <.001(27) 4.7(0.6-8.8) .03(20) 28(0.9-4.7) .006 (30) 3.5(0.7-6.3) .02 (28)
80-99 154 (10.0-20.7)  <.001(13) 11.8(-02t023.7) .05(7) 3.5(0.5-6.5) 02(26) 6.6(3.8-9.5) <.001 (25)
=100 16.8 (7.9-25.8) .005 (6) 17.8(-26.3t062.0) .22(3) 18(-16t053) .27(14) 129(5.7-20.2) .003(9)

8FBT: Fitbit Charge HR.
bGAR: Garmin Vivosmart.

“Values presented are mean increase in heart rate from rest (“ percentage change”), expressed as a percentage of estimated maximum heart rate, with

95% CI in parentheses.

dp values correspond to t tests comparing heart rate at rest and different cadences. Note the sample sizes (n) differ between comparisons as not all

participants walked at each cadence, or there were no valid heart rate data at

http://cardio.jmir.org/2018/1/el/
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Both Actigraph (for 1-min epochs) and FBT showed significant
increases in heart rate when participants walked at greater than
or equal to 50% of their self-paced cadence compared with rest
(P values<.017). When Actigraph heart rate datawere averaged
over 5-min epochs, there was a trend toward higher heart rate
withincreasing activity, but thelack of significancefor walking
at 80-99% and greater than or equa to 100% of self-paced
cadence was likely due to a large amount of missing data and
consequent low sample size (n=7 and n=3, respectively; P
values>.052). GAR showed a significant increase in heart rate
at 50-79% (P=.006) and 80-99% (P=.02) but not greater than
or equal to 100% of self-paced cadence (P=.27), compared with
rest.

Results of the comparison in heart rate data between devices
are presented in Table 4, and Bland-Altman plots showing
agreement between the wrist-worn devices and Actigraph are
in Figure 2. For average heart rate of all participants, therewere
moderate positive correlations and no significant difference
between Actigraph and FBT (r=.53, P=.003; t,4=1.11, P=.28;
10.1% error) as well as between GAR and Actigraph (r=.75,
P<.001; t,,=—0.28, P=.78; 7.4% error); however, nonequival ence

Rozanski et al

was revealed by onetaled tests (Py=.30 and P, =.16,
respectively). There was a significant positive correlation of
Actigraphwith GAR (p=.74, P<.001) and FBT (p=.49, P=.006)
for timeintarget zone. Timein target zone was not significantly
different between FBT and Actigraph (S,;=—37.5, P=.43; 42.9%
error) or between GAR and Actigraph (S,,=—42, P=.15; 28.4%
error), but measurements were not equivalent (P, =.67 and
P, =.82, respectively).

When participants without arrhythmiawere analyzed separately,
the correlation between Actigraph and FBT for average heart
rate (r=.64, P<.001) and time in target zone (p=.57, P=.004)
improved dlightly. Conversely, there were no significant
correlations between Actigraph and FBT for average heart rate
(r=.16, P=.77) or time in target zone (p=-.03, P=.96) among
participants with atrial fibrillation. Average heart rate and time
intarget zone were not significantly different between FBT and
Actigraph for participants without arrhythmia or those with
atria fibrillation (P values>.31; 9.9-66.7% error). According
to the equival encetests, none of theinterdevice differenceswere
significantly lessthan the upper or lower boundary limits (range
of P values=.20-.70).

Table4. Agreement in heart rate data between Actigraph and wrist-worn devices.

Group FBT2 GARP
n  Correlation Difference® Error P,Pyr® n Corrdation Difference Error P; PunL
coefficient  (95% Cl) or (95% Cl) or coefficient  (95% Cl) or (95% Cl) or
(Pvaue)  (IQR) (IQR) (Pvaue)  (IQR) (IQR)
Average heart rate, beats per minute
All participants 30 .53(.003) 24 10.1% 28,30 2 .75(<.001) -05 7.4% 78; .16
(-2.0t06.8)  (6.9-13.3) (-41t031)  (4.7-10.2)
No arrhythmia 24  .64(<.001) 1.1 9.9% 61;.20 19 .74(<.001) -11 7.7% 59; .23
(-32t055)  (6.8-13.1) (-52103.0)  (45-10.8)
Atrid fibrillation 6 A6 (.77) 7.6 10.7% .31, .67 3 .87(.33 31 5.8% A46; .47
(-9.8t024.9) (-0.1to (-11.6t017.8) (1.2-10.4)
21.5)
Timein target zone, minutes 9
All participants 30 .49 (.006) -15 42.9% 43,67 2 .74(<001) -55 28.4% 15; .82
(-30, 15) (28.6-109.5) (2210 8) (15.7-49.5)
No arrhythmia 24 57(004) -15 42.9% 45,70 19 .73(<.001) -8 29.4% .16; .85
(-281012) (28.6-100.0) (2610 9) (16.7-57.8)
Atrid fibrillation 6 -.03(9) -5 66.7% .88; .58 3 10(<001) -1 15.7% .75; .38
(-50 to 20) (38.1-145.2) (-11t0 8) (8.8-18.6)

3FBT: Fitbit Charge HR.
bGAR: Garmin Vivosmart.

®The difference is calculated as the Actigraph value minus the value for the wrist device; therefore, a positive value means the wrist-worn device
underestimated, whereas a negative value means the wrist-worn device overestimated.

dIQR: interquartile range.

P values are for paired t or Wilcoxon signed rank tests: two-sided to compare means or medians of the devices and one-sided testing of whether the
mean or median difference is significantly different from alower (P.) and upper (Py) limit (the greater of the 2 is reported).

"Pearson correlation coefficient.
9Spearman correlation coefficient.
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Figure 2. Bland-Altman plots of agreement between Actigraph and wrist-worn devices: left, Fithit Charge HR (FBT), and right, Garmin Vivosmart
(GAR) for mean heart rate (top) and median time in target zone (bottom). Solid bold line is the mean difference between measurements, averaged over
all participants. Dashed lines are the 95% CI or interquartile range of the difference. Note that the scale on the y-axisis not the same between the graphs.
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The positive correlations between Actigraph and GAR for
average heart rate and timein zone remained high for both those
without arrhythmia (r=.74, P<.001 and p=.73, P<.001,
respectively) and those with atrial fibrillation (r=.87, P=.33 and
p=1.0, P<.001, respectively). Average heart rate and time in
target zone were not significantly different between GAR and
Actigraph for participants without arrhythmia or those with
atria fibrillation (P values>.16; 5.8-29.4% error), yet there was
no equival ence of measurements (range of P values=.16-.85).

Device Acceptability and Usability

All participants completed the feasibility questionnaire for at
least 1 device; 27 individuals evaluated their experience with
all 4 devices (both fitnesstrackers, X6 accelerometer, and chest
strap). In terms of comfort, 94% (31/33) and 97% (32/33) of
participantsfound FBT and GAR, respectively, to be somewhat
or very comfortable, whereas 89% (33/37) and 91% (31/34)
said the same for the X6 accelerometer and heart rate monitor,
respectively. Overall, 7 individuals reported problems wearing
the devices. Issues included genera discomfort, trouble with
doffing, and wrist strap feeling too tight. When asked about the
level of confidencein their ability to don and doff independently,
the average response, based on avisual analog scalefrom O (not
confident at all) to 10 (extremely confident), was 8.8 for all
devices except for the chest strap (7.7). A large majority of
participants said they would belikely or very likely to participate
in a study that involved wearing the FBT (28/33, 85%), GAR
(29/33, 88%), X6 accelerometer (30/37, 81%), or heart rate
monitor (24/34, 71%) every day for 1 week. Some concerns
included sleeping with the device and remembering to put it on.
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Discussion

Principal Findings

The main finding of this study is that FBT and GAR had a
moderate to strong correlation with the best available reference
devices for measuring walking activity in terms of step count
and heart rate among individual swith subacute stroke. Accuracy
varied widely according to mobility status and based on whether
or not heart rhythm was normal. The consumer devices were
well accepted by participants.

Counting Steps

In patients not using a gait aid, steps counted by the fitness
trackers were not different from that of the X6 accelerometer;
however, GAR was inaccurate (23.1% error) compared with
FBT (10.3% error), and equivalence was not demonstrated.
Neither device appears suitable for rollator users due to
significant undercounting, and despite strong correlation of FBT
with the X 6 accel erometer for single-point cane users, accuracy
was low (>10% error). Most studies on consumer wearables
have been conducted with healthy adults, but, consistent with
our results, overall validity of step counts with a tendency
toward underestimation has been found [30]. A different Fitbit
model worn at the wai st al so undercounted stepsin people with
chronic stroke tested over a short distance in a closed
environment [31]. The lower accuracy in gait aid users seen
herein may be attributed to a slower walking speed, which has
been shown to affect accel erometer step count, especially when
placed at the hip [32-34]. Limited arm swing during ambul ation
with arollator could also limit accuracy of wrist-worn devices.
Alternative placements of consumer devicesfor specific clinica
subgroups should be explored in future studies.
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Measuring Heart Rate

Although the high accuracy of chest strap monitors is well
established, comparison of heart rate data was complicated by
the low reliability of the Actigraph acquisition system. This
may have been due to Bluetooth transmission problems, drying
of electrode areas over time, or chest strap placement issues
such as dlippage through the day. Therefore, the positive
correlations of the Actigraph with FBT and GAR could be over-
or underestimated, and power to detect a differencein average
heart rate or time in target zone was reduced. Considering data
availability and responsiveness, FBT appeared superior, but
heart rate measured by GAR was also sensitive to changesin
walking intensity (ie, cadence). In genera, intensity of physical
activity appeared to be relatively low according to total timein
target zone and the sample size of higher cadence levels,
although data may not have been available when participants
walked quickly, which could account for the relatively high
error associated with this parameter. For individuals with atrial
fibrillation, FBT had lower agreement with the Actigraph
(10.7% average heart rate error) than did GAR; however, it is
not clear to which device the inaccuracy for this clinical
subgroup can be attributed as no criterion standard was
performed for comparison (see below). Some wearable heart
rate monitors based on photopletysmography (optical detection
of blood volume changes) have been evaluated with evidence
of variable accuracy [35-38]. In 2 studies with healthy adults,
the FBT was found to correlate well with electrocardiography
but underestimated heart rate during more vigorous physical
exertion [35,37]. The same device was significantly lessaccurate
among hospital inpatients who were not in sinus rhythm [36].
Therefore, this technology may be more reliably applied in a
clinical context when exercise intensity is limited and no
arrhythmias are present.

Strengths and Limitations

It may have been possible to minimize the large amount of
missing data by performing the study in a laboratory with
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constant supervision of the participants, but, aside from being
more resource-efficient, our design benefits from ecological
validity. Devices were compared from different but typical and
realistic body positions. The portability of the technology tested
allowed for monitoring to take place under free-living conditions
over many hours such that a range of activity levels could
theoretically be captured. This precluded the use of “gold
standard” measures such as el ectrocardiography and visual step
countsto establish criterion validity. Clinically relevant variables
were evaluated, and subanalyses reveaed differences between
groups to more precisely guide the interpretation of results.
Although manual entry of some data was necessary for the
purpose of this study, the commercially intended functions of
consumer wearables provide information in a user-friendly
format that could easily be applied in clinical or research
settings.

Conclusions

Overadll, the strength of correlations and measures of accuracy
suggest that FBT is valid for step-counting in individuals who
do not use agait aid, whereas both devices are suitable for group
analyses that tolerate greater measurement variability. The
tendency to underestimate steps and general lack of equivalence
with reference standards should be considered. FBT wasreliable,
responsive, and accurate for recording nonarrhythmic heart rate.
Assessing validity in participants with atrial fibrillation was
limited by low sample sizes. These results, along with the
generally positive feedback from the feasibility questionnaire,
imply that fitness trackers may be a viable alternative to
“research grade” activity monitors for large clinical trials. As
more commercial models and agorithms are developed,
consumer wearables should continue to be investigated for
accuracy. The selection of a device for research or health care
purposeswill ultimately depend on the context, including patient
population and primary outcome.
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Abstract

Background: Moderate fitness levels and habitual exercise have a protective effect for cardiovascular disease, stroke, type 2
diabetes, and al-cause mortality. The Apple Watch displays exercise completed at an intensity of a brisk walk or above using a
green “exercise” ring. However, it is unknown if the exercise ring accurately represents an exercise intensity comparable to that
defined as moderate-intensity. In order for health professional sto prescribe exercise intensity with confidence, consumer wearable
devices need to be accurate and preciseif they are to be used as part of a personalized medicine approach to disease management.

Objective: Theaim of thisstudy wasto examinethe validity and reliability of the Apple Watch for measuring moderate-intensity
exercise, as defined as 40-59% oxygen consumption reserve (VO,R).

Methods: Twenty recreationally active participants completed resting oxygen consumption (VO,rest) and maximal oxygen
consumption (VO, max) tests prior to a series of 5-minute bouts of treadmill walking at increasing speed while wearing an Apple
Watch on both wrists, and with oxygen consumption measured continuously. Five-minute exercise bouts were added until the
Apple Watch advanced the green “exercise” ring by 5 minutes (defined as the treadmill inflection speed). Validity was examined
using a one-sample t-test, with interdevice and intradevice reliability reported as the standardized typical error and intraclass
correlation.

Results:  The mean %VO,R at the treadmill inflection speed was 30% (SD 7) for both Apple Watches. There was a large

underestimation of moderate-intensity exercise (left hand: mean difference = -10% [95% CI -14 to -7], d=-1.4; right hand: mean
difference = -10% [95% CI -13 to -7], d=-1.5) when compared to the criterion of 40% VO,R. Standardized typica errors for

%VO,R at the treadmill inflection speed were small to moderate, with intraclass correlations higher within trials compared to
between trials.

Conclusions: The Apple Watch threshold for moderate-intensity exercise was lower than the criterion, which would lead to an
overestimation of moderate-intensity exercise minutes completed throughout the day.

(JMIR Cardio 2018;2(1):e6) doi:10.2196/cardio.8574
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Introduction

Background

Physical activity iswell documented asabeneficial intervention
for the prevention and treatment of chronic disease, while
physical inactivity is an independent risk factor for the
development of lifestyle-related chronic diseases, such as
cardiovascular disease [1,2]. To be considered “physically
active” it isrecommended that adults accumulate >150 minutes
of moderate or 75 minutes of vigorous-intensity physical activity
(MVPA) over the course of a week to provide them with
substantial health benefits [3]. Given that the average adult
expends approximately four metabolic equivalents walking at
amoderate pace [4], they would therefore need to walk at this
pace for 125 minutes/week, or 30 minutes on most days of the
week, to meet the minimum recommendations. Although these
physical activity guidelines are strongly recommended by
governments acrossthe world [5-7], many people do not achieve
them [8-11]. However, physical activity interventionsthat have
incorporated technol ogy-based support have shown promisein
developing compliance to physical activity guidelines[12,13],
possibly through reinforcement to develop habit-forming
behaviors [14].

Although valid and reliable tool s for measuring physical activity
are available for researchers, such as the ActiGraph [15], it is
the quantified-self movement [ 16] that hasled to theincreasing
popularity of consumer wearable technology, with estimates
indicating sales of over 200 million by 2021, including the
Apple Watch [17]. Having contemporary instruments to
integrate into exercise prescription and physical activity
promotion that fit into people slifestylesisimperative. Although
evidence on the validity and reliability of modern wearable
deviceswith integrated screensto measure exercise and physical
activity is increasing, no study has examined the accuracy of
the Apple Watch for measuring MV PA.

Appleisone of theworld’s most val uable companies (by market
value) [18] and has changed a number of industries through
disruptive devices (eg, iPod, iPhone). The Apple Watch, which
wasreleased in 2015, hasreportedly become the highest selling
wearable/smartwatch to date, with more than 12 million units
reported to have been sold [19,20]. The widespread use of the
Apple Watch would therefore allow physical activity
interventions to reach a large proportion of the population.
Additionally, the Apple Watch provides potential for datato be
collected from, and returned to, the individual, to provide
immediate individualized feedback via the wearable's screen
to promote behavior change and be shared with others, such as
a clinician. However, Apple provides little detail on how the
Apple Watch measures “exercise.” It appears that the built-in
accelerometer is mostly used to measure physical activity
throughout the day [21,22], although heart rate measurement is
used periodicaly when walking [22]. Daily physical activity
data is displayed within the “Activity” app, with a visua
representation of the accumulated duration of “exercise”
displayed as agreen ring on the screen of the watch. Given that
Apple refers to this as the “exercise” ring and that 30 minutes
is the daily goal [23], it is reasonable to suggest that Apple
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views this as representative of the daily goal of 30 minutes of
MVPA for adults, as recommended by numerous guidelines
[5-7]. Although Apple states that, “every full minute of
movement that equals or exceeds the intensity of a brisk walk
countstoward your daily exercise goal” [23], it ishot clear how
this measure of MVPA compares to the criterion measure of
moderate-intensity exercise, oxygen consumption reserve
(VO,R: [VO,max - VO, rest] x exerciseintensity + VO,rest).

Objective of This Study

Given the scale of smartwatch use around the world and the
increasing attention on personalized medicine, the validity of
the Apple Watch for measuring moderate-intensity exercise is
important to examine. Establishing the validity of the Apple
Watch would ensure that individuals are able to measure their
own MVPA accurately and that hesalth professionals have
confidence in the data that their clients are sharing with them.
Establishing the intradevice and interdevice reliability of the
Apple Watch is also important so that daily measures can be
compared, and that user preference for wearing the Watch on
the left or right wrist does not introduce bias. Therefore, the
aim of this study was to examine the validity and reliability of
the Apple Watch for quantifying moderate-intensity exercise
compared with directly measured VO,R.

Methods

Study Design and Participants

The study used arepesated measures design with each participant
completing two main trials. Prior to the main trials, maximal
oxygen consumption (VO,max) and resting oxygen consumption
(VO,rest) were measured in all participants. The study was
approved by the Department of Sport, Health and Exercise
Science Ethics Committee (approval number 1516076) at the
University of Hull. Given the paucity of data on the Apple
Watch at thetime of study commencement, the sample sizewas
estimated based on a previous study [24].

Recruitment

Participants were recruited from the University of Hull and local
community via written promotional material or personal
communication. Inclusion criteria stated that participants were
aged between 18 and 50 years, and exclusion criteriawere: (1)
men and women classified as moderate or high-risk according
to the American College of Sports Medicine (ACSM) risk
classification criteria, (2) those unable to walk on a motorized
treadmill, (3) current smokers, (4) BMI >30, and (5) those
currently taking medication that altersthe heart ratein response
to exercise (eg, beta blockers). Inclusion and exclusion criteria
were established with the aim of recruiting low-risk individuals,
based on the ACSM risk classification criteria used at the
commencement of the study.

Data Collection

Anthropometric

Participants were asked if they had voided before attending the
session; if not, they were instructed to do so. Participants were
then instructed to remove al clothing and nude body mass was
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measured to the nearest 0.1 kg using digital scales (WB-100MA
Mark 3, Tanita Corporation, Tokyo, Japan). The mean of two
measurementswas used for further analysis. Stretch stature was
measured using awall-mounted stadiometer (Holtain Ltd, Dyfed,
Wales, UK) and according to the methods of the International
Society for the Advancement of Kinanthropometry [25].

Familiarization

Following medical screening and admission to the study,
participants were familiarized with the tasks required of them
during themain trials. Thisfamiliarization session consisted of
the participant practicing “hopping on” and “hopping off” the
treadmill, as well as walking at a number of dedicated speeds.

This familiarization procedure was repeated at three of the
speeds used in the main trials (i, 3, 4.5, 6 km/hour).

Resting Oxygen Consumption

VO,rest was measured 30 minutes prior to, and in the same
session, as VO, max in a temperature-controlled |aboratory.
Participants lay supine on abed with their head on a pillow for
approximately 22 minutes. Oxygen consumption was measured
continuously from expired air using a bresth-by-breath online
gas analysis system (Cortex Metalyzer 3B, GmbH, Germany).
The analyzer was calibrated prior to each test using room air
and known gas concentrations of oxygen and carbon dioxide.
Volume was calibrated using a 3-liter syringe.

During the 22 minutes of measurement, the laboratory lights
were turned off and all other laboratory activity was stopped.
Prior to commencement of the measurement period, participants
were instructed to relax as much as possible but to avoid going
to deep; they were not permitted to closetheir eyes. For analysis
of the data, we discarded the first 10 minutes of data to alow
for habituation and the last 2 minutes of data to allow for
expectation effects. The mean of the remaining 10 minutes of
data was taken as the VO,rest. Although we are not aware of
any standardized method for measuring VO,rest for the purpose
of calculating VO,R, we developed our method based on that

reported by Miller et a [26].

Maximal Oxygen Consumption

Maximal oxygen consumption was determined on a motorized
treadmill (h/p/cosmos, Pulsar, Nussdorf-Traunstein, Germany)
using an incremental protocol that commenced at 3 km/hour
and a 1% gradient and increased 0.5 km/hour in speed every 30
seconds until volitional fatigue. Oxygen consumption was
measured continuously from expired air using the same
breath-by-breath system as described above for VO,rest.

Exercise Protocol

For the 24 hours prior to each trial, participants were instructed
to avoid exercise and maintain their normal diet, and for three
hours prior to each trial avoid food and caffeinated drinks. On
two separate occasions (mean 6 days apart, SD 3) participants
completed a series of 5-minute bouts of walking on atreadmill
at a gradient of 1%. Each bout was followed by 5-minutes of
seated rest. On both occasions, the first 5-minute walking bout
was conducted at 3 km/hour, with thetreadmill speed increased
for each successive 5-minute bout by 0.5 km/hour (ie, 3.5, 4).

http://cardio.jmir.org/2018/1/e6/
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Exercise bouts were continued until at least 6 km/hour was
completed, and until the Apple Watch indicated that all
5-minutes of that bout was at a sufficient intensity to accumulate
5-minutes of the green “exercise” ring, as displayed within the
Activity app. The treadmill speed at which this occurred was
defined as the “treadmill inflection speed.” During each
5-minute period of exercise, oxygen consumption and heart rate
were recorded by an online gas analysis system (as described
previously), a Polar chest strap (Polar T31, Polar Electro, OY,
Finland), and an Apple Watch (described below) worn on each
wrist. During each 5-minute period of exercise, participants
were instructed to maintain their normal gait and were not
permitted to hold the treadmill handrails. Immediately at the
cessation of each 5-minute exercise period, participants were
instructed to grasp the treadmill handrails and straddle the
treadmill belt. Once the treadmill belt was stationary, a chair
was placed on the treadmill and the participant was instructed
to sit. During the recovery period participants were required to
sit motionless with each hand resting on the treadmill handrail.
This was done to ensure that no activity during the recovery
period contributed to the green “exercise” ring. Five minutes
of seated rest was provided to enable each Apple Watch to
updatethe green “exercise” ring. In pilot testing it was observed
that the Apple Watch completed its update within a maximum
of 5 minutes of rest following exercise. The mean oxygen
consumption of thelast three minutes at the treadmill inflection
speed for each watch was used for later analysis.

Two first-generation (Series 0) Apple Watches running watchOS
2.0.1 were used to estimate moderate-intensity exercise. Each
Apple Watch was paired to an iPhone 6 running iOS 9.1.
Following each 5-minute rest period the number of “exercise”
minutes, as measured by each of the Apple Watches, was
manually recorded from the Activity app.

Moderate-intensity exercise is defined by the ACSM as that
which elicits an oxygen consumption of between 40% and 59%
of VO,R. By rearranging the equation provided by the ACSM
(see below) [3] and substituting target volume of oxygen (VO,)
for the measured oxygen consumption at the treadmill inflection
speed, the percentage of VO,R at the treadmill inflection speed
(exercise intensity in the equation) can be calculated: Target
VO,= (VO,max - VO,rest) x exerciseintensity + VO,rest.

Statistical Analyses

Data were checked for normality using the Shapiro-Wilk test
and graphical methods, and were found to be plausible. The
VO,R during Trial 2was used to assessthe validity of the Apple
Watch for measuring moderate-intensity exercise, with VO,R
during both Tria 1 and 2 used to assess the interdevice and
intradevice reliability. A one-sample t-test was used to test if
the mean %VO,R at the treadmill inflection speed for each
Apple Watch was different from 40%, which is the lower limit
of moderate-intensity exercise. A custom-designed Excel
spreadsheet was used to examine differences between left and
right Apple Watchesfor treadmill inflection speed and %VO,R
[27]. Pearson product-moment correlation was used to assess
the association between VO,max and the %VO,R at the
treadmill inflection speed. Based on the linear association
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between VO,max and %VO,R, linear regression was used to
estimate the VO, max and treadmill speed required for the Apple
Watch to accurately measure moderate-intensity exercise.
Interdevice and intradevice reliability is reported as the
standardized typical error and intraclass correlation.
Standardized typical error was doubled prior to assessing its
magnitude [28]. Standardized effect sizeisreported as Cohen’s
d using the between-subject pooled SD asthe denominator. The
scale of magnitudes used to evaluate Cohen’'s d was. 0-0.19
trivial; 0.2-0.59 small; 0.6-1.19 moderate; 1.2-1.99 large; >2.0
very large [28]. Uncertainty in the population estimates are
reported as 95% Cls.

Results

Twenty (10 male, 10 female) recreationally active participants
(mean age 32 years [SD 10]; body mass 71.4 kg [SD 14.2];
stature 174.5 cm [SD 7.2]) provided written informed consent
to undertake a maximal exercise test and the research exercise
protocol. Participants had their cardiovascular risk assessed
using the ACSM risk classification guidelines [3], with all
participants classified as low risk.

The mean VO,max and VO,rest, as measured using the online
gas analysis system, were 45 mL/kg/minute (SD 10) and 3.4
mL/kg/minute (SD 0.6), respectively. The mean treadmill
“inflection” speeds that were required to advance the Apple
Watch green exercisering by 5 minutes were 5.6 km/hour (SD
0.5) and 5.6 km/hour (SD 0.5) for the left and right Apple
Watches, respectively (mean difference: 0 km/hour [95% ClI
-0.1t00.2], d=0.05[trivial]). The mean %VO,R at the treadmill

inflection speed for the left and right Apple Watcheswere 30%
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(SD 7) and 30% (SD 7), respectively (mean difference: 0%
[95% CI -1 to 2], d=0.02 [trivial]). When compared to the
criterion threshold of 40% VO,R, this represents a large
underestimation in the ability of the Apple Watch to measure
moderate-intensity exercise (Ieft: mean difference = -10 [95%
Cl -14to-7], d=-1.4[large]; right: mean difference = -10 [95%
Cl -13 to -7], d=-1.5 [large]). The %VO,R at the treadmill
inflection speed for each participant and each watch is displayed,
together with the mean and 95% ClI for both watches, in Figure
1.

There was a very large negative correlation between %VO,R
at the treadmill inflection speed and VO, max for the left Apple
Watch (Figure 2), and a large negative correlation between
%VO,R at the treadmill inflection speed and VO,max for the
right Apple Watch (Figure 3). Participants with a higher
VO,max were exercising at alower percentage of their VO,R
at the treadmill inflection speed (Figures 2 and 3). For the Apple
Watch to accurately measure moderate-intensity exercise
(40-59% VO,R), based on the regression equation for the left
Watch, the user would need a VO,max between 16 (95% CI -3
to 36) and 35 (95% CI 19 to 50) mL/kg/minute. Based on
within-participant linear regression analyses using the VO,R at
each speed, we estimate that to achieve 40% of VO,R,
participants would need to walk at a mean treadmill speed of
7.7 km/hour (95% CI 6.7 to 8.6) at 1% incline; which is 2.1
km/hour faster than that predicted by the Apple Watch. Only
one participant had a comparable treadmill speed estimate for
40% VO,R between the Apple Watch and the online gasanalysis
system. Interdevice and intradevice reliability statisticsfor both
treadmill speed and VO,R are displayed in Table 1.

Figure 1. The oxygen consumption reserve (%VO,R) at the treadmill inflection speed for each participant and each watch compared with the

moderate-intensity zone.
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Figure 2. Pearson correlation between oxygen consumption reserve (%VO2R) at the treadmill inflection speed and maximal oxygen consumption

(VOomax) for the left Apple Watch.
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Figure 3. Pearson correlation between oxygen consumption reserve (%VO5R) at the treadmill inflection speed and maximal oxygen consumption

(VO,max) for the right Apple Watch.
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Table 1. Intradevice and interdevice reliability for both treadmill speed and oxygen consumption reserve (VO,R) for left and right Apple Watches.

Parameter Trial 1 Leftvs Trial 2 Leftvs Trial 1 Leftvs Trial 1 Right vs
Trial 1 Right Trial 2 Right Trial 2 Left Tria 2 Right
Speed
Standardized typical error (95% Cl) 0.41 (0.31 t0 0.60) 0.54 (0.4110 0.79) 0.53 (0.40t0 0.79) 0.64 (04910 0.92)
Qualitative interpretation Moderate Moderate Moderate Large
Intraclass correlation (95% Cl) 0.87 (0.70t0 0.95) 0.79 (0.55 10 0.91) 0.80 (0.55 t0 0.92) 0.73 (0.4510 0.88)
VO,R
Standardized typical error (95% Cl) 0.2 (0.15t0 0.29) 0.33(0.25t0 0.50) 0.48 (0.36 10 0.71) 0.37 (0.28t0 0.54)
Qualitative interpretation Small Moderate Moderate Moderate
Intraclass correlation (95% Cl) 0.97 (0.92t0 0.99) 0.91 (0.78 t0 0.96) 0.83 (0.61t0 0.93) 0.89 (0.75 10 0.95)

Discussion

Principal Findings

Thisisthe first study to investigate the validity and reliability
of the Apple Watch for measuring moderate-intensity exercise
(the green “exercise” ring) compared to the criterion measure
of VO,R. The Apple Watch largely underestimated the walking
speed required to elicit the lower bound of moderate-intensity
exercise (40% VO,R), which is an important part of
individualized [3] and population-based [29] exercise
prescription guidelines. The standardized typical error, a
measure of the “typical” test-retest variability presented in units
of SD [28], was small to moderate with no mean difference
between the left and right watches for the mean treadmill
inflection speed or %VO,R for the lower limit of
moderate-intensity exercise [3].

For less fit individuals (<35 mL/kg/minute), using the Apple
Watch to monitor moderate-intensity exerciseis more likely to
have the expected and desired improvementsto fitnessor clinical
outcomes than for fitter individuals. However, for those that
are fitter (>35 mL/kg/minute) it appears from our data that
individuals would not meet the expectations of the lower end
(40% VO,R) of the moderate-intensity range[3], withthe Apple
Watch underestimating the threshold for moderate-intensity
exercise, and therefore overestimating the number of minutes
of moderate-intensity exercise an individual had completed.
Thompson et al [30] recently came to a similar conclusion,
reporting that commercially-available wearable devices for
self-monitoring of physical activity overestimate MVPA by a
factor of 5-to-7-fold because they capture al physical activity,
including normal moderate-to-vigorous lifestyle activities.
However, other recent studies have reported that Fitbit devices
(Fitbit One and Fitbit Flex) underestimate MVPA [31,32],
although in these studies the wearable device was compared
against another wearable device (ActiGraph), not direct
laboratory-measured moderate-intensity exercise as we have
donein our study. In our study only two participants achieved
a %V O,R within the moderate-intensity exercise zone (Figure
1). Apart from the impact this may have on the expected
physiological adaptations and fitness, it also has potential
implicationsfor morbidity and mortality risk, asmoderate fitness
levels and habitual exercise have a protective effect for

http://cardio.jmir.org/2018/1/e6/

cardiovascular disease, stroke, type 2 diabetes, and all-cause
mortality [33].

Measuring load in an individual is complicated with a variety
of methods available to monitor internal and external load [34].
The Apple Watch does not substantially overestimate or
underestimate heart rate [24] and has moderate interdevice
variability of maximal heart rate when worn on each wrist [35].
Therefore, using a continuous combination of internal (heart
rate) and external (accelerometer) training load measures|34,36]
rather than using the accelerometer plus periodic use of heart
rate asis currently used, may improve the accuracy of the green
exercise ring and provide a greater personalization of the data
avalable to an individual. Given the wide range of VO,R
responses observed at the treadmill speed that the Apple Watch
determined to be“ exercise” (<20% to >40%), and the variability
between left and right Watches (Figure 1), it is clear that the
Apple Watch needs to provide a more appropriate measure of
the individualized response to exercise. This would not only
enable moretailored feedback and exercise prescription, it would
likely improve the physiological adaptationsto any training and
the associated cardiometabolic and musculoskeletal
improvements for chronic disease prevention and treatment
[33]. Better complianceto guidelines[13] and improved disease
management and confidence[37] have been reported in healthy
and chronic disease popul ations when technol ogy-based support
is incorporated. However, consumer and health professionals
need to have confidence that any wearable device can both
consistently and accurately measure the exercise intensity for
individuals of all fitness levels.

Thereliability data (Table 1) suggest that the reliability of VO,R
at the point where the Apple Watch determines that “exercise’
has started (the treadmill inflection speed) is better withintrials
(interdevice) than between trials (intradevice). This finding
would suggest that physical activity measurements are more
reliable within the same training session or activity compared
to between different training sessions or activities. The
implication is that health professionals can be confident that
the ability of the Apple Watch to measure physical activity (as
used in the current study) is not adversely affected by the wrist
(left or right) on which an individual wore the watch within a
given training session or activity.
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Strengths and Limitations

The main strength of our study is that this is the first
investigation to examine the validity of the Apple Watch for
measuring aspects of exercise related to the achievement of
daily MVPA. The main limitation of this study is that we did
not have direct accessto the algorithms used by the Apple Watch
for determining the exercise intensity at which the green
“exercise” ring advances. Unfortunately, Apple doesnot publish
these agorithms, probably dueto commercial reasons. However,
thisis alimitation with most commercially-available wearable
devices and is not restricted to the Apple Watch. A second
limitation is that our data were derived from first generation
Apple Watches. Although the method Apple uses to determine
“exercise”’ using the Activity app has changed dightly with the
periodic measurement of heart rate during walking [21,22], it
isunclear how thiswould affect the validity of the Apple Watch
for measuring MV PA. Further studies are required using the
latest generation of Apple Watch for thisto be determined. The
exercise protocols used in our study were also constrained to
linear walking on atreadmill. Movement patterns used by people
outside of the laboratory while wearing an Apple Watch may
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result in different physiological responses and different
determinations of “exercise” by the Apple Watch. Fourth,
although our primary measure was VO,R, there are a number
of factors that can influence the oxygen cost of exercise, such
as economy [38,39]. For example, economy has been reported
to be affected by age, such that older adults have less economy
when walking compared to younger people[40]. The mean age
of our participants was 32 years (SD 10), which places our
participants midway between the young and old adults
participating in the study of Martin et al [40]. Although factors
such as economy and age should be taken into account when
interpreting our results, the use of %VO,R asarelative measure
of oxygen cost means that between-individual comparisons
should still be meaningful.

Conclusions

The Series 0 Apple Watch underestimates the threshold for
moderate-intensity exercise compared to the criterion measure
of VO,R, which would result in an overestimation of the amount

of MVPA undertaken throughout the day. This effect is more
pronounced in fitter individuals.
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Abstract

Background: Atria fibrillation (AF) recurrence after successful direct current cardioversion (CV) is common, and clinical
predictors may be useful. We evaluated the risk of early AF recurrence according to inferior vena cava (IVC) measurements by
handheld ultrasound (HHU) at the time of CV.

Objective: Assess HHU and objectively obtained measurements acquired at the point of care as potential clinical predictors of
future clinical outcomesin patients with AF undergoing CV.

Methods: Maximum IVC diameter (IVCd) and collapsibility with inspiration were measured by the Vscan HHU (Genera
Electric Healthcare Division) in 128 patientsimmediately before and after successful CV for AF. Patients were followed by chart
review for recurrence of AF.

Results: Mean IVCdwas 2.16 cm in AF pre-CV and 2.01 cm in sinus rhythm post-CV (P<.001). AF recurred within 30 days
of CV in 34 of 128 patients (26.6%). Among patientswith IVCd <2.1 cm pre-CV and decreasein 1V Cd post-CV, AF recurrence
was 12.1%, compared to 31.6% in patients not meeting these parameters (oddsratio [OR] 0.299, P=.04). This association persisted
after adjustment for age, jection fraction <50%, |eft atrial enlargement, and amiodarone use (adjusted OR 0.185, P=.01). Among
patients with 1V Cd post-CV <1.7 cm, AF recurrence was 13.5%, compared to 31.9% in patients not meeting this parameter (OR
0.185, P=.01). IV C parameters did not predict AF recurrence at 180 or 365 days.

Conclusions: The presence of anormal 1V Cd pre-CV that becomes smaller post-CV and the presence of asmall IV Cd post-CV
were each independently associated with reduced likelihood of early, but not late, AF recurrence. HHU assessment of 1V Cd at
the time of CV may be useful to identify patients at low risk of early recurrence of AF after CV.

(JMIR Cardio 2018;2(1):e7) doi:10.2196/cardio.9534
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Introduction

Atria fibrillation (AF), one of the most common abnormal
rhythms of the heart, is associated with significant morbidity
including heart failure and stroke [1]. In addition, up to 90% of
patients may be symptomatic from AF [2]. Direct-current
electrical cardioversion (CV) to restore sinusrhythm (SR) may
be performed to improve symptoms, quality of life, and left
ventricular function [3]. However, CV may be immediately
unsuccessful in up to 20% of cases, and AF recurs in 60-80%
of patients after one year [4]. Reliable prediction of SR
maintenance after CV isimportant in order to weigh the benefits
versus potential risks of CV including arrhythmias and
thromboembolic complications. Several clinical,
echocardiographic, and electrophysiological parameters have
been identified to predict SR maintenance after CV, including
age [5], left atrial size [4,6,7], right atrial size [8], prolonged
duration of AF[9], low gection fraction [4], mitral valve disease
[4,5], or failureto correct the underlying physiologic trigger for
AF. More recently, left atrial filling pressure and change in
pressure after restoration of SR have been identified as
predictorsof AF recurrence[10,11]. Nevertheless, AF recurrence
after CV remains common.

Assessment of the inferior vena cava (IVC) by ultrasound is a
validated, noninvasive technique to assess central venous
pressure and guide management in patientswith dyspnea, critical
illness, and heart failure. Current guidelines published by the
American Society of Echocardiography in 2015 support the
combined use of maximum IV C diameter (IVCd; > or <2.1 cm)
andinspiratory 1V C collapsibility (> or <50%) to estimate right
atrial pressure (RAP) as low, intermediate, or high [12].
Handheld ultrasound (HHU) has emerged as an effective tool
to obtain these measurementsin arapid and reproduciblefashion
at the point of care. This study had two primary objectives. The
first was to assess the dynamic changesin IV C size as assessed
by HHU according to the presence of AF, through measurements
of the IVC immediately prior to and following CV. The second
aim was to assess the rel ationship between IV C size at the time
of CV and therisk of AF recurrence after CV.

Methods

Consecutive adult patients who were scheduled to undergo
inpatient or outpatient direct current CV for AF or atrial flutter
(AF/AF) at Cedars-Sina Medical Center (Los Angeles, CA)
wereenrolled from January 2016 to May 2017. Thelongitudinal
cardiovascular care for these patients also occurred at
Cedars-Sinai Medical Center or affiliated outpatient offices.
Patients both with and without a concomitant transesophageal
echocardiogram at the time of CV were dligible for inclusion.
Patients were excluded from analysis if direct current CV was
not performed for any reason, or was unsuccessful in restoring
SR. All subjects provided written informed consent. This was
an investigator-initiated observational study, and the study
protocol was reviewed and approved by the Cedars-Sinai
Institutional Review Board.
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Measurements of the 1V C were obtained with the patient in a
supine position using a HHU device (V Scan, General Electric
Healthcare Division; Figure 1), during periods of quiet
spontaneous respiration. 1V Cd throughout the respiratory cycle
was measured from the subcostal view 1-2 cm cauda to the
right atrium/IV C junction with the [V C displayed along itslong
axis, in accordance with American Society of Echocardiography
2015 published guidelines [12]. Measurements were taken to
the nearest one hundredth of a centimeter. A visual estimate of
degree of collapsibility (> or <50%) with passive inspiration
was aso recorded. HHU images used for measurement were
saved and uploaded into the Epic-based el ectronic health record
using the image screen capture tool on the Epic-based Haiku
smartphone app [13]. Measurements of the IVVC were obtained
prior to CV (within 20 minutes) with the patient in AF/AF, and
repeated within 20 minutes of successful CV with the patient
in SR. All patients received deep sedation with propofol for the
CV procedure. Sedation was not administered until after the
baseline 1VC measurement. Intravenous fluid was not added
during sedation for any patients. All 1V C measurements were
obtained by study personnel with level Il certification in adult
echocardiography aswell asspecia expertisein the use of HHU.

Blood pressure and heart rate were recorded at the time of
ultrasound image acquisition both prior to and following CV.
Baseline demographics, clinical history, and echocardiographic
data were obtained by chart review. The categorization of
unspecified, paroxysmal, and persistent AF was defined by chart
documentation and was included even though al patients
undergoing CV were determined to have persistent AF by study
personnel. Echocardiographic data was only included if
performed within 6 months prior to the date of CV, and was
obtained from review of echocardiogram reports alone. Patients
were followed by chart review for up to 365 days for the
outcome of recurrence of AF/AF, which was determined by
review of electrocardiograms, Holter monitors, and medical
documentation.

Descriptive statistical analyses were performed. Data are
reported as mean (standard deviation) or total number and
percentage, as appropriate. Comparisons of characteristics
between groups were made with the Fisher exact test for
categorical variables and the Student t-test for continuous
variables. All reported P values aretwo-sided. A Kaplan-Meier
analysiswas performed to compare the freedom from recurrence
of AF/AF between groups with differing IVC parameters, and
the log-rank test was used to compare groups. Bivariate and
multivariate logistic regression analyses were performed for the
association between several |V C parameters and recurrence of
AF/AF at 30, 90, 180, and 365 days after CV. The multivariable
model included adjustment for history of age, gection fraction
<50%, left atrial enlargement (none, mild, moderate, severe),
and amiodarone use post-CV factors.

An IVC diameter of 2.1 cm was used as the cut-point in the
analysisto remain consistent with published American Society
of Echocardiography guidelines used to estimate RAP [12]. A
20% change in IVC diameter following CV was anticipated
(1.7 cm) from our study preenrollment power calculation, and
was thus used as a cut-point for analyses as well.
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Figure 1. Handheld ultrasound.
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Results

One hundred and fifty-nine patients consented for enrollment
in the study. Of these, 11 patients were excluded from the
analysis after CV was aborted due to the discovery of (or
inability to) exclude left atrial appendage thrombus on a
transesophageal echocardiogram performed prior to CV. An
additional 15 patients were excluded due to unsuccessful CV.
One patient was excluded due to inability to save the HHU
measurements of the IV C. Four patients were excluded due to
the spontaneous conversion to SR prior to CV. In total, 128
patients were included for analyses.

Baseline demographics of patients included for analyses are
summarized in Table 1. The mean age was 67.7 years, and 91
of the 128 patients (71.1%) were male. Thirty patients (30/128,
23.4%) had a history of heart failure with reduced gection
fraction, and 14 patients (14/128, 10.9%) had a history of heart
failure with preserved gection fraction. Twenty-three patients
(23/128, 18.0%) had a chart-documented history of persistent
AF, with 15 (15/128, 11.7%) having aprior history of ablation
and 35 (35/128, 27.3%) having aprior history of CV. Fifty-two
patients (52/128, 40.6%) were prescribed amiodaronefollowing
CV for maintenance of SR.

Thirty-day follow-up data were available for all 128 patients.
One hundred and nineteen patients were followed for at least
90 days, 101 patients were followed for at least 180 days, and
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80 patients were followed for 365 days. AF/AF recurrence was
seen in 34 patients (34/128, 26.6%) within 30 days, 45 patients
(45/128, 37.8%) within 90 days, 44 patients (44/128, 43.6%)
within 180 days, and 42 patients (42.128, 52.5%) within 365
days (data not shown). Patients were excluded from the
numerator of AF/AF patients and the analysis of study patients
if they were not monitored for 90, 180, and 365 days.

Baseline characteristics were compared between patients with
and without AF/AF recurrence within 30 days (Table 1). No
significant difference was seen between groups with respect to
age, gender, body massindex, inpatient status, coronary artery
disease, hypertension, diabetes, chronic kidney disease, chronic
lung disease, or heart failure. Chart-documented persistent AF
was more common among patients with AF/AF recurrence
(32.4% vs 12.8%, P=.01). Amiodarone use following CV was
also more common among patients with recurrence (55.9% vs
35.1%, P=.04).

Baseline echocardiographic data were available for most, but
not all, patients, and they are summarized in Table 2. Mean
gjection fraction was 52.6% overal, and was normal (>55%)
in 78 of 121 patients (64.5%). Fifteen patients (15/121, 12.4%)
had an gjection fraction <35%. L eft atrial enlargement was seen
in 97 of 117 patients (82.9%), but severeleft atrial enlargement
was seen in only 4 patients (4/117, 3.4%). Right atria
enlargement was seen in 54 of 113 patients (47.8%).
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Moderate or greater mitral regurgitation was seen in 22 of 118
patients (18.6%). Moderate or greater tricuspid regurgitation
was seen in 15 of 109 patients (13.8%). There were no
significant differences seen between patients with and without
30-day AF/AF recurrence in gection fraction, left atrial size,
right atrial size, mitral regurgitation, or tricuspid regurgitation.

Example 1VC measurements pre- and post-CV are shown in
Figure 2, and all measurements are summarized in Table 2 and
Figure 3. The mean pre-CV IVCd was 2.16 cm, compared to
2.01 cm in the same patients post-CV (P<.001). Inspiratory
collapsibility >50% was seen in 63 patients (63/128, 49.2%)
pre-CV, compared to 93 patients (93/128, 72.7%) post-CV
(P<.001). RAP was estimated to be high (10-20 mmHg) in 51
patients (51/128, 39.8%), intermediate (5-10 mmHg) in 35
(35/128, 27.3%), and low (0-5 mmHg) in 42 (42/128, 32.8%)
prior to CV, and after CV it was estimated to be high in 24
patients (24/128, 18.8%), intermediate in 40 (40/128, 31.3%),
and low in 64 (64/128, 50.0%; P<.001). Thirty-six patients
(36/128, 28.1%) were reclassified to a lower category of RAP
following CV, and only 3 patients (3/128, 2.3%) were
reclassified to a higher category of RAP following CV. When
comparing patientswith and without 30-day AF/AF recurrence,
there was no significant difference in 1IVCd pre-CV (2.25 vs
212 cm, P=.13). However, patients with 30-day AF/AF
recurrence were less likely to have inspiratory collapsibility
>50% (35.5% vs 54.3%, P=.07) and morelikely to have alarger
IVCd post-CV (2.13vs 1.97 cm, P=.09).

Table 1. Baseline demographics.

Kehl et al

Systolic blood pressure, diastolic blood pressure, and heart rate
weresignificantly higher in AF compared to SR (128.3vs 105.8
mmHg, P<.001; 78.0 vs 65.5 mmHg, P<.001; 92.5vs67.0 beats
per minute, P<.001; respectively). No significant correlation
was seen between systolic blood pressure, diastolic blood
pressure, or heart rate and either pre- or post-CV 1VC size.
Furthermore, no association was seen between the change in
blood pressure or heart rate following CV and the change in
IVC sizefollowing CV (data not shown).

The combined presence of 1V Cd <2.1 cm pre-CV and achange
in IVCd <0 was associated with a lower rate of AF/AF
recurrence at 30 days (12.1% vs 31.6%, unadjusted odds ratio
[OR] 0.299, 95% CI 0.096-0.926, P=.04; Table 3). This
associ ation remained statistically significant (adjusted OR 0.178,
95% CI 0.046-0.682, P=.01) in the multivariate model. The
combined parameter was similarly associated with alower rate
of AF/AF recurrence at 90 days (unadjusted OR 0.361, 95% CI
0.141-0.924, P=.03; adjusted OR 0.265, 95% Cl 0.089-0.793,
P=.02). No significant association was seen with AF/AF
recurrence at 180 days or 365 days. Furthermore, the presence
of IVCd <1.7 cm post-CV was associated with a lower rate of
AF/AF recurrence at 30 days (13.5% vs 31.9%), corresponding
to an unadjusted OR of 0.334 (95% CI 0.118-0.946, P=.04).
This association remained statistically significant in the
multivariate model (adjusted OR 0.185, 95% CI 0.050-0.691,
P=.01).

Parameter Total (N=128)  30-day AF/AFrecurrence  No 30-day AF/AF recurrence P value
(n=34) (n=94)

Age, mean (SD) 67.7 (13.4) 66.9 (13.5) 68.0 (13.5) .70
Male gender, n (%) 91 (71.1) 26 (76.5) 65 (69.1) 51
Body mass index (kg/mz), mean (SD) 28.4 (6.6) 28.7 (6.1) 28.3 (6.8) 77
Inpatient, n (%) 47 (36.7) 11(32.3) 36(38.3) 68
Coronary artery disease, n (%) 33(25.8) 7 (20.6) 26 (27.7) 49
Hypertension, n (%) 85 (66.4) 27 (79.4) 58 (61.7) .09
Diabetes mellitus type 1, n (%) 21(16.4) 6 (17.6) 15 (16.0) .79
Chronic kidney disease, n (%) 29 (22.7) 8(23.5) 21(22.3) 1.00
Chronic lung disease, n (%) 11 (8.6) 4(11.8) 7(7.4) 48
Heart failure with reduced gjection fraction, n (%) 30(23.4) 11(32.4) 19 (20.2) .16
Heart failure with preserved gjection fraction, n (%) 14 (10.9) 3(8.8) 11(11.7) .76
Atrial fibrillation (n=117), n (%) .01

Unspecified 18 (14.1) 1(2.9) 17 (18.1)

Paroxysmal 76 (59.4) 22 (64.7) 54 (57.4)

Persistent 23(18.0) 11 (32.4) 12 (12.8)
Atrial flutter (any), n (%) 24(18.8) 4(11.8) 20 (21.3) 31
Prior cardioversion, n (%) 35(27.3) 8(23.5) 27 (28.7) .66
Prior ablation, n (%) 15 (11.7) 3(8.9) 12 (12.8) 76
Amiodarone (post-CV), n (%) 52 (40.6) 19 (55.9) 33(35.1) .04
Any anti-arrhythmic drug (post-CV), n (%) 69 (53.9) 21 (61.8) 48 (51.1) 32

http://cardio.jmir.org/2018/1/e7/

JMIR Cardio 2018 | vol. 2| iss. 1 |€7 | p.26
(page number not for citation purposes)


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

JMIR CARDIO

Table 2. Baseline echocardiographic data and |V C parameters pre-CV and post-CV.

Kehl et al

Parameter Total 30-day AF/AF recurrence  No 30-day AF/AF recurrence P value
(n=34) (n=94)
Ejection fraction (n=121)
>55%, N (%) 78 (64.5) 21 (61.8) 57 (65.5)
35-54%, n (%) 28 (23.1) 7(20.6) 21 (24.1) 34
<35%, N (%) 15 (12.4) 6 (17.6) 9(10.3)
Mean (SD) 52.6 (14.4) 50.9% (16.8%) 53.3% (13.4%) 40
L eft atrial enlargement (n=117), n (%) 48
None 20 (17.1) 4(133) 16 (18.4)
Mild 64 (54.7) 20 (66.7) 44 (50.6)
Moderate 29 (24.8) 5(16.7) 24 (27.6)
Severe 4(3.4) 1(3.3) 3(3.4)
Right atrial enlargement (n=113), n (%) .16
None 59 (52.2) 12 (40.0) 47 (56.6)
Mild 37(32.7) 14 (46.7) 23(27.7)
Moderate 14 (12.4) 4(13.3) 10 (12.0)
Severe 3(2.7) 0(0) 3(3.6)
Mitral regurgitation (n=118), n (%) .33
None/trace 33(28.0) 11(35.5) 22 (25.3)
Mild 63 (53.4) 13(41.9) 50 (57.5)
Moderate 20 (16.9) 7 (22.6) 13(14.9)
Severe 2(L7) 0(0) 2(23)
Tricuspid regurgitation (n=109), n (%) .79
Noneltrace 47 (43.1) 13 (44.8) 34 (42.5)
Mild 47 (43.1) 13 (44.8) 32(40.0)
Moderate 13(11.9) 3(10.3) 10 (12.5)
Severe 2(1.8) 0(0) 2(2.5)
IVCd pre-CV (cm), mean (SD) 2.16 (0.44) 2.25(0.34) 2.12(0.47) 13
IVC collapsibility >50% pre-CV, n (%) 63 (49.2) 12 (35.3) 51 (54.3) .07
RAP estimate pre-CV, n (%)
High (10-20 mmHg) 51 (39.8) 18(52.9) 33(35.1)
Intermediate (5-10 mmHg) 35(27.3) 9(26.5) 26 (27.7) 13
Low (0-5 mmHg) 42 (32.8) 7(20.6) 35(37.2)
IV Cd post-CV (cm), mean (SD) 2.01 (0.46) 2.13(0.43) 1.97 (0.46) .09
IVC collapsibility >50% post-CV, n (%) 93 (72.7) 22 (64.7) 71(75.5) 26
RAP estimate post-CV, n (%)
High (10-20 mmHg) 24 (18.8) 7(20.6) 17 (18.1)
Intermediate (5-10 mmHg) 40 (31.3) 16 (47.1) 25 (26.6) .10
Low (0-5 mmHg) 64 (50.0) 12(35.3) 52 (55.3)
DetalVCd (cm), mean (SD) -0.14 (0.27) -0.13 (0.36) -0.15 (0.24) 71
Pre-CV IVCd <2.1 cm, mean (SD) 57 (44.5) 12 (35.3) 45 (47.9) 23
Pre-CV IVCd <2.1cm & DeltalVCd <0, mean (SD) 33 (25.8) 4(11.8) 29 (30.9) 04
Post-CV 1V Cd <1.7 cm, mean (SD) 37(28.9) 5(14.7) 32(34.0) .05
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Figure 2. Example measurements of the inferior vena cava by handheld ultrasound.
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Figure 3. Mean inferior vena cava measurements.
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Table 3. Risk of AF recurrence by HHU-derived IV C parameters.

Parameter and follow-up (days) ~ AF/AF recurrence rate (%) Odds Ratio (95% CI)

Parameter present  Parameter absent  Unadjusted P value Adjusted® P value
IVCd pre-CV <2.1cm & detalVCd <0

30 121 31.6 0.299 (0.096-0.926) .04 0.178 (0.046-0.682) .01
90 219 43.7 0.361(0.141-0.924) .03 0.265 (0.089-0.793) .02
180 28.0 48.7 0.410 (0.154-1.095) .08 0.459 (0.155-1.357) .16
365 40.9 56.9 0.525(0.194-1.420) .20
IVCd post-CV <1.7cm
30 135 319 0.334(0.118-0.946) .04 0.185 (0.050-0.691) .01
90 25.0 434 0.435(0.182-1.039) .06 0.344 (0.124-0.958) .04
180 345 47.2 0.588(0.240-1.439) .25
365 44.0 56.4 0.608 (0.235-1.577) .31

8Adjusted for age, ejection fraction <50%, left atrial enlargement, and amiodarone use post-CV

Figure 4. Handheld ultrasound.
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At 90 days|VCd<1.7 cm post-CV was associated with alower  Kaplan Meier curveswere constructed to examinefreedom from
rate of AF/AF recurrence which was statistically significant  recurrence of AF/AF during follow-up (Figure 4). There were
after statistical adjustment, as noted above (unadjusted OR  no significant differences overall in freedom from AF/AF after
0.435, 95% CI 0.182-1.039, P=.061; adjusted OR 0.344, 95% one year of follow-up between patients with the combination
Cl 0.124-0.958, P=.04). No significant association was seen  of IV Cd pre-CV <2.1 cm and deltalV Cd <0 compared to those
with AF/AF recurrence at 180 days or 365 days. without this combination of parameters (P=.10 by log-rank test),

or between patients with 1V Cd post-CV <1.7 cm compared to
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those with IVCd post CV >1.7 cm (P=.21 by log-rank test).
However, the curves diverged in the initial 30-90 days, before
converging with longer-term follow-up.

No significant associations were found between AF/AF
recurrence at any time and low, medium, or high RAP estimates
pre-CV, high RAP estimate post-CV, or deltalVVCd <0 in either
bivariate or multivariate models. A low estimated RAP post-CV
was associated with alower likelihood of AF/AF recurrence at
30 days (OR 0.441, 95% CI 0.196-0.993, P=.05), and the
association remained significant after adjustment (OR 0.393,
95% CI 0.11600.966, P=.04) but was not significant at the 90,
180, or 365-day time points (data not shown).

Discussion

To our knowledge, this is the first study to evaluate
measurements of 1VC with HHU in the setting of AF/AF and
CV. Thekey findings of thisreport aretwo-fold. First, wefound
that 1VCd was larger and inspiratory collapsibility was less
common in the presence of AF/AF compared to SR. These
findings not only demonstrate that AF/AF influences the size
and dynamics of the IVC, but also that HHU-derived
measurements of the IVC (easily obtained anatomic
measurements) are reflective of dynamic changesin physiology.
These results suggest that changes in cardiovascular
hemodynamics can be ascertained and quantified with a
noninvasive handheld tool to potentially inform clinical decision
support at the point of care.

Second, in our cohort, we found that anormal sized IVC (<2.1
cm) that becomes smaller following CV from AF/AF to SR,
and asmall IVC (<1.7 cm) following CV from AF/AF to SR
are associated with decreased risk of early AF/AF recurrence
at 30 or 90 days, even after adjustment for established clinical
risk predictors of recurrence. In our study, these IV C parameters
did not predict long-term risk of AF/AF recurrence beyond 90
days, suggesting that the factors mediating AF/AF recurrence
evolve over time or that our cohort was insufficiently sized to
make longer-term assessments of AF/AF recurrence. Further
study may better differentiate potential subsets of patients in
whom IV C parameters may be predictive of long-term outcomes.

Previoudly published datahave demonstrated that atrial pressure
is directly and immediately influenced by atrial rhythm. The
first report of this phenomenon was published nearly half a
century ago, when invasive measurements of RAP were shown
to decrease immediately following CV from AFto SR [14]. A
more contemporary study in an animal model also demonstrated
higher atrial pressuresin AF compared to SR [15]. Importantly,
two recently published studies of patients undergoing catheter
ablation of AF have demonstrated invasively measured
correlates consistent with the findings from our study [10,11].
The first study showed a small but significant decrease in left
atrial pressurefollowing restoration of SR, with higher left atrial
pressure in SR predicting risk of AF recurrence [10]. More
recently, Kishima et a reported that an increase in left atrial
pressure after CV wasindependently predictive of AF recurrence
[11]. Our study represents the noninvasive corollary of these
findings. We showed that noninvasive estimates of RAP
decrease immediately following restoration of SR. We also
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showed that in our cohort IVC parameters reflective of alow
RAP in SR, and a decrease in RAP after CV, predict freedom
from AF/AF recurrence at 30 and 90 days.

A growing body of evidence is accumulating in support of the
use of HHU as an adjunctive tool for bedside diagnoses, with
superior and additive diagnostic performance compared to a
physical examination alone [16]. Increasing attention is now
being placed on the use of HHU to improve clinical decision
support and risk prediction at the point of care. Recently
published data suggest that serial monitoring of IVC size
predicts risk of hospitalization in stable outpatients with heart
failure [17,18]. The findings of the present study expand the
possible roles of HHU even further to possible risk prediction
in AF and use of HHU at the point of care during CV.

It is noteworthy that amiodarone use was associated with
increased risk of AF/AF recurrence. This unexpected finding
likely reflectsthe observational design of this study and suggests
that the prescribing physicians may have anticipated a higher
rate of recurrence in these patients. Nevertheless, after
adjustment for amiodarone use, aswell as previously described
predictors of AF/AF recurrence (age, gjection fraction <50%,
and left atrial enlargement) in our multivariate model, the
HHU-derived measurements remained significant predictors of
AF/AF recurrence in our cohort.

There are several important limitations to this study. First,
because no intervention strategy was studied, these observational
data can only be considered hypothesis-generating. An
intervention trial would be needed to investigate whether a
higher risk of recurrenceindicated by 1V C measurements at the
timeof CV might be mitigated by achangein treatment strategy.
Second, AF and atrial flutter were grouped together for both
patient enrollment and outcomes. The small number of patients
with atrial flutter in this study precluded detailed assessment of
whether the prognostic potential of 1V C measurements applies
equally to both AF and atrial flutter. In addition, the timing of
IVC measurements (eg, pre- vs post-CV) was not blinded to
theinvestigators acquiring them, introducing a potential for bias
in measurement. Although the IV Cd measurementswere purely
guantitative, in order to prioritize ease of acquisition, the
assessment of 1V C collapsibility was only performed asavisual
estimate, which is a qualitative metric that is more vulnerable
to theinfluence of bias. In addition, foll ow-up and ascertainment
of echocardiographicinformation and past medical history were
limited to review of the electronic medical record, and there
was ho requirement for concurrent echocardiogram at the time
of enrollment in the study, nor any assessment of volume status
a the time of CV. Therefore, athough no significant
associations were observed between echo-derived parameters
and AF recurrence, the study was not designed to optimally
compare the efficacy of established echo-derived or heart
failure-based risk predictors of AF with HHU-derived 1VC
measurements. Another limitation of the study design is that
invasive measurement of the RAP was not performed. However,
ultrasound measurement of the IVC is well established as a
correlate of invasive RAP measurement [19], and this study
highlights the ability to gain potentially important prognostic
information in a rapid, noninvasive fashion. Lastly, the
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hemodynamic effects of the use of propofol on RAP and IV Cd
cannot be reliably determined as meaningful from our cohort.

The duration of AF/AF at the time of CV was not rigorously
recorded in this study. One could hypothesize that atrial
remodeling and fibrosis from longstanding AF/AF would be

Kehl et al

associated with ineffective atrial contraction post-CV, and could
influence 1VC behavior in the early post-CV period. Atrial
remodeling could mediate an association between larger 1V Cd
post-CV and more frequent AF/AF recurrence. Further study
inclusive of AF/AF duration and markers of atrial fibrosis could
help to explore this potential connection.
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Abstract

Background: Smartphone ownership isrising at a stunning rate. Moreover, smartphones prove to be suitable for use in health
care due to their availability, portability, user-friendliness, relatively low price, wireless connectivity, far-reaching computing
capabilities, and comprehensive memory. To measurevital signs, smartphones are often connected to amobile sensor or amedical
device. However, by using the white light-emitting diode as light source and the phone camera as photodetector, a smartphone
could be used to perform photoplethysmography (PPG), enabling the assessment of vital signs.

Objective: The objective of this meta-analysis was to eval uate the available evidence on the use of smartphone apps to measure
heart rate by performing PPG in comparison with a validated method.

Methods: PubMed and ISI Web of Knowledge were searched for relevant studies published between January 1, 2009 and
December 7, 2016. Thereferencelists of included studies were hand-searched to find additional eligible studies. Critical Appraisal
Skills Programme (CASP) Diagnostic Test Study checklist and some extraitemswere used for quality assessment. A fixed effects
model of the mean difference and a random effects model of Pearson correlation coefficient were applied to pool the outcomes
of the studies.

Results: Intotal, 14 studies were included. The pooled result showed no significant difference between heart rate measurements
with asmartphone and avalidated method (mean difference —0.32; 99% Cl —1.24 to 0.60; P=.37). In adults, the Pearson correlation
coefficient of the relation between heart rate measurement with asmartphone and a validated method was always=.90. In children,
the results varied depending on measuring point and heart rate. The pooled result showed a strong correl ation that was significant
(correlation coefficient .951; 95% Cl 0.906-0.975; P<.001). The reported limits of agreement showed good agreement between
a smartphone and a validated method. There was a moderately strong significant negative correlation between the year of
publication of the included studies and the mean difference (r=-.69; P<.001).

Conclusions:  Smartphone apps measuring heart rate by performing PPG appear to agree with a validated method in an adult
population during resting sinus rhythm. In a pediatric population, the use of these appsis currently not validated.

(JMIR Cardio 2018;2(1):e4) doi:10.2196/cardio.8802
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mobile applications; heart rate; photoplethysmography; electrocardiography; oximetry; meta-analysis
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Introduction

Background

Smartphone ownership risesyear by year. Advanced economies
till have the highest smartphone ownership rates. Smartphone
ownership in countries with an emerging and developing
economy, however, isrising a astunning rate [1].

Duetotheir availability, portability, user-friendliness, relatively
low price, wireless connectivity, far-reaching computing
capabilities, and comprehensive memory, smartphones prove
to be suitablefor usein health care[2-4]. A wide offer of health
and medical applications exist from diagnostic tools over
professional education to apps supporting patients and health
consumers [3,5]. In the field of cardiological literature, there
has been a growing interest in mobile apps since 2003 [6].

Measuring Vital Signs

Most of the studies focus on measuring vital signs using a
smartphone. To this end, smartphones are mostly connected to
a mobile sensor or medica device [6]. A majority of
smartphones receive the information through built-in Bluetooth
technology. They often process the information before
transferring data to a server. At server level, the information
can be further processed, organized, and analyzed to create a
report for the user [2,4]. Hence, thistype of monitoring requires
several sensors or a separate device, which can be quite
expensive [4].Another way to measure heart rateis by utilizing
a pulse oximeter using photoplethysmography (PPG). In total,
2 key components are essential to create a PPG waveform: a
light source to illuminate the subcutaneous tissue and a
photodetector to detect the changes in light intensity [7].
Jonathan en Leahy demonstrated that a smartphone could be
used to perform PPG. The white light-emitting diode can be
used as light source and the phone camera as photodetector.
The 2 components should be positioned next to each other for
reflection mode PPG; in comparison, in transmission mode
PPG, the photodetector is placed opposite to the light source

[8].

The PPG waveform isinfluenced by many factors enabling the
assessment of vital signs, for example, oxygen saturation, blood
pressure, respiratory rate, and heart rate. Promising results show
the ability to screen for pathol ogiesrel ated to peripheral vascular
disease [7-9]. The purpose of this review was to analyze the
available evidence on measuring heart rate by performing PPG
using smartphones in comparison with a validated method.

Methods

Literature Search and Selection Criteria

We conducted a systematic literature search of PubMed and IS
Web of Knowledge from January 1, 2009 to December 7, 2016,
with the following search key: (smartphone* OR phone* OR
((Applic* OR App*) AND (mobile OR electronic OR software))
OR PPG OR Photoplethysmograph* OR Rheograph*) AND
(Electrocardiogr* OR ECG OR EKG or Oximet*) AND ((rate*
AND (heart OR pulse)) OR tachycardia* OR beat* OR
complex* OR arrhythmia* OR fibrillation*). Only papers in

http://cardio.jmir.org/2018/1/e4/
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English, German, French, or Dutch wereincluded. Thereference
lists of included studies were hand-searched to find additional
eligible studies.

Studies were included if the measurement of heart rate was
conducted with the photo camera of a smartphone by PPG; the
measurements were made at a finger, toe, or earlobe; the
measurements of the smartphone were compared with an
electrocardiogram (ECG), apulse oximeter, or another validated
method to determine heart rate. Studies were excluded if the
measurement was conducted with a mobile sensor or medical
device connected to a smartphone; the paper did not have heart
rate as one of the outcomes; no abstract or full text was
available.

Data Extraction and Outcome M easur es

Data were extracted by the first author and reviewed by all
authors.

Following are study and intervention characteristics extracted
from the included studies: first author, study country, study
year, sample size, baseline characteristics of participants, age
of the participants (mean or range), type of smartphone used,
control instrument, duration and conditions of the measurement,
and primary outcome measures. The primary outcome measures
were the mean difference between heart rate measured by a
smartphone and a validated method, the correlation coefficient
of the relation between heart rate measurements made by both
methods, and the 95% limits of agreement derived from a
Bland-Altman plot.

Overdll, 1 author was contacted to receive missing data about
the heart rate measurements; 2 authors were contacted because
of alack of clarity about the data; and 7 authors were contacted
to get access to the full text of the paper; but 2 authorsfailed to
respond to that last request.

Study Quality

Study quality was appraised using the Critical Appraisal Skills
Programme (CASP) Diagnostic Test Study checklist [10]. In
addition, the included studies were evaluated by extra
considerations described in the study of Hanneman [11]. The
first was an appraisal tool developed for diagnostic studies. The
checklist covered 3 sections: the validity of theresults, the actual
results, and the utility of the results. With the exception of the
questions focusing on the actual results, the topics described
were relevant for a method comparison study design. The 9
remaining questions were answered by “yes” “can’t tell,” or
“no.” One question was adapted so that “yes’ always indicated
apositive answer and “no” a negative answer. “Can’t tell” was
answered when there was not enough information found in the
study to answer the question. The checklist gave an indication
of the quality per section and did not focus on atotal score. The
latter focused on specific considerations for a method
comparison study design. The considerations were converted
in 5 questions. These questions were also answered by “yes,”
“can't tell,” or “no.”

The quality assessment was performed by the first author and
reviewed by the other authors.
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Statistical M ethods

Intotal, 3 different statisticswere described, and 2 of them were
used for estimation of the pooled result. Thefirst wasthe mean
difference between heart rate measured by a smartphone and a
validated method. In case of absence of a mean value and
standard deviation in the original paper, it was calculated
manually where possible on the basis of the original data.

The second was the Pearson correlation coefficient calculated
from the relation between heart rate measured by a smartphone
and a validated method. The P value was cal culated manually
out of the correlation coefficient and sample sizeif not described
in the original paper.

Thethird werethe 95% limits of agreement. They were derived
from a Bland-Altman plot. Lower and upper limits were
calculated starting from the mean difference by respectively
subtracting and adding up the standard deviation of the mean
difference between both methods, multiplied by afactor of 1.96.
In 2 studies, they were calculated manually starting from the
mean difference and the described limit of agreement.

The pooled result was estimated using afixed- or random-effects
model. Statistical heterogeneity wastested using the chi-squared
test where asignificant result indicated statistical heterogeneity.
To quantify inconsistency, the 12 of Higgins was used. In case
of statistical heterogeneity, a random-effects model was used
for pooling the results. Due to the small number of included
studies, it was not possible to explore heterogeneity by subgroup
analysis or meta-regression [12].

Pearson correlation was used to analyze the relation between
different variables (publication year, mean heart rate, and sample
size) and the mean difference. The scatter plots of these
correlations were drawn.

Statistical analyses were performed using Review Manager
Version 5.3 (The Cochrane collaboration, Copenhagen:
Denmark: The Nordic Cochrane Centre, 2014), MedCalc 17.4
(MedCalc Software, Ostend: Belgium, 2017), and Microsoft
Office Excel 2007 (Microsoft, 2007). Statistical significance
level was set at 5%, except for mean difference where statistical
significance level was set at 1%.

Results

Study Identification and Selection

Figure 1 shows a diagram of the search and selection strategy.
Initialy, 1637 studies were found in 2 databases. First, 312
duplicates—identical studies found in both databases—were
removed, followed by 1245 studies on the basis of anirrelevant
title. The abstract of the remaining 80 studies was screened of
which 55 were excluded for not fulfilling the selection criteria
[4,13-66]. The 25 remaining studies were reviewed by reading
the full text [8,67-90]. An additional 10 studies were excluded
for not fulfilling the selection criteria
[8,67,71,72,74,76,81,83,84,86]. For 2 studies, thefull text could
not be retrieved [69,77]. One paper was added after
hand-searching the reference list of the included studies [91].
A total of 14 studieswas used for thisreview and meta-analysis
[68,70,73,75,78-80,82,85,87-91].
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Study Char acteristics

Table 1 presents the characteristics of the included studies. In
tota, 5 studies reported findings on North American partici pants
[68,73,85,89,90], 6 on Western European participants
[70,78-80,87,91], and 3 on East Asian participants [75,82,88].
The oldest studies dated from 2010 and the most recent from
2016. Sample sizes varied from 1 to 68, with a median of 24.
In total, 8 studies studied an adult population
[70,73,78,80,82,85,87,91] and 2 an infant population [75,90],
and 4 studies did not mention the age of the participants
[68,79,88,89]. In 9 studies, the reference instrument was an
ECG[68,70,75,78,79,82,85,89,90]; in 4 studies, a pul se oximeter
[80,87,88,91]; and in 1 study, both [73]. The duration of the
measurement varied between 10 s and 5 min. Of the selected
studies, 2 did not mention the duration of the measurement
[89,90]. A total of 5 studies tried to evoke variations in heart
rate [68,73,78,82,91], 2 studies controlled the breathing of the
participants during measurement [85,89], 1 paper made
measurementsin different lighting conditions [87], and 1 paper
made measurements during different heart rhythms[90]. Overall,
8 studies studied another outcome besides heart rate, namely
heart rate variability parameters [68,78,79], other vital
parameters [85,89], and other outcomes [70,82,88].

Study Quality

Table 2 presents the quality assessment of the included studies.
The quality assessment questions are listed in Textbox 1. All
studies had a clear study question and compared the
measurements of the smartphone with an appropriate reference
standard. Due to the type of test, it was not possible that the
measurement of the reference standard influenced the
measurement of the smartphone. Also, both methods did
measure the same outcome simultaneoudly. Totally, 5 studies
made aclear description of the disease status of the participants
[70,73,80,82,90]. Just over half of the studies described the
methods for performing the test in sufficient detail
[68,70,73,75,78,80,82,85]. Half of the studies provided enough
information about the participants to conclude that the results
may be applicable to the population of interest
[73,75,78,80,82,85,90]. All studies had the same relevant
outcome and performed their measurements in a similar way.
All but one [82] studies acknowledged that the sample size was
small. In 6 studies, the authors made an effort to measureawide
range of the possible physiological values of heart rate
[68,73,78,82,90,91]. Only 3 studies used a cutoff value for the
clinical acceptable difference between the measurements made
by the 2 methods [73,75,80].

Primary Outcome: Heart Rate

The mean difference between heart rate measured by a
smartphone and a validated method was analyzed in a
fixed-effects model (Figure 2). This statistic was reported in 7
studies [68,73,80,82,88,89,91]. For 2 studies, it was calculated
manually out of the original data[85,87]. In 2 studies, the mean
difference was consistently positive [82,89]; and in 5 studies,
negative[73,80,85,87,88]. In 2 studies, the mean difference was
negative, except for 1 condition where there was no difference
[68] or the mean difference was positive [91]. The pooled
estimate of the 9 included studies suggested that there is no
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difference between both methods (mean difference —0.32; 99%
Cl -1.24 to 0.60; P=.37). No dstatistical heterogeneity was
observed among the studies (12=0%; P>.99).

Table 3 showsthe correlation coefficient of the relation between
heart rate measurement with a smartphone and a validated
reference method. This statistic was reported in 9 studies
[68,70,73,75,78-80,82,90]. Previous research stated that the
correlation between 2 methods that measure heart rate should

Figure 1. Search and selection strategy.

1637 publications identified through initial
literature search

PubPled: 712 publications
151 Web of Knowledge: 925 publications

De Ridder et al

be >.90 to be considered as valid [92]. In 7 studies, the
correlation coefficient was aways >.90 and the result was
statistical significant [68,70,73,78-80,82]. The 2 studies that
studied a pediatric population showed more variation in their
results. In 1, the correlation coefficients were remarkably lower
during periods of tachycardia, namely .56 and —.43 [90] and
not statistical significant for thelatter. In 1 paper, the correlation
coefficient wasonly >.90in 2 of the4 apps. In 1 of these 2 apps,
thiswas just the case for measurements at the earlobe [75].
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Table 1. Characteristics of included studies.

De Ridder et al

Author, year, and Sample size and age (range  Smartphone Control Duration and conditions Outcome measure
country or mean [SD]) measurement
Bolkhovsky et al, 22 subjects, age not speci-  Motorola Droid, ECG2 2x2min: supineandsitting Heart rate, heart rate
2012, United States  fied iPhone 4S up intilt position (iPhone  variability
[68] 48, n=9); 2 x 5 min: supine

and sitting up intilt position

(Motorola Droid, n=13)
Drijkoningenetal, 28 adultswith sinusrhythm Samsung Galaxy S4 ECG 60s Heart rate, prema-

2014, Belgium [70]

Gregoski et a, 2012,
United States[73]

Ho et a, 2014, Tai-
wan [75]

Koenig et a, 2016,
Germany [78]

Kurylyak et d,
2012, Italy [91]

Lagido et al, 2014,
Portugal [79]

Losalglesiaset al,
2016, Spain [80]

Matsumaraet al,
2013, Japan [82]

Nam et al, 2016,
United States [85]

Pelegris et al, 2010,
UK [87]

Poet al, 2015, China
[88]

Scully et al, 2012,
United States [89]

Wackel et al, 2014,
United States [90]

during electrophysiological
examination, age not speci-
fied

14 adults, 18-59 years

40 children undergoing ECG
monitoring, 3 daysto 15
years

68 adults (45 patients from
acardiologic outpatient am-
bulance and 23 healthy con-
trols), 51.7 (18.83) years

10 adults, 26-60 years

43 heart failure patients, age
not specified

46 healthy adults, 39.3
(7.35) years

12 students, 21-24 years

11 healthy nonsmoking
adults, 20-40 years

50 adults, 21-55 years

10 subjects, age not speci-
fied

1 subject, age not specified

26 children undergoing an
electrophysiology study un-
der general anesthesiag, 5-17
years

Motorola Droid

iPhone 4S

iPhone 4S

HTC HD2, iPhone
4, Nokia 5800, Sam-
sung Galaxy Si9000

Sony XperiaS

Samsung Galaxy
Note

iPhone 4S

HTC One M8

HTC Tattoo

Samsung Galaxy
Nexus, LG Optimus
P920, Samsung
Gaaxy S2, Samsung
Galaxy Tablet 7.0,
Motorala Atrix

Motorola Droid

iPhone 5

ECG, pulseoximeter

ECG

ECG

Pulse oximeter

ECG

Radia pulse, pulse
oximeter

ECG

ECG

Pulse oximeter

Pulse oximeter

ECG

ECG

3 x 5min: sitting, at rest,
reading, and playing avideo
game

3 x 20 sat finger (or toe)
and earlobe

5min: at rest 2 min: after 3
min of physical exercise
(only controls)

2 x 60 s (per smartphone):
at rest and after 60 s squat-
ting

At rest

3x10-30s: at rest (resting
10 min before measure-
ments)

3 x 3min: at rest (resting 7
min before measurement),
during mental arithmetic,
and during mirror tracing

3 x 2min: breathing at fre-
quenciesfrom 0.1t0 0.5 Hz
at increments of 0.1 Hz,
breathing at 1 Hz and spon-
taneous breathing

2 x 9 s well-lit room and
average lit room

1x20s

1 x ?: spontaneous breathing

3 x 2 min: breathing at 0.2,
0.3,and 0.4 Hz

2 x 2 during baseline heart
rate (34 measurementsin 17
children)

2 x ?: during sustained
supraventricular tachycardia
(38 measurementsduring 21
supraventricular tachycardia
in 18 children)

ture atrial ectopic
beats identification

Heart rate

Heart rate

Heart rate, heart rate
variability

Heart rate

Heart rate, heart rate
variability

Heart rate

Heart rate, normal-
ize pulse volume

Heart rate and
breathing rate

Heart rate

Heart rate and root
mean square distor-
tion of heart rate

Heart rate, respira
tion rate, oxygen
saturation

Heart rate

3ECG: electrocardiogram.
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Table 2. Study quality according to Critical Appraisal Skills Programme Diagnostic Test study checklist and extra considerations. Y indicates yes; N
indicates no; and C indicates can't tell.

Study Validity of results Utility of results Extra considerations
QL Q2 Q3 Q4 Q5 Q6 Q9 QI Q11 El E2 E3 E4 E5

Bolkhovsky et a Y Y Y Y N Y C Y Y Y Y N Y N
Drijkoningen et al Y Y Y Y Y Y C Y Y Y Y N N N
Gregoski et al Y Y Y Y Y Y Y Y Y Y Y N Y Y
Hoeta Y Y Y Y N Y Y Y Y Y Y N N Y
Koenig et & Y Y Y Y N Y Y Y Y Y Y N Y N
Kurylyak et al Y Y Y Y N N C Y Y Y Y N Y N
Lagidoeta Y Y Y Y N N C Y Y Y Y N C N
Losalglesiaset d Y Y Y Y Y Y Y Y Y Y Y N N Y
Matsumara et a Y Y Y Y Y Y Y Y Y Y Y Y Y N
Nam et al Y Y Y Y N Y Y Y Y Y Y N N N
Pelegriset a Y Y Y Y N N C Y Y Y Y N N N
Poeta Y Y Y Y N N C Y Y Y Y N N N
Scully et a Y Y Y Y N N C Y Y Y Y N N N
Wackel et d Y Y Y Y Y N Y Y Y Y Y N Y N

Textbox 1. Quality assessment questions.

Critical Appraisal Skills Programme Diagnostic study checklist

Validity of results
«  Wasthere aclear question for the study to address?
«  Wasthere acomparison with an appropriate reference standard?

. Didall patients get the diagnostic test and reference standard?

o Isthere no possibility that the results of the test have been influenced by the results of the reference standard?

« Isthedisease status of the tested population clearly described?

«  Were the methods for performing the test described in sufficient detail?

Utility of results

«  Cantheresults be applied to your patients/the population of interest?

« Canthetest be applied to your patient or population of interest?

«  Wereall outcomesimportant to the individual or population considered?

Extra considerations

Do both methods measure the same outcome?
Do both methods measure the outcome simultaneous?

Did the investigators motivate their choice for the sample size?

Did the investigators test both methods in different conditions to simulate the possible physiological range of values?

Did the investigators set up cutoff values for the clinical acceptable difference between both methods?
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Figure 2. Forest plot for the meta-analysis of mean difference.

Smartphone Control Mean difference Mean difference

Study Mean (SD) Total Mean (SD) Total Weight IV, Fixed, 99% CI 1V, Fixed, 99% CI

Bolkhovsky et al Droid supine 71.7 (7.9) 13 71.9(7.9) 13 1.3% —0.20 (-8.18t0 7.78)

Bolkhovsky et al Droid tilt 77.1(7.3) 13 77.4(6.9) 13 1.6% —0.30 (—7.48 10 6.88) —_—

Bolkhovsky et al iPhone supine 70.7(12.1) 9 70.8(12.2) 9 0.4% —0.10 (—14.85 t0 14.65)

Bolkhovsky et al iPhone tilt 75.8(11.9) 9 75.8(12.0) 9 0.4% 0.00 (—14.51 to 14.51)

Gregoski et al all conditions 743 (123) 14 74.7(12.3) 14 0.6% -0.40 (—-12.37t0 11.57) —_—

Gregoski et al at rest 71.9(13.0) 14 72.5(12.9) 14 0.5% —0.60 (—13.21 t0 12.01)

Gregoski et al reading 76.8(12.5) 14 77.4(12.7) 14 0.6% -0.60 (—12.87t0 11.67) —

Gregoski et al video game 741(11.8) 14 743 (11.9) 14 0.6% —0.20 (-11.74 t0 11.34)

Kurylyak et al after squatting 1 90.2 (4.6) 10 91.6 (3.3) 10 3.9% —1.40 (-6.01t03.21) ———

Kurylyak et al after squatting 2 98.9(12.2) 10 97.8(11.2) 10 0.7% 1.10 (-9.71t0 11.91) [N I——

Kurylyak et al at rest 1 61.5(1.5) 10 62.1(13) 10 32.1% ~0.60 (—2.22 0 1.02) a

Kurylyak et al at rest 2 79.4(3.2) 10 79.8(3.1) 10 6.4% —0.40 (—4.03 t0 3.23) ——

Losa-Iglesias et al sitting up 73.7 (8.8) 46 76.9 (8.8) 46 3.8% -3.20 (=793 t0 1.53) ———

Matsumara et al at rest 71.2(9.8) 12 71.0(9.6) 12 0.8% 0.20 (—10.00 to 10.40)

Matsumara et al mental arithmetic 86.8 (14.6) 12 86.7(14.7) 12 0.4% 0.10 (-15.31 to 15.51)

Matsumara et al mirror tracing 75.4(12.1) 12 75.1(12.3) 12 0.9% 0.30 (-9.15t0 9.75)

Nam et al at rest, sitting up 74.8 (8.0) 11 749 (7.4) 11 1.2% —0.10 (-8.56 to 8.36) |

Pelegris et al average lit area 77.5 (4.6) 50 77.3 (4.5) 50 15.3% 0.20 (—2.14 t0 2.54) —_

Pelegris et al well lit area 70.9 (4.1) 50 70.5(2.8) 50 25.6% 0.40 (-1.41t02.21) .

Po et al all smartphones 748(11.5) 10 76.2(11.7) 10 0.5% ~1.40 (~14.76 to 11.96)

Po et al Atrix 70.8 (8.9) 10 72504 10 0.8% —-1.70 (—12.24 to 8.84)

Po et al Galaxy S2 73.1(12.7) 10 75.0(13.1) 10 0.4% —1.90 (—16.76 to 12.96)

Po et al Galaxy Tablet 78.3(12.5) 10 80.0(12.3) 10 0.4% —-1.70 (—15.98 t0 12.58)

Po et al LG Optimums 78.4(13.6) 10 79.5(13.9) 10 0.3% —1.10 (-16.94 to 14.74)

Po et al Nexus 77.6 (12.0) 10 79.2(12.3) 10 0.4% —-1.60 (—15.60 to 12.40)

Scully et al at rest 92.3(5.9) 1 922(53) 1 0.2% 0.10 (-20.33 t0 20.53)

Total (99% CI) 394 394 100% -0.32 (-1.24 to 0.60) ’

Heterogeneity: Chi*=4.9, df=25 (P>.99); P=0% f t T f }

Test for overall effect: Z=.89 (P=.37) 20Smart]]hoone 0 1gomrol 20
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Table 3. Resultsfor heart rate: Pearson correlation coefficient.
Study Conditions (sample size) ra r=.90? P value”
Bolkhovsky et al iPhone supine (9) >.99 Yes <.001°
iPhonetilt (9) >.99 Yes <.001°
Droid supine (13) .98 Yes <.001°
Droid tilt (13) >.99 Yes <.001°
Drijkoningen et a Not specified (28) .98 Yes <.001
Gregoski et a At rest (14) .99 Yes <.001°
Reading (14) .99 Yes <.001°
Video game (14) .99 Yes <.001
Hoeta App A finger (40) .81 No <.001
App A earlobe (40) 91 Yes <.001
App B finger (40) .75 No <.001
App B earlobe (40) .76 No <.001
App C finger (40) 27 No .10
App C earlobe (40) 46 No .003
App D finger (40) .90 Yes <.001
App D earlobe (40) .98 Yes <.001
Koenig et & 80 randomly chosen intervals at rest or after exercise (68) >.99 Yes <.001¢
Lagido et a At rest (43) 94 Yes <.001°
Losa-lglesiaset d Sitting up (46) .95 Yes <.001
Matsumura et al All conditions (12) .99 Yes <.001°
Wackel et a App 1 sinusrhythm (17) .99 Yes <.001°
App 1 tachycardia (10 succeeded attempts) .56 No 01°
App 2 sinus rhythm (17) .99 Yes <.001°
App 2 tachycardia (5 succeeded attempts) -.43 No 09°

% value of Pearson correlation coefficient.
bp value cal culated with Pearson correlation.
®Data based on own calculations.

The correlation between heart rate measurements made by a
smartphone and a control instrument was analyzed in a
random-effects model (Figure 3). The pooled correlation
coefficient made the assumption that on average measurements
made by a smartphone are highly correlated to those made by
a control instrument (correlation coefficient .951; 95% CI
0.906-0.975; P<.001). Of note, statistical heterogeneity was
high (12=93.8%; P<.001), indicating variability across the
studies.

Table 4 showsthe 95% limits of agreement for the MD between
measurements with a smartphone and a validated method. This
statistic was reported in 4 studies [80,82,85,88]. For 2 studies,

http://cardio.jmir.org/2018/1/e4/

it was calculated manually [68,73]. In al studies, the limits of
agreement did not exceed 10 beats per minute.

Correlations With the M ean Difference

The correlation between the mean heart rate measured by a
validated method, the sample size of the included studies, and
the year of publication of the included studies and the mean
difference was anayzed in Figures 4-6, respectively.
Correlations between the mean difference and the mean heart
rate measured by avalidated instrument (r=.13) and sample size
(r=—.06) were not significant. However, data showed a
moderately strong correlation between the year of publication
and the mean difference (r=—.69; P<.001).
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Figure 3. Forest plot for the meta-analysis of Pearson correlation coefficient.
Correlation Coefficient Correlation Coefficient

Study Total Weight Random,95% CI Random, 95% CI
Bolkhovsky et al Droid supine 9 3.71% .98 (.905-.996) -
Bolkhovsky et al Droid tilt 9 3.71% .99 (.951-.998) =
Bolkhovsky et al iPhone supine 9 3.71% .99 ((951-.998) —
Bolkhovsky et al iPhone tilt 9 3.71% .99 (.951-.998) -
Drijkoningen et al 28 4.41% .98 (.952-.990) -
Gregoski et al at rest 14 4.10% .99 (.968-.997) -
Gregoski et al reading 14 4.10% .99 (.968-.997) -
Gregoski et al video game 14 4.10% .99 (.968-.997) -
Ho et al app A finger 40 4.50% .81 (.667-.896) - —_—
Ho et al app A earlobe 40 4.50% 91 (.835-952) - -5
Ho et al app B finger 40 4.50% .75 (.572-.860) - -
Ho et al app B earlobe 40 4.50% .76 (.588-.866) - | el
Ho et al app C finger 40 4.50% .27 (—.045 10 .536) . 3 .
Ho et al app C ecarlobe 40 4.50% 46 (173-.675) . B
Ho et al app D finger 40 4.50% .90 (.818-.946) a -3
Ho et al app D earlobe 40 4.50% .98 (.962-.989) _
Koenig et al 80 4.58% .99 (.984-.994) _ !
Lagido et al 43 451%  .94(.891-967) i 3
Loso-Iglesias et al sitting up 46 4.52% 95 (.918-974) - 3
Matsumura et al all conditions 12 3.99% .99 (.964-997) -
Wackel et al app 1 sinus rhythm 17 4.21% .99 (.972-.996) - :
Wackel et al app 1 tachycardia 10 3.82% .56 (—.108 to .880) - &
Wackel et al app 2 sinus rhythm 17 421% .99 (.972-.996) - [
Wackel et al app 2 tachycardia 5 2.61% —43 (—95110.729) -
Total random effects (95% CI) 656 100% 0.951 (0.906-0.975) -1 <
Heterogeneity: Chi2=370.9 , df=23 (P<0.001 ), I>=93.8% ;
Test for overall effect: Z=10.666 (P<0.001) | I |

10 05 00 05 10

Table 4. Resultsfor heart rate: 95% limits of agreement.

Study Conditions (sample size) 95% LOA? (BPM b) control—smartphone
Bolkhovsky et a iPhone supine (9) -04100.2°
iPhonetilt (9) -0.3t00.3°
Droid supine (13) —34103.0°
Droid tilt (13) -1.7t01.1¢
Gregoski et a Video game (14) -39t03.7°
Loso-Iglesias et al Sitting up (46) -85t020
Matsumura et al All conditions (12) -10to14
Nam et a At rest, sitting up (11) -5.6t05.5
Pot et & Average all smartphones (10) -41t01.2

3_OA: limits of agreement.
PBPM: beats per minute.
’Data based on own calculations.
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Figure 4. Scatter plot comparing correlation between mean heart rate measured by control and mean difference.
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Figure 6. Scatter plot comparing correlation between year of publication and mean difference.
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Discussion

Principal Findings

The meta-analysis of the mean difference showed no statistical
difference between the measurement of heart rate by a
smartphone and a validated method (mean difference —0.32;
99% Cl —-1.24t0 0.60; P=.37). The pooled correlation coefficient
between heart rate measurement by asmartphone and avalidated
method was more than .90 and statistically significant
(correlation coefficient .951; 95% CI 0.906-0.975; P<.001).
Reported 95% limits of agreement had a narrow range and
therefore showed good agreement between a smartphone and
a validated method. These results suggest that a smartphone
app deriving heart rate from a PPG signal could be used as an
aternative for already validated methods such as an ECG or
pulse oximeter in an adult population in resting sinus rhythm.
However, the significant negative correlation between the year
of publication of the included studies and the mean difference
(r=—.69; P<.001) suggests that smartphone technology for
measuring heart rate did not improve over time. There was no
significant correlation between the mean difference and the
mean heart rate measured by avalidated method (r=.13; P=.54)
or thesample size of theincluded studies (r=-.06; P=.77), which
suggests that smartphone results are consistent for heart rate
measurements between 60 and 100 beats per minute.

Considerations

First, the results of the studiesin a pediatric population showed
that it is not advisable yet to use these apps in children. A
possible cause is that because of the smaller size of children’s
fingertips, the pulsatile flow may be less consistently detected.
The use of the earlobe as a measuring point may present a
possible solution. Children may also have difficulties in

http://cardio.jmir.org/2018/1/e4/

containing the appropriate pressure on the camera lens and
keeping their finger motionless to make a good measurement
[73,75,90].

A second issue is heart rate measurement during periods of
arrhythmia[4]. Thelow correlation between measurementswith
a smartphone and a validated method during periods of
supraventricular tachycardia in children suggests that current
apps do not give adequate results during periods of extremely
high heart rates [90]. Moreover, the smartphone apps in the
studies used PPG, calculating the heart rate on basis of the pulse
rate. Hence, the results may not be accurate enough during
periods of arrhythmiawith variationsin pulserate and amplitude
dueto heart rhythm irregularities[4,82]. A solutionistoimprove
sensitivity and specificity of the appsfor deviant heart rhythms
depending on the purpose of the apps [62].

Third, previousresearch stated that heart rate measurement can
be susceptible to environmental or human factors such as
ambient light, motion [4,93], or skin color [7]. Intotal, 3 studies
reported about lighting conditions [87,88,91]. In these studies,
ambient light did not seem to have an influence, but it should
still be taken into account. On the basis of thisreview, it is not
possible to say something about the influence of motion, as
none of the included studies tested whether accurate pulse rate
ismeasurable by the smartphone apps during exercise. However,
several studies do mention this limitation in their discussion.
Wearable devices using PPG possibly provide better results
during exercise[94]. Only 1 paper mentioned to have included
participants with a variety of skin colors but did not make a
comparison between different skin types [73]. Hereby, we
cannot come to a conclusion about the topic in this review.
When using PPG to measure heart rate, it should be taken into
account to use aproper light wavelength that gives equal results
for people with different skin types[95].
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Fourth, it was remarkable that in the included studies the mean
difference became more and more negative over time. A
plausible explanation is that every paper focuses on (a) certain
type(s) of smartphone model(s) or app(s). Consequently, the
results cannot be automatically projected to other smartphones
and apps[4]. Theuse of certain smartphones or apps could lead
to better results.

Strengths and Limitations

First of all, to the best of our knowledge, this was the first
systematic review and meta-analysis evaluating smartphone
apps using PPG to measure heart rate. A comprehensive search
strategy was used, including every paper investigating
smartphone apps deriving heart rate measurement from a PPG
signal. At last, there was a focus on different statistics for
assessing agreement between methods.

Nevertheless, there were some limitations of the included
studies. First, the methodological quality was often low,
reflected by the fact that only 3 studies scored 12 or more out
of 14 on the quality assessment questions [73,80,82].

Second, most of the mean heart rates that were reported lay
between 70 and 80 beats per minute. As a result, it was not
possible to investigate whether smartphones could be used to
measure the higher physiological ranges of heart rate.

Third, only 8 of theincluded studies[68,70,73,78,80,82,85,88]
used the most appropriate method to determine agreement
between the 2 methods, the Bland-Altman plot [96,97]. Of these
studies, only 2 mentioned a conclusion of the results, which
were in line with the findings of the review [70,78]. A
consideration about thismethod isthat it is not easy to determine
good agreement [96]. In the literature, no description wasfound
of the maximum heart rate deviation to be clinical relevant. A
deviation of under 10 beats per minute has no important clinical
implications but doesindicate small alterations when repeating
the measures. The other methods can support the findings but
have their limitations. A Pearson correlation gives information
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about the rel ation between methods, but ahigh correlation does
not necessarily mean that the 2 methods agree [97,98]. When
using a mean difference, poor agreement can be hidden by
looking at the mean difference, without exploring theindividual
values (eg, an overestimation of high heart ratesin combination
with an underestimation of low heart rateswill aso giveamean
difference of 0) [97].

A fourth and last limitation is a high statistical heterogeneity
between studies on the level of correlation coefficients. Thisis
likely attributableto clinical heterogeneity caused by differences
in patient characteristics (eg, adultsvs children), the conditions
in which the heart rates were measured (eg, at sinus rhythm vs
during a period of tachycardia), and which smartphone or app
was used [12].

All thesefactors may influencethe generalizability of the results.

In addition, there were some limitations specific to the review.
The data were extracted by the first author only; however, they
were thoroughly reviewed by the other authors, of which one
isspecializedin cardiology. In addition, 2 studieswere excluded
because the full text could not be retrieved [69,77]; the results
described in the abstracts of those studies agreed with the pooled
results, so their exclusion would probably have aminimal effect.

Conclusions

This meta-analysis suggests that heart rate measured by
smartphone apps performing PPG agrees with a validated
method in an adult population in resting sinusrhythm, provided
that during measurement the measuring point was kept still and
that appropriate pressure was maintained. In a pediatric
population, the use of these apps can currently not be supported,
especialy not during periods of tachycardia. Future research
with a larger and more diverse study population should be
conducted. Thetechnology should also betested in morevaried
clinical situations evoking variations in normal heart rate and
during arrhythmias.
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Abstract

Background: European Society of Cardiology guidelines for the treatment of heart failure (HF) prescribe uptitration of
angiotensin-converting enzyme inhibitors (ACE-1) and [3-blockers to the maximum-tol erated, evidence-based dose. Although HF
prognosis can drastically improve when correctly implementing these guidelines, studies have shown that they are insufficiently
implemented in clinical practice.

Objective: The aim of this study was to verify whether supplementing the usual care with the CardioCoach follow-up tool is
feasible and safe, and whether the tool ismore efficient inimplementing the guideline recommendations for 3-blocker and ACE-I.

Methods: A total of 25 HF patients were randomly assigned to either the usual care control group (h=10) or CardioCoach
intervention group (n=15), and observed for 6 months. The CardioCoach follow-up tool is a two-way communication platform
with decision support algorithms for semiautomatic remote medication uptitration. Remote monitoring sensors automatically
transmit patient’s blood pressure, heart rate, and weight on a daily basis.

Results. Patients satisfaction and adherence for medication intake (10,018/10,825, 92.55%) and vital sign measurements
(4504/4758, 94.66%) were excellent. However, the number of technical issues that arose was large, with 831 phone contacts
(median 41, IQR 32-65) in total. The semiautomatic remote uptitration was safe, as there were no adverse events and no false
positive uptitration proposals. Although no significant differences were found between both groups, a higher number of patients
were on guideline-recommended medication dose in both groups compared with previous reports.

Conclusions: The CardioCoach follow-up tool for remote uptitration is feasible and safe and was found to be efficient in
facilitating information exchange between care providers, with high patient satisfaction and adherence.

Trial Registration: ClinicaTrials.gov NCT03294811; https://clinicaltrials.gov/ct2/show/NCT03294811 (Archived by WebCite
at http://www.webcitation.org/6xLiWVsgM)

(JMIR Cardio 2018;2(1):€8) doi:10.2196/cardio.9153
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http://cardio.jmir.org/2018/1/e8/ JMIR Cardio 2018 | vol. 2| iss. 1 |e8 | p.50
(page number not for citation purposes)


mailto:christophe.smeets@uhasselt.be
http://dx.doi.org/10.2196/cardio.9153
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO

Introduction

Heart failure (HF) is a major health problem affecting more
than 10% in the elderly over the age of 70 years[1-5]. Mortality
rates are high, with only 50% of patientssurvivingupto 5 years
after first diagnosis. Hospitalization rates are even higher with
1-year hospitalization rates of approximately 40% and a
readmission rate of 30% to 45% within 6 months after initial
admission [6-9]. These high (re)admission rates put a large
burden on the current health care system [10-12].

Improvements in treatment strategies have reduced mortality
and (re)hospitalization rates. In 2016, the updated guidelines
of the European Society of Cardiology (ESC) concerning the
diagnosis and treatment of acute and chronic HF with reduced
gjection fraction were published [1]. These guidelines prescribe
uptitration of angiotensin-converting enzymeinhibitors (ACE-1)
and 3-blockersto the maximum-tolerated, evidence-based dose
infunction of apatient’sweight, blood pressure, heart beat, and
kidney function. There is strong evidence that adherence to
guidelines and optimal drug treatment leads to a better clinical
outcome and reduced mortality and (re)hospitalizations[1]. HF
disease management programs are widely used to facilitate the
implementation of guideline-recommended treatment strategies
[13-17]. Unfortunately, studies have proven that they are still
insufficiently implemented in practice [15,18-20].

The addition of remote monitoring combined with integrated
clinical decision support in this aspect could provide added
value for both the health care provider and the patient. Remote
monitoring of vital parameters and other patient information
could allow care givers to evaluate and adjust patients
medication schemes remotely according to ESC guidelines[21].
Remote [3-blocker uptitration based on patient’s self-collected
physiologic data transmitted by phone has been previously
studied and showed a positive impact on [3-blocker use[21-23].
The IN-TOUCH trial was one of thefirst studies to investigate
the value of a decision support algorithm for medication
uptitration in addition to remote monitoring (ie, weight, blood
pressure, and electrocardiogram) compared with remote
monitoring alone. However, this study lacked a usual care
control group and could not show differencesin clinical outcome
[24,25]. Kropf et a also developed aremote monitoring strategy
with integrated clinical decision support, but the algorithm was
only retrospectively analyzed with existing remote monitoring
datasets[26]. Theaim of Kropf et al wasto prospectively study
thisstrategy in alarge-scale randomized trial, but unfortunately,
the trial was stopped and no results are available. Therefore,
the CardioCoach study is the first to study the feasibility of
remote monitoring with integrated decision support on HF drug
treatment optimization.

The CardioCoach study combines a two-way communication
platform with decision support algorithmstogether with remote
monitoring sensors for active medication uptitration. The study
will verify whether supplementing the guideline-driven usual
carewith thistwo-way communication platform can implement
the guideline recommendations for 3-blocker and ACE-I more
efficiently. This paper focusses on the feasibility of the
communication platform for adjusting HF medi cation remotely
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and for detecting early deterioration by monitoring blood
pressure, heart rate, and weight changes. Patient's vital
measurements and therapy adherence were actively encouraged
by the smartphone app and were evaluated together with the
patient’s satisfaction of the CardioCoach tool.

Methods

Study Design

Thisisaprospective single-center randomized control feasibility
trial conducted in aBelgian tertiary care center (Jessa hospital,
Hasselt, Belgium) with a specialized HF disease clinic. Newly
diagnosed patients with HF and initiation of (3-blocker and/or
ACE-| therapy or patients with known HF but on suboptimal
dosage of 3-blocker and/or ACE-| therapy were approached.
Uponinclusion, block randomization was used to divide patients
in either the usua care control group or the CardioCoach
intervention group (clinical trial registration  with
www.clinicaltrials.gov; identifier NCT03294811). All patients
provided written informed consent and were followed for 6
months after study enrolment. The study complies with the
Declaration of Helsinki, and the study protocol was approved
by the local committee on human research.

Usual Care Control Group

ESC guidelines on uptitration of (3-blocker and/or ACE-I therapy
are primarily intended to be used by physicians. Therefore,
medication dose adaptions were performed during occasional
outpatient visits to the cardiologist or general practitioner.
M edication doses were determined based on patient’svital sign
measurements, overall well-being, and symptoms. Besides an
additional follow-up visit at 3 months, we did not modify the
usual care as per standard practice organized in the institution
where patients have a scheduled follow-up visit at 6 months.

CardioCoach Intervention Group

Patients allocated to the CardioCoach intervention group also
had a scheduled follow-up visit at 3 months and 6 months. For
these patients, the usua care was supplemented with the
CardioCoach follow-up tool to proactively uptitrate B-blocker
and ACE-| treatment and improve medication adherence for
[B-blocker, ACE-I, and diuretic treatment. In terms of diuretic
treatment, only medication adherence was monitored because
it was not part of the active uptitration protocol. This
intervention included a two-way communication platform
connected to remote monitoring devices such as a weighing
scale and blood pressure monitor to collect vital measurements
(ie, weight, blood pressure, and heart rate), in which patients
were followed by technical and clinical call centers. Medical
follow-up (eg, medication uptitration, alerts on threshold
crossing) was done by the clinical call center in the hospital,
whereastechnical follow-up (eg, missed transmissions, technical
issues) was done by Remedus (Aartselaar, Belgium). Both call
centerswere active during working hours; notifications received
during the weekend were read on Monday.
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The CardioCoach Follow-Up Tool for Semiautomatic
Medication Uptitration

Thetwo-way communication platform consisted of asmartphone
with the preinstalled CardioCoach app, ablood pressure monitor,
weighing scale, and a Web-based health management server
(Remecare) with aclinical dashboard for the care provider (HF
nurse). An overview of the CardioCoach follow-up tool can be
found in Figure 1.

The CardioCoach app was used to trigger the patient to conduct
different actions, such as record a vital sign measurement,
complete a questionnaire, and confirm medication intake by
sending reminders at predefined time points. For each action,
a5-hour timewindow was set in which the patient could record
all necessary data. This time window could be customized for
each patient and was made avail able an hour before and 4 hours
after theideal recording time. All vital sign measurementswere
transmitted automatically to the CardioCoach app without
manual patient input. The patient-specific medication scheme
for B-blocker, ACE-I, and diuretic treatment was automatically
uploaded to the patients' smartphones every morning to inform
them about their actual medication dose for that day. When
changeswere applied to the medication scheme, the patient was
notified viaa pop-up message, which he/she had to confirm. In
addition, a daily education tip was pushed by the smartphone
app to the patient covering different HF disease aspects (eg, tips
to manage fluid and salt restriction, exercise). Screenshots of
the CardioCoach app are shown in Multimedia Appendix 1.

All information gathered via the CardioCoach smartphone app
(ie, vita signs, questionnaires, medication intake) was
automatically transmitted to a secured Web-based hedlth
management server (ie, Remecare) without patient input. On
this server, the completeness of patient data and possible

Figure 1. Overview of the CardioCoach follow-up tool.
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deviations of vital signs based on predefined thresholds were
verified.

When a patient does not record medication intake or vital sign
data or does not complete a questionnaire, a pop-up message
was pushed 2 hours after the ideal recording time via the
smartphone to inform the patient about the missed registration
and stresstheimportance of thisinformation for the medication
uptitration process. If the patient still did not complete the
required action 4 hours after the ideal recording time, a no
registration tag was recorded in the clinical database and the
patient was contacted by the technical call center within 12
hours. In case of missed medication intake, the technical call
center asked whether the patient forgot to register the medication
intake or whether the patient forgot to take the required
medication. In case of vital sign thresholds crossings for 3
consecutive days (Table 1), an automatic custom-made HF
guestionnaire was pushed to the patient via the CardioCoach
smartphone app to gain insight about his/her general well-being
or symptomsrelated to deviating vital signs, and amessage was
sent to the clinical call center to review the vital sign data and
guestionnaire (Multimedia Appendix 2).

CardioCoach Medication Uptitration With Clinical
Decision Support Algorithm

In the CardioCoach intervention group, B-blocker and ACE-I
medication uptitration was supported by a clinical decision
support algorithm, initiated at study inclusion. The algorithm
generated a medication uptitration proposa at fixed moments
in time during the first 3 months of follow-up, known as the
active uptitration phase. Moreover, every 2 weeks, the algorithm
alternately generated amedi cation uptitration proposal for either
the B-blocker or ACE-I.

Patient
At home

C
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Table 1. Vital sign thresholds.

Smeets et al

Parameter Thresholds for 3 consecutive days
Weight Basdline weight + 2 kg
Heart rate <60 bpm? or >100 bpm

Systalic blood pressure

Diastolic blood pressure

<90 mm Hg or >160 mm Hg
<60 mm Hg or >95 mm Hg

3pm: beats per minute.

Figure 2. Overview of the study protocol for both the CardioCoach intervention group and usua care control group. ACE-I: angiotensin-converting

enzyme inhibitors, BW: blood withdrawal.
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At the beginning of week 2, the first proposal was generated,
which comprised B-blocker uptitration, followed by another
proposal for ACE-I uptitration at week 4. Intotal, there were 6
uptitration proposals during the first 3 months. Before each
proposal, the short version of the custom-made HF questionnaire
(Multimedia Appendix 2) was pushed to the patient's
smartphone to enquire about his/her general health and expose
possible medication-induced side effects, which would help in
deciding the safety of medication uptitration to the next level.
A week before the ACE-I uptitration proposal, the algorithm
generated a blood withdrawal request for analysis on kidney
function (Figure 2). The type of proposal, generated by the
algorithm, was generated based on predefined decision trees,
taking into account all gathered patient information (vital signs,
blood parameters, and questionnaires), which could includethe
following: (1) medication uptitration to the next level, (2) no
uptitration or (3) medication uptitration to the next level only
possible after evaluation by the HF nurse due to incomplete
data, aberrant vital sign data, or aberrant blood parameters.

http://cardio.jmir.org/2018/1/e8/
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Before implementation of the updated medication scheme on
the patient’s smartphone app, every proposal of the algorithm
was reviewed by a dedicated HF nurse. The nurse could either
chooseto confirm the proposal, to call the patient before taking
a decision, to make other changes to the patient’s medication
scheme or to leave it unchanged, or indicate that the optimal
medication dose had been reached. During the last 3 months of
follow-up (ie, from 3 to 6 months), the active uptitration
algorithm was deactivated and was followed by alessintensive
follow-up phase during which medication intake and vital sign
parameters were still monitored and medication uptitration on
the discretion of the HF nurse could still proceed.

Finaly, at 6 months of follow-up, patientsfrom the CardioCoach
intervention group were provided with a CardioCoach user
experience questionnaire to gain feedback on the use of the
CardioCoach smartphone app, the remote monitoring sensors,
the contact with HF nurses and technical follow-up team.
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Table 2. Maximum daily dose as recommended by European guidelines.
Active ingredient Max daily dose (mg)
ACE-1?
Perindopril 10
Enalapril 10
Ramipril 10
Lisinopril 20
Candesartan 16
Losartan 100
-blocker
Bisoprolol 10
Nebivolol 5
8ACE-I: angiotensin-converting enzyme inhibitors.
between-group differences were observed in clinica

Outcome M easurements

Outcome measures included CardioCoach user experience,
(therapeutic) adherence, call center statistics, agorithm
performance, and the number of patients on
guideline-recommended medication dose for B-blocker and
ACE-I (Table 2) at both 3 and 6 months of follow-up.

Statistical Analysis

Demographic and functional characteristics were compared
using descriptive statistics. Continuous variables were expressed
as mean = standard deviation if normally distributed, or
otherwise as median (interquartile range, IQR). To define
statistical differences between both groups, the independent
samples student t test and Mann-Whitney U test were used for
normally and not normally distributed continuous variables,
respectively. The chi-squaretest and Fisher exact test were used
accordingly for categorical variables. To define statistical
differences between New York Heart Association class, the
Kruskal-Wallis test was used. The significance level for tests
wastwo-sided with an aphaof .05. All statistical analyseswere
performed using the Statistical Package for Social Sciences
version 24.0 (IBM SPSS Inc, Chicago, Illinois, USA).

Results

Study Population

In total, 25 patients were included in the CardioCoach study.
One patient dropped out before 3 months of follow-up and was
therefore excluded from analysis. After 3 months of follow-up,
2 more patients dropped out but were still included in the
analysis until 3 months of follow-up, because they completed
the active medication uptitration phase. The final study
population consisted of 24 patients: 14 patients were included
in the CardioCoach intervention group and 10 patients were
included inthe usual care control group. Baseline characteristics
of the study population at the time of inclusion are provided in
Table 3. At the time of study enrollment, no significant

http://cardio.jmir.org/2018/1/e8/

characteristics or the use of medications commonly prescribed
to patients with HF.

CardioCoach Medication Uptitration With Clinical
Decision Support Algorithm

On the basis of gathered data, the CardioCoach algorithm
generated 72 medication uptitration proposals in total. In 7%
(5/72) of the cases, the algorithm generated a conclusive
proposal, whereas in 93% (67/72) of cases, the decision was
left up to the HF nurse. Thiswas mainly due to aberrant (67%,
48/72) or incomplete (25%, 18/72) data. Table 4 summarizes
the frequency of the different algorithm uptitration proposals.

After each automatic uptitration proposal from the agorithm,
the HF nursesin the clinical call center received a notification,
which they had to consider. Nurses could respond in different
ways to the uptitration proposal (Table 5). The agorithm
proposal was confirmed by the HF nurse in 69% (50/72) of
cases, and in 35% (25/72) of cases the patient was contacted
for further interrogation before decision. No adverse events or
fal se positive uptitration proposal s were reported.

Therapeutic Adherence

Overall, therapeutic adherence as confirmed by the patient via
the smartphone app (8315/10,825, 76.81%) or viathetechnical
call center after contacting the patient (1703/10,825, 15.73%)
for the 3 drug treatments was 92.55% (10,018/10,825), with,
respectively, 97.12% (3239/3335) for [-blockers, 94.89%
(3549/3740) for ACE-I, and 86.13% (3230/3750) for diuretics.
In 1 out of 5 cases, patients did not record medication intake
into the CardioCoach smartphone app, and the technical call
center had to contact the patients to verify medication intake
(Table 6). In terms of vital sign registration, patient adherence
was 94.66% (4504/4758). In 12.65% (602/4758) of these cases,
technical issues hindered automatic transfer of vital sign data
to the online database, and the technical call center had to
contact the patient to receive the data, and in 5.34% (254/4758)
no vital sign measurement was recorded (Table 6).
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Table 3. Baseline characteristics of the study population at the moment of study inclusion (N=24). Continuous data are expressed as mean (SD) if
normally distributed, and dichotomous data are expressed as n (%).

Variables CardioCoach intervention group Usual care control group P value
(n=14) (n=10)

Male gender, n (%) 9 (64) 6 (60) >.99
Age, years, mean (SD) 63 (15) 60 (15) .55
Body mass index, mean (SD) 28 (5) 28 (5) .88
Heart rate, mean (SD) 73 (13) 73 (13) .99
Systolic blood pressure, mean (SD) 112 (14) 127 (25) .08
Diastolic blood pressure, mean (SD) 75 (12) 75 (12) .98
New York Heart Association functional class (11/111), n (%) 6 (43)/6 (43) 4 (40)/5 (50) .92
Left ventricular gjection fraction percentage, mean (SD) 28 (7) 29 (7) .84
QRS width, ms, mean (IQR? 100 (90-121) 100 (92-121) 89
Ischemic cardiomyopathy, n (%) 4(29) 1(10) .36
Dilated cardiomyopathy, n (%) 5(36) 5 (50) .68

Risk factorsand comorbidities, n (%)

Obesity 9(64) 3(30) 10
Arteria hypertension 9 (64) 3(30) 10
Smoking 9 (64) 9(90) .34
Family history of cardiovascular diseases 7 (50) 4 (40) .70
Hypercholesterolemia 9 (64) 5 (50) .68
Chronic kidney disease 2(14) 0(0) 49
Atrid fibrillation 6 (43) 4 (40) >.99
Diabetes 3(21) 1 (10) 62
Chronic obstructive pulmonary disease 1(7) 1(10) >.99
Pro-Brain Natriuretic Peptide, mean (IQR) 559 (118-1278) 262 (129-467) 44
Estimated glomerular filtration rat, mean (SD) 50 (28) 65 (19) .16

Medication use, n (%)

Angiotensin converting enzyme inhibitor 7 (50) 3(30) 42
[B-blocker 7 (50) 3(30) 42
Spironolactone 1(7) 1(10) >.99
Loop diuretic 1(7) 2(20) .39
Statin 7 (50) 3(30) 42
Calcium channel blockers 0(0) 1(10) 42
Antidiabetic medication 1(7) 1(10) >.99

Technological experience, n (%)

Normal cell phone 8(57) 6 (60) >.99
Smartphone 3(21) 3(30) .67
Computer at home 7 (50) 4 (40) .70
Internet connection at home 2(14) 3(30) .62
Tablet at home 7 (50) 4 (40) 70

3 QR: interquartile range.
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Table 4. Overview of the different algorithm uptitration proposals and their frequency.

Type of uptitration proposal Full sample B-blocker group  AcEg-12 group
(N=72), n (%) (n=41), n (%) (n=31), n (%)

Uptitration to next level 1(1) 1(2 0(0)

No uptitration to next level 4 (6) 3(7) 1(3)

Uptitration dependent on evaluation by heart failure nurse, due to incomplete data 18 (25) 11 (27) 7(23)

Uptitration dependent on evaluation by heart failure nurse, due to aberrant data 48 (67) 26 (63) 22 (711)

Uptitration dependent on evaluation by heart failure nurse, due aberrant blood parameters 1 (1) 0(0) 1(3)

8ACE-|: angiotensin-converting enzyme inhibitors.

Table5. Overview of the different responses of the heart failure nurses to the algorithm uptitration proposals.

Response of nurses to uptitration proposal

Full sample (N=72), n (%)

B-blocker group (n=41), n (%) ACE-12group (n=31), n (%)

Confirm agorithm proposal 50 (69)
Patient was contacted before decision was made 25 (35)
Change of other medication 10 (14)
Optimal medication dose reached 25 (36)

29 (71) 21 (68)
17 (41) 8 (26)
8(20) 2(6)
13(32) 12 (39)

8ACE-I: angiotensin-converting enzyme inhibitors.

Table 6. Therapeutic adherence for medication intake and vital sign measurement recording.

Therapeutic adherence n (%)

M edication intake (N=10,825)
Confirm via smartphone 8315 (76.81)
Confirmed via Remedus 1703 (15.73)
Declined via smartphone 351 (3.24)
Declined via Remedus 456 (4.21)

Vital sign measurement (N=4758)
Confirm via smartphone 3902 (82.00)
Confirmed via Remedus 602 (12.65)
No recording 254 (5.34)

Technical Call Center Statistics

For the 14 CardioCoach patients, the Remedus call center made
831 phone calls in total, with a median of 41 phone calls per
patient (IQR 32-65). Phone callswereinitiated in case of missed
vital sign measurements (n=136), missed medication intake
(n=661; diuretic intake 44.0% [291/661], ACE-I intake 34.9%
[231/661], and (3-blocker intake 21.0% [139/661]), or missing
guestionnaires (n=34). Dueto thelimited technical skills of the
study participants, technical problems could hardly be solved
remotely, and therefore, a device swap was performed in 10
patients: 4 patients had 1 device swap, 5 patients had 2 device
swaps, and 1 patient had 3 device swaps.

CardioCoach User Experience

Among the CardioCoach user experience questionnaire, 4
guestionnaires were missing: 3 due to early study termination

http://cardio.jmir.org/2018/1/e8/

and 1 due to an issue with the Web-based questionnaire
platform. Detailed results of these questionnaires can be found
in Multimedia Appendices 3-5. In general, patients were very
satisfied, and mentioned the ease of use of the smartphone app
and remote monitoring sensors. Daily coaching tips were
reviewed as being positive and stimulating. In addition, patients
experienced an extra sense of safety, and 50% of patients were
eager to continue using the CardioCoach follow-up tool after
the study ended. Due to the CardioCoach app, 80% of patients
reported an increased medication adherence. Patients reported
apositive experience in terms of communication with both the
technical and clinical call centers. Interestingly, patients were
indifferent about the fact that their parameters were being
reviewed by an external, home nursing company. Finaly,
patients did mention a large number of technical issues (eg,
connectivity issues, problems with the remote monitoring
Sensors).
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Figure 3. The number of patients on maximum daily dose as recommended by European Society of Cardiology guidelines for both B-blockers (left)
and ACE-I (right). No significant differences were observed between both groups. ACE-I: angiotensin-converting enzyme inhibitors.
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Medication Uptitration

No significant differences were observed in the number of
patients on guideline-recommended maximum 3-blocker dose
in the CardioCoach intervention group when compared with
the usua care control group at both 3 months (43% vs 40%,
P>.99) and 6 months (50% vs 40%, P=.69) of follow-up (Figure
3).

Additionally, in terms of ACE-l uptitration, no significant
differences were observed at both 3 months (43% vs 40%,
P>.99) and 6 months (42% vs 40%, P>.99) of follow-up (Figure
3). In addition, there was no difference in terms of time taken
to uptitrate to guideline-recommended medication dose. All
patients who reached the guideline-recommended dose did so
before 3 months of follow-up (except 1 case for B-blockers).

Discussion

Principal Findings

Since 1997, ESC guiddlines for the diagnosis and treatment of
acute and chronic HF have recommended the optimization of
drug treatment as the first step in patients diagnosed with HF
[1,27]. Unfortunately, these guidelines are insufficiently
implemented in clinical practice and many HF patients are still
on suboptimal medication dose[15,18-20]. Thispaper describes
therational e and feasibility of anovel two-way communication
platform with decision support algorithms, in combination with
asmartphone app, blood pressure monitor, and weighing scale,
intended to support B-blocker and ACE-I uptitration remotely.
The success rate of studies monitoring weight, blood pressure,
and heart rate to improve clinical outcome is rather low,
probably because they are unable to capture the complexity of
HF disease progression, which often involves multiple
comorbidities [28-33]. However, the benefits of monitoring
weight, blood pressure, and heart rate for medication uptitration
have only recently been studied [21,26].

Theresults of thisfeasibility study with 24 patients, monitored
for a period of 6 months, showed a marginal increase in the
number of patients on guideline-recommended [3-blocker and
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ACE-I dose when using the CardioCoach remote monitoring
follow-up tool compared with usua care alone. However, in
comparison with previous studies, both our intervention and
control group consisted of a higher number of patients, who
were on guideline-recommended medication dose. Maggioni
et a [18] and Heywood et a [19] reported, respectively, 29%
and 35% of patientson target dosefor ACE-l and 17% and 15%
for B-blockers. Thissuggeststhat the usual care provided in our
ingtitution is superior to the standard care described in literature,
and the addition of the CardioCoach follow-up tool can lead to
comparable and even dlightly better results. Hence, remote
monitoring could be a suitable method for increasing the number
of HF patients on guideline recommended target dose, especially
in centers with less intensive usua care follow-up.

Feedback received from the patients using the CardioCoach
follow-up tool reveaed overall good patient satisfaction interms
of both the use of the remote monitoring devices and the contact
between the patient and technical and clinical call centers. This
resulted in excellent overall therapeutic adherence of the patients
during the entire study period for medication intake (92.55%,
10,018/10,825) and vitad sign measurements (94.66%,
4504/4758). In spite of the frequent reminders via the
smartphone, the CardioCoach follow-up tool waswell accepted
by the patients as compared with remote monitoring strategies
used in previous studies [34,35]. Unfortunately, patients did
mention many technical issues, which are deduced from the
large number of phone calls between the patient and the
technical call center of Remedus. In 1 out of 5 cases, patients
were contacted by the technical call center to verify medication
intake. In most of these cases, the pati ents confirmed medication
intake, but due to the technical issues, thisinformation was not
transmitted to the Remecare platform. Only 7.45% (807/10,825)
of cases reported that the patient had not taken his/her
medication. This was rarely due to the forgetfulness of the
patient, but mostly because of achange in patient’s medication
scheme outside the CardioCoach environment (eg, by ageneral
practitioner). In terms of vital sign measurements, 12.65%
(602/4758) of the measurements were collected over the phone
by the technical call center as technica issues hindered
automatic transfer of vital sign data to the Remecare Platform.
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These technical issues aso included issues that arose because
of the technophobe elderly study population (eg, problems
changing/charging device batteries, reboot smartphone). In
5.34% (254/4758) of cases, defective remote monitoring sensors
made it impossibleto record avital sign measurement. The high
number of technical issues clearly demonstrates the need for a
separate technical call center to handletheseissues, avoid extra
work burden for the clinical call center, and ensure complete
datafor clinical decision making. Although the next generation
of seniors will probably be more familiar with technical
developments, technical improvements are still necessary to
further decrease these issues.

In this study, the algorithm was built with alarge safety margin
to avoid false positive uptitration proposals, which hasled to a
low number of conclusive proposal by the algorithm (7%, 5/72).
In addition, every proposal had to be validated by a dedicated
HF nurse. In 69% (50/72) of the cases, the HF nurse confirmed
the algorithm proposal. This shows that parameter thresholds
can be confined. In this sense, the current feasibility study was
very useful for the future development and improvement of an
optimal two-way communication system between patients and
caregivers. On the basis of feedback from both patients and HF
nurses, improvements can be made to the next generation, which
will take into account the work efficiency of the HF nurses and
enable a customized approach for patients (eg, patient-specific
or less confined parameter thresholds, patient-specific uptitration
scheme). The CardioCoach follow-up tool is very efficient in
facilitating information exchange between the different care
providers (ie, HF specialist, HF nurse, general practitioner,
home nurse) and enables a safe way for medication uptitration,
as there were no adverse events or false positive uptitration
proposals reported. The use of the CardioCoach follow-up tool
has been shown to be feasible when combined with atechnical
call center to handle technical issues and reduce the workload
of theclinical call center. This study was unableto demonstrate
a significant improvement of the CardioCoach follow-up tool
on the number of patients on maximum guideline-recommended
[3-blocker and ACE-I dose. Probably, thisis related to the fact
that patients in the control group were also enrolled in a
dedicated HF outpatient disease management program, where
HF medication dosages were being optimized by intensive
follow-up by specialized HF nurses and HF specialists. Hence,
the CardioCoach follow-up tool might be more suitable in
centers with less intensive HF disease management programs.
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Study Limitations

Thisfeasibility study should be interpreted in the light of some
limitations to place the study findings into a correct context.
First, the small sample size and the single-center character may
impact its external validity. Therefore, these results should be
interpreted as hypothesis generating, and an additional
multi-center study is necessary to confirm these results. In this
study, the control group received the usual care as per standard
practice organized in the institution and received no remote
monitoring sensors. Thisis a general issue in multiple remote
monitoring studies, which should be taken into account when
interpreting study findings as relevant information from the
control group may be missing. An aternative control group
could beagroup in the same setting (ie, with remote monitoring
sensors), but without a physician reviewing the data. Next,
technical improvements (eg, Bluetooth connectivity, battery
autonomy) are necessary to improve the efficiency of the
CardioCoach follow-up tool. Finaly, the patient population
used to conduct the feasibility study was recruited in atertiary
care center with aspecialized HF clinic. Dueto the high quality
of the usual care provided (reflected by the high number of
patients on maximum guideline-recommended medication dose
inthe usual care group compared with literature) with intensive
outpatient follow-up, the institution under study may not have
been the optimal choice to demonstrate a potential benefit of
the CardioCoach follow-up tool on medication uptitration.

Conclusions

This study shows the feasibility and safety of a novel two-way
communication platform with decision support algorithms in
combination with remote monitoring sensors in implementing
guideline recommendations concerning (3-blocker and ACE-I
uptitration. In addition, the CardioCoach follow-up tool was
found to be efficient in facilitating information exchange and
improving coordination among different care providers. Patients
satisfaction was reported to be high, which has led to excellent
adherence rates during a relative long follow-up period of 6
months. Many technical issuesarose, clearly indicating the need
for a technical call center. A larger multicenter randomized
controlled trial needs to be conducted in centers with minimal
usua care follow-up to assess the potentia benefits of
guideline-recommended medication dose.
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Screenshots from the CardioCoach smartphone app with from top to bottom registration of medication intake, weight, blood
pressure, and heart failure questionnaire.

[PNG File, 4MB - cardio_v2ile8 appl.png ]

Multimedia Appendix 2
Custom-made heart failure questionnaire pushed to the patient before an uptitration proposal or in case of aberrant vital sign data.
[JPG File, 99K B - cardio_v2ile8 app2.pd ]

Multimedia Appendix 3
Detailed results of the CardioCoach user experience questionnaire (Part 1).
[PNG File, 85KB - cardio_v2ile8 app3.png ]

Multimedia Appendix 4
Detailed results of the CardioCoach user experience questionnaire (Part 2).
[PNG File, 84KB - cardio_v2ile8 app4.png ]

Multimedia Appendix 5
Detailed results of the CardioCoach user experience questionnaire (Part 3).

[PNG File, 103KB - cardio_v2i1e8 app5.png ]

Multimedia Appendix 6
CONSORT - EHEALTH checklist (V 1.6.1).
[PDE File (Adobe PDF File), 678KB - cardio_v2ile8 app6.pdf ]
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Abstract

Background: With an explosive growth in mobile health, an estimated 500 million patients are potentially using mHealth apps
for supporting health and self-care of chronic diseases. Therefore, this review focused on mHealth apps for use among patients
with heart failure.

Objective: The aim of this integrative review was to identify and assess the functionalities of mHealth apps that provided
usability and efficacy data and apps that are commercially available without supporting data, all of which are to support heart
failure self-care management and thus impact heart failure outcomes.

Methods: A search of published, peer-reviewed literature was conducted for studies of technology-based interventions that
used mHealth apps specific for heart failure. Theinitial database search yielded 8597 citations. After filtersfor English language
and heart failure, the final 487 abstracts was reviewed. After removing duplicates, atotal of 18 articles that tested usability and
efficacy of mobile apps for heart failure self-management were included for review. Google Play and Apple App Store were
searched with specified criteriato identify mHealth apps for heart failure. A total of 26 commercially available apps specific for
heart failure were identified and rated using the validated Mobile Application Rating Scale.

Results: The review included studies with low-quality design and sample sizes ranging from 7 to 165 with atotal sample size
of 847 participants from all 18 studies. Nine studies assessed usabhility of the newly developed mobile health system. Six of the
studies included are randomized controlled trials, and 4 studies are pilot randomized controlled trials with sample sizes of fewer
than 40. There were inconsistencies in the self-care components tested, increasing bias. Thus, risk of biaswas assessed using the
Cochrane Collaboration’s tool for risk of selection, performance, detection, attrition, and reporting biases. Most studies included
inthisreview are underpowered and had high risk of biasacrossall categories. Three studiesfailed to provide enough information
to alow for a complete assessment of bias, and thus had unknown or unclear risk of bias. This review on the commercially
available apps demonstrated many incomplete apps, many apps with bugs, and several apps with low quality.

Conclusions: The heterogeneity of study design, sample size, intervention components, and outcomes measured precluded the
performance of a systematic review or meta-analysis, thus introducing bias of this review. Although the heart failure-related
outcomes reported in this review vary, they demonstrated trends toward making an impact and offer a potentially cost-effective
solution with 24/7 access to symptom monitoring as a point of care solution, promoting patient engagement in their own home
care.

(JMIR Cardio 2018;2(1):€10057) doi:10.2196/10057
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Introduction

Background

Heart failure (HF) affects 6.5 million Americans and over 26
million people globally, which causes significant symptom
burden and human suffering with considerable economic burden
due to hospital readmissions [1,2]. The prevalence of HF is
expected to increase 46% by 2030 [2]. A recent scientific
statement from the American Heart Association indicates that
self-careresearch and clinical efforts have been hindered by the
perceptions of both patients and providersthat pharmacol ogical
interventions are more effective than lifestyle change, thus
warranting researchersto focus on self-management and lifestyle
interventions for HF [3]. HF self-care requires patients to
perform daily self-monitoring for changes in weight and
symptoms, practice decision making for symptom changes, and
adhere to prescribed medication, diet, physica activity, and
follow-up care[4]. Living with HF imposes significant stressors
for patients in following daily self-care tasks and lifestyle
changesto maintain functional independence and quality of life
[5]. Clinical outcomes in HF depend largely on how well a
patient carries out self-care practices at home and seeks early
care for symptoms. A metasynthesis of 47 studiesrecommends
that self-care approaches must reflect both perception- and
action-based strategies to effectively manage HF [5]. In order
for self-care of any chronic condition such as HF to be sustained,
self-management techniques need to be integrated into one’'s
lifestyle.

Given the complexity of HF self-care, assisting patients to
manage their own care at home is a key component of HF
management. Mobile health (mHealth) technology is defined
asthe “use of smartphones, tablets and other mobile devicesto
deliver hedlth care and preventive health services’ [6]. Given
the explosive growth in mHealth for consumers, the World
Health Organization predicted that over 500 million patients
will be using mHealth apps by the end of this decade [6].
Personal mobile devices are portable and stay with the owner
throughout the day. Thus, the mHealth market has taken root
and seen exponentia growth recently. Big technology companies
such asGoogle, Apple, Microsoft, and IBM are partnering with
health care organizations such as the American Diabetes
Association and pharmaceutical companies in designing
mHealth apps and systems to improve health care for people
with chronic diseases [7]. Currently, mobile phones contain
sensors such as accelerometers and cameras that have been
leveraged in hedth care for hedth education, health
management, and medical imaging such as electrocardiogram
[8], as well as monitoring of pulmonary congestion in HF
patients [9]. Among a sample of HF patients, 96% owned a
mobile phone and 32% relied on the maobile phone for Internet
access, searched health information, and reported moderate
self-confidence in using mobile apps [10].

Emerging evidence suggests that mobile technology can serve
as a form of support for patients with HF and may enhance
patient-provider collaboration for self-management [11].

An integrative review of 11 studies provided an insight into
user perception and experience with mobile apps: regardless of
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the user’s age and experience, mHealth tracking apps offered
asense of empowerment and control of chronic health conditions
[12]. According to the Pew Research Center, 40% of American
adults use maobile phones, which has more than doubled since
2013 [7]. Given the growing trend in the use of mHealth
technology and mabile phone apps, this review is timely to
discuss available evidence on the use of mHealth in HF self-care.

Rationale for This Review

About 95% of Americans own a mobile phone of some kind
and 40% of American adults are “mobile phone-only” Internet
users[7]. Over 50% of mobile phone usersare projected to have
downloaded at least 1 health app to their phone in 2017 [7].
Currently, morethan 150,000 apps are avail able, of which about
40,000 are mHealth apps for self-care management of chronic
diseases commercially available on the market for management
of asthma[13], diabetes[14], depression [15], smoking cessation
[16], and weight management [17]. Over 700 apps are
specifically available for patients with cardiovascular disease,
many including blood pressure and heart rate tracking [18].
According to areview, 34 apps are commercially available for
use by HF patientsthat have no established usability or efficacy
data [19]. Other systematic reviews provided evidence on the
use of telephone-based technology or structured telephone
support [20] and remote telemonitoring [21-24]. Given the
emerging evidence on the usability and efficacy of mHealth and
the use of mobile phone apps, another review is deemed
necessary to describe the current body of literature on mHealth
apps for self-care management in HF. A prior review of HF
apps included commercially available mobile apps [19], and a
different review missed several newer mobile apps and systems
[24]. Therefore, this review focused on mHealth apps and
systems that included usability or potential efficacy tested on
patients with HF and differentiated the commercially available
mobile apps in the market.

Aim of This Review

Mobile health is defined in detail by the World Heath
Organization as*“the use and capitalization on amobile phone's
core utility of voice and short messaging service aswell asmore
complex functionalities and applications including general
packet radio service, third and fourth generation mobile
telecommunications (3G and 4G systems), Global Positioning
System, and Bluetooth technology” [6]. Health apps are defined
as any commerciadly available health or fitness apps with
capacity for self-monitoring and improving patient compliance
with treatment recommendations [6].

There has been explosive growth in mHealth apps with an
estimated 500 million patients potentially using mHealth apps
for supporting health and self-care of chronic diseases. However,
commercialy available apps are often not tested for usability
and efficacy. The purpose of this review was to identify and
assess the functionalities of mHealth apps that have usability
and efficacy dataand are available commercially onthe market.
All of the mHealth apps reviewed support HF self-care to
improve treatment compliance, thus impacting HF outcomes.

The most effective self-management strategiesinclude complex
medication regimen, diet, and exercise recommendations and
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modification of behavior according to HF symptoms [25].
Protocol-driven disease management along with education,
self-monitoring of HF symptoms, a flexible diuretic regimen,
early care-seeking, prompt health care responses, psychosocial
interventions, and professional coordination are successful
strategiesfor self-management [25]. Lessthan half apercentage
change on behavioral outcomes results from each self-care
component, thus prompting recommendation of interventions
with multiple self-care components for a cumulative effect on
behavioral outcomes [26]. Also, novel mHealth technologies
are recommended to serve as conduits for self-management in
HF [27]. Therefore, given the complexity of HF
self-management, multiple self-care components specific for
patients with HF are recommended to achieve desired health
outcomes [28]. A meta-analysis of 66 clinical trials from 18
countries recommended multiple strategies to reduce HF
readmissions [29].

Methods

Objective

Thisreview has 2 partsand is part of an overarching project on
the development of a comprehensive mHealth app for HF
self-management. The first part identifies mHealth apps that
have been tested for usability and potential efficacy of mHealth
apps for HF patients. The second part explored commercialy
available apps for HF that lacked usability and efficacy data,
and appswere rated using the Mobile Application Rating Scale
(MARS) [30].

Selection Criteria

For the first part of the review, studies were included if they
met the following criteria: (1) used a randomized controlled
trial or quasi-experimental design or a pre-post-test design, (2)
provided usability or potential efficacy data, (3) tested
interventions using a mobile platform (by itself or as part of a
mobile system), (4) included HF patients aged 18 years and
older, and (5) were published in English. Excluded for part 1
were (1) studies that tested traditional remote telemonitoring
interventions, transitional care, and structured tel ephone support
in HF; (2) studiesthat tested mHealth apps on chronic conditions
other than HF; (3) articlesnot in English; (4) studiesthat tested
games;, (5) studies that tested mHealth on other cardiac
conditions such as cardiac rehabilitation and atrial fibrillation;
(6) studies that included only clinica measures such
electrocardiogram on mobile phoneswith no self-care measures;
and (7) protocols and nonresearch articles. For part 2 of the
review, commercially available apps for HF from Google Play
and Apple App Store were included.

Literature Search

A search of published, peer-reviewed literature was conducted
for articles published from April 2008 to August 2017 that
studied mobil e technol ogy-based interventions that used mobile
apps specifically for HF. The researchers used key search terms

http://cardio.jmir.org/2018/1/€10057/

Athilingam & Jenkins

to identify potential articles and systematic reviews and
meta-analyses. Medline, PubMed, Cumul ative Index to Nursing
and Allied Health Literature, Embase, Web of Science,
PsycINFO, Computer Source, Computersand Applied Sciences
Complete, Journal of Medical Internet Research (JMIR), and
Ingtitute of Electrical and Electronics Engineers journa and
conference proceedings were searched, and personal
communications were included. Only articles published after
2008 were considered because that was the year the first
app-ready mobile phone entered the market. For the second part
of thereview, Google Play and Apple App Store were searched
for commercially available mHealth apps on the market for HF.

Keywords used: smartphone OR mobile phone OR mobile
device OR tablet OR iPhone OR mobile technology OR iPad
OR mHealth OR Android OR Windows;, AND app OR apps
OR mobile app OR application; AND heart disease OR heart
failure; AND behavior OR behavior OR intervention OR
controlled trial OR RCT.

Search Result

Theinitial database search yielded 8597 citations from the 10
databases. After the predefined filters of language and HF were
applied, 948 citations remained. A total of 487 abstracts
remained after duplicates were removed. Each of the 487
abstracts was reviewed for articles that met the predetermined
inclusion criteria.  After articles that used traditiona
telemonitoring, remote telemonitoring, and other self-care
interventions such as transitional care were excluded, 47
potential articles remained. Full-text evaluations of the 47
articles were conducted. Authors were contacted to obtain
full-text articlesif those were not availablein PubMed or IMIR.
Articlesthat did not test outcomes such as usability or potential
efficacy and protocols were excluded. Finaly, a total of 18
articles that tested mobile app or tablet-based mobile
interventions in HF were included in this review (Figure 1).
These mobile apps or systems are not available on the market.

For the second part, Google Play and Apple App Store were
searched for health care apps with key words “heart failure,”
“cardiac failure” and “congestive heart failure” The original
search yielded over 4000 apps, which included apps for heart
diseases. We excluded apps that were common for
cardiovascular diseases, appsthat track only blood pressure and
heart rate, and appsthat track general medi cations management
or physical activity by syncing wearable such as the FitBit.
After the exclusion criteriawere applied, 56 mHealth appsfrom
Google Play and Apple App Store were downloaded and
examined to determine if they supported self-management in
HF. Apps that included self-care components for genera
cardiovascular conditions such as hypertension or atrial
fibrillation, tracked blood pressure, heart rate, or
electrocardiogram for atria fibrillation, or assessed heart rhythm
were excluded. Finaly, 26 apps that met the criteria for HF
self-care were reviewed.
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Figure 1. Flowchart on literature review and retrieval process.
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Results downloaded and examined for supporting self-management in
HF. A total of 26 apps that met the criteria were rated using
Summary MARS [30] (see Table 4). MARS includes 19 items with 4

In general, results indicated that mHealth apps for self-carein
HF developed and tested recently are novel, and most are till
testing usability in small numbers of HF participants. However,
sample sizes from the 18 studies ranged from 7 to 165 with a
total sample size of 847 participants from all 18 studies. The
review was separated into appsthat included efficacy outcomes
data (Table 1) and apps that only included usability outcomes
(Table 2).

All of the studies included in this first part of the review had
usability or outcome assessment completed. Nine studies
assessed usability of the newly developed mobile system, of
which 7 included only usability data. Details of the studies
included are depicted in Tables 1 and 2. Seven of the included
studies were randomized controlled trials (RCTSs), and 4 studies
were pilot RCTswith sample sizes of lessthan 20[30-33]. There
wereinconsistenciesin the HF self-care components tested and
included in the mobile app system, increasing bias, which is
depicted in Multimedia Appendix 1. Risk of bias was assessed
using the Cochrane Collaboration’stool in al studiesincluded.
A few studiesfailed to provide enough information to allow for
a complete assessment of bias (see Table 3).

After we applied the predetermined exclusion criteria, 56
mHealth apps from Google Play and Apple App Store were
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subscales that include engagement, functionality, aesthetics,
and information quality [30]. The MARS itemsare scored using
a 5-point Likert scale (1=inadequate, 2=poor, 3=acceptable,
4=good, and 5=excellent). MARS demonstrated excellent
internal consistency (apha=.90) and interrater reliability
intraclass correlation coefficient (ICC=.79). MARS has been
used by authors in evaluating commercially available mobile

apps [19].
Current Mobile PhoneInterventionsin Heart Failure

Ten of the 18 studies included in this review had small sample
sizes of 40 or fewer participants (8 studies assessed usability
of the mobile system for refinement or further development of
an algorithm [31-40]), 4 studies had sample sizes of 41 to 99
[41-44], and 4 studies had 100 or more participants (but fewer
than 200) [45-48]. Four of the 18 studies reviewed were pilot
RCTs [32,34,42,44], and only 2 RCTs had 100 or more
participants [47,48]. Total sample from all 18 studies was 847
participants. All 18 studies used mHealth technology viamobile
phones or tablets as the medium for self-care intervention. A
total of 11 studies reported outcome data (Table 1), 7 studies
reported only usability of the mobile technology (Table 2), and
1 study developed an agorithm to differentiate HF but did not
provide usability or efficacy data[40].
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Table 1. Mobile health apps or systems that tested usability and/or potential efficacy on patients with heart failure.

Author Study type I ntervention components Outcomesmeasured Results
Athilingam  Pilot study (n=18)  Symptom assessment, weight, blood pres-  gcopHE a KCCQb, Trends of improved self-management,
[32] compared mobile  sure, medication management, alert and MMAGE, AHFKTC,  knowledge, and QoLN. Usability estab-
app (HeartMapp) cuesfor action, mood and cognition assess- l lished. Partial eta squared indicated small-
Wifh HF egulfati o ment, 1%936%2 g aeLciiefQ(r:;mprPV_ed PHQOF, SE, SUS® | moderate effect sizes (seif-care 0.249,
only app, follow-up  psychologi th, track physical activity, i
in 30 days support and communication with self-iden- :'”: kgtowl edgseO?)./?B?, QoL 0.156). Comple-
tified circle, track performance statistics 10n rate was sU0.
Austin[41]  Pre-post evaluation  Daily interactive voice messageson educa- Readmission Reduced readmission rate by 50% in 30
(n=60) tional tips days; 25% dropout rate.
Dang[42]  RcT! (n=61), inter- Mobilesystemto alert for symptomassess-  pyFgegg) Usability established on minority popula-
vention group ment, weight, and blood pressure; mobile DHFKS™ HDS tion, program sati sfaction scores (mean 6.84
(n=42), usual care  Phone-assisted case management program o ;) [SD 0.46]), self-efficacy and QoL improved,
(n=19) in VAK evaluated self-care efficacy, HFSE", M |-"”:Qr » 15% never used the app after enrollment.
knowledge, behavior, and QoL; follow-up  SEMCDY, SF-36
3 months
Hagglund RCT (n=72), inter-  Weight and symptom assessment and HF  EHFScBS, DHFKS, Improved self-management, QoL and
[44] vention (n=32), con-  education with anew system called home KCCQ, SF-36 physical function (al P<.05). Median adher-
trol group ("=40)  jntervention system (HISS, OPTILOGG) ence was 88%.
Hale [34] Pilot RCT (n=25),  MedCentry for medication management MLHFQ, MMAQ,  High medication adherence rate (95%), de-
intervention group  with aerts and dispensing medication on pHQ_st, readmis- creased hospitalization among intervention
(n=11), control time. Measured medication adherenceobjec- g on, usability of de-  9roup 9% versus 50%, QoL improved
(n=14) tively on the device and subjectively using  yjice (P=.02).
guestionnaire
Pai [45] Pre-post evaluation  Weight, blood pressure, symptom assesss  Readmission 53% reduction in readmission rate after
(n=130) ment, al erts, medi cation management, track rolling out the app.
physical activity, used video education and
clinician connect for care access
Nundy [35] Pilot, quasi-experi-  Only text messages on HF education SCHFI Reported improved self-management
mental (n=15) (P=.002).
Piette [46] Comparative effec-  Interactive voice response system with care NSSQY, CES-DV Improved medication adherence (P=.032).
tiveness (n=165) partnersin VA. Tracked weight, symptom
study assessment, medi cation management, aerts,
and support system with care partners
Scherr [47]  RCT (n=108, equal MOBITEL platform used weight, blood Readmission, usabil-  Intention-to-treat 33% (1 death, 17 hospital-
54 in groups) pressure, and mobile phonefor notification ity survey izations) in control group compared with
and access to data 17% (0 deaths, 11 hospitalizations) in the
intervention group; relative risk reduction
50% (95% CI 3%-74%, P=.06).
Seto [48] RCT (n=100) mobile Daily weight, symptom assessment, blood SCHFI, MLHFQ, Improved self-care score (P=.03) and QoL
phone app and usual pressure, and EKG" reading EKG, readmission  (P=.05) among intervention group.
care with 6-month
follow-up
Suh [37] Pilot study (n=26) ~ Weight, blood pressure, symptom assesss  H4Esa sX, readmis- Reported improved outcome on weight as-

pre-post evaluation

ment, reminder, and activity tracking

sion, observation of
usability

sessment. Patients reduced 5.6% of weight
and blood pressure (P=.002).

8SCHFI: Self-Care of Heart Failure Index.

bKCCQ: Kansas City Cardiomyopathy Questionnaire.
“MMAQ: Morisky Medication Adherence Questionnaire.
YAHFKT: Atlanta Heart Failure Know edge Test.
®PHQ-9: Patient Health Questionnaire-9 item.

fSE: sdf-Efficacy Scale.

9SUsS: System Usability Scale.
hQoL: quality of life.

'HF: heart failure.

JIRCT: randomized controlled trial.
KVA: Veterans Administration.
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|EHFSCBS: European Heart Failure Self-Care Behavior Scale.
MDHFK S: Dutch Heart Failure Knowledge Scale.

"HDS: Health Distress Scale.

OHFSE: Heart Failure Self-Efficacy scale.

PMLHFQ: Minnesota Living With Heart Failure Questionnaire.
9SEMCD: Self-Efficacy for Managing Chronic Disease.
'SF-36: Short Form-36 item.

SHIS: home intervention system.

tPHQ-8: Patient Health Questionnaire-8 item.

UN'SSQ: Norbeck Socia Support Questionnaire.

VCES-D: Center for Epidemiologic Studies-Depression scale.
WEKG: electrocardiogram.

*HFSAS: Heart Failure Somatic Awareness Scale.

Despite the varying self-care components implemented, 8 of
the 18 studies assessed HF-rel ated readmission reporting atrend
or significant reduction in readmission
[31,34,37,38,41,45,47,48]. The Health Recovery Solution (HRS)
Patient Connect study used a tablet-based mobile system that
provided alerts;, monitored weight, blood pressure, symptom
assessment, and medication management; tracked physical
activity; and used video education and clinician connect for care
access. Postevaluation after implementing the intervention
among 130 HF patients demonstrated a 50% decrease in
HF-related readmission [45]. Implementing HF education alone
demonstrated a significantly reduced 50% readmission rate in
30 days[49].

A comparative effectiveness study (n=165) in Veterans
Administration (VA) patients demonstrated improved
medication adherence [46]. Recently, a usability study among
minorities in the VA population (n=61) reported moderate
program satisfaction scores (mean 6.84 [SD 0.46]) and improved
self-efficacy and quality of life [42]. Another comprehensive
app established usability and improved self-management and
quality of lifein apilot RCT [10,32]. Providing HF education
via MP3 player showed reduced readmission rates [41].
Providing only mobile text messages on HF education in apilot
study improved self-management measured by a self-care of
HF index questionnaire [35].

Seven of the included studies assessed self-management, of
which 3 studies used the Self-Care of Heart Failure Index
(SCHFI) [32,35,48], 2 studies used the European Heart Failure
Self-Care Behavior Scale (EHFSCBS) [42,44], 1 study used the
Heart Failure Somatic Awareness Scale (HFSAS) [37], and 1
study used the personalized self-management system created
within the mobile app [33]; al 7 of these studies reported
improved self-management. Quality of life was measured by
most studies, of which 5 used Minnesota Living With Heart
Failure Questionnaire (MLHFQ) [31,34,39,42,48], 2 studies
used the Kansas City Cardiomyopathy Questionnaire (KCCQ)
[32,44], and 2 studies used the Short Form-36 (SF-36) [42,44].
All of the studies reported in genera a trend for significant
improvement in quality of life. The Norbeck Social Support
Questionnaire (NSSQ) was used in 1 study to assess caregiver
support [46]. The Dutch Heart Failure Knowledge Scale

http://cardio.jmir.org/2018/1/€10057/

Athilingam & Jenkins

(DHFKS) was used to assess HF knowledgein 2 studies[42,44],
and another used the Atlanta Heart Failure Knowledge Test
(AHFKT) [32]. All 3 studies reported improved knowledge.

Two of the 18 studies measured depression using the Patient
Health Questionnaire-9 (PHQ-9) [32,34], and another used the
Center for Epidemiologic Studies-Depression (CES-D) scale
[46]. Only 1 study used the datato offer deep breathing exercises
to offset depression [32]. In addition to measuring self-care and
quality of life, 1 study measured HF self-efficacy using the
Self-Efficacy for Managing Chronic Disease (SEMCD) and
program satisfaction scores and reported a moderate program
satisfaction score (6.84 [SD 0.46]) [42]. Another study used the
Short Portable Mental Status Questionnaire (SPMSQ) and the
Technology Experience Questionnaire (TEQ) and reported
overall adherence rates for blood pressure at 75%, weight at
82%, monitoring physical activity at 77%, and the mean
usability rating among participants at 80% [43].

Some mHealth apps arein early stages of development in other
countries: Canada [48], China[40], England [33], and Sweden
[44]. One study measured N-termina probrain natriuretic
peptide (NT-proBNP) and other physiological measures of blood
pressure and heart rate to develop arisk prediction model [40].
One study reported having an agorithm for fall detection with
no result on fall or fall prevention [37]. In addition to self-care
components, 1 study used single-lead electrocardiograms
transmitting datato clinicians and reported inconclusive benefits;
14% of the patients randomized into the intervention group
never used the system, and only 55% of the patients used the
system at least 3 times per week [48].

Attrition or study completion wasreported in 8 of the 18 studies,
and adherence to mHealth intervention ranged from 50% to
80% [29,31,39-44]. Only the mobile system MedSentry, which
not only reminded patients but also distributed medication on
time, reported medication adherence, at 95% [34]. One study
reported a 50% to 80% attrition rate because they gave every
participant a locked phone with the mobile app, and patients
reported that they did not like to carry an additional phone and
wanted an app in their own phone [33]. Another study reported
80% completing a 30-day follow-up, and this decline in using
the app was attributed to the chest-worn Bluetooth device used
to track heart rate [32].
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Table 2. Mobile health apps or systems that tested only usability on patients with heart failure.

Athilingam & Jenkins

Author Study type Interventions included Outcomesmeasured  Results

Alnosayan Usability study (n=8)  Included symptom assessment, weightand g HFQb, SUSS, User satisfaction was ranked at 73%.

[31] HF? postdatacollection  blood pressuretracking, nursesfollowed  reagmission
at 6 months patient report and supported patient

Bartlett [33]  Usability assessed Symptom assessment, weight, and blood  pgy\ d’ suUS Showed evidence of encouraging self-
(n=7) pressure, activity level, performance re- care, knowledge, and physica activity.

port, HF education. Patients were given a Blood pressure was measured on 84%
research phone, which they did not liketo of the days, weight on 88%, walking for
carry; wanted an app in their own phone 51% of the days.

Evans[43] Pilot usability study Weight and blood pressure, survey using  gpy SQS, SUS, Overal adherence for blood pressure
(n=41) among patients tablet, track physical activity with awatch TEOf 75%, weight 82%, watch monitor 77%.
with HF and without Q Usability rating was 80%. Adherence
HF using tablet was reported 71% to 82%.

Portz [36] Usability study (n=30), Track daily weight and symptom assess-  Usability survey on-  Usability established, mean score 3.5
acceptability of thenew ment and give feedback as graph ly (usability score ranged from 1.7 t0 4.7).
HF symptom tracker Older age was significantly associated
app with aself-identified need for helpinthe

use of the HF app (r=.462, P=.01).

Triantafylidis  Observation study Used tablet computers and commercially Readmission, obser-  Established usability; 23 patients (88%)

[38] (n=26), SUPPORT-HFY available sensing devices (blood pressure  vation for usability  used the system at least once and 16 pa-
(Seamless User-Cen- monitor, set of weighing scales, and pulse tients (62%) used at least 3 times.
tered Proactive Provi-  OXimeter), symptom-specific question-
sion of Risk-Stratified  haires, review their personal readings,

Treatment for Heart view educational material
Failure)

Zan [39] Pilot feasibility study ~ Web- and mobile-based intervention to MLHFQ, SUS, satiss Demonstrated feasibility; device under
(n=21), follow-up 3 monitor weight, blood pressure, heart rate, faction devel opment based on feedback.
months and symptoms

Zhang [40] Pilotevaluation (n=34), Weight, blood pressure, physical activity, HFRg" HFSAS, SVMX-based mobile system that devel-
22 HF and 12 non-HF  and HF symptom assessment. Offered NT-proBNP oped agorithm for HF risk prediction

patients as controls and
30-day follow-up

feedback viatext messagesor emailsfrom
doctors.

and determined prediction accuracy of
79.4%. No efficacy testing was done.
The study is of poor quality.

3HF: heart failure.

By LHFQ: Minnesota Living With Heart Failure Questionnaire.

CsUS: System Usability Scale.

dpSM: Persondlized Self-Management System Score.
€SPM SQ: Short Portable Mental Status Questionnaire.
fTEQ: Technology Experience Questionnaire.

9SUPPORT-HF: Seamless User-Centered Proactive Provision of Risk-Stratified Treatment for Heart Failure.

PHFRS: Heart Failure Risk Score.

IHFSAS: Heart Failure Somatic Awareness Scale.
INT-proBNP: N-terminal probrain natriuretic peptide.

KsvM: structured support vector machine.
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Table 3. Assessment of risk of bias of the selected studies.

Athilingam & Jenkins

Studies Selection bias Performance bias Detection bias Attrition bias Reporting bias
Alnosayan [31] 3 3 2b 2 1¢
Athilingam [32] 2 3 2 3 2
Austin [41] 3 3 2 3 2
Bartlett [33] 3 3 2 2 2
Dang [42] 2 2 3 2 2
Evans[43] 3 3 2 2 2
Hagglund [44] 2 2 2 3 2
Hale[34] 2 3 3 2 2
Pai [45] 2 1 1 1 1
Nundy [35] 3 2 2 2 2
Piette [46] 2 2 2 2 2
Portz [36] 2 3 1 2 2
Scherr [47] 2 3 2 2 2
Seto [48] 2 2 2 2 2
Suh[37] 3 3 2 2 2
Triantafylidis [38] 3 1 2 2 1
Zan[39] 3 3 3 2 2
Zhang [40] 3 2 3 3 2
@igh risk of bias.

B ow risk of bias.
SUnknown risk of bias.

A total of 7 studies assessed only usability or patient satisfaction
(see Table 2) in using the mobile app [31-33,36,38,39,42,43];
2 studies that reported HF outcomes also assessed usability
[32,42]. Two of the studies used survey methods to assess
usability [36,47], and 2 studies observed patient datato measure
usability of the componentsincluded in the mHealth app [37,38].
Four studies used validated questionnairesto measure usability
of mHealth apps [31-33,43].

Componentsof Heart Failure Self-Care Included in
the Mobile Apps
All 18 studies included in this review varied widely on

components of self-care management tested including
medication management [32,34,46]. Most of the mobile

technology included weight and symptom assessment
[31-33,36-40,42-46,48], mobile messaging on HF
self-management  [32,35,40,41], and HF education

[32,33,35,38,41,44,45]. Among the studiesincluded, 7 of them
considered mobile systems that included self-care components
and clinical variable assessment. The HRS Patient Connect
mobile system including weight, blood pressure, symptom
assessment with feedback, medication management, and HF
education using video reported reduced readmission rates at 3
months [45]. Similarly, 2 studies tested mobile systems among
veterans and reported significantly improved HF outcomes
[42,46]. Another maobile app, HeartMapp, tested acceptability
and reported improved self-management in a pilot RCT [32].
HeartMapp is the only app that included biofeedback

http://cardio.jmir.org/2018/1/€10057/

deep-breathing exercise to mitigate stress, 6-minute walk test
to assess physical function, and mood and memory assessment
[32]. Inaddition, 1 app included assessment of oxygen saturation
[38], another included asingle-lead el ectrocardiogram [48], and
a third used NT-proBNP to develop an algorithm to calculate
arisk score for HF, although this study did not include any
usahility or efficacy data[40] (see Multimedia Appendix 1).

Eight of 18 studies provide aerts or reminders to perform
self-care. However, this aspect of theinterventionsis confusing,
since data from these alerts are inconclusive or not reported,
especialy ontheresponseto the alerts generated by the systems
[31,32,34,37,41,42,45,46]. Only 1 study reported the reaction
time (median 1 day, interquartile range 0 to 6) [35]. It is not
known how many of these alerts were false or not responded to
by participants. The other studies reported providing alerts and
tracked their response with no results included.

Assessment of Risk of Bias

The Cochrane Collaboration’s tool was used for assessing risk
of biasin order to appraise therigor of theincluded studies[50].
This tool has been tested in systematic reviews of health care
interventions that frequently include RCTs[51] and hon-RCTs
[52]. This tool assesses for risk of selection, performance,
detection, attrition, and reporting biases. Risk assessments of
the included studies are presented in the form of a table
containing the risk ratings (high, low, or unclear risk) [50]. In
an effort to minimize various forms of research bias, studiesare
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encouraged to assessfor internal and external threatsto validity.
This tool was developed to assess risk of bias in RCTs and
served as an objective measure to apprai se bias of the HF studies
included in thisreview. It should be mentioned that thisanalysis
of the risks of bias is based on the current Cochrane tool;
limitations and challenges till exist [53]. The Cochrane risk of
bias tool aims to support researchers to enhance future study
designsin order to tranglate them into practice.

The risk of bias tool was used because this tool is based on
narrative descriptions of evidence-based methodological features
known to increase the risk of bias in trials. Therefore, for a
review that included studies with varying samples and pilot
trials, we decided to use this tool to assess bias. The 2 authors
of the study independently assessed the studies for bias. Most
studiesincluded in thisreview were underpowered and had high
bias across al categories indicating varying ranges of
methodological rigor. Studies that demonstrated high risk of
selection bias provided inadequate data on randomization or
lack thereof [31,33,35,37-41,43]. Several studiesdid not include
information on blinding either the participants or study
personnel, which increasesinternal threat to validity and results
in high risk of performance bias[31-34,36,39,41,43,47]. There
wereonly 2 studiesthat posed high risks of detection bias based
on repeated testing methods[34,42]. Two studies have unknown
risk of performance bias dueto lack of information on blinding
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[38,45]. Attrition biaswas determined if the outcome datawere
incomplete. Lastly, it was determined that all studies except the
3 found to lack information were determined to have unclear
risks [31,38,45].

Moaobile Health Apps Commercially Availablein the
Market for Heart Failure

Forbes reported that over 50,000 mHealth apps are available
that look to benefit our health, particularly physical fitness,
mental health, general well-being, or management of chronic
diseases [54]. As mentioned earlier, our search yielded 26
mHealth apps specific for HF self-care after applying our
inclusion and exclusion criteria. These commercially available
mobile apps have not been tested for usability or efficacy in
impacting HF outcomes.

The 2 authors of this paper objectively evaluated and rated these
commercia apps independently using MARS to determine the
quality of the apps and if the apps support components of
self-management of HF [30]. MARS functionality scoresfocus
on performance, ease of use, navigation, and gestural design of
the app. Functionality was assessed based on components of
HF self-management, the type on self-management, amount of
support or feedback provided, and quality of the app. Table 4
shows the 26 mHealth apps available on the market that are
specific for use by HF patientswith number of componentsand
ratings included.
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Table4. Appscommercially available for patients with heart failure and number of self-care components monitored.

App name Heart failure self-care  Access/cost  p\ARS? score
components inUSD
Engagement Functionality ~Aesthetics Information  Total MARS

AskMD patient app 7 Free 4.8 4.8 5.0 4.6 4.8
Heart Failure Health Storylines 7 Free 4.8 4.4 35 4.8 44
WebMD patient app 7 Free 4.0 4.6 45 4.2 4.3
Continuous Care Health App 6 Free 4.0 4.6 3.2 4.2 4.0
HeartK eeper 5 Free 4.0 4.2 34 4.4 4.0
Manage HF 6 $0.99 4.0 4.0 30 4.0 38
HF Defender 5 Free 38 4.0 30 38 37
WOW ME 2000mg 7 Free 30 4.6 3.0 3.0 34
Beat HF 4 Free 38 38 28 30 33
HeartPartner 5 Free 35 3.8 3.0 3.0 33
MyHeartApp 4 Free 3.0 3.2 2.8 3.0 3.0
Heart Failure coach 4 $49.99 35 3.0 3.0 3.0 31
Med-HF 4 Free 3.0 30 25 25 28
Health Manager 4 Free 3.0 3.0 20 3.0 2.8
HF Buddy 4 Free 3.0 30 20 32 28
Manage HF for Life 4 Free 2.8 3.0 20 25 2.6
MyHF 4 Free 25 30 20 20 24
Track your Heart Failure Zone 2 Free 20 1.0 1.0 1.0 13
HeartScrible 2 Free 10 1.0 1.0 10 1.0
Heart Log 2 Free 1.0 1.0 1.0 1.0 1.0
QardiyoHF 2 Free 10 1.0 1.0 10 1.0
My Symptom Guide 1 Free 1.0 1.0 1.0 1.0 1.0
Heart Failure monitoring 1 Free 10 1.0 1.0 10 1.0
SelfCare-MHR 1 Free 1.0 1.0 1.0 1.0 1.0
Signs and symptoms of HF 1 Free 10 1.0 1.0 10 1.0
Cardiio 1 Free 1.0 1.0 1.0 1.0 1.0

3\ARS: Mobile Application Rating Scale.

Discussion

Principal Findings

In general, thefirst part of the review included studiesthat have
tested an mHealth app in patients with HF. The second part
included mHealth apps that are commercially available on the
market for self-care of patients with HF. Most of the studies
reviewed lack high-quality design and included alimited number
of participants. Only 4 of the 18 studies reviewed included a
sample size over 100 [45-48]. Of the 4, 2 were RCTs [47,48],
1 was a pre-post evaluation [45], and 1 was a comparative
effectiveness analysis [46]. However, al 18 studiesincluded 1
or more HF-specific self-care components provided on amobile
platform.

Most studies (14/18) monitored self-care componentsincluding
weight, blood pressure, and HF symptoms. However, only 1

http://cardio.jmir.org/2018/1/€10057/
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study assessed the severity of HF using a built-in algorithm
based on the New York Heart Association classification. This
classified patientsinto zones using American Heart Association
categories of green, yellow, orange, and red zones and offered
cues for action for values outside the range of the green zone
[32]. Two studies reported using the HFSAS for HF symptom
assessment with built-in algorithm but did not indicate if
feedback was provided for patients to take action for values
outside of range [37,40]. Most other apps only monitored the
patients weight and HF symptoms and provided no feedback
for values outside of range or | eft the responsibility to providers.
This defeats the purpose of mHealth apps in helping patients
develop a habit of adhering to self-care recommendations.

Asindicated earlier, clinical outcomesin HF depend largely on
how well apatient follows self-care and seeks care for symptoms
early. Supporting patients through care transitions has been
identified as away to avoid hospital readmissions[55]. Mobile
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phones are carried by people and are always with them.
Therefore, mHealth technology could potentially produce similar
positive results if used beyond simple remote monitoring but
targeted at behavior change based on behavior change theories,
assisting patients to develop self-care as a habit and thus
impacting outcomes. In aprior systematic review of 20 studies,
the authors concluded that the use of technol ogies in managing
HF patients a¢ home had a positive impact on hospital
readmission by 45%, improved mortality by 40%, and HF
outcomes by 35% [56]. The key difference is that this review
mainly focused on mHealth apps or systems that included 1 or
more self-care components. Several of these studies
demonstrated usability and potential efficacy for improving HF
outcomes. Evidence shows that few mHealth apps are under
development in countries such as Russia [57] and Iran [58].
Giventheglobal public health burden of HF, large-scale studies
to test these mHealth apps or systems for efficacy is warranted
in Americaand around the world.

Attrition or study completion was reported in only half of the
studies, with 1 study reporting as high as 80% attrition. In the
study, researchers gave each participant a locked phone with
the mabile app, and patients reported that they did not like to
carry an additional phone and wanted an app on their own phone
[33]. Only 1 study reported using participants own mobile
phone to download the app [32], and other studies provided no
details. A review recommended using a“ bring your own device
(BYOD)” dtrategy for research for sustainability [59]. The
majority of people use their own mobile device for avariety of
work-related communications and surfing the Internet. The
BYOD strategy was successfully incorporated in education
sectors [60] and thus is recommended for research to enhance
customer satisfaction and long-term benefit [59].

Usahility of the mHealth system was assessed in 9 studies, of
which only 2 pilot studiesreported potential efficacy along with
usability [32,42] and 1 study provided only the algorithm
developed for assessing risk [40]. Only 4 studies used validated
guestionnaires. None of the studies used the Android guidelines
by Google that measure users' quality of experience. A study
that measured users' quality of experience following Android
guidelines by Google reported that many of the commercially
available apps lack assessment of quality and usability, and
many apps are low quality or incomplete with bugs [61]. The
authors strongly recommend mHealth app developers use the
recommended techniques to test quality of the apps before
releasing them to market for customer use [61]. None of the 18
studies used the Android guidelines to assess their mHealth
apps; 1 of the 26 apps available on the market was recently
evaluated using Android guidelines and is undergoing
refinement to fix flaws [62].

The prevalence rate of depression in HF patients ranges from
24% to 42%, and depression is graded as an independent risk
factor for readmission to the hospital, functional decline, and
mortality in patients with HF [63]. Three of the 18 studies
measured depression or mood using the PHQ-9 or CES-D
[32,42,46]. One study provided detail on mood assessment and
offering deep-breathing exercise to offset depression [32].
Researchers need to keep thisfactor in mind as depression could
reduce the use of the app. Various measures of physical function
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have been shown to predict rehospitalization and survival in
patients with HF. Patients with HF commonly experience a
highly variable symptom burden that is associated with reduced
physical activity [64]. Six out of 18 studies tracked physical
activity, and only 1 study included the 6-minute walk test to
track progress and offer feedback [32]. The 6-minute walk test
is a simple and useful prognostic marker for patients with
mild-to-moderate HF [62]. Only 1 study reported tracking
distance walked in 6 minutes to offer feedback on physical
ability [34].

Limitations

A major limitation of this review pertains to the characteristics
of study design or methodology and atotal sample of 847 from
18 studies that ranged from 7 to 165 participants. Most of the
studies included are poor quality, with 4 studies having 100 or
more participants, of which only 2 are RCTs, indicating a
methodological bias. The other RCTs are pilot studies with
small samples. A study with a sample as low as 7 subjects
compromised generalizability, applications to practice, and
utility of findings from this review. Finally, the heterogeneity
of study design, intervention components, and outcomes
measured precluded the performance of a systematic review,
and thus introduced bias to this review. The review was solely
conducted by the 2 authors of the review, and thus we feel that
we may haveincluded bias and the results are not generalizable.
There could be other studies and other mHealth apps that this
review may have missed.

This review included studies that tested mHealth apps for
usability and potential efficacy inimproving HF outcomes. The
review also rated commercially available mHealth apps specific
for HF that lacked evidence of usability or efficacy data.
Although the HF-related outcomes reported in thisreview vary
widely, atrend toward making an impact was observed. Mobile
health may offer a potentially cost-effective solution with 24/7
access to symptom monitoring as a point of care solution in
promoting patient engagement in their own care at home.
Considering the novelty of mHealth interventions in HF and
emerging evidence on mHealth app development around the
world, we feel strongly that another review may be warranted.

Future Research

Given the number of incomplete and poor-quality appsavailable
on the market, focusing on improving apps that are already
commerciadly available is a viable option. In addition, this
review indicated that several mHealth apps for HF are under
development around the world. mHealth app developers and
researchers should collaborate with health care organizations
and providersto align guideline-specific componentsin the app
to improve outcomes. App developers are strongly advised to
use the Android guidelines by Google to assess quality of user
experience [61]. The authors recommend that the use of these
tools by app developers may improve global acceptance of the
apps and evaluation by the users. Evaluating the apps using
valid tools such as MARS, complying with Google guidelines,
and testing the apps for usability and potential efficacy of
behavior change are warranted prior to making apps available
for download by patients. The portability, connectivity, and
touchscreen capabilities of maobile devices have the potential
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to revolutionize mHealth. As one author pointed out, “data
integration should take place within the context of robust
organizational governance frameworks that take into
consideration the evaluation of clinical outcomes’ [65]. App
devel opersalso should explore optionsfor datamigration within

Athilingam & Jenkins

using a patient-centered approach during development of the
app.

Conclusion

This review indicates that mHealth in HF is novel, and new

apps are under development. A few apps have assessed usability
and are under devel opment based on feedback from participants.
The impact of mobile phone-based HF interventions on
HF-related outcomes was inconclusive; however, use may
enhance patient engagement in their care at home.

patient portals of electronic health records. In order for self-care
of any chronic condition like HF to be sustained,
self-management techniques need to be integrated into the
patient’s life. Therefore, the researchers should also consider
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Abstract

Background: The postprocedural trajectory of patients undergoing transcatheter aortic valve replacement (TAVR) involves
in-hospital monitoring of potential cardiac rhythm or conduction disorders and other complications. Recent advances in
telemonitoring technol ogi es create opportunitiesto monitor eectrocardiogram (ECG) and vital signsremotely, facilitating redesign
of follow-up trajectories.

Objective: Thisstudy aimed to outline a potential set-up of telemonitoring after TAVR.

Methods: A multidisciplinary team systematically framed the envisioned telemonitoring scenario according to the intentions,
People, Activities, Context, Technology (iPACT) and Functionality, Interaction, Content, Services (FICS) methods and identified
corresponding technical requirements.

Results: In this scenario, a wearable sensor system is used to continuously transmit ECG and contextual data to a central
monitoring unit, allowing remote follow-up of ECG abnormalities and physical deteriorations. Telemonitoring is suggested as
an aternative or supplement to current in-hospital monitoring after TAVR, enabling early hospital dismissal in eligible patients
and accessi ble follow-up prolongation. Together, this approach aimsto improve rehabilitation, enhance patient comfort, optimize
hospital capacity usage, and reduce overal costs. Required technical components include continuous data acquisition, real-time
data transfer, privacy-ensured storage, automatic event detection, and user-friendly interfaces.

Conclusions: The suggested telemonitoring set-up involves a new approach to patient follow-up that could bring durable
solutions for the growing scarcities in health care and for improving health care quality. To further explore the potential and
feasibility of post-TAVR telemonitoring, we recommend evaluation of the overall impact on patient outcomes and of the safety,
social, ethical, legal, organizational, and financial factors.

(JMIR Cardio 2018;2(1):€9) doi:10.2196/cardio.9075
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Introduction

Transcatheter Aortic Valve Replacement and Cardiac
Conduction Disorders

Transcatheter aortic valve replacement (TAVR) is a relatively
new therapy for severe aortic valve stenosis, in which a valve
prosthesis is positioned percutaneously within the diseased
native aortic valve under radiological guidance[1].

Currently, the number of patients undergoing TAVR isgrowing
fast, which stems from the increasing prevalence of aortic
stenosis and the rising number of studies reporting similar to
favorable outcomes for TAVR as compared to conventional
valve surgery [2-4]. Furthermore, indications for TAVR are
evolving to intermediate-risk patients and might even include
low-risk patientsin the future.

With this growth of TAVR procedures, optimization of patient
outcome and the periprocedural trajectory is desired. Hence,
prevention and adequate management of complicationsarekey.
Currently, one of the most common complications after TAVR
is the development of cardiac conduction defects (CCD) or
arrhythmias, of which left bundle branch blocks and first or
third degree atrioventricular blocks have been most commonly
reported [3,5-7].

In 60-83% of the patients with new-onset CCDs after TAVR,
the CCDsdevel op during the procedure or within 24 hours after
the procedure [8-10]. However, CCDs can develop up to days
or even weeks after the TAVR procedure, during which the
incidence of new-onset CCDs decreases in time [11]. Due to
the development of CCDs, implantation of a permanent
pacemaker (PPI) may be required. The risk of PPl depends on
various factors including, but not limited to, sex, preexistence
of right bundle branch blocks, prosthesis dimensions, and mitral
valve calcification [8,12-14]. According to a meta-analysis
including 41 studiesthat included >11,000 patients, the average
risk of PPl after TAVR is about 17%, but rates between 2-51%
have been reported [15]. With this, the occurrence of CCDsis
aprominent and costly issue of TAVR.

Postprocedural Monitoring

To follow up on pacemaker dependency or CCDs, continuous
bedside or ambulatory electrocardiogram (ECG) telemetry is
an essential part of in-hospital TAVR patient monitoring.
According to the “ACCFAATS/SCAI/STS Expert Consensus
Document on Transcatheter Aortic Valve Replacement,’
continuous monitoring of the ECG for the purposes of
pacemaker-dependency identification iscurrently recommended
for a minimum of 72 hours, depending on the valve type [16].
However, TAVR enables fast postprocedural recovery and
mobilization of the patient, which is aready possible from
several hours after the procedure in the absence of adverse
events.

Furthermore, all other aspects of in-hospital postprocedural
care, such as neurologic evaluation and administration of
postoperative medication, are only protocol for 24 hours after
the procedure [16]. Accordingly, ECG monitoring as protocol
is often the only indication for prolongation of hospital stay
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after 1-2 days when no complication presents. Thisis a major
concern asit conflicts with the belief that hospital stays should
be minimized to promote rapid recovery [17].

Early hospital dismissal enables early resumption of the daily
life routine of patients, which is expected to improve patient
comfort, and supports re-establishment of a stable condition
[18,19]. Furthermore, reduction of length of stay can minimize
the susceptibility for hospital-acquired complications and
minimize the burden on hospital capacity. Driven by these
advantages, fast-track protocols aiming for early ambulation
are currently being developed for the TAVR population [20].
Yet, even with the introduction of fast-track routines,
postprocedural ECG monitoring remains an obstaclefor timely
discharge. Therefore, new approaches of patient monitoring
rejecting the need for hospital stays are warranted.

Remote Patient M onitoring

In recent decades, global digitalization and the devel opment of
mobile medical technologies have increased the ability to
transfer health-related data from one place to another and to
perform physiological measurements in an outpatient setting.
A particularly interesting application of mobile health is
telemonitoring, in which mobile sensor applications facilitate
remote follow-up of physiological parameters. Accordingly,
telemonitoring systems that track vital parameters can create
aternative strategies for current in-hospital monitoring. With
this approach, patients are no longer confined to the hospital
for follow-up of the ECG or other vital signs, which opensdoors
to redesigning the postprocedural patient trajectory.

For the TAV R population, theintroduction of remote monitoring
technologies raises the possibility of shortening hospital stay
length in eligible patients without abstaining from follow-up of
pacemaker dependency. As mentioned previously, this can
promote fast rehabilitation, procure a patient-friendly
postprocedural trgjectory, and optimize use of hospital bed
capacity.

Further, remote measurements of the ECG waveform and
additional parameters including respiratory rate and activity
level may help detect overall physical deteriorations in an
outpatient setting. Thus, the monitoring intensity and period
can be personalized easily. By adding this more continuous
monitoring to the intermittent controls of conventional
post-hospital follow-up, late-onset CCDs as well as physical
deteriorations can be detected earlier and be acted on quickly,
which could prevent further worsening and re-admissions. This
approach can be valuable on its own in any patient and also
complement the remote follow-up of patients dismissed early.

Together, it is expected that the introduction of telemonitoring
can improve patient outcome and enhance patient comfort.
Moreover, telemonitoring can increase the efficiency of patient
care and reduce overall costs, which is critical to cope with the
growing demand on health care. So, there is potential, but the
guestion is how to use and select such new technology, for
whomisit suited, and how telemonitoring should be embedded
in clinical routine.

In this paper, we outline a potential scenario for the use of
telemonitoring after TAVR, assess technological components
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that are needed, and evaluate factors that are essentia for the
implementation of this new approach to patient management.

Methods

A multidisciplinary team was put together of medical and
technical professionals with expertise on TAVR patient
management, cardiac monitoring, CCDs, and telemonitoring.
The expert team consisted of 2 interventional cardiologists, of
which onewasworking as head of the TAVR team and the other
as clinical chief of the cardiac monitoring unit; an
electrophysiologist; and 2 technical physicians from the
Academic Medica Center (Amsterdam, The Netherlands),
which holds a center of expertise for TAVR. A professor in
telemedicine from the University of Twente (Enschede, The
Netherlands) also joined the team.

The expert team assembled to discuss and frame a potential
future application of telemonitoring after TAVR using the early
phase requirement elicitation methodol ogy described by Larburu
et al [21]. This scenario-based approach is specifically designed
for telemedicine applications and is suitable for a
multidisciplinary collaboration of medical practitioners and
engineers as it promotes a mutual understanding of the desired
user activity and user-system interactions. Accordingly, a
concept scenario was defined using the “intentions, People,
Activities, Context, and Technological components’ (iPACT)
framework for telemonitoring.

Next, the “Functionality, Interaction, Content, and Services’
(FICS) descriptions were assessed, which were used to identify
relevant user-system interactions and system functionalities.
The iPACT and FICS were formulated using observations in
current practice, international guidelines, and experiences and
visions of the expert team members. Using the iPACTS and
FICS as endpoints, the main requirements of the telemonitoring
system were specified.

Hermans et al

Results

Envisioned Scenario

The expert team agreed on an extensive scenario description
framed by the iPACT and FICS and corresponding system
criteria. The main principle of the formulated scenario described
by the iPACT framework is that remote monitoring allows a
reduction of hospital stay length by replacing in-hospital rhythm
follow-up and facilitates prolongation of patient monitoring
(Figure 1). The eventua goals (“Intentions’) of this approach
are encouraging improved patient outcome and fast rehabilitation
while increasing health care efficiency and cost reduction.

The suggested application of telemonitoring appliesto patients
who undergo TAVR and are subsequently admitted to the
monitoring unit for postprocedural follow-up (“People”). Early
hospital dismissal isindicated only in hemodynamically stable
patients who have a low-risk profile for development of
complications other than CCDs.

Risk stratification may involve conventional methods such as
the Society of Thoracic Surgeons predicted risk of mortality
(STS-PROM) score or the European System for Cardiac
Operative Risk Evaluation (EuroSCORE), or new risk scores
specifically developed for the TAVR population and
postprocedural setting [22,23]. Patients with a complicated
procedure or admission may not be suitable for early dismissal.
In eligible patients, hospital dismissal will be possible from the
moment that rhythm observation is the only indication for
prolongation of hospital stay.

Use of telemonitoring for additional monitoring after a
conventional hospital stay can apply to any TAVR patient.
However, follow-up prolongation is particularly recommended
in patients with doubtful recovery or with increased risks for
late development of CCDs or other complications.

The scenario describes the actions that are undertaken
(“Activities”), in which setting (“Context”), and with which
tools telemonitoring (“ Technology”) is procured (Figure 2).

Figure 1. Presentation of the pathway following transcatheter aortic valve replacement (TAVR) in current practice; in the setting of early dismissal
involving telemonitoring as partial replacement of current hospital stay; and in the setting of follow-up prolongation using telemonitoring subsequent

to current hospital stay length.

a. Current practice

TAVR Hospitalstay [ >
b. Early dismissal
TAVR | | Hospital stay Telemonitoring ~ ---- >

c. Follow-up prolongation

TAVR Hospital stay

Telemonitoring
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Figure 2. Overview of the suggested telemonitoring scenario.
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If patients are considered eligible for early dismissal or
additional follow-up by thetreating physician, they are equipped
with a mobile sensor system that automatically provides
continuous registration of the ECG in any ambulant setting. The
system should also facilitate continuous registration and analysis
of the respiratory rate and type or level of activity. Optionally,
body temperature and blood pressure can be added, which are
measured with connected arm cuff and thermometer. Last,
incorporating adigital application with an interactive interface
to allow symptom registration by the patient would be beneficial .

These measurements provide complementary information about
the patient’s condition and recording setting, which may be
valuableto contribute to ECG interpretation. Furthermore, these
parameters may support trend analysis and trend identification
of physical deteriorations leading to personalized (medical)
advice. Thisisof particular interest for patientswith congestive
heart failure, kidney disease, or cardiorespiratory comorbidities
where hemodynamic instability may occur. Furthermore, this
approach might be desirable in patients where new valve types
areimplanted and wheretherisk of conduction disordersistill
unknown.

In both applications of telemonitoring, the recorded ECG and
additional data are continuously transferred to the central
monitoring unit alowing real-time processing and patient
monitoring conform clinical standards by dedicated care
providers. To support the notification of events, the system

http://cardio.jmir.org/2018/1/e9/

automatically analyzes data and generates alerts in case of
abnormalities and gradual deteriorations, adapted to the specific
patient’s needs. Supported by this system, the patient can be
dismissed from the hospital and resume the activities of daily
life again while being monitored aslong as needed. If the patient
is not (yet) self-supportive, transfer to a convalescent home or
additional home care can be considered.

With this envisioned approach, telemonitoring itself is
essentially similar to standard telemetry monitoring despite the
fact that the patient is no longer physically present within the
hospital and that vital signs are assessed more continuously.
However, the management of adverse eventsdiffersfrom current
practice. For minor events or unforeseen system malfunctioning,
the care provider may need to contact the patient by
(video)phone to check the current physical status. Similarly,
patients can contact or alert the monitoring unit when they are
symptomatic by phone or by pushing an emergency button. The
physician in charge can then decide to provide advice, recall
the patient to hospital, or activate help from nearby caregivers
if needed. In situations where the ECG shows increasing
instability like prolongation of the atrioventricular conduction
time interval or onset of atrial fibrillation [11], preventive
measures can be taken such as further in-hospital observation
and prescription of anticoagulants, respectively. Thisalso applies
to abnorma trends in vital signs, which may indicate
development of cardiorespiratory instability. In case of
emergencies, an ambulance team should be sent.
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Figure 3. Overview of the processes and corresponding technical components of a telemonitoring system.
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According to this scenario, the telemonitoring system should
manage several processes and provide multiple services
described by the FICS. In summary, these processes and services
involve management of clinically, patient-, or system-related
data (“ Content”). Required processes (“ Functions”) include data
acquisition, data processing, datatransfer, data storage, and data
presentation. To procure these processes, the system should
provide a sensor device, agorithms, wireless connection,
database, and interfaces for patients and clinicians (Figure 3).
All components should be embedded using software that
manages the data processes (“Interactions’) to enable system
control and patient observation (“Services'). The minimum
required processes are shown in Figure 4.

Technical Needs and Requirements

To provide asuitable aternative for in-hospital ECG monitoring,
the telemonitoring system should primarily enable remote
evaluation of pacemaker dependency. Second, the system should
instantaneously notify devel opment of cardiac arrhythmias and
conduction defects that result in life-threatening or dangerous
conditions to enable fast activation of acute care. According to
these endpoints and desired system functionalities described by
the iPACT and FICS, technological components should meet
multiple criteria.

First, the system needs to provide clinically usable data
Accordingly, the mono- or multiple lead ECG should be of
sufficient quality to identify rhythm and conduction disorders.
Likewise, the additional parameters including respiratory rate
and activity should be reliable and presented in such away that
interpretation of the ECG and patient’s statusis supported. Next,
the system should enabl e continuous real-time monitoring in a
remote setting, in which a stable connection and robust data
processing are essential. The sensor recordings should be
transferred according to aprotacol in which the continuous data
aretransferred directly in case of adetected event or in casethe
nurse or patient activates a trigger. Otherwise, the data are
transferred periodically in batches every 10 minutes. These data
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Data presentation

provide the full ECG waveform and an average value of
respiratory rate and activity level values calculated every 2
minutes. The reason for using periodic transfer instead of
standard continuous transfer is limited power consumption.
Additionally, this approach prevents an overload of information.
With this, the observing nurse is less prone to information
fatigue and can focus on critical issuesmore easily, which alows
observation of multiple patients.

To support timely identification of rhythm or conduction defects,
advanced validated algorithms must beincorporated that trigger
alerts in case of ECG abnormalities at the patient site. Also
warranted are additional algorithmsto notify of the presence of
deviant trendsand abnormalitiesin vital signs. Although further
research is required in order to specify aert conditions and
effective detection methods, we suggest using analytical
methods that assess not only the absolute values but also the
time trends or patterns of vital signs to promote accuracy
[24-26]. To improve abnormality detection, it might be useful
to integrate information from different sources as well. For
example, accelerometry may help anticipate motion artefacts,
adapt thethreshold for tachycardia or tachypneaduring physical
activity, or perform fall detection [27]. Last, the agorithms
should be personalized, where threshold values are based on
the patient’s history using static or self-learning methods. To
prevent alarm fatigue and support fast response in urgent
situation, alerts should be classified according to the priority
level (ie, mild, moderate, severe events).

Since the patient has no support from health care professionals
in their home environment, it is also important that the system
is user friendly and comfortable to ensure correct use and
acceptance by the TAVR population. Furthermore, the sensor
system should be small and preferably worn under clothes, as
visibility of the system could stigmatize the patient asbeing ill.
Last, the system should be safe and ensure privacy. Specification
of the requirements and corresponding priority level isprovided
for each of the technical components level in Multimedia
Appendix 1. Together, these criteria require a combination of
dedicated and advanced technol ogy.
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Figure 4. The processes facilitated by the telemonitoring system. ECG: electrocardiogram.

Hospital interface Software services Processing Sensor system Patient interface
8 [S aﬁo ) ()
Patient ID »  Registration [« Sensor system ID
_—
Y
ECG waveform [« : Continuous:
Monitor display (< Preprocessy: ECG
Vital signs + _( ________________________
context data ; Continuous:
"""""""""""""" < """\ Respiratory rate '
Data storage < CEBvent detection Activity level !
Historical data €= “———1—— | SO | | o
: Intermittent i Symptom
- . Blood pressure . : .
-~ bt -~ registration
Data review Data transfer ! Temperature 9 e
Long-term trends |¢ : Symptoms ; application
Alarms & P Automatic event A|afml ST A
notifications alerts generation
R —
— Y
Detection, transfer Detection, transfer
& alert settings & alert settings

—————
Functionality

Functional status
- Connection status

A

Functional status

verification
~____

Functional status

4

- Battery status
- Memory status

Legend:
Input or output ’ - Optional
interface ‘ Service ‘émess Parameters | - -rionality
: : and can provide durable solutions to handle the increasin
Discussion b 9

Principal Consideration

In this approach to telemonitoring after TAVR, the ECG and
patient’s status are evaluated remotely. Patients are no longer
confined to the hospital for postprocedural rhythm observation,
which facilitates early dismissal of eligible patients.
Furthermore, telemonitoring enables prolongation of the
monitoring period, promoting detection of late conduction
disorders or physical deteriorations.

Telemonitoring is expected to positively impact patient outcome
and patient comfort resulting in higher quality of care. In
addition, it enables more optimal use of hospital bed capacity
by relieving the burden on monitoring capacity. This approach
suits the increasing (need for) decentralization of health care
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demand on health care with limited resources.

Technological Potency

Ambulatory ECG monitoring itself is nothing new, as Holter
and telemetry systems have been used for years. Yet, this
suggested telemonitoring application reguires more advanced
mobile ECG systemsin which continuousrecordings, real-time
data transfer, and remote use are integrated. With the fast
expanding field of mobile health technol ogies and devel opment
of wireless networks, new solutions providing this feature
combination seem to be entering the market [28,29]. Hence, it
islikely that suitable telemonitoring systems will be available
in the coming years. However, in our experience, currently
available systems are not yet compliant with all requirements.
This often relates to restricted battery duration of sensors,
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unsatisfactory dataquality in remote settings, connection issues,
or limited interoperability with current hospital systems. Also,
many systems rely either on traditional rhythm detection
methods or on threshold-based vital sign assessment, while the
proposed application needs algorithms that take into account
context and personal characteristics as well. In order to help
telemonitoring systems find their place in health care settings,
it is essential that all involved parties within and outside the
hospital collaborate closely in system development and
implementation.

Feasibility

As depicted in this telemonitoring framework, successful
implementation of remote patient monitoring does not only
require suitable technology but involvement of the complete
chain of health care delivery as well. With the relocation of
health care, roles and responsibilities will be redistributed
[30,31]. Although the concept of health care decentralization
is gaining support worldwide, most health care systems are not
yet ready for this approach [32,33]. As aresult, various safety,
organizational, financial, legal, and social issues may need to
be addressed before telemonitoring can become embedded.

To facilitate telemonitoring, the organizational structure and
workflow of first and second line health care providers need to
be adapted. To start with, this requires allocation of anurse for
observation, organization of a process for routine distribution
and technical maintenance of monitoring systems, and
establishments of protocols for all involved caregivers.
Correspondingly, the legal responsibilities have to be
reevaluated in which the interposition of physical distance
between patient and physician and the increased dependency
on technology have to be taken into account.

In terms of social impact, there needs to be investigation into
what extent the patient and their family support transfer of
monitoring activitiesin ahome environment, asthis may require
a certain level of self-support and anticipation of technology.
This also applies to medical professionals, who need to be
willing to adopt novel manners of patient management.

Last, to finance the implementation of telemonitoring, further
clarification of thedistribution of financial expensesand profits
isneeded to identify structural yields and find investors. In this
process, the reimbursement policy plays a critical role, which
varies per country [34].

Patient Safety

Patient safety is a serious issue in remote patient practices.
Post-TAVR telemonitoring can enhance patient safety when
used for prolongation of the conventional monitoring period.
However, safety may be afactor if the physical distance between
patient and caregiver delays delivery of care. The actual overall
risk may be limited as CCDs mostly present within the first 24
hours after TAVR and rarely lead to emergency situationswhere
immediate action is required. In addition, current follow-up
policy does not prevent certain events occurring after hospital
dismissal either. Altogether it is a matter of creating minimal
risks, which underlines the importance of easily accessible
follow-up tools and careful selection of patients eligible for
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early discharge. Nevertheless, it isessential that telemonitoring
be implemented step-by-step, with safety constantly eval uated.
Furthermore, use of strict protocols and establishment of
collaboration with professional emergency teams or remotefirst
line caregiversiscritical.

Limitations

By assembling a multidisciplinary expert team representing
various medical and technical disciplines, we pursued
proposition of an adequate and realizable telemonitoring
concept. Yet despite the promising prospects, it is not clear to
what extent the intended goalswill be obtained in real practice.
Further research regarding the effectiveness of this concept is
required, involving evaluation of the overall effects on patient
outcome, efficiency, and cost-effectiveness. Furthermore,
multicenter studies are recommended to assess the need for
center-specific adaptation of the scenario or system
reguirements.

Future Per spective

Theintroduction of telemonitoring provides the opportunity to
relocate follow-up of ECG and vital signs, which supports
reorganization of the postprocedural follow-up trajectory.
Meanwhile, alternative approaches for post-TAVR monitoring
are considered as well, such asthe introduction of risk profiles
to select patients for telemetry [11,35]. Although this approach
is of potential interest to reduce redundant telemetry use, this
may be applicable to only a part of the TAVR population. To
verify the most optimal strategy for ECG follow-up, further
evaluation of patient eigibility, patient safety, and efficiency
isrequired.

To expand the value of telemonitoring, the remote system may
incorporate extra servicesfor patients such astraining exercises
or medication alerts to enhance rehabilitation and therapy
loyalty. Additionally, creating a secured platform where patients
can access and share their historical data can promote patient
empowerment. The proposed telemonitoring set-up can be
applied as an unobtrusive alternative for in-hospital telemetry
or for real-time or off-line monitoring of many other patient
groups. This may be valuable for postprocedural monitoring,
therapeutic guidance, patient coaching, and many other
diagnostic or therapeutic aims.

Conclusions

Overdl, the introduction of telemonitoring creates the
opportunity to redesign the postprocedural trajectory of TAVR
patients, enabling early hospital dismissal in eligible patients
or prolongation of the period of monitoring in adaily life setting.
Tothe end, thisapproach may not only be beneficia toimprove
health care quality but also inevitable to manage the increasing
health-care demand and decentralization. Therefore, we
recommend further exploration of the technical possibilities,
optimal implementation, and overall impact at clinical, social,
ethical, legal, safety, organizational, and financia levels.
Accordingly, solutions may arise for more efficient and
rehabilitation-supporting postprocedural monitoring that favor
hospitals and patients.
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Abstract

Background: Heart failure is a major health problem associated with frequent hospital admissions. HerzMobil Tirol is a
multidisciplinary postdischarge disease management program for heart failure patients to improve quality of life, prevent
readmission, and reduce mortality and health care costs. It uses a telemonitoring system that is incorporated into a network of
speciaized heart failure nurses, physicians, and hospitals. Patients are equipped with a mobile phone, a weighing scale, and a
blood pressure and heart rate monitor for daily acquisition and transmission of dataon blood pressure, heart rate, weight, well-being,
and drug intake. These data are transmitted daily and regularly reviewed by the network team. In addition, patients are scheduled
for 3 visits with the network physician and 2 visits with the heart failure nurse within 3 months after hospitalization for acute
heart failure.

Objective: The objectives of this study were to evaluate the feasibility of HerzMobil Tirol by analyzing changesin health status
aswell as patients’ self-care behavior and satisfaction and to derive recommendations for implementing a telemonitoring-based
interdisciplinary disease management program for heart failure in everyday clinical practice.

Methods: In this prospective, pilot, single-arm study including 35 elderly patients, the feasibility of HerzMobil Tirol was
assessed by analyzing changes in health status (via Kansas City Cardiomyopathy Questionnaire, KCCQ), patients’ self-care
behavior (via European Heart Failure Self-Care Behavior Scale, revised into a 9-item scale, EHFScB-9), and user satisfaction
(viaDelone and McLean System Success Model).

Results: A total of 43 patients joined the HerzMobil Tirol program, and of these, 35 patients completed it. The mean age of
participants was 67 years (range: 43-86 years). Health status (KCCQ, range: 0-100) improved from 46.2 to 69.8 after 3 months.
Self-care behavior (EHFSCB-9, possible range: 9-22) after 3 months was 13.2. Patient satisfaction in al dimensions was 86% or
higher. Lessons learned for the rollout of HerzMobil Tirol comprise a definite time schedule for interventions, solid network
structures with clear process definition, a network coordinator, and specially trained heart failure nurses.

Conclusions: On the basis of the positive evaluation results, HerzMobil Tirol has been officially introduced in the province of
Tyrol in July 2017. It is, therefore, the first regular financed telehealth care program in Austria.
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Introduction

Heart FailureasaMajor Public Health Problem

Heart failure is approaching epidemic proportions worldwide
and represents a major public health problem. Prevalence of
heart failureis estimated to be 1% to 2% of the adult population,
rising to 10% and morein personsaged 70 yearsand older [1,2].
Heart failure is the leading cause of hospitalization among
elderly patients[3]. Rates of death and readmission remain high
despite considerable advances in medical therapy. Mortality
rate within the first year approaches 40%, and up to 50% of
patients are readmitted within 6 months of discharge [4-6].
Repeat hospitalizations are associated with higher mortality and
contribute substantially to the enormous overall economic
burden of the disease [7]. Therisk of readmission and death is
greatest inthe early period after discharge[7-9]. Thesefindings
suggest a role for increased surveillance in the early
postdischarge period of greatest vulnerability after heart failure
admission. It is estimated that up to two-thirds of readmissions
for acute heart failure are triggered by potentially remediable
factors including “poor discharge planning, nonadherence to
recommendations regarding diet and medical treatment,
inadequate follow-up, poor social supports, and delays in
seeking medical attention” [10].

Heart Failure Disease M anagement Programs

Multidisciplinary postdischarge disease management programs
have been established to prevent readmission and to reduce
mortality and health care costs. A recent systematic review of
47 trialstook into account the heterogeneity in models of care
used in different studies: multiprofessional heart failureclinics,
multiprofessional follow-up without heart failure clinics,
telephone contact, primary care follow-up, and enhanced patient
self-care [11]. In this review, home-visiting programs and
clinic-based multidisciplinary programs reduced all-cause
readmission within 3 to 6 months by 25% and 30%, respectively.
Comparable results have also been reported in elderly patients
[12,13]. Interestingly, a more recent review published by Ong
et al showed no significant differences in 30-day readmission
rate or 180-day mortality, but asignificant differencein 180-day
quality of life between the intervention group comprising
nursing-lead phone calls and telemonitoring and the usual care
group [14].

On the basis of this evidence, the European Society of
Cardiology recommends heart failure care delivered in a
multidisciplinary program with high priority [15]. The
fundamental role of heart failure nurses is particularly
emphasized [16]. In addition, a recent position paper of the
Austrian Society of Cardiology recommends multidisciplinary
disease management programs with monitoring of high-risk
heart failure patients [17]. Exact workflow definition and the
specific role of participating stakeholdersin amultidisciplinary

http://cardio.jmir.org/2018/1/e1l/

telemonitoring-based disease management program, however,
till have to be defined.

HerzMohil Tirol issuch amultidisciplinary disease management
program for heart failure care. It was developed and
implemented in the Austrian province of Tyrol.

Objectives

The objectives of this study were to evaluate the feasihility of
HerzMobil Tirol by analyzing changesin health status as well
as patients' self-care behavior and satisfaction and to derive
recommendations for implementing a telemonitoring-based
interdisciplinary disease management program for heart failure
in everyday clinical practice.

Methods

HerzM obil Tirol

HerzMobil Tirol is a multidimensional postdischarge disease
management program for heart failure patients using a
telemedical monitoring system incorporated in acomprehensive
network of specialized heart failure nurses, private practice
physicians, and 3 secondary and 1 tertiary referral centers. The
aim of HerzMobil Tirol isto achieve relevant and stable impact
on readmission rates, mortality, quality of life, and overall health
care costs.

The program builds on several pillars: patient education to
improve patient empowerment; patient-held mobile phone for
daily dataacquisition and transmission of blood pressure, heart
rate, weight, well-being, and drug intake; physician-controlled
telemonitoring of these data; nurse-led care for early detection
of imminent decompensation; continuous optimization of
guideline-based heart failure therapy for long-term stabilization;
and finally, network communication to assure comprehensive
heart failure management across venues.

The program was gradually developed, with all phases
accompanied by program evaluation. First, between 2010 and
2015, shared decision making, responsibilities and liabilities of
stakeholders, workflow and communication, information
technology infrastructure, inclusion and exclusion criteria,
duration and intensity, organizational integration, health care
cost-effectiveness analysis, remuneration of stakeholders, and
business model swere implemented, evaluated, and continuously
improved. A total of 137 patients were managed in these early
phases of the HerzMobil Tirol program.

Disease M anagement Processesin HerzM obil Tirol

All participants of HerzMobil Tirol (physicians and nurses)
communicate regularly to ensure optimal patient treatment
without delay. Relevant information is shared on a Web-based
telehealth software [18]. Figure 1 shows details of the process
of patient management.
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Figure 1. Integrated care process of HerzMobil Tirol. NT-proBNP: N-terminal prohormone of brain natriuretic peptide; HF: heart failure.
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Heart failure patients enter the HerzMobil Tirol program after
being hospitalized for acute heart failure. On discharge, each
patient is assigned to one of the network physicians in private
practice. This network physician supervises the heart failure
management of the patient and optimizesthe therapy. Discharge
information from the hospital is communicated to the assigned
network physician via the telehealth software.

Within HerzMobil Tirol, patients are supervised for 3 months.
This period can be prolonged for another 3 months in case of
heart failure instability. Over these 3 months, the network
physician reviewstelemedical patient data (blood pressure, heart
rate, weight, well-being, and drug intake) and commentaries of
the heart failure nurse at | east once aweek (regular data check).
Out-of-limit data that are detected automatically by the
telehealth system are highlighted and reviewed daily so that
interventions, for exampl e, adjustment of diuretics, can betaken
immediately (intermittent data check).

Follow-up face-to-face visits of the patient with the network
physician are scheduled 1, 4, and 12 weeks after discharge.
Blood tests, for example, renal function tests, electrolytes, and
N-terminal prohormone of brain natriuretic peptide, taken at
hospital discharge and follow-up visits at the physician’'s office
allow for targeted optimization of medical therapy.

After entering the program, although the patient is still in the
hospital, a heart failure nurse provides patient education both
on the disease as well as on the mobile technology. During the
3 months of monitoring, these nurses are aso responsible for
compliance monitoring, phone contact with patientsif required,
and adjustments of medical therapy according to instructions
of network physicians. To support this, ahomevisit by the heart
failure nurseis scheduled immediately after dischargetofinalize
disease- and equipment-rel ated education and to make sure that
prescribed medication is available.
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After 3 months, at the end of the managed care program,
structured transfer of patients to regular care is organized.

Regular heart failure network meetings of all stakeholders
(physicians and nurses) are scheduled every 3 monthsto support
the exchange of experiences and the optimization of the
technical and organizational network.

Telemedical Technology in Her zM obil Tirol

HerzMobil Tirol uses an integrated concept called
Keep-In-Touch (KIT) to facilitate efficient and reliable daily
data documentation and transfer of blood pressure, heart rate,
weight, well-being, and drug intake [19]. Every patient included
in HerzMobil Tirol is provided a blood pressure and heart rate
monitor and a weighing scae as well as a near-field
communication—enabled mobile phonefor daily dataacquisition
and transmission.

Heart failure nursesintroduce patientsto this equipment. Patients
can call ahelpdesk in case of technical problems. As most of
the patients are elderly patients, the dialogue-oriented and
process-supporting KIT technology and the mobile app are
designed to support the patients at home in easy and secure
handling of the daily data acquisition process [20].

To identify upcoming adverse events, signal processing
algorithms are used to analyze the transmitted physiological
data[20]. Automatic event detection that identifies both missing
values as well as off-limit measurements indicates the need for
immediate actions and fosters attention to those patients who
might need early therapeutic intervention. The limits used for
automatic event detection areindividually defined and regularly
adapted for each patient by the network physician.

The Web-based telehealth software is made available to al
stakeholders (network physicians, nurses, hel pdesk, and network
coordinator) and supportstheir individual tasks by user-specific
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dashboards (Figure 2). Each user can access the telehealth
software using personal login information, normally via their
computer or laptop. After login, a list of patients who are
monitored by the user (eg, all patients being monitored by the
network physician asuser) isdisplayed. After selecting apatient,
the monitoring interface, as shown in Figure 2, is shown.

The Web-based telehealth software is not integrated into the
electronic health records of the various users because of the
heterogeneity of the used software products (all hospitals and
all network physicians are using electronic health records from
different vendors).

Data Collection

Ethical approval for the study was given by the ethical
committee of the Medical University of Innsbruck.

During the prospective, pilot, single-arm study, the network
comprised 16 physicians and 5 nurses. Patients hospitalized at
the University Hospital of Innsbruck for acute heart failure
during January and September 2016 were assigned to HerzMobil
Tirol irrespective of the underlying heart disease. Patients with
end-stage heart failure or relevant comorbidities (Charlson
comorbidity score>5) associated with a life expectancy of less
than 6 months or patients who could not use the provided
devices were excluded from the program.

Patientswere recruited during hospitalization and were surveyed
at baseline as well as after 3 months using the following
instruments:

Ammenwerth et al

« Kansas City Cardiomyopathy Questionnaire (KCCQ) isa
validated 23-item survey to assess the health status and
quality of life of patients with cardiomyopathy [21]. It
addresses physical limitation, symptoms, self-efficacy,
social limitations, and quality of life. A summary scoreand
aclinical score are calculated. The scores range from 0 to
100, with higher scores indicating better health status.

- European Heart Failure Self-Care Behavior Scae
(EHFScB-9) is a 9-item scale to assess self-care behavior
of heart failure patients. It has been validated [22] and is
available in German [23]. Overall self-care behavior is
calculated by adding the scores of the 9 items, leading to
scores from 9 to 45. A score of 9 indicates best self-care
behavior.

- Information System Success Model Survey was devel oped
based on the Delone and McLean Information System
Success Model [24]. It consists of questions on the 6
dimensions: information quality (3 items), system quality
(6 items), service quality (4 items), intention to use (7
items), user satisfaction (3 items), and net benefits (9 items).
The instrument also contains 6 open questions on benefit
and possibilities for improvements. The instrument was
adapted from earlier studies, but is not formally validated.

In addition, the project team conducted 3 workshops with all
network physicians and nurses to discuss the feasibility of
HerzMobil and to derive lessons learned for future
improvements of both organizational and technical components.

Figure 2. Stakeholder-specific dashboards of the Web-based telehealth system HerzMobil. Top chart: systolic (red) and diastolic (blue) blood pressure
with daily measurement (=) and target range (red/blue area). Middle chart: heart rate with daily measurements (green dots) and target range (yellow
ared). Bottom chart: weight with daily measurements (blue dots) and target range (yellow area). Red exclamation marks: automatic alert on an event
that has to be dealt with (eg, sudden change of weight or reaching predefined aerting values). Upper right: demographics of the patients (name, birth
date, and address) as well as number of weekly data transmissions. Lower right: communication notes between physicians and nurses on this patient.
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Results

Participants

A total of 50 patients were eligible and contacted between
January and September 2016. From these patients, 43 patients
agreed to join the HerzMobil Tirol program. Seven patients | eft
the program because of incompliance or technical problems.
Moreover, 1 patient died before completion. Of the remaining
35 patients, 28 completed all questionnaires. Mean age of these
patients was 67 years (range: 43-86 years), 23 were male, and
5 were female (see Table 1).

The patients had between none and 6 comorbidities (median:
2), mostly history of myocardial infarction (7 patients), light

Table 1. Number and age of participants.

Ammenwerth et al

liver disease (5 patients), and peripheral arterial occlusive
disease (5 patients). A total of 15 of the 28 patients (15/28, 54%)
had used computers before the study, and 16 patients (16/28,
57%) had used mobile phones.

Kansas City Cardiomyopathy Questionnaire Health
Status

The overal summary KCCQ score (range: 0-100) increased
from 46.2 at baseline to 69.8 after 3 months. The clinical
summary KCCQ score increased from 51.4 to 77.3 (see Figure
3). Physical limitation increased from 51.1 to 77.5; self-efficacy
increased from 63.0 to 88.4; quality of lifeincreased from 42.9
to 69.1; socia limitation increased from 38.5 to 51.1; and the
total symptom score increased from 51.6 to 76.3. All changes
weresignificant (P<.05) with the exception of social limitation.

Participants All Male Female
Recruited for study, n (%) 50 (100) 37 (74) 13 (26)
Never beginner, n (%) 7 (100) 5(71) 2(29)
Dropped out or died during study, n (%) 8 (100) 5(62) 3(38)
Completed participation in study, n (%) 35 (100) 27 (77) 8(23)

Mean age of participants in years (minimum-maximum) 67.1 (43-86) 65.6 (43-6) 71.5 (43-85)
Completed all questionnaires (return rate) 28 (80) 23 (85) 5(63)

Figure 3. Change of health status (Kansas City Cardiomyopathy Questionnaire score; n=28; 0=minimum, 100=maximum) at baseline and after 3

months.
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European Heart Failure Self-Care Behavior Scale,
Revised Into a 9-1tem Scale, Self-Care Behavior
EHFScB-9 self-care behavior score after 3 months was 13.2

(SD 4.3), range was 9to 22, with 9=best self-care behavior (see
Figure 4).

Patient Satisfaction

In al 6 dimensions of the Information System Success Model
survey (range 0%-100%), mean results were 86% and higher
(Figure 5), indicating high patient satisfaction.

Ammenwerth et al

A majority of patients (25/28, 89%) considered HerzMobil Tirol
agood idea (D2, Figure 6) and would recommend it to others
(D3). Morethan half of the patients (15/28, 53%) indicated that
they would like to continue to use the telemonitoring system
(F4). After 3 months, the majority of patients (22/28, 79%)
indicated that they feel confident to be able to take care of their
health without telemonitoring (F3).

Infreetext answers, 11 patients stated that they feel more secure
because of the daily monitoring, and 4 patients stated that they
aremore confident in actively managing their disease. Moreovey,
6 patients noted that the technology was somewhat unreliable
and that the mobile phone was too complex for them.

Figure 4. European Heart Failure Self-Care Behavior scale, revised into a 9-item scale, self-care behavior scores (n=29) after 3 months.
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Figure 6. Selected items from the Information System Success Model survey (n=28) after 3 months.
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A1 The general information | got regarding heart failure were understandable for me.
B4 Using the mobile phone was easy for me.

B& Transmitting my data via the mobile phone was easy.

B10 The overall system is user friendly.

C2 I can confidently use the system without help.

D2 For me, the telemonitoring program is a good idea.

D3 | would recommend others to participate in such a telemonitaring program.

E4 The system helped me to take better care of my health.

E7 The system helped me to change my life style.

E8 Through using the system, my health improved.

E% Through using the system, my quality of life improved.

F3 1 am confident that | am now able to take care of my health without the
telemonitoring system.

F4 | would like to use the telemonitoring system for a longer period of time.

mStrongly agree  mAgree

Discussion

Several studiesalready showed that home telemonitoring could
reduce hospitalizations and mortality for patients with heart
failure [25]. Here, we show our data on feasibility of home
telemonitoring as part of a multidisciplinary postdischarge
disease management program in everyday clinical practice. In
addition, wewill present lessons|earned derived from this pilot
study for further rollout of the program in the state of Tyrol.

Summary of Study Results

Our results indicate that health status clearly improved in the
most vulnerable phase of heart failure, asindicated by improved
KCCQ and EHFScB-9 scores. Patients reported a high level of
satisfaction with the quality of the system and the support and
with the individual benefits of participation and showed good
self-care behaviors after 3 months. In particular, the elderly
patients seemed quite capable of using the mobile phone for
data acquisition and data transmission. Only 5 patients (18%)
stated that they received help from relatives. Thus, although
age is often seen as a barrier to the use of technology [26], we
found that this barrier can be addressed with patient education,
good support by relatives, and a dedicated helpline. It must be
noted, however, that 7 patients|eft the HerzMobil Tirol program
because of in compliance or technical problems and were thus
not included in dataanalysis.

HerzMobil Tirol as a Disease Management Program

The transition between hospital and home after admission for
acute heart failure is avulnerable period marked by unplanned
emergency room visits, hospital readmissions, and a high risk
of death [8,9]. The importance of effective communication
between health care professionals involved with inpatient and
community care [27], intense patient education to improve
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self-empowerment, constant medication reconciliation and
therapy optimization according to prevailing guidelines,
structured outpatient follow-up for early indicators of clinical
decompensation for a seamless transition from the hospital to
community, and the central role of specialized heart failure
nursesin this complex interplay iswell recognized [11,27-29].
A reliable and stable telemedical network is the facilitator for
such an organizational network.

HerzMobil Tirol is designed as such a multidisciplinary
postdischarge disease management program for heart failure
patients using atelemedical monitoring system incorporated in
a comprehensive network of specialized heart failure nurses,
nonhospital-based physicians, and referral centers. The
telemonitoring system HerzMobil Tirol relays physiological
data, information on patient’s symptoms, and drug adherence
for review to the health care professionals. The gradua
development of the program finally resulted in the decision to
offer a concentrated 3-month health care service covering the
most vulnerable phase after discharge.

Nonhospital-based network physicians and heart failure nurses
play a centra role in this network program. Shared decision
making and effective communication between heart failure
nurses and network physicians are based on the well-defined
workflow and responsibilities. | ntense education of patient and
their families within and outside the hospital by trained heart
failure nurses and structured follow-up by network physicians
are central for sustained disease stabilization. Meticulous pre-
and postcare evaluation of patients ensures quality control, thus
continuous optimization of the program.

Comparison With Other Studies

Health status of patients at discharge in HerzMobil Tirol
measured by the KCCQ score was lower than that in other
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studies, indicating better health status. Improvement in the
KCCQ score after 3 monthswas higher than that in other studies
(Figure 7): Boyne et @ measured KCCQ for 382 patients with
stable heart failure who received 6 months of daily
telemonitoring, combined with 2 hospital check visits [30].
Quian et al measured KCCQ for 1427 patients with recent
inpatient treatment for heart failure who received 6 months of
daily telemonitoring [31]. Bekelmann et a [32] measured KCCQ
for 392 patients with known heart failure who participated in a
collaborative heart failure network combined with 6 months of
telemonitoring. Koberich et a [33] measured KCCQ for 122
patients who were hospitalized due to heart failure, received
specid training, and then a 3-month phone-based monitoring.
Although the studies of Boyne and Bekelmann included patients
with stable heart failure, Qian and Kéberich included patients
with unstable heart failure, which is comparable with HerzM ohil
Tirol. Still, patients in HerzMobil Tirol showed the strongest
improvement of the KCCQ score (Figure 7).

Self-care behavior measured by the EHFScB-9 after 3 months
of care (mean: 13.2) indicated better self-care behavior
compared with the following studies: Lee et al reported amean
EHFScB-9 score of 18.1 for 200 heart failure patients [22].
Koeberich et al found a mean EHFScB-9 score of 19.9 for 109
heart failure patients [23]. The same group showed a mean
EHFScB-9 score of 19.6 at baseline and of 16.5 after 3 months
for agroup of 58 discharged heart failure patients who received
specia training, combined with telephone support over 3 months
[33]. Comparatively, the mean EHFScB-9 score in HerzMobil
Tirol patients of care was lower.

Ammenwerth et al

Limitations of the Study

The study was designed as a pil ot study without a control group.
Hence, analyses are limited to pre- and postcomparisons and
comparison with published data. It cannot be entirely excluded
that improvement in health status after 3 months is part of a
gradual stabilization after hospitalization. Yet, comparison with
published data from other studies suggests a better outcome of
patients in HerzMobil Tirol with regard to health status and
self-care behavior.

Self-care behaviors were measured only at the end of the third
month. To address this limitation, self-care behaviors of
HerzMobil Tirol patients were also compared with data from
other studies.

Outcome was measured using survey instruments. As of now,
no long-term evaluation of rehospitalization and other adverse
eventsis available for HerzMobil Tirol.

Implications and Recommendationsfor Practice

Telemonitoring for heart failure patientsis not new, and severa
studies have established the feasibility of these approaches and
its positive impact on clinica outcome [34-36]. However,
HerzMobil Tirol is a telemonitoring project that was able to
transform from a pilot study to a routine care project. On the
basis of the experiences in transferring from a pilot to routine
care, several lessons can be derived. They were developed in
repeated workshopswith network physiciansand network nurses
and may be useful for other disease management programs for
heart failure. These recommendations are also supported by a
recent position paper on disease management of heart failure
of the Austrian Society of Cardiology that also stresses these

aspects[17].

Figure 7. Change of health status (Kansas City Cardiomyopathy Questionnaire, KCCQ score) in HerzMobil Tirol at baseline and after 3 monthsin

comparison with 4 other studies.
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First, it is crucial to decide on the temporal positioning of
managed carein thetrajectory of heart failure. Inthe vulnerable
period that isdirectly after discharge, focusin HerzMobil Tirol
ison the seamlesstransition from the hospital to the telemedical
network and on a 3-month monitoring. Effective communication
between health care providers in various sectors is mandatory
in this phase. This requires a well-organized telemedical
platform that can be easily and safely accessed by all
stakeholders. In contrast, in programs supporting the chronic
phase, the length of telemonitoring is often not clearly defined,
and communication between sectors of care, in general, isless
challenging here.

Second, inthe vulnerable period, patient education and constant
optimization of disease-modifying therapy are particularly
important. Defining the predominant gaps in health care in a
region and building HerzMobil Tirol on existing health care
infrastructures are essential for a high acceptance by payersand
caregivers.

Third, asolid network structure and well-defined processes are
more important than the specific telemonitoring tools that are
used. For example, remote follow-up either by telephone or by
telemonitoring must be made available in a well-functioning
network of health care professionals to ensure constant review
and timely response.

Fourth, the implementation process must be clear and transparent
and avoid work overload, particularly to the heart failure nurses.
A dedicated program coordinator is helpful to orchestrate all
stakehol ders and manage efficient cooperation of all partners.
This strengthens the acceptance by health care professionals.
In addition, legal aspects and adequate remuneration of
stakeholders have to be settled.

Fifth, because of the central role of heart failure nurses,
providing specialized training for nurses is a mandatory
prerequisite before commencing such a program. In addition,
meticulous introduction of all stakeholders into the processes
and clear definition of the particular role as well as constant
training for the entire personnel has to be organized.

Sixth, the first months after commencing a program are mostly
dedicated to the optimization of organizational issues. Hence,
it is helpful to avoid inclusion of multimorbid patients in this
initial phase to not push the boundaries of the program by too
complex interventions.

Summarizing, to establish a multidisciplinary postdischarge
disease management network for heart failure patients, alarge
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number of organizational, technical, legal, and economic
guestions have to be answered and tested in pilot projects before
such a program can be transferred from a project status into
routine care. In the case of HerzMobil Tirol, this process took
6 years overall.

Conclusions

The steady increase in the number of chronic patients due to
the demographic trend and the ongoing medical progress shows
theweaknesses of the Austrian health care system. A historically
grown separation between in-patient and out-patient care leads
to an insufficient consideration of the medical needs of patients
along with their carers.

Telehealth care, as HerzMobil Tirol, can to some extent solve
this problem and should be seen as a strategical investment to
improve medical care. The telemedical information and
communication technologies used in HerzMobil Tirol can help
to overcome organizational and sectoral boundaries.

Therole and competencies of the involved health professionals
also have to be defined. HerzMobil Tirol has highlighted, for
example, that specialized heart failure nurses will gain
importance. Especially for Austria, which hasalot of potential
for improvementsin thisfield, thisis an important insight.

Telehealth care is far more than a technology project. Instead,
it enables lasting innovations for the heath care system.
HerzMobil Tirol showed that telehealth care is a trigger for
change and innovation in the health care system. This is an
important finding, especialy in complex and change-resi stant
systems such as the health care system.

HerzMobil Tirol was officially introduced in the province of
Tyrol in July 2017. Thisis the first telehealth care program in
Austria regularly financed by health insurances. On the basis
of the positive experiences, the province of Tyrol isalsowilling
to establish further telehealth care projects in other relevant
indications. The rollout in Tyrol will be done gradually. At the
moment, specific regions are selected where more HerzM obil
Tirol networks of hospital (s), physicians, and nurses are being
established. Experiences from the aready running regions are
made available to the new regions to facilitate fast rollout.
Further evaluation of long-term impact of HerzMobil Tirol is
planned. Experiencesof HerzMobil Tirol are aso made available
to other Austrian federal states, yet Austrian-wide rollout is
dependent on political and financial decisions that are outside
the control of the project team.
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Abstract

Background: Barriersto attending cardiac rehabilitation (CR), including cultural and linguistic differences, may be addressed
by recent technological developments. However, the feasibility of using these approachesin culturally and linguistically diverse
patientsis yet to be determined.

Objective: This study aims to assess the use of mobile technologies and features, as well as confidence in utilization across
patients speaking different languages at home (ie, English, Mandarin Chinese, and alanguage other than English and Mandarin
[other]) and are both digible and physically suitable for CR. In addition, the study aims to determine the sociodemographic
correlates of the mobile technology/feature use, including language spoken at home in the three groups mentioned above.

Methods: Thisisadescriptive, case matched, comparative study. Age and gender-matched patients speaking English, Mandarin
and other languages (n=30/group) eligible for CR were surveyed for their mobile technology and mobile feature use.

Results: ‘Participants had a mean age of 66.7 years (SD 13, n=90, range 46-95), with 53.3% (48/90) male. The majority (82/90,
91.1%) used at least one technology device, with 87.8% (79/90) using mobile devices, the most common being smartphones
(57/90, 63.3%), tablets (28/90, 31.1%), and text/voice-only phones (24/90, 26.7%). More English-speaking participants used
computers than Mandarin or “other” language speaking participants (P=.003 and .02) and were more confident in doing so
compared to Mandarin-speaking participants (P=.003). More Mandarin-speaking participants used smartphones compared with
“other” language speaking participants (P=.03). Most commonly used mobile features were voice calls (77/82, 93.9%), text
message (54/82, 65.9%), theinternet (39/82, 47.6%), email (36/82, 43.9%), and videoconferencing (Skype or FaceTime [WeChat
or QQY] 35/82, 42.7%). Less Mandarin-speaking partici pants used emails (P=.001) and social media (P=.007) than English-speaking
participants. Speaking Mandarin was independently associated with using smartphone, emails, and accessing the web-based
medication information (OR 7.238, 95% Cl 1.262-41.522; P=.03, OR 0.089, 95% CI 0.016-0.490; P=.006 and OR 0.191, 95%
Cl 0.037-0.984; P=.05).
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Conclusions:
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This study reveals a high usage of maobile technology among CR patients and provides further insights into

differences in the technology use across CALD patients in Australia. The findings of this study may inform the design and

implementation of future technology-based CR.

(JMIR Cardio 2018;2(1):€13) doi:10.2196/cardio.9424
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Introduction

Cardiac disease is a leading cause of morbidity and mortality
worldwide [1]. Despite advancements in treatment and
secondary prevention, the recurrence rate of cardiac events
remains high [2], especially among specific sociodemographic
groups, such as patientsfrom culturally and linguistically diverse
(CALD) backgrounds [3]. Cardiac rehabilitation (CR), a
structured program of exercise and risk reduction education and
counseling designed to promote healthy living with heart
disease, effectively supports secondary prevention [4]. In
addition, CR has been shown to reduce overall and
cardiovascular-related morbidity and mortality, as well as
hospital readmissions and length of hospital stay [5-11].

Degpite established health benefits, CR remains underutilized.
Globally, attendance rates remain as low as 15%-30% &fter a
cardiac event [12-14], which, in fact, are attributed to
provider-level barriers, such as the limited availability of
services and inadequate referral, as well as patient-level
characteristics, including old age, being female, and low
socioeconomic status [14-20]. For example, people of CALD
background are underrepresented in CR services[6,15,19,21,22].
Besides general barriers to CR, CALD patients experience
unique challenges, such aslimited English language proficiency,
which render them less likely to be referred [21,23]. Transport
difficulty [23], financial issues, and misperception of CR [23,24]
are additional barriers to using the services once referred.

Of note, low attendance in CR among CALD patients is a
characteristic of Western countries. Australia comprises an
increasingly heterogeneous population. In 2015, approximately
6.7 million (28.2%) of thetotal Australian population wereborn
outside of Australia[25]. At present, 1in 5 Australians speaks
a language other than English at home, of which Mandarin,
Italian, and Arabic are the most common [26]. Chinese is one
of the most rapidly growing CALD groups and has doubled in
the past decade, currently constituting 2.2% of the Australian
population [25]. A recent meta-analysis reported that Chinese
living in Western countries have poorer short-term survival
outcomes after acardiac event [27] compared with Caucasians,
which could be attributed to poor disease self-management [28].
In addition, Chinese immigrants are documented to be
underserved by the current healthcare system because of
incongruence between needsfor support and available healthcare
services such as CR services [29-31].

The ubiquity of mobile phones and advancements in mobile
technology have facilitated the advent of new preventive
delivery strategies which supplement center-based CR services
to expand capacity. Contemporary mobile technology-based

http://cardio.jmir.org/2018/1/e13/

CR aims to monitor physical function, promote medication
adherence, manage lifestyle, and provide health education to
aid individuals manage their cardiac conditions [32,33]. The
emerging evidence reveal sthat these programs could potentially
attain similar benefits compared with center-based CR in
decreasing risk factors and mortality in patients with coronary
heart disease (CHD) [34]. In addition, the mobile
technology-based CR could reach traditionally “ hard-to-reach”
populations, as delivery is not constrained by language, time,
or transportation [33,35-37]. Furthermore, mobile
technology-based CR is cost-effective for both service providers
and patients [38], as it can save up to 80% of travel costs for
patients compared with center-based CR [37].

Despite this promising potential, little investigation has been
conducted on the utilization of mobile technology and the
feasibility of the mobile technology-based CR in patients. In
fact, no study has assessed how CALD patients might differ in
their use of mobile technology and related features compared
with other patients. Perhaps, comprehending the utilization of
technological devices and mobilefeatures, aswell asthe factors
related to the use of these technologies among CALD patients,
would facilitate the identification of CALD patients who might
benefit from the mobile technology-based intervention.

Thisstudy aimsto assessthe rel ative use of mobiletechnologies
and features, aswell as confidencein utilization across patients
speaking different languages at home [ie, English, Mandarin
Chinese, and a language other than English and Mandarin
(other)] and both eligible and physicaly suitable for CR. In
addition, the study aims to determine the sociodemographic
correlates of the mobile technology/feature use, including
language spoken at home in the three groups mentioned above.

Methods

Study Design

This descriptive, case-matched, comparative study collaborated
with a larger study that investigated cardiac patients’ use of
mobile technology and variations among age groups after
adjusting for education, employment, and confidence in using
the mobile technology. The larger study surveyed 282
English-speaking CR patients on the mobile technology usein
nine hospital and community sites across metropolitan and rural
New South Wales, Australia [39]. This study enrolled 30
English-speaking patients from the large study to match with a
separated Mandarin-speaking group and reported on multilingual
groups recruited from this study site that has not been published
previously.
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Setting

The study was conducted in a metropolitan teaching hospital
in South Eastern Sydney Local Health District (New South
Wales, Australia). The selected health district represented
approximately 12% of the New South Wales population; with
37% born in countries outside of Australia and 27% in a
non-English-speaking country, the selected health district
comprised the most diverse population [40]. Of al, China-born
residents constituted the largest proportion of the population
from a non-English-speaking background, followed by people
bornin Greece and Indonesia. Of those born in countriesoutside
of Austraia, approximately 10% reported that they either do
not speak English well or at all [41].

Sample Eligibility and Exclusion Criteria

We recruited a stratified and matched convenience sample in
this study. The inclusion criteria were as follows: (1) the
presence of a cardiac diagnosis, such as angina, myocardial
infarction (M1), ischemic heart disease (IHD), valve surgery,
coronary artery bypassgraft (CABG), or percutaneous coronary
intervention (PCI), the absence of severe comorbidities, and
physically suitable to be referred to the exercise-based group
CR program; and 2) could speak and understand adequate
English or Mandarin for consent and questionnaire processes.
Patientswith a neurocognitive disorder were excluded from the
study. We matched each Mandarin-speaking patient by age
(within £5 years) and gender with a patient from the other two
lingui stic backgrounds to minimize the demographic variability
across groups. Furthermore, the sampl e size was predetermined
to be 30 per group per previous study protocols [42,43].

M easur ement

We used a previously developed checklist to collect
sociodemographic and clinical data [44]; the information
comprised participants’ age, gender, country of birth, ethnicity,
home language, education, marital and employment status, and
admission diagnosis.

Then, we devel oped the survey based on previously validated
and used questionnaires where possible; the list of the most
common devices (ie, smartphones, computers, and tablets) and
mobilefeatures (ie, browsing theinternet, text messages, emails,
and social media) was based on previously determined
parameters[45,46]. The survey comprised 11 questionsoverall,
and the questionnaire was pilot-tested in asmall sample (n=15)
of cardiac patients similar to the sample. Moreover, the content
of the questionnaire was reviewed and amended to improve the
ease of use, accuracy, and specificity. Furthermore, the
guestionnaire was used in a larger study including 282
English-speaking patients [39].

Questions regarding each device were clarified using an
illustration (Textbox 1). Most questions (questions 1, 3-9) were
in the checklist format, where respondents ticked the
technological devices or features that they (1) used, (2) used
confidently, (3) would like to learn, and (4) used for health
purposes. In addition, we developed a question (question 2) on
self-efficacy in using a new computer program based on the
speed with which participants could learn a new computer
program and used a4-point scale anchored with responses“ very
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sowly” (1) and “very quickly” (4). Furthermore, we included
two open-ended questions (questions 10 and 11) where
respondents could provide additional information on the mobile
app they used along with details of the health-related app.
Notably, respondentswho answered thefirst question with “not
using any technology” were not required to complete the
remainder of the questionnaire.

Finally, the questionnaire was trandated into Mandarin by a
certified translator and back-translated for verification. A minor
amendment was made to item seven that inquired about the
videoconferencing use—WeChat or QQ was surveyed instead
of Skype or FaceTime because it was more popular in
M andarin-speaking communities.

Procedure

The study protocol was approved by Northern Sydney Local
Health District Human Research Ethics Committee
(LNR/15/HAWKE/450). All patients were screened for the
eigibility by a CR staff (a clinical nurse specialist) or the
bilingual researcher (LZ) upon their admissionto acardiac ward
of the hospital or upon referral to the outpatient CR programs
at the study site between April and September 2016. Thosewho
fulfilled the inclusion criteria were approached by the CR staff
or LZ to participate in the study and provided them with
infformation and time to consider participation.
Mandarin-speaking patients were approached by a bilingual
Mandarin-speaking CR staff member or LZ. All staff members
weretrained in using the questionnaire to ensure a standardized
approach. Finaly, patients who provided written consent were
surveyed in this study. The CR staff or LZ collected
demographic and clinical data of enrolled patients, and any
uncertainty regarding diagnoses was clarified using the medical
records. Notably, the questionnaire was self-administered. Of
134 CR patients approached, 10 declined because of the lack
of interest, with the final response rate of 92.5%. We surveyed
94 patients from English and “other” language-speaking
background for the ongoing matching purpose; of these, 60
participantswere matched and enrolled in thefinal dataanalysis.

Statistical Analyses

The responsesin Mandarin were trandated into English by LZ
for dataentry. Data analyses were performed using IBM SPSS,
version 24. |n addition, means, SDs, frequencies, and percentage
were used to present the demographic and clinical characteristics
of the study cohort. Frequencies and percentages were used to
describe technology device and feature use, confidence in use,
and use for health. Furthermore, categorical variables were
reported as a percentage within alanguage group and tested for
differences across language groups using chi-square tests.

We used generalized linear mixed model analysis (GLMM) to
ascertain whether the language spoken at home correlated with
themobile device and feature use. In addition, GLMM was used
as patientsin each language group were selected to be matched
for age and gender. Each group of three (onefrom each language
group) was assigned the same group identification (ID; 30 in
all) besides a unique individual 1D. As outcomes (ie, whether
specific types of technology or features were used) were
dichotomous, we selected the binary logistic regression function.
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Zhang et a

1. Which of the following do you currently use?

Computers, Tablets, Mobile phones, Smartphones, Activity trackers, None

2. How quickly can you work out how to use new computer programs? Select one answe.

Very sowly, Fairly slowly, Fairly quickly, Very quickly

For the following questions apply to:

Computers, Tablets, Mobile phones, Smartphones, Activity trackers, None
3. | feel confident using these devices:

4. | share health information through these devices:

5. 1 do not use these devices but would like to learn:

6. | think | could easily learn how to use these devices:

7. What do you regularly use your mobile/smartphone or tablet for?

Voice calls, Text messages, Skype or FaceTime (WeChat or QQ), Browsing the internet, Checking emails, Social media, Schedule/calendar, Using

mobile apps

8. Do you use the internet for accessing information on any of the following?

Health conditions, Medication, Heart conditions, Heart treatments, Lifestyle changes, Health resources

9. Do you use the internet for communicating with?
Health professionals, other heart patients
10. How many apps are currently on your phone?

11. Please list any health-related apps you use:

Adjusted models comprised age, gender, years of education,
marital status, and employment status in the model along with
language spoken at home. Furthermore, we explored devices
and mobile features that were reported the most prevalent in
participants’ report or those that had the highest potentia for
CRinterventions. Then, we assessed correlates of using devices
(ie, smartphone, computer, and tablet) and mobile features (ie,
theinternet, emails, apps, and social media). Finally, theinternet
use for health was categorized into individual items, including
sharing health information, accessing information about general
health, medication, and lifestyle. In this study, oddsratios (OR),
95% Cl, and P values are reported, and alpha=0.05. P <.05 was
considered statistically significant (two-tailed).

Results

Descriptive Statistics

In this study, the final sample comprised 90 patients (mean age
66.7, SD 13 years; range 46-95 years); of these, 53.3% (48/90)
were males, 55.6% (50/90) completed high school, and 63.3%
(57/90) were not in the workforce. More than half of the
participants were admitted with CHD (52/90, 57.7%), with the
leading procedures or diagnoses being PCI, angina, and Ml
(Table 1). In the “other” language group, the most common
languages spoken at home were Greek (7/30, 23.3%), Arabic
(6/30, 20%), and the remainder comprised Macedonian,
Vietnamese, Hungarian, Italian, Russian, Indonesian,
Portuguese, Philippine, Japanese, Samoa, French, Bulgarian,
and Czech language. We observed no significant differencein
education, marital status, living arrangement, and employment
status across the three home language groups.

http://cardio.jmir.org/2018/1/e13/

Use of Mobile Technology by the Home L anguage
Group

Most participants (82/90, 91.1%) reported using, at least, one
of the following devices: computers (desktops or laptops),
tablets, smartphones, text/voice-only phones, and activity
trackers (Figure 1). Mobile devices, such as tablets,
smartphones, text/voice-only phones, and activity trackers, were
used by most participants(n=79, 87.8%), the most common of
which were smartphones (57/90, 63.3%), followed by tablets
(28/90, 31.1%), and text/voice-only phones (24/90, 26.7%). In
addition, 33.3% (8/24) of text/voice-only phone usersdisplayed
their interest in learning to use a smartphone in the future. The
mean score on how quickly one could learn a new computer
program was 2.16 (SD 1.0), with 1 representing “very slowly,”
2 representing “fairly slowly,” 3 representing “fairly quickly,”
and 4 representing “very quickly,” suggesting that the
participants on average could learn a new computer program
but might require time.

In this study, the three language groups were similar in the
mobile technology use, except for the smartphone use. The
proportion of smartphone usersin the Mandarin-speaking group
was significantly  higher  compared with  “other”
language-speaking group (80.0% vs 53.3%; P=.03). The
confidence in the current mobile technology use was similar
across groups, except for the confidence in using text/voice-only
phones. A larger proportion of participants in the “other”
language-speaking group were only confident in using
text/voice-only phones compared with the Mandarin-speaking
group (51.9% vs 17.2%; P=.006).
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Table 1. Sample characteristics and technology use compared by the home language group.
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Characteristics Overdll English? Mandarin® Other® P
Age (mean, SD) 66.7 (13.1) 66.6 (13.7) 66.9 (13.9) 66.4 (12.0) .99
Gender (male), n (%) 48 (53.3) 16 (53.3) 16 (53.3) 16 (53.3) >.99
Completed high school, n (%) 50 (55.6) 15 (50.0) 19 (63.3) 16 (53.3) 56
Employed, n (%) 33(36.7) 13 (43.3) 9(30.0) 11 (36.7) .56
Married or partner, n (%) 62 (68.9) 20 (66.7) 24 (80.0) 18 (60.0) .39
Living with family, n (%) 75 (83.3) 23 (76.7) 29 (96.7) 23(76.7) .06
Admitted with CHDY, n (%) 52 (57.7) 16 (53.3) 17 (56.7) 19 (63.3) 65
Technology use

Mobile technology®, n (%) 79 (87.8) 23(76.7) 29 (96.7) 27 (90.0) .06

Mobile apps, n (%) 42 (46.7) 18 (69.2) 14 (48.3) 10 (37.0) .06
Learn anew computer program (1—lowest, 2.16 (1.00) 2.54 (0.99) 1.97 (0.91) 2.00 (1.04) .06

4—highest), mean (SD)

8English-speaking group.

OMandari n-speaking group.

CLanguage other than English and Mandarin.
dcHD: coronary heart disease.

®The mobile technology includes tablets, smartphones, text- or voice-only phones, and activity trackers.

Figure 1. Technology device use by home language group.* Mandarin-speaking group vs Language other than English and Mandarin speaking group
(P=.03); **English-speaking group vs Mandarin-speaking group (P=.003); English-speaking group vs Language other than English and Mandarin

speaking group (P=.02).
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Figure 2. Technology feature use by home language group. * English-speaking group vs Language other than English and Mandarin speaking group
(P=.05); **English-speaking group vs Mandarin-speaking group (P=.001); *** English-speaking group vs Mandarin-speaking group (P=.007).
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However, computer use significantly differed across home
language groups, with more English-speaking participantsusing
computer compared with Mandarin or  “other”
language-speaking participants (English: 73.3% vs Mandarin:
36.7%, P=.003; English: 73.3% vs “other” language: 43.3%;
P=.02). Furthermore, the proportion of participants confident
in using a computer was significantly higher in the
English-speaking group compared with the Mandarin-speaking
groups (73.1% vs 35%; P=.003).

Use of Mobile Features by L anguage Group

M obile features most commonly used among participants using
mobile device were voice calls (77/82, 93.9%), text messages
(54/82, 65.9%), the internet (39/82, 47.6%), emails (36/82,
43.9%), videoconferencing (Skype or FaceTime [WeChat or
QQJ; 35/82, 42.7%; Figure 2). In addition, fewer
M andarin-speaking participants used emails (24.1% vs 65.4%;
P=.001) and social media(10.3% vs42.3%; P=.007) compared
with English-speaking participants.

Overall, 44.4% (36/81) of the participants who engaged with
technology used the internet for health (Figure 3), used most
often for sharing hedth information (35/81, 42.7%) and
accessing information about general health (25/81, 30.5%),
medication (20/81, 24.4%), and lifestyle (19/81, 23.2%). We
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observed no significant difference across groups in using the
internet for health, except that a higher percentage of
English-speaking participants accessed the web-based
medication information than Mandarin-speaking participants
(38.4% vs 10.4%; P=.02).

Correlates of Using Mobile Devices and Features

After adjusting for age, gender, years of education, marital
status, and employment status, Mandarin-speaking parti cipants
exhibited increased odds of using smartphones (OR 7.238, 95%
Cl 1.262-41.522; P=.03) but decreased odds of using emails
(OR 0.089, 95% CI 0.016-0.490; P=.006), and accessing the
web-based medication information (OR 0.191, 95% ClI
0.037-0.984; P=.05) compared with English-speaking
participants (Tables 2 and 3). In addition, other factors
associated with mobile devices and features use; for an
additional year in age, the odds of using smartphonesand emails
decreased (OR 0.118, 95% CI 0.809-0.961; P=.005; OR 0.104,
95% CI 0.820-0,978; P=.02). Furthermore, participants who
were employed exhibited increased odds of using Apps and
social mediacompared with their nonworking counterparts (OR
6.052, 95% CI 1.256-29.175; P=.03; OR 16.455; P=.01). Male
participants exhibited decreased odds of using atablet compared
with females (OR 0.163, 95% CI 0.044-0.600; P=.007).
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Figure 3. Internet use for health purposes by home language group.* English-speaking group vs Mandarin-speaking group (P=.02).
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Table 2. Correlates of using technological devices, based on logistic regression models mutually adjusted for all variables listed in the table.

Characteristic Smartphones Computers Tablets
OR? 95% ClI P OR 95% ClI P OR 95% ClI P

Age 0.882 0.809-0.961 .005 0.979 0.919-1.043 51 0.974 0.913-1.039 42
Gender (male) 0.618 0.141-2.703 .52 0.949 0.271-3.319 .93 0.163 0.044-0.600 .007
Years of education 1.093 0.935-1.278 .26 1.163 1.001-1.350 .05 1.122 0.973-1.295 A1
Married 3.258 0.757-14.018 11 3.583 0.863-14.874 .08 2.64 0.685-10.175 .16
Employed 2114 0.247-18.106 49 7.537 1.366-41.602 .02 2.718 0.542-13.629 .22
Language

Mandarin vs Engl ish®  7.238 1.262-41.522 .03 0.120 0.027-0.546 .007 1.361 0.371-4.991 .64

Other vs English® 0.948 0.200-4.490 .95 0.223 0.051-0.974 .05 1.282 0.344-4.772 71

80R: odds ratio.

&Y andarin-speaking group vs English-speaking group.
L anguage other than English vs Mandarin-speaking group.
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Table 3. Correlates of using mobile features, based on logistic regression models mutually adjusted for al variables listed in the table.
Characteristic Internet Emails Apps Socia media
OR? 9%5%Cl P OR 9%B%wCl P OR 9%5%Cl P OR 9%BwCl P
Age 0.968 0.904- .33 0.896 0.820- .02 0.960 0.888- .30 0.947 0.861- .26
1.035 0.978 1.037 1.042
Gender (male) 1.228 0.357- 74 0.504 0.120- 34 1.239 0.340- 74 0.368 0.071- .23
4.230 2114 4521 1911
Years of education 1.034  0.897- .64 1.106 0.954- .18 1.059 0.916- 43 0.956 0.808- .59
1.193 1.283 1.226 1131
Married 1.915 0.477- .36 2.146 0.470- 32 2634  0.595- .20 0.862 0.174- .85
7.696 9.804 11.662 4.276
Employed 4.332 0.897- .07 2519 0.487- 27 6.052 1.256- .03 16455 1.937- .01
20.924 13.019 29.175 139.767
Language
MandarinvsEn-  0.579 0.140- 45 0.089 0.016- 006  0.297 0.065- 12 0.199 0.035- .07
i 2.397 0.490 1.354 1121
glish
Other vsEnglish® 0.653 0.160- .55 0.345 0.075- 17 0.557 0.137- 41 0.529 0.123- .39
2.658 1.588 2.274 2.285

30R: odds ratio.
bMandari n-speaking group vs English-speaking group.
L anguage other than English vs Mandarin-speaking group.

Discussion

Principal Findings

To the best of our knowledge, thisisthefirst exploratory study
on the mobile technology use among CALD patientsin the CR
setting. Overall, the study suggests that technology might
provide an alternative secondary prevention delivery strategy
in the future to bridge the gap between growing demands and
limited resources, as population aging and CVD prevalence
continuesto rise. Given the increasing use of technol ogy-based
interventions in CVD secondary prevention, this study reveals
the unique patterns of use among CALD patients. In addition,
thefindingsindicate that avariation in technology use warrants
consideration while devel oping or delivering technol ogy-based
CR to these groups. The study determined that CALD patients
are not disadvantaged in using certain types of mobile
technology; thus, technol ogy-based interventions could offer a
potential solution to overcome their barriers to attending CR,
such as communication and transportation difficulties.
Meanwhile, the technology use patterns among the study groups
revealed that selecting appropriate delivery media is essential
for reaching different patients groupsto improve the CR uptake.

Although severa CALD patients are non-computer users,
possibly because they had few opportunitiesto acquire computer
skills during their education and work [47,48], they are not
disadvantaged in some mobile technology use, especialy not
in the smartphone use. Consistently, the smartphone ownership
is the highest among CALD groups [49], offering a great
promise for implementing smartphone-based interventions in
these populations. An important principle for adapting health
promotion interventions in CALD populationsis to determine
and address the barriers to access and participation to decrease
disparities[50]. Traditionally, patientsfrom CALD backgrounds
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have been identified among those who are least likely to attend
CR programs [51], especially if they do not speak English, do
not drive a car, have lower education or income, or have cultural
barriers such as embarrassment of participation [14,21,23,51].
Technology-based CR could potentially address these barriers,
asthe program can be adapted to different languages and is not
constrained by facilities, transportation, and time. Furthermore,
it can be used in a patient-preferred environment [51] toimprove
the patient’s participation, engagement, and overall experience
[38].

Thevariation in the mobile technology use among CALD groups
warrants elucidation and accommodation when developing or
delivering these interventions. In addition, evaluating the usage
of mobile technology before developing or delivering to the
targeted population is imperative. For instance, no overall
significant difference has been reported in the internet use for
health between CALD patientsand othersin this study, implying
that i nternet-based i nterventions could potentially reach CALD
as well as English-speaking patients. Evidence from this and
other studies suggests that people from CALD backgrounds
tend to access the internet more by smartphones rather than
computersor laptops[49]. Thus, internet-based programs should
be user-friendly for both computer and smartphone users to
encourage participation. Furthermore, smartphone users use
mobile features differently. For example, Mandarin-speaking
patientstend to use emailsless compared with English-speaking
patients. Thus, email-based communication in CVD secondary
prevention might not be feasible among certain CALD groups
[47]. Reportedly, selecting an appropriate delivery method for
CR interventions is the key to improving participation among
CALD patients [52].

Overdll, the ubiquity of mobile technology could potentialy
enable technology-based interventions in the future to fulfill
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the increasing demand for CR in CALD patients. Presumably,
the population aged >60 years will increase from the current
800 million (representing 11% of the world population) to >2
billionin 2050 (representing 22% of the world population) [53],
which would result in a tremendous challenge for health care
in dealing with the increasingly prevalent noncommunicable
diseases such as CHD. Meanwhile, mobile technology
ownership has also witnessed an exponential upsurge [54,55].
Unlike the initial digital divide that placed the computer use
and internet access beyond the reach of many older and
lower-income individuals, the mobile technology has been
extensively adopted across populations [54,56]. A
well-established interest in technology enabled CR [57,58],
implies that this new form of intervention and delivery might
provide an alternative to meet the increasing demands [59]. In
addition, some preliminary evidence suggest that
technol ogy-based CR hasthe potential for cost-saving compared
with center-based CR [37,38]. However, age-rel ated differences
in the mobile feature use suggest that voice call- and text
message-based interventions could be superior in reaching
current older CR patients[57,58]. Furthermore, apps- and social
media-based interventions could have great potential for future
CR delivery when young users of today become tomorrow’s
CR patient population [58].

Limitations

This study has severa limitations. First, the predetermined
sample size is relatively small, and the sample was enrolled
from a single hospital in Australia, which might limit the
generalizability of the findings to the larger CR population.
However, this study does provide crucial insightsinto the future
research. Second, this study primarily aimed to assess the role
of Mandarin asahome language in the technol ogy use compared
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with other language groups. Given that English language users
experience different challenges to non-English language users,
we recruited two samples to compare with Mandarin-speaking
patients. The “other” language-speaking group provides scope
for comparison of the effects of a home language other than
English that contrast Mandarin speakers. In addition, language
spoken at home might be a marker for people's acculturation
level and English language proficiency, which were not
assessed. Further studies are required to investigate the
subgroups of language and cultures within this diverse group.
Furthermore, any differences identified might represent the
CALD experience in Australia and, thus, might not be able to
be extrapolated to CALD populationsin other countries. Third,
wedid not correct al phafor multiple pairwise comparisons and
acknowledgetherisk of typel errors because of the exploratory
nature of the study and the small sample size. Finally, data
collection using self-administered questionnaires is subject to
recall and social desirability biases. Hence, further studies
should complement self-administered questionnaire with
objective measures and in-depth investigation of the role of
home language and other correlates of technology use.

Conclusions

This study reveals a high usage of mobile technology among
CR patients and provides further insights into differences in
technology use across CALD patientsin Australia. Thefindings
of this study could be used to guide the design and
implementation of the technology-based CR. Furthermore,
mobile technology-based CR interventions seem promising to
patients from CALD backgrounds, and the identification of the
relevant technology use is the key to a successful
implementation.
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Abstract

Digital health technol ogies such as smartphone apps, Web-based platforms, and wearable devices are rapidly emerging aspromising
interventions for acute and chronic disease management, particularly in the field of cardiovascular medicine. However, there is
limited guidance on how to effectively develop and rigorously test digital health interventions (DHIs). Through our experience
with innovating Corrie, a smartphone-based app paired with a smartwatch and blood pressure monitor for myocardial infarction
recovery in the acute setting, we aim to provide a toolkit for navigating the digital health technology development and clinical
testing processes. The toolkit consists of 6 steps: step one emphasizes concept generation by defining a specific clinical problem
and the existing solutions aimed to address it; step two aims to recruit a multidisciplinary team within an academic institution;
step three leverages technology accelerators and industry partnerships; step four develops the digital health technology with
continuous feedback from patient and family end-users; step five solicits feedback from adiverse array of stakeholders; and step
six performsaclinical study at asinglesitethat, if successful, rapidly scalesto multiple sites. DHI development is often acomplex
and vastly uncharted territory. By exploring the steps we took from concept to clinical testing with the first cardiology CareKit
app, we hope to provide useful insights to teams that are starting out on their path to digital health innovation. We emphasize the
central importance of embracing transdisciplinary work to move from silosto synergy.

(JMIR Cardio 2018;2(1):€2) doi:10.2196/cardio.7586

KEYWORDS

digital health innovation models; mHealth; innovation framework; devel opment of smartphone applications; wearabl e technology;
healthcare transformation

improve the quality, access, efficacy, or efficiency of health
care delivery [2]. DHI modalities span a wide range, from
mobile apps to telemedicine, email, text messaging services,

Introduction

Cardiovascular disease management is being redefined by the

unprecedented innovation in digital health technologies for
health care delivery, patient empowerment, and engagement.
The opportunities for developing, testing, and disseminating
digita hedth interventions (DHIs) continue to grow
exponentially as industry forecasters predict that global
smartphone ownership will reach 90% by 2020 [1]. DHIs are
defined as any form of software or hardware app used to

http://cardio.jmir.org/2018/1/e2/

and wearable devices [3], and are being used in a variety of
contexts, such as smoking cessation [4], behavioral modification
[5], and weight loss [6]. Cardiology-focused digital health
technologies, asin other fields, remain in betatesting [7]. Such
technologies have provided potential glimpses into the future,
and encouraging early results support the feasibility of
large-scale, smartphone-based lifestyle measurement [8].
Provocative early studies further suggest that text messaging
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can positively impact physical activity [9], cardiac risk factors
[10], and medication adherence [11].

Momentum isbuilding for DHIsto reinvent cardiovascular care
delivery. A Johns Hopkins-based smartphone app, Corrie
Health, is an example of such a DHI that is transforming the
hospital discharge process by delivering the key components
of discharge instructions early during hospitalization via an
engaging patient-centered app and smartwatch, rather than in
static paper form during the final minutes of hospitalization.
This approach represents a complete reengineering of the
discharge process to empower patients in skill-building,
monitoring, access to care, and self-management to promote

Figure 1. Digital health intervention innovation roadmap.

Marvel et al

high-value care as patients make the risky transition from
hospital to home.

Both academiaand industry are driving forcesin this emerging
field, but the limitationsin their digital health products suggest
a need for even greater collaboration. For example, apps
originating from industry often lack behavioral theoretical basis
and clinical foundation [12], and academia faces challenges
with keeping updated with technological advancements and
end-user experience [13]. The creation of DHIs requires
intensive collaborative efforts. Just as technology development
leaders may be sequestered in silos of computing and
engineering, health care experts are often isolated in centers of
biomedical research and academic hospital settings.

1. DEFINE THE CONCEPT, DIGITAL TOOL(S), AND
DEVELOPMENT ENVIRONMENT

Define a clinical or public health problem that can be
addressed with a digital solution

Conduct a literature search of the problem, approaches
taken to address the problem, and challenges arisen
Conduct market research on commercial web and
mobile-based app stores that have attempted to
address the problem

3. LOOK FOR OPPORTUNITES TO ACCELERATE

_Q%)Agg__; .

Academic (technology innovation centers, bootcamps)
Commercial (enterprise-based accelerators or

incubators)

4. INVOLVE PATIENT AND CARETAKER FEEDBACK EARLY

* Engage Patient and Family Advisory Boards and home health
care providers

* Focus on solution usability and patient engagement

* Designing a companion application for caretakers

http://cardio.jmir.org/2018/1/e2/
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To bridge the gap between technology development and health
care, itisparticularly valuableto have aroadmap for devel oping
safe, effective, and evidence-based DHIs, and incorporating
mobile technology into health care based on an interdisciplinary
perspective. Here we aim to contribute a step-wise approach to
smartphone-based DHIs with practical guidance for each step.
By delineating the steps we took from concept to clinical testing
(Figure 1), we seek to provide useful insightsto teams that are
interested in building a smartphone app and starting out on their
path to digital health innovation.

Innovation Toolkit (Steps 1-6)

1. Definethe Problem, Concept, and Digital Tool(s)

Begin by defining a distinct clinical problem that may be
addressed withaDHI. Conduct aliterature search toinvestigate
the current understanding of the issue, the methods that
researchers have used to address the question, and the challenges
that have arisen throughout their experiences. Simultaneously
conduct market research on Web- and mobile-based app stores
for solutions that have aready been produced, taking note of
their strengths, weaknesses, and receptivity in order to
understand how innovative your concept is. For example, with
Corrie, research was conducted onthe AppleiTunes Store[14],
Google[15], Skyscape[16], and Unbound Medicine[17] at the
outset of the project using the terms ‘“cardiology,”
“self-management,”  “medications,”  “inpatient,”  and
“follow-up.” This search generated approximately 125 apps.
Similar apps identified in the search were analyzed by their
functional capabilities, target condition, content, layout, and
design. We found no apps that combined medication
management, education, follow-up coordination, and inpatient
deployment for acute myocardial infarction recovery.

To build a solution, there are 3 large categories of mobiletools
to draw from: mobile apps, short message service (SMS)
messaging, and wearabl es/sensors. Consider device and software
integrations and how to link data monitoring with action. The
development context may be selected from native app
development in Apple, Android, Windows/Nokia, Blackberry,
or cross-platform (eg, Ruby and Rails, Appcel erator, PhoneGap)

Figure 2. Corrie Health app screenshots.
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that can be used across platforms as HTML-based apps.
Although there are multiple platforms, iOS and Android account
for 99.6% of al smartphone sales, according to the latest
industry report [18]. In our experience, we started with a
cross-platform build and later transitioned to native app
development, which allows utilization of intrinsic smartphone
features (eg, camera, contacts, calendar); this created a
significant advantage for feature scope and an improved user
interface (see Figure 2).

2. Build a Multidimensional Collaborative Team

Digital health callsfor interdisciplinary teamwork, which isan
aspect that renders it challenging but also uniquely rewarding.
Members of ateam may include physicians, nurses, pharmacists,
case managers, and engineers, as well as expertsin behavioral
science, graphic design, informatics, human-computer
interaction, business, and last but not |east, patients.

We built our internal team primarily by networking within our
university. To recruit the clinical team we aimed for
cardiologists, internal medicine physicians, housestaff, nurses,
medical students, premedical students, and pharmacists; al of
whom possessed an interest in digital health, innovation,
implementation research, and health care transformation. We
sent recruitment emails viadepartmental €l ectronic mailing lists
and also gave numerous project presentations at digital health
interest groups, academic teaching conferences, and individual
faculty audiences. A growing number of academic centers,
including Johns Hopkins (where Corrie was created), have
opportunities for collaboration through Technology Innovation
Labs [19,20], Biomedical Engineering Programs [21,22], and
Healthcare Transformation Labs [23]. Our Corrie team opted
to recruit expertise within the Johns Hopkins University system,
which alowed for dynamic bidirectional collaboration in real
time, rather than funding an outsourced mobile health (mHealth)
app development team to create a product based on
specifications.

Similar to the clinical team recruitment, we recruited technical
expertise for software, frontend, and backend requirements of
aproject with recruitment emails, presentations at Technology
Innovation interest groups, and individual presentations.
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Of note, given the importance of data security and Health
Insurance Portability and Accountability Act (HIPAA)
regulations for patient health information, it is key to have a
technical engineer skilled in data security, data management,
and backend engineering to meet the requirements for data
security at the university and institutional review board (IRB)
levels. The health system’s HIPAA compliance office can be a
resource as questions arise.

Business expertise may be required to build financial models
of how the product might sustain itself before and after reaching
the market. Early on, innovators at academic centers should
also engage their Technology Transfer Office, which provides
guidancewith intellectual property protection (potential patents
and/or copyrights), disclosure of inventions, and
commercialization opportunities. Additional resourcesfor team
building can be found by participating in professional mHealth
training networks [24] and health transformation fellowships
[25].

3. Accelerate Development of Technology and Diffusion
of Innovation

Once amultidisciplinary team is established, the next stepisto
begin building the solution as efficiently and effectively as
possible dueto the rapidly evolving nature of digital health. As
we started to build a native iOS App, Apple Inc. (Cupertino,
Cdlifornia) introduced an open-source framework for clinical
data collection in 2015 called ResearchKit [26], and in 2016
the company rel eased a patient-facing framework with modules
for care plan visualization, symptom and objective measurement
tracking, and care team engagement called CareKit [26]. We
found that the goals of these initiatives were aligned with ours
and that using these software frameworks accelerated our
development. The Corrieteam sought opportunitiesto accelerate
development, and at early stages we participated in a clinical
and technology development accelerator [27], a bootcamp in
technology development [28], and a patient safety and quality
improvement fellowship at Johns Hopkins [29].

Funding acquisition is another important aspect to fuel project
momentum. To fund the time of software engineers, we applied
for innovation grants (academic and state-based), business grants
(ie, seed grants for health care innovation), and patient safety
and quality improvement funding. Both academic and industry
health transformation challenges (ie, “shark tanks’) were
additional funding sources.

4. Involve Patients and Families Early and Often
Throughout Development

Patients will only use new technologies if they find them
relevant, engaging, and easy-to-use. Also important are the
needs of those who are peripherally involved and affected,
including partners, family members, and caretakers. In
developing Corrie, we engaged acute myocardia infarction
patients as partners early in the design process through the
following pathways: (1) performing demonstrationsfor feedback
at Patient and Family Advisory Boards [30]; (2) recruiting
patients who were end-users of Corrie to serve on our own
Patient Advisory Board; and (3) inviting patientsto participate
as part of our research team, whichisagrowing trend in digital

http://cardio.jmir.org/2018/1/e2/
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health innovation [31]. To keep patients and families connected
and invested in Corri€’s ongoing development, we created a
monthly e-newsletter as well as Corrie Facebook, Instagram,
and Twitter social media outlets.

5. Seek Feedback From a Diverse Array of
Stakeholders

While patient and caretaker feedback is a priority, many other
stakehol ders can provide valuable input into a DHI. We sought
a diverse range of feedback from ground level health care
providers, informational technology experts, patient engagement
leaders, and hospital administrators. Each group provides a
unique perspective on critical components for the solution to
work within the system. To successfully connect with
stakeholders and facilitate a meaningful collaboration, it is
extremely beneficia to have a well-designed introductory
slidedeck consisting of 10 slides that explain the significance
of the problem, how your solution addresses it, a summary of
your solution, and the potential impact, which concludes with
your “asks’ for the stakeholder (eg, feedback, recruitment,
funding). Maintaining updated slide sets, as well as having an
introductory video and website, can hel p disseminate the project
and facilitate connections.

6. Perform Clinical Testing

Each prior step ispreparation for thisfinal one, whichiscritical
for adoption. Rigorous clinical testing remains the exception
rather than the rule in digital health. However, there is now a
deep need for high-quality evidence generation to start catching
up with the pace of technology. Innovative trial designs, such
as microrandomization (or n-of-1 randomization), may help to
build effective interventions more quickly. However, we cannot
skip fundamental steps like establishing that our app’'s
measurements are accurate or that our platform is usable.
Therefore, our clinical evaluation of Corrie is beginning with
a focus on validation, feasibility, and usability in the Johns
Hopkins Myocardial infarction COmbined-device Recovery
Enhancement (MiCORE) study [32]. Between the piloting stage
of work and efficacy trials powered for clinical events, thereis
awide, open space in which much can be done to understand
impact (ie, proxima patient-centered outcomes such as
knowledge, engagement, activation, and satisfaction).

We had the advantage of working within a health system and
therefore adirect path to patient testing. For innovatorsworking
outside of a health system, consider partnering with a local
university or hospital to get your solution in the hands of patients
to validate feasibility, usability, and efficacy.

Take time to consider the parameters, size, outcomes, and
generalizability of your trial. One key consideration is the
demographic of your trial population. Elderly populations are
less likely to use mobile technology, yet have a higher
prevalence of chronic conditions [33]. For example, Corrie’'s
target age group is 40 to 85 years old, so we collaborated with
Apple to optimize intuitive design and user-friendly interfaces
that emphasized color contrast, larger buttons and text size, and
also minimized hierarchy (ie, number of screens to navigate
through for each feature).
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Powered by automation, digital health technologies lend
themselves to scaling, which offers a significant advantage for
dissemination of solutions in this space. However, scaling a
digital technology is not easy; it is likely a multistage process
with a variety of options to consider. One can scale up, for
example, by taking the solution to another hospital, state, or
country. One can trandlate the solution into another language
by adapting it for another culture, or adapt it for another health
condition. In our experience, we have grappled with balancing
the potential benefits of scaling versus the risk of diluting our
efforts. Creating processes such as data security/storage and
patient use agreements across all components of the app to use
outside of the primary institution from which it was devel oped
is important. It is also important to develop a sustainable
business model to address the reimbursement and policy
landscapes.

Future Directions

Digital health technol ogies are poised to transform patient care.
One significant barrier to the adoption and diffusion of such
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technologies is insufficient collaboration between key
stakeholdersin devel oping and testing the most promising DHIs.
In this article, we described our firsthand experience with
developing a DHI through a step-wise approach. In the future,
to make this pathway more seamless, we recommend: (1) early
multidisciplinary accelerators compromised of a variety of
stakeholders, such as patients, physicians, nurses, technol ogists,
informaticians, designers, business|eaders, administrators, and
cross-industry leaders;, (2) establishment of institutional
navigators who can provide a pathway through institutional
roadblocks and operational factors; (3) encouraging mentorship
and championship from faculty-level and administration; (4)
devotion of administrative/business/finance leadership to create
sustainable business models to address the reimbursement and
policy landscapes; (5) creation of expedited IRB pathways for
low-risk DHIs; and (6) the design of a systematic processes to
access patient evaluations of new technologies and
consumer-centered design.
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Abstract

Background: As patient communication, engagement, personal health data tracking, and up-to-date information became more
efficient through mobile health (mHealth), cardiovascular diseases (CV D) and other diseasesthat require behaviora improvements
indaily life are now capable of being managed and prevented more effectively. However, to increase patient engagement through
mHealth, it isimportant for the initial design to consider functionality and usability factors and accurately assess user demands
during the developmental process so that the app can be used continuously.

Objective: The purpose of the study was to provide insightful information for developing mHealth service for patients with
CVD based on user research to help enhance communication between patients and doctors.

Methods: To drive the mobile functions and services needed to manage diseases in CV D patients, user research was conducted
on patients and doctors at atertiary general university hospital located in the Seoul metropolitan area of South Korea. Interviews
and asurvey were performed on patients (35 participants) and afocus group interview was conducted with doctors (5 participants).
A mock-up mobile app was developed based on the user survey results, and a usability test was then conducted (8 participants)
to identify factors that should be considered to improve usability.

Results: The majority of patients showed a positive response in terms of their interest or intent to use an app for managing
CVD. Functional features, such ascommunication with doctors, self-risk assessment, exercise, tailored education, blood pressure
management, and health status recording had a score of 4.0 or higher on a5-point Likert scale, showing that these functions were
perceived to be useful to patients. The results of the mock-up usability test showed that inputting and visualizing blood pressure
and other health conditions was required to be easier. The doctors requested a function that offered a comprehensive view of the
patient’s daily health status by linking the mHealth app data with the hospital’s electronic health record system.

Conclusions: Insights derived from auser study for developing an mHealth tool for CVD management, such as self-assessment
and a communication channel between patients and doctors, may be helpful to improve patient engagement in care.

(JMIR Cardio 2018;2(1):€3) doi:10.2196/cardio.9000
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Introduction

Methods

Cardiovascular disease (CVD) causes death and disabilities
worldwide, with the number of deaths caused by this disease
expected to reach 22.2 million by 2030 [1]. Among the risk
factors of CVD, 80% pertain to smoking, drinking, and other
unhealthy lifestyle habits [2]. Since the majority of these risk
factors are preventable, having an accurate understanding of
these factors and correcting one's lifestyle is extremely
important for preventing CVD [1]. Lifestyle behavior changes
include regular daily exercise, eating healthy foods, abstaining
from smoking, abstaining from alcohol, and taking medications
in a set routine according to one’s prescriptions [3].

Mobile health (mHealth), which makes use of mobile phone
appsand wearable devices, isgrowing rapidly in the health care
industry. It offers patient communication, personal health
tracking, and up-to-date information regardless of the time and
place. Through continuous guidance on headlth activities, it is
anticipated that health can be increased with little financial
burden or effort. This can improve patients health-related
activities or conditions to ultimately prevent their health from
worsening or prevent further diseases. It may also be effective
in preventing and managing chronic diseases such as CVD, for
which self-care through improving one's behaviors is an
important factor.

According to study results of the American Heart Association,
in April 2015 there were 12,991 apps on i Tunes and 1420 apps
on Google Play about weight management, exercise, smoking
cessation, diabetes control, blood pressure management,
cholesterol management, and medi cation management through
mHealth for CVD prevention [4]. This shows that many apps
for CVD arealready being devel oped and researched. However,
whether or not these apps are being actively used is as yet
unknown. Many mobile programs have low utilization rates[5],
and surveys show it is difficult for most mobile apps to exceed
3 months' of use after the initial download [6,7].

To increase patient engagement with mHealth, apps must be
designed from the user’s point of view so that they can be used
effectively. Appswith auser-centered design have high usability
and lower risk of failure, reduced costs from a long-term
perspective, and improved overall quality [8]. The provision of
evidence-based customized content that reflects the needs of
the patient is also a very important factor.

Hence, this study aimed to develop a customized mHealth
service optimized for patients with CV D through user research
and usability testing. The purpose of the study was to provide
information for developing an mHealth tool with features that
support health connections between patients and doctors, and
to improve the usability of such atool.

http://cardio.jmir.org/2018/1/e3/

To develop an mHealth tool targeting patients with CVD, three
types of user research and user experience investigations
including surveys and interviews with patients, focus group
interviews with doctors, and a usability test were conducted
(Figure 1).

This study was approved by the Institutional Review Board of
Seoul National University Bundang Hospital, and individuals
who consented to take part in this study became the research
participants (IRB No: B-1612-373-308).

Survey and I nterview With Patients With
Cardiovascular Disease

To enable sustainable use of a mobile service, characteristics
of users must be assessed and their demands and needs
accurately understood [9]. To this end, user research was
conducted through face-to-faceinterviews and asurvey targeting
patients with CVD.

The survey questionnaire was drafted based on a survey from
existing mHealth-related literature [10,11], and thefinal version
was completed after review and discussion by agroup of experts,
including two doctors from a cardiology department, one
medical informatics professor, one nurse, two researchers, and
three developers. The survey questions were divided into the
three major categoriesof participant demographics (4 questions),
current health care status (8 questions), and heath app
perceptions and demands (16 questions), for a total of 28
guestions.

Study enrollment targeted outpatients and inpatients from the
cardiology department of atertiary general university hospital
located in the Seoul metropolitan area of South Korea. The
inclusion criteriawere patientswith CVD aged 30 yearsor older
with their own mobile phone. The exclusion criteriawere those
with psychiatric disabilities, such asdelirium, or diagnosed with
unrelated CVD that was not covered by the high-risk and
low-risk groups of CVD disease. Patients were classified as
high risk if they had received a diagnosis of unstable angina,
non-ST-elevation  myocardia  infarction, ST-elevation
myocardial infarction, myocardial infarction, coronary disease,
coronary atherosclerosis, angina pectoris, or acute myocardial
infarction. Patients were classified as low risk if they had
received a diagnosis of atrial fibrillation, hypertension, chest
pain, vasovagal syncope, variant angina, hypertension, and
dyspnea on exertion.

The survey period spanned 17 days from January 9 to 25, 2017;
a structured self-reported survey and fact-to-face interviews
were conducted with 35 of 37 patients after excluding two
patients who did not use amobile phone or who did not consent
to the study.
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Figurel. Study overview.
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App development

The survey and interview was conducted by two researchers.
When a patient agreed to participate, aresearcher first provided
athorough explanation of the study overview, survey method,
and privacy and security policiesregarding collected databefore
conducting the survey with the patient. After finishing the
survey, an open-ended interview was conducted. Examples of
the interview questions include:

1 What signs and symptoms of cardiovascular disease have
you ever had?

2. How did you manage your health before the symptoms
appeared?

3. How have you managed your health since you devel oped
the disease?

4. What barriers or difficulties exist when managing your
disease?

5. What do you think you need more of to manage your disease
effectively?

In addition, participants were free to speak about the expected
effects of mHealth tools for CVD. Various experiences and
perspectives on disease management were collected from
participantsin aninformal atmosphere. During the user research,
one researcher led the survey and interview, and the other
documented all questions, answers, and opinions from
participants [12]. The interview was audio-recorded and fully
transcribed by the interviewer. Each transcript was supplemented
and compared with the interview notes to ensure its accuracy

The interview transcripts were analyzed using the constant
comparative method [13]. First, two researchers conducted open
coding of the transcripts to identify distinct opinions. After the

http://cardio.jmir.org/2018/1/e3/

initial coding, researchers continuously and repeatedly reviewed
the transcripts to group or regroup conceptsto determine users
requirements of an mHealth tool for cardiovascular patients.

The data collected from the survey were analyzed using the R
3.3.1 software version.

Focus Group I nterview With Cardiologists

Thefocus group interview method isaqualitative data collection
technique used to obtain detailed information on the thoughts,
emotions, attitudes, or experiences of participants. Itisasuitable
model for sharing patient care experiences[14,15]. The purpose
of this part of the study was to conduct afocus group interview
with doctors from the cardiology department to derive needs
and demands regarding mobile services based on their
experiences of daily clinical practice. We asked five
cardiologists to participate in the focus group interview and
they all agreed to do so.

Thefocusgroup interview lasted approximately 90 minutesand
was moderated by auser research expert. After introducing the
research overview, the moderator provided five discussion
topics, including criteria on target patients as end users of the
cardiovascular mHedlth tool, available assessment tools,
available questionnaires, education materials useful for
personalized education, and mHealth app functions useful for
managing cardiovascular disease. Each topic was freely
discussed for 15 minutes. Additionally, doctors were asked to
provide a layout sketch for a doctors' Web screen that would
be linked with the hospital’s electronic health record (EHR)
system and the mHealth app. All sessions were audio-recorded
and all field notes of participating coresearcherswere collected.
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Table 1. Scenarios of the usability test on the mHealth cardiovascular disease mock-up app.

Task Task item Test activity

1 Log-in Logging in to the app using a given test user account

2 My health Checking one's comprehensive health status

3 Daily mission Checking one's daily mission, as prescribed by a physician

4 Heslth information Finding the health information one wants, which can be tailored to one’s disease

5 Health questionnaire Sounding an alarm for anew questionnaire survey after which participantstry tofill in

6 Self-management (blood pressure, blood  Inputting a given blood pressure value (eg, 120/80) into the app, then viewing the blood
sugar test, body weight) pressure trend viaa graph

7 Diary Choosing an appropriate icon based on one's daily moods and symptoms

Two researchers analyzed the opinions from doctors using a
card-sorting method [16] to derive key functions for the
cardiovascular mHealth tool. Researchers extracted meaningful
sentences or words from the recorded interviews and categorized
them into groups. These groupswere each given atopic. Doctors
were interviewed on each of these topics and their responses
were analyzed.

Usability Test With Patients With Car diovascular
Disease

The usability test is a method to evaluate how easily the end
user understands, learns, and uses software or an app under
specific conditions [17]. The purpose at this stage of the study
was to (1) test the usability of cardiovascular care apps
developed through prototypes and (2) develop an actual app
based on user experiences and needs that were derived through
testing.

This study conducted a usability test on an app that would be
offered to patients based on functions derived through a
literature review and the aforementioned user research and focus
group interview with patients and doctors, respectively. A
mobile phone app designed using a mock-up tool was used as
the test tool. Mock-ups are visualizations that enable users to
experience the functions that will be implemented in an app
[18,19]. For this study, a free HTML5-based Web app
prototyping online tool was used to create a user interface that
was similar to the actual app screen that would be devel oped.
The usability test was conducted with actual users through an
Android mobile phone.

Thetest was conducted over 2 weeksfrom March 6 to 20, 2017,
with eight participants, including four patientswith CVD among
the user survey participants and four patients with CVD who
were additionally recruited voluntarily through poster
advertisements in the hospital. Although the usability test was
offered to all participants in the initial user survey, only four
agreed to participate in the test. The inclusion and exclusion
criteria for the usability test were the same as those for the
survey and interview. The test was conducted in a separate
space. A researcher provided the mock-up app for the
participants and observed and recorded whether they were able
to proceed with the given test scenario on their own.

Thetest scenario involved having the participant directly inquire
about and enter information according to agiven task (Table 1)
by focusing on the main menu (log-in, my health, daily mission,

http://cardio.jmir.org/2018/1/e3/

health information, health questionnaire, self-management,
diary), and intervention by the test administrator was minimized
during testing. A face-to-face interview about the first
impression of the app, overal satisfaction, service
inconveniences, and improvements followed thereafter.

Results

Survey and I nterview Demographics

Of the 35 survey participants who were patients, there were
more males (n=28, 80%) than females (n=7, 20%). Regarding
age, 17 wereyounger than 60 years (49%) and 18 were 60 years
or older (51%). The majority of patientswere outpatients of the
cardiology department (31/35, 89%), 18 of whom (51%) were
in the high-risk group and 17 of whom (49%) were in the
low-risk group based on their diagnoses. Fourteen participants
(40%) had comorbidity, seven had diabetes, and six had
hyperlipidemia. All participants owned a mobile phone, and
most were Android users (34/35, 97%) (Table 2).

Patients’ Perceptions of Health M anagement

Of the six items (exercise, dietary control, blood pressure
measurements, abstaining from smoking, abstaining from
alcohol, and wei ght management) that were previoudly surveyed
to be important for CVD prevention and care in existing
literature [20], patients were asked to select three items that
they believed wereimportant and threeitemsthat they practiced.
The results are shown in Figure 2.

The top three items that patients thought were important
included exercise, dietary control, and weight management, and
the itemsthat they practiced included exercise, dietary control,
and measuring blood pressure. Many participants selected
exercise and dietary control as both important items and items
they practiced, whereas weight management was found to be
an item that patients believed was important but had difficulty
practicing.

Patients Perceptions of the Use of Mobile Apps for
Health Management

According to the survey results on awareness regarding apps
among the 35 participants, 74% (26/35) were aware of mobile
phone apps, but only 20% (7/35) had experience using a health
care app. However, the majority of participants (94%, 33/35)
responded positively that they were interested and would be
willing to use apps for managing CVD (Figure 3).
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Table 2. Demographic information of patients who participated in the survey and interview (N=35).

Variables n (%)
Gender

Male 28 (80)

Female 7(20)
Age (years)

<60 17 (49)

=60 18 (51)
Number of yearsvisited hospitals

<3years 20(57)

>3 years 15 (43)
Treatment type

I npatient 4(11)

Outpatient 31(89)
Risk group

High risk 18 (51)

Low risk 17 (49)
Comor bidity

Yes 14 (40)

No 21 (60)
M obile device type

Android 34(97)

i0S 1(3)

Patients’ Perceptions of Useful Functions of Apps for
Cardiovascular Disease

On surveying the usefulness of 10 different functions to be
implemented in the CVD app on a 5-point scale, there were
positive reactions to al functions, with scores of 3.5 points or
higher on all. Advice from doctors was highest with a mean
score of 4.77 (SD 0.49), followed by self-assessment of risk
with mean 4.46 (SD 0.98), and exercise management with mean
4.40 (SD 0.98). The medication alarm function had the lowest
score of mean 3.57 (SD 1.61) (Figure 4).

Other Patients Interview Results

During the survey, face-to-face interviews were also conducted
with each participant, who provided three to four different
opinions on the requirements of the mHealth tool. The most
frequently and commonly required features were (1) easy app
control and use, (2) up-to-date information on disease and health,
(3) management of presymptoms of CVD and self-assessment,
(4) check of current health status, and (5) communication with
doctors.

Focus Group I nterview Results With Cardiologists

Based on the results of the interview conducted with doctors
from the cardiology department, key functions of the app that

http://cardio.jmir.org/2018/1/e3/

would be provided to their patients were identified. The
cardiologists indicated that personal health data involved in
self-care for managing CVD, such as blood pressure, blood
glucose, and step count, must be linked to various devices, in
addition to the manual entry function, for the user’s convenience
and data accuracy. Diet information is extremely important for
managing CVD; however, because it is cumbersome and
difficult to consistently collect through an app, this service was
suggested to be excluded.

Various health questionnaires are utilized during treatment;
therefore, a health questionnaire feature was recommended to
be implemented in the app. This would improve the
effectiveness of treatment by alowing patients to complete
guestionnaire items in advance before consultations. However,
the health questionnaire period must be set to an appropriate
time interval so that patients do not receive too many alerts. In
addition, because personal/family events areimportant regarding
patient health status, a memo function was requested to allow
patients to record daily or unexpected events.

Beyond the app provided to patients, there was also a need for
an app through which doctors can view patients’ behavioral
data. This must be linked with the hospital’s EHR system so
that patients’ entriesinto the app can be viewed simultaneously
with EHR clinical data.
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Figure 2. Comparison between patients' perceptions of importance and actual practice regarding their management of cardiovascular disease.

(total, N=35)

Exercise 86%

Dietary control

Weight management

. Importance

Blood pressure measurements Practice

Abstaining from smoking

Abstaining from alcohol

0 10 20 gp MAXES
Number of respondents

Figure 3. Perceptions of the use of mobile apps for health management.

(total, N=35)
Do you know what a mabile phone app is?

Have you ever used any health app to
manage your health?

Do you have an interest in using a health _
app to manage your health?

Do you intend to use the CVD app if
developed?

mYes mMNo = Notsure

Figure 4. Patients’ perception of the usefulness of various functions of cardiovascular disease mobile apps (error bars represent standard deviation).

Advice from doctors 7 ALl o

Self assessment of risk 7 — 446 4 |
Exercise management - F 440 o {
Tailored education 7 I 423 o {

Blood pressure measurements - L 417 o {
Health status recording 7 t 411 i
Dietary control 1 | 391 o |

Glycemic control - | 383 o !

Information sharing with family f 366 o 1
Medication alarm - k 357 o {

1 2 3 4 5

Mean value (total 5 scores)

http://cardio.jmir.org/2018/1/e3/ JMIR Cardio 2018 | vol. 2 |iss. 1 [e3 | p.124

(page number not for citation purposes)
XSL-FO

RenderX


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

JMIR CARDIO

Figure5. Participants’ success rate using the app by task (n=8).
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Table 3. Functions and issues/implications of the mock-up design of the user interface for a cardiovascular disease app. EHR: electronic health record.

Menu Function Issues Implications

My health Framingham risk score[21]; laboratory test results  Uncertain what the score means A detailed description of the risk
(triglycerides, low-density and high-density score must be provided
lipoprotein cholesterol, and glycated hemoglobin
A1q)

Daily mission Target values of body weight, blood sugar, and Medical termsaredifficult tounder- Medical terms used should be

steps, as prescribed by the physician; my health
status

Hedth information  Education materials (PDF file, video) [22,23];
scope: hypertension, myocardial infarction, cardiac

rehabilitation, angina pectoris

Health questionnaire  Various questionnaires; basic questionnaire: anthro-
pometry (height, body weight), blood pressure,
smoking, hypertension drugs, diabetes, family his-
tory; outpatient questionnaire: drug compliance,
dietary supplement, Canadian Cardiovascular Soci-
ety [24], New York Heart Association [25], edema
assessment; periodic questionnaire: depression,
Patient Health Questionnaire (PHQ-2) [26]

Self-management Self-management (device interface or manual in-
put); items: body weight, blood pressure, blood
glucose test, steps; trend view of health status via
graph

Daily mood and symptoms (view by week and
month); write memos on recent events

Diary

stand changed to simple, easy-to-under-

stand terms for elderly patients

Medical education material s should
betailored according to the patients
diseases and conditions

The users want personalized health
information

Recognition of click icon buttons
and their imagesislow; aarm fa-
tigueisaconcern

Easy-to-understand icon designsare
needed; alarms for questionnaires
should be minimized or set by indi-
vidual users

The input button is hard to find and
the recognition of the graph value
isdifficult

Easy-to-understand icon design and
adetailed description of graph value
are needed

Theiconimageisnot clear; itis
hoped that the input data are shared
with physician

Overall design of icons should be
improved; any datainput by the pa-
tient must/should appear in the
physician’s EHR

Usability Test Results

Of the eight patients who participated in the usability test on
the mock-up mabile app, six were male and two were female.
Seven participants were younger than 60 years and one was 60
years or older. Their mean age was 52.5 (SD 10.5) years.

Regarding the successrate of agiven task, resultswere divided
into three types (completed with ease, completed with difficulty,
failed). In terms of the categorization, “completed with ease”
reflected when the participant was able to complete tasks on

http://cardio.jmir.org/2018/1/e3/

RenderX

their own by looking at the scenario; “ completed with difficulty”
was when the participant was unable to succeed on his/her own,
but completed the tasks after receiving help from the researcher;
and “failed” was when the participant was unable to complete
thetask or understand despite the researcher’s hel p. The success
rate was 100% for tasks 4 (health information) and 5 (health
guestionnaire), and most other tasks had a success rate of at
least 70%. This showed that userswere able to use the app with
relative ease. But the success rate for task 6 (self-management)
was 25% and most participantsfailed. This showsthat thismenu
user interface (Ul) required overall improvement (Figure 5).
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Figure 6. User interfaces of the mock-up design for a cardiovascular disease app: (a) my health, (b) daily mission, (c) health information, (d) health

guestionnaire, (e) self-management, and (f) diary.
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Regarding the participants’ satisfaction with the app, the score
was mean 3.6 (SD 1.2) out of 5 points, which shows that they
were somewhat satisfied with the overall design or function.
They responded that this mHealth tool would be very useful for
patients who did not know or have an accurate understanding
of how to manage CVD. They a so anticipated that they would
be able to manage their disease more efficiently if the data that
they normally recorded manually on adaily basiscould be easily
entered in the app or linked and shared with their doctors.
However, there were aso issues and inconveniences for each
menu that were identified through the usability test.

Table 3 showstheissues and mattersfor improvement that were
derived from the usability test with the Ul (Figure 6) and
functions defined through literature review, user study, and
focus group interviews. Thereweremany requestsfor additional
explanations on the information provided and to improve the
image icon so that it could be seen intuitively.

Discussion

Principal Findings

Many mHealth programs are already being developed and
actively researched to prevent and manage CVDs. It has been
reported that when patients with CVD use digital tools as
mediatorsthere are positive effects such asimproved outcomes,
which can result in areduction of risk factorsthat lead to CVD

http://cardio.jmir.org/2018/1/e3/
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[27,28]. However, to maintain positive outcomes, it isimportant
to design a model that can make the program sustainable. To
this end, characteristics of end users of the program must first
be accurately assessed. Users must also directly participatefrom
the initial development stage, so that the program can be
developed with adesign and content that reflectstheir opinions.

This study designed an mHealth tool for patients with CVD
from the perspective of actual usersincluding both patientsand
doctorsthrough the user study and usability testing. The majority
of users were 60 years of age or older and 40% of the
participants had comorbidity such asdiabetes or hyperlipidemia
Most participants had very little experience with using a health
care mobile app; however, their interest or intent to use an app
for managing CVD was high, despite the fact that most were
seniors who were unfamiliar with the information technology
environment. In previous studies, there were many elderly users
aged 65 years or older within the mHealth domain for CvD
care[29]. Although theripple effect was extremely low interms
of app use because it was difficult for them to adapt to
technology, their interest or intent to participate was still
reported to be very high [27,28].

This implies that a CVD management program that utilizes
mHealth must be developed based on such high user interest
and intent. However, additional supplementation isrequired for
these programsto be used effectively. To thisend, characteristics
of elderly users, who are the mgjority of thisdemographic, must
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be sufficiently reflected and the program must be supported by
profound evidence-based content so that comorbidity can be
managed. One of the reasons why many health-related appsfail
is because they lack evidence-based content [30-33].

Evidence-based content for CVD management programs
includes known CVD risk factors through previous research
results [34], the majority of which are behaviora factors that
can be modified from an individua’s lifestyle. The seven
behaviors, which are known as Life's Simple 7 recommended
by the American Health Association, include sufficient exercise,
healthy eating habits, abstai ning from smoking, maintaining an
appropriate body mass index, and managing blood pressure,
cholesterol, and blood glucose at normal levels. If this type of
healthy lifestyle and health figures can be maintained, the
mortality rate from cardiac diseases could potentially decrease
by up to 20% by the year 2020, owing to a state of “ideal
cardiovascular health” [20]. In this study, an app was created
to reflect the requirements of users during content creation so
as to make it an easy-to-use tool that offered updated
information and enabled self-assessment [21]. Moreover,
because advice from doctors or communication with them,
which received the highest score from the perspective of
usability out of all the app functions, is an important factor in
a successful mHealth model [35], a Web portal that is visible
to medical professionals during treatment should be also
devel oped so that patient-reported health data can be shared and
abidirectional service model can be implemented.

During the focus group interview with doctors, one requested
that a health questionnaire service related to CVD beincluded
so that doctors could refer to these data during consultations.
A health questionnaire that can assess depression wasincluded,
in which patients inputted their daily mood and symptoms so
that their doctors could immediately assess their mood and
changes during treatment and take necessary action. Depression
is reported to be a critical factor that increases the risk and
mortality rate of CVD [36]. However, because it is a difficult
disorder to assess during short consultation times, if the patient’s
mood can be assessed through mHealth and revealed to the
medical professionas, this will be helpful for the patient’s
course of treatment.

User-centered design isan important matter of considerationin
addition to content while developing a service. According to
surveysfrom existing studies, appsthat manage chronic diseases
must have user-centered design features, including visualizing
patient-rel ated trends through agraph, sending alertswhen care
or follow-up is required, and urging users to continuously
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manage their conditions through communication functions such
as text messages. Providing visual educational materials using
videos, proposing tailored goals, accessing patients' health
record data, and including functions that enable patients to
record their status were also mentioned as important factors of
user-centered design features[37]. This study devel oped an app
reflecting all these factors, and improved the Ul and naming
for some menus based on issues that were identified through
the usability test.

Going forward, app usability must be evaluated in an actual
clinical environment through clinical testing using an app that
has been developed based on the results of this study, and its
potential and usability as a sustainable model must also be
studied. Further, an effective way to input diet information in
a mobile environment should also be considered. The clinical
effectiveness of the CVD mHealth tool will also be evaluated
in the future.

Limitations of the Study

A limitation of this study wasthat the patient’s diet, which was
found to be an important item for managing CVD in previous
literature reviews and user research, was excluded. Because
eachindividual’s eating habits differ and thereisalarge amount
of datathat must be entered, we followed the results of the focus
group interview discussion that this function would make the
app cumbersometo use. Additionally, because the usability test
was conducted through an app that was created using amock-up
tool, there may be differences in usability compared to that of
the actual app that is developed.

Conclusions

This study developed an mHealth tool that can effectively
manage CVDs through user research that involved the direct
participation of doctors from the cardiology department and
patientswith CVD. Thefield of mHealth may most effectively
mediate an individual’s health behaviors. For diseases such as
CVD that are highly influenced by various lifestyle habits and
chronic diseases, the provision of aprogram that uses mHealth
may greatly assist in the management and prevention of diseases.

Thereisademand for an mHealth tool to include functionsthat
effectively support communication between patients and doctors,
self-assessment and evaluation of risk, and exercise
management, all which were deduced through user research in
this study with respect to CVD management. The functional
features should be provided to patients with high usability to
ensure sustainable use of mHealth tools and enhance patient
engagement in the medical environment.

Thiswork was supported by the IT R&D program of Seoul National University Bundang Hospital and SK Telecom.

Conflictsof I nterest
None declared.

References

http://cardio.jmir.org/2018/1/e3/

JMIR Cardio 2018 | vol. 2 | iss. 1 [e3 | p.127
(page number not for citation purposes)


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

JMIR CARDIO Baek et a

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Kelli HM, Witbrodt B, Shah A. The Future of Mobile Health Applications and Devices in Cardiovascular Health. Euro
Med J Innov 2017 Jan;2017:92-97 [FREE Full text] [Medline: 28191545]

Pfaeffli DL, Dobson R, Whittaker R, Maddison R. The effectiveness of mobile-health behaviour change interventions for
cardiovascular disease self-management: A systematic review. Eur J Prev Cardiol 2016 May;23(8):801-817. [doi:
10.1177/2047487315613462] [Medline: 26490093]

Piepoli MF, Corra U, Adamopoulos S, Benzer W, Bjarnason-Wehrens B, Cupples M, et a. Secondary prevention in the
clinical management of patients with cardiovascular diseases. Core components, standards and outcome measures for
referral and delivery: apolicy statement from the cardiac rehabilitation section of the European Association for Cardiovascular
Prevention & Rehabilitation. Endorsed by the Committee for Practice Guidelines of the European Society of Cardiology.
Eur J Prev Cardiol 2014 Jun;21(6):664-681. [doi: 10.1177/2047487312449597] [Medline: 22718797]

Burke LE, MaJ, Azar KM, Bennett GG, Peterson ED, Zheng Y, American Heart Association Publications Committee of
the Council on Epidemiology and Prevention, Behavior Change Committee of the Council on Cardiometabolic Health,
Council on Cardiovascular and Stroke Nursing, Council on Functional Genomics and Trandational Biology, Council on
Quality of Care and Outcomes Research, Stroke Council. Current science on consumer use of mobile health for cardiovascular
disease prevention: a scientific statement from the American Heart Association. Circulation 2015 Sep 22;132(12):1157-1213.
[doi: 10.1161/CIR.0000000000000232] [Medline: 26271892]

Eysenbach G. Thelaw of attrition. JMed Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

Furner CP, Racherla P, Babb JS. Mobile app stickiness (MASS) and mobile interactivity: a conceptual model. Mark Rev
2014 Aug 11;14(2):163-188. [doi: 10.1362/146934714X14024778816913]

Krebs P, Duncan DT. Health app use among US mobile phone owners: a national survey. IMIR Mhealth Uhealth
2015;3(4):e101 [FREE Full text] [doi: 10.2196/mhealth.4924] [Medline: 26537656]

Humayoun S, Dubinsky Y, Catarci T. A three-fold integration framework to incorporate user-centered design into agile
software development. In: Human Centered Design. Berlin, Heidelberg: Springer; 2011:55-64.

Hancock J, Shemie SD, Lotherington K, Appleby A, Hall R. Development of a Canadian deceased donation education
program for health professionals: a needs assessment survey. Can J Anaesth 2017 May 03:3. [doi:
10.1007/s12630-017-0882-4] [Medline: 28470557]

Ramirez V, Johnson E, Gonzalez C, Ramirez V, Rubino B, Rossetti G. Assessing the use of maobile health technology by
patients: an observationa study in primary care clinics. IMIR Mhealth Uhealth 2016;4(2):e41 [FREE Full text] [doi:
10.2196/mhealth.4928] [Medline: 27095507]

Schuuring MJ, Backx AP, Zwart R, Veelenturf AH, Robbers-Visser D, Groenink M, et a. Mobile health in adults with
congenital heart disease: current use and future needs. Neth Heart J 2016 Nov;24(11):647-652 [FREE Full text] [doi:
10.1007/s12471-016-0901-7z] [Medline: 27646112]

Anderson J, Aydin C. Evaluating the Organizational Impact of Health Care Information System. New York: Springer-Verlag;
2005.

Glaser B, Strauss AL. Discovery of Grounded Theory: Strategies for Qualitative Research. New York: Routledge; 1999.
Holloway I, Galvin K. Qualitative Research in Nursing and Healthcare. Hoboken, NJ: John Wiley & Sons; 2016.
Hamnes B, Rgnningen A, Skarbg A. Experiences of participating in return-to-work group programmes for people with
muscul oskeletal disorders: A focus group study. Musculoskeletal Care 2017 Sep;15(3):272-280. [doi: 10.1002/msc.1210]
[Medline: 28695647]

Hendry M, Pasterfield D, Gollins S, Adams R, Evans M, Fiander A, et al. Talking about human papillomavirus and cancer:
development of consultation guides through lay and professional stakeholder coproduction using qualitative, quantitative
and secondary data. BMJOpen 2017 Jun 26;7(6):€015413 [FREE Full text] [doi: 10.1136/bmjopen-2016-015413] [Medline:
28652291]

Tiburcio M, LaraMA, Aguilar AA, Fernandez M, Martinez VN, Sanchez A. Web-based intervention to reduce substance
abuse and depressive symptomsin Mexico: devel opment and usability test. IMIR Ment Health 2016 Sep 29;3(3):e47 [FREE
Full text] [doi: 10.2196/mental.6001] [Medline: 27687965]

Wang F, Hannafin MJ. Design-based research and technol ogy-enhanced learning environments. Educ Technol Res Dev
2005;53(4):5-23.

Mann DM, Quintiliani LM, Reddy S, Kitos NR, Weng M. Dietary approaches to stop hypertension: lessons learned from
a case study on the development of an mHealth behavior change system. IMIR Mhealth Uhealth 2014 Oct 23;2(4):e41
[FREE Full text] [doi: 10.2196/mhealth.3307] [Medline: 25340979]

Lloyd-JonesDM, Hong Y, Labarthe D, Mozaffarian D, Appel LJ, Van HL, American Heart Association Strategic Planning
Task Force and Statistics Committee. Defining and setting national goals for cardiovascular health promotion and disease
reduction: the American Heart Association's strategic Impact Goal through 2020 and beyond. Circulation 2010 Feb
2;121(4):586-613 [FREE Full text] [doi: 10.1161/CIRCULATIONAHA.109.192703] [Medline: 20089546]

Kannel W, Wilson P. Risk factors for cardiovascular disease and the Framingham Study Equation. In: Comprehensive
Management of High Risk Cardiovascular Patients. Boston, MA: CRC Press; 2016:1-18.

http://cardio.jmir.org/2018/1/e3/ JMIR Cardio 2018 | vol. 2 | iss. 1 €3 | p.128

(page number not for citation purposes)


http://europepmc.org/abstract/MED/28191545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28191545&dopt=Abstract
http://dx.doi.org/10.1177/2047487315613462
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26490093&dopt=Abstract
http://dx.doi.org/10.1177/2047487312449597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22718797&dopt=Abstract
http://dx.doi.org/10.1161/CIR.0000000000000232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26271892&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://dx.doi.org/10.1362/146934714X14024778816913
http://mhealth.jmir.org/2015/4/e101/
http://dx.doi.org/10.2196/mhealth.4924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26537656&dopt=Abstract
http://dx.doi.org/10.1007/s12630-017-0882-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28470557&dopt=Abstract
http://mhealth.jmir.org/2016/2/e41/
http://dx.doi.org/10.2196/mhealth.4928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27095507&dopt=Abstract
http://europepmc.org/abstract/MED/27646112
http://dx.doi.org/10.1007/s12471-016-0901-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27646112&dopt=Abstract
http://dx.doi.org/10.1002/msc.1210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28695647&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=28652291
http://dx.doi.org/10.1136/bmjopen-2016-015413
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28652291&dopt=Abstract
http://mental.jmir.org/2016/3/e47/
http://mental.jmir.org/2016/3/e47/
http://dx.doi.org/10.2196/mental.6001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27687965&dopt=Abstract
http://mhealth.jmir.org/2014/4/e41/
http://dx.doi.org/10.2196/mhealth.3307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25340979&dopt=Abstract
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=20089546
http://dx.doi.org/10.1161/CIRCULATIONAHA.109.192703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20089546&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Baek et a

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Rumsfeld JS, Brooks SC, Aufderheide TP, Leary M, Bradley SM, Nkonde-Price C, American Heart Association Emergency
Cardiovascular Care Committee, Council on Cardiopulmonary, Critical Care, Perioperative Resuscitation, Council on
Quality of Care and Outcomes Research, Council on Cardiovascular and Stroke Nursing, Council on Epidemiology and
Prevention. Use of mobiledevices, social media, and crowdsourcing asdigital strategiesto improve emergency cardiovascular
care: ascientific statement from the American Heart Association. Circulation 2016 Aug 23;134(8):e87-e108 [FREE Full
text] [doi: 10.1161/CIR.0000000000000428] [Medline: 27334603]

ChoMJ, Sim JL, Hwang SY. Devel opment of smartphone educational application for patients with coronary artery disease.
Healthc Inform Res 2014 Apr;20(2):117-124 [FREE Full text] [doi: 10.4258/hir.2014.20.2.117] [Medline: 24872910]
Bress A, Dodson J, Sauer B, Patterson O, Alba P, Duvall S. Canadian Cardiovascular Society (CCS) angina classification
extracted from clinical notes by natural language processing: validation and association with healthcare utilization in an
integrated health. 2016 Presented at: ESC Congress 2016; Aug 27-31, 2016; Rome.

McMurray J, Gong J, Rouleau J, Solomon S, Swedberg K, Zile M. Efficacy and safety of Sacubitril/Valsartan in patients
in NYHA functiona class V. An analysis of PARADIGM-HF. Circulation 2016 Nov 11;134:A20000.

Thibault IM, Steiner RW. Efficient identification of adults with depression and dementia. Am Fam Physician 2004 Sep
15;70(6):1101-1110 [FREE Full text] [Medline: 15456119]

Widmer RJ, Collins NM, Collins CS, West CP, Lerman LO, Lerman A. Digital health interventions for the prevention of
cardiovascular disease: a systematic review and meta-analysis. Mayo Clin Proc 2015 Apr;90(4):469-480. [doi:
10.1016/j.mayocp.2014.12.026] [Medline: 25841251]

Hamine S, Gerth-Guyette E, Faulx D, Green BB, Ginsburg AS. Impact of mHealth chronic disease management on treatment
adherence and patient outcomes: a systematic review. JMed Internet Res 2015;17(2):e52 [FREE Full text] [doi:
10.2196/jmir.3951] [Medline: 25803266]

Smith A. Pew Research Center Internet & Technology. 2014 Apr 03. Older adults and technology use URL: http://www.
pewinternet.org/2014/04/03/0l der-adults-and-technol ogy-use/ [accessed 2018-02-02] [WebCite Cache ID 6wvnzmSBKk]
Breton ER, Fuemmeler BF, Abroms LC. Weight loss-there is an app for that! But doesit adhere to evidence-informed
practices? Trand Behav Med 2011 Dec;1(4):523-529 [FREE Full text] [doi: 10.1007/s13142-011-0076-5] [Medline:
24073074]

Azar KM, Lesser LI, Laing BY, Stephens J, AuroraMS, Burke LE, et a. Mobile applications for weight management:
theory-based content analysis. Am J Prev Med 2013 Nov;45(5):583-589. [doi: 10.1016/j.amepre.2013.07.005] [Medline:
24139771]

Petakov A, Nesmith K. Weight loss using evidence-based strategies in mobile apps. Am JPrev Med 2014 Jul;47(1):el.
[doi: 10.1016/j.amepre.2014.03.015] [Medline: 24952887)

Conroy DE, Yang C, Maher JP. Behavior change techniques in top-ranked mobile apps for physical activity. Am J Prev
Med 2014 Jun;46(6):649-652. [doi: 10.1016/j.amepre.2014.01.010] [Medline: 24842742]

Kones R. Primary prevention of coronary heart disease: integration of new data, evolving views, revised goals, and role of
rosuvastatin in management. A comprehensive survey. Drug Des Devel Ther 2011;5:325-380 [FREE Full text] [doi:
10.2147/DDDT.S14934] [Medline: 21792295]

Park LG, Beatty A, Stafford Z, Whooley MA. Mobile phone interventions for the secondary prevention of cardiovascular
disease. Prog Cardiovasc Dis 2016;58(6):639-650. [doi: 10.1016/j.pcad.2016.03.002] [Medline: 27001245]

Penninx BW. Depression and cardiovascular disease: epidemiological evidence on their linking mechanisms. Neurosci
Biobehav Rev 2017 Mar;74(Pt B):277-286. [doi: 10.1016/j.neubiorev.2016.07.003] [Medline: 27461915]

Matthew-Maich N, HarrisL, Ploeg J, Markle-Reid M, ValaitisR, Ibrahim S, et a. Designing, implementing, and evaluating
mobile health technol ogies for managing chronic conditionsin older adults: ascoping review. IMIR Mhealth Uhealth 2016
Jun 09;4(2):e29 [EREE Full text] [doi: 10.2196/mhealth.5127] [Medline: 27282195]

Abbreviations

CVD: cardiovascular disease
EHR: electronic health record
mHealth: mobile health

Ul: user interface

http://cardio.jmir.org/2018/1/e3/ JMIR Cardio 2018 | vol. 2 | iss. 1 [e3 | p.129

(page number not for citation purposes)


http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=27334603
http://circ.ahajournals.org/cgi/pmidlookup?view=long&pmid=27334603
http://dx.doi.org/10.1161/CIR.0000000000000428
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27334603&dopt=Abstract
http://www.e-hir.org/journal/viewJournal.html?year=2014&vol=020&num=02&page=117
http://dx.doi.org/10.4258/hir.2014.20.2.117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24872910&dopt=Abstract
http://www.aafp.org/link_out?pmid=15456119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15456119&dopt=Abstract
http://dx.doi.org/10.1016/j.mayocp.2014.12.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25841251&dopt=Abstract
http://www.jmir.org/2015/2/e52/
http://dx.doi.org/10.2196/jmir.3951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803266&dopt=Abstract
http://www.pewinternet.org/2014/04/03/older-adults-and-technology-use/
http://www.pewinternet.org/2014/04/03/older-adults-and-technology-use/
http://www.webcitation.org/6wvnzmSBk
http://europepmc.org/abstract/MED/24073074
http://dx.doi.org/10.1007/s13142-011-0076-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073074&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2013.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24139771&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2014.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24952887&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2014.01.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24842742&dopt=Abstract
https://dx.doi.org/10.2147/DDDT.S14934
http://dx.doi.org/10.2147/DDDT.S14934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21792295&dopt=Abstract
http://dx.doi.org/10.1016/j.pcad.2016.03.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27001245&dopt=Abstract
http://dx.doi.org/10.1016/j.neubiorev.2016.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27461915&dopt=Abstract
http://mhealth.jmir.org/2016/2/e29/
http://dx.doi.org/10.2196/mhealth.5127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27282195&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Baek et a

Edited by G Eysenbach; submitted 20.09.17; peer-reviewed by A Beatty, C Quinn; comments to author 10.10.17; revised version
received 23.11.17; accepted 27.01.18; published 09.02.18.

Please cite as.

Baek H, Suh JW, Kang SH, Kang S Lim TH, Hwang H, Yoo S

Enhancing User Experience Through User Study: Design of an mHealth Tool for Self-Management and Care Engagement of
Cardiovascular Disease Patients

JMIR Cardio 2018;2(1):€3

URL: http://cardio.jmir.org/2018/1/e3/

doi: 10.2196/cardio.9000

PMID: 31758783

©Hyunyoung Baek, Jung-Won Suh, Si-Hyuck Kang, Seungjin Kang, Tae Ho Lim, Hee Hwang, Sooyoung Yoo. Originaly
published in IMIR Cardio (http://cardio.jmir.org), 09.02.2018. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in IMIR Cardio, is properly cited. The complete
bibliographic information, a link to the original publication on http://cardio.jmir.org, as well as this copyright and license
information must be included.

http://cardio.jmir.org/2018/1/e3/ JMIR Cardio 2018 | vol. 2 | iss. 1 [e3 | p.130
(page number not for citation purposes)

RenderX


http://cardio.jmir.org/2018/1/e3/
http://dx.doi.org/10.2196/cardio.9000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758783&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Sak & Schulz

Original Paper

Exploring Health Information-Seeking Preferences of Older Adults
With Hypertension: Quasi-Experimental Design

Gabriele Sak*’, MSc, PhD*; Peter Johannes Schulz'", PhD

Institute of Communication & Health, Faculty of Communication Sciences, Universita della Svizzeraitaliana, Lugano, Switzerland
*Ingtitute of Communication & Health
*all authors contributed equally

Corresponding Author:

Gabriele Sak, MSc, PhD

Institute of Communication & Health
Faculty of Communication Sciences
Universita della Svizzeraitaliana
Via G Buffi 6

Lugano, 6904

Switzerland

Phone: 41 58 666 44 88

Email: gabriele.sak@usi.ch

Abstract

Background: Patients' engagement in health care decision making is constituted by at least two behaviors: health information
seeking and active involvement in medical decisions. Previous research reported that older adults desire alot of information, but
want to participate in decision making to alesser degree. However, thereis only limited evidence on the effect of desirefor health
information on seniors' perceived confidence in making an informed choice (ie, decision self-efficacy).

Objective: Thegod of thisstudy wasto investigate therole desirefor health information hasfor older patients. More specifically,
it tested whether decision self-efficacy increases as a function of an assisted computer-based information search. Additionally,
the study allowed insights into the sources seniors with hypertension prefer to consult.

Methods: A sample of 101 senior citizens (aged =60 years) with high blood pressure in the Italian-speaking part of Switzerland
answered a questionnaire before and after an informational intervention was applied. The intervention consisted of offering
additional information on hypertension from five different sources and of providing the information the participant desired.
Preferencefor receiving thisinformation was the major independent variable. The main outcome measure was decision salf-efficacy
(assessed at baseline and posttest). Analyses of covariance were conducted to detect differences between and within who desired
additional hypertension-related content (intervention group) and “information avoiders’ (control group).

Results: Health care professionals firmly remain the preferred and most trusted source of health information for senior patients.
The second most consulted source was the internet (intervention group only). However, among the total sample, the internet
obtained the lowest credibility score. A significant increase in decision self-efficacy occurred in seniors consulting additional
information compared to information avoiders (F1,93=28.25, P<.001).

Conclusions: Consulting health information on acomputer screen, and assistance by a computer-savvy person, may be a helpful
activity to increase perceived confidence in making treatment decisions in seniors with hypertension.

(JMIR Cardio 2018;2(1):€12) doi:10.2196/cardio.8903

KEYWORDS

desirefor health information; assisted computer-based information search; decision self-efficacy; medical decision making; senior
hypertensive patients; quasi-experimental design; Switzerland

senior population. The active involvement of patients in their
health care can manifest in at least two ways [1]. First, patients

In health care, active involvement of patients has proved to be @0 actively request information from different sources and

a beneficial but complex process to achieve, especially for the ~concerning different aspects of their trestment. Second, the
patient can beinvolved in the medical decision-making process
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itself. Therefore, “desire for information and awish to assume
responsibility for decision making” are two distinct concepts
in the context of patient participation (p 1144 [2]) [3]. Some
measures of patients' participation preferences are based exactly
on this distinction, for example, the Krantz Health Opinion
Survey [4]. Theinconsistency between information seeking and
willingness to contribute to medical decision making has also
been reported in qualitative research with seniors[5].

Thereareavariety of different channelsand sourcesthat patients
can useto consult information. The most important source may
be the patient’s doctor [6-8]. “However, clinicians tend to
underestimate the amount of information that patients require”
[9-13]. Therefore, patients need to actively seek theinformation
from their health care provider or other sources. This may be
particularly challenging when older adults feel more passive
and reliant on health care professionals [3,14]. Indeed, during
consultations, older adultsrarely ask important questions unless
they are invited to [15]. When asked for the reason, many
patients state that they “assume that the doctor would have told
them everything relevant, others worry that they will appear
foolish if they reveal their ignorance by asking questions, and
some feel that they have already taken up too much of the busy
doctor’'stime” [13,15,16].

Being informed is a prerequisite for involvement in decision
making and has been associated with outcomes including
perceptions of quality of care, quality of life, psychological
well-being, and improved health [17], aswell as “adaptation to
illness and treatment” [13,18,19], perception of control [20],
and adherence [7,21].

Recent studies have investigated the antecedents to engage in
a health information seeking. Apart from sociodemographic
factors (eg, age, education), knowledge scores (eg, health and
new media literacy), and disease complexity, information
seeking was also influenced “by the individual’s personality
characteristics, such as locus of control, self-efficacy, and
preferencefor information” [19,22-24]. A recent study revealed
that psychological empowerment proved to be astrong predictor
of Swiss seniors’ ideal and actual role in treatment decisions
[25].

To our knowledge, no study in Switzerland has yet examined
the potential relationships between health information preference
and decision self-efficacy with a sample composed of
chronically ill seniors. To provide health-related information
that was relevant to al potential participants, this study was
condition-specific, with older adults (aged 60 years and older)
suffering from high blood pressure. This condition was chosen
because it requires constant treatment and thereby increases
medical decision making (eg, [5,26]), and because one adult in
four suffersfrom it in Switzerland [27].

This study tested whether decision self-efficacy increases as a
function of desire for health information. Additionally, the
experiment allowed insights into the antecedents of desire for
information as well as the channels older patients prefer to
consult.

Inlight of this, our first hypothesisis that participants showing
higher desire for health information will report higher decision
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self-efficacy levels (measured at baseline and posttest) than
seniors who did not engage in the consultation task offered
(information avoiders). Moreover, we predict the desire to
consult additional health information will be influenced by
hypertension-related knowledge (hypothesis 2), psychological
empowerment (hypothesis 3), eHealth literacy (hypothesis 4),
trust in physician (hypothesis 5), and age (hypothesis 6).

Methods

Sampling Procedure

For this experiment, asample composed of senior patientswith
hypertension (HT) was approached, between June and July
2017, viathefollowing recruitment strategies. (1) older adults
recreational or therapeutic day centers, (2) word of mouth, and
(3) public settings such as bars and city parks. Seniors eligible
for the study had to (1) be 60 years or older, (2) beresidentsin
the Swiss-Italian region (Canton Ticino), (3) understand the
Italian language, and (4) be formerly diagnosed with HT. To
know the prospective participants HT status, the principal
researcher had to ask if he/she was either currently suffering
from high blood pressure or presently taking an antihypertensive
drug. For respondents attending a recreational or therapeutic
day center, the centers coordinators (or their assistants)
indicated eligible seniors. A total of 101 senior patients with
HT constituted the final sample. For time constraints, during
the data collection process, HT status was assessed through a
self-reported measure (ie, Charlson Comorbidity Index [CCI])
[28]. The study protocol was approved by the Ethical Review
Board of the Universitd della Svizzera italiana on March 13,
2017.

Intervention Procedure and Design

Before the study, all participants received relevant information
about the researcher, hisinstitution, and the aims of the study.
After explicitly agreeing to participate in the study, respondents
had to sign awritten consent form. All respondents had to sign
a form demonstrating their consent to participate in the
controlled trial experiment.

An interview session consisted of abaseline measurement, the
application of an assisted computer-based information search
intervention, and a posttest measurement. Measurement was
done by a self-administered computer questionnaire or
face-to-face, depending on the respondent’s preference.

Theintervention began with al participants reading ashort text
with basic information on HT shown on the computer screen.
They then had to indicate whether they wished to obtain more
information or not. If the participant desired further information,
he or she was asked which from five sources they would like
to consult: adoctor, abrochure, another HT patient, the Internet,
or afriend (information seekers). If the participant did not desire
additional information, he or she was asked to indicate the
reasons why (information avoiders). For completion of the
intervention, participants were given all theinformation pieces
they desired. Information was provided as text on the computer
screen or as avideo. The information presented by each of the
sources was edited according to the requirements of the source
chosen. Each information source treated a different aspect
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related to this chronic condition or its management. Table 1
shows the five different health information sources with their
respective topic designation and format (Multimedia Appendix
1 displays three information resources developed). The
intervention was completed when the respondent had read all
the information resources available or when the respondent felt
he or she had read enough. The postintervention measurement
was applied immediately after.

Thebasic information aswell asthe additional information were
grounded on evidence-based information retrieved mainly from
abrochure (“Arterial Hypertension: Information for Patients”)
published by the Swiss Cardiology Association (Fondazione
Svizzera di Cardiologia).

Classification of respondentsinto control group (i€, information
avoiders) and experimental condition (ie, information seekers)
was automatically achieved by the participant’s willingness to
consult further information. In this sense, no randomization
procedure could be applied. Therefore, this study represents a
quasi-experimental design.

M easur ements

Baseline Survey Items/Scales

Subjective health status was measured through the single item
developed by Renner and Schwarzer [29]. The presence of one
or more chronic diseases was assessed viathe CCI [28].

A set of single-items related to the participants HT condition
(ad hoc created):

1. Hypertension degree asked seniorsif they knew the degree
(or severity) of their HT condition before adhering to the
treatment regimen prescribed with response options. (1)
first-degree HT, (2) second-degree HT, (3) third-degree

HT, (4) systolic isolated HT, and (5) | don't
know/remember.

2. Hypertension personal history asked participants to report
when they were diagnosed with HT.

3. Hypertension family history solicited participantsto report
whether any family member or relative suffered from HT.

4. Anti-HT drugs (names) asked whether the participant was
currently taking one or more anti-HT drugs (dichotomous
response option: no/yes). In case the participant answered
affirmatively, he or she was prompted to recall the name(s)
of each anti-HT drug.

5. Regular measurement of blood pressure asked HT patients
if they are measuring their blood pressurelevelson aregular
basi s (dichotomous response option: no/yes).

6.  Smoke status simply asked respondentsif they smoked on
aregular basis.

7. Physical activity status asked seniorsif they were currently
participating in physical activity on aregular basis (walking
on aregular basis was considered a physical activity).

A set of items related to health information and health
information-seeking behavior:
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1. Genera health information-seeking behavior (adapted from
[30]) was measured via a single item asking: “Have you
ever looked (or asked) for health-related information/advice
(apart from that obtained from your doctor)?’ (4-point scale
ranging from 1=never to 4=very often).

2. Trustindifferent health information sources (adapted from
[31]) was measured with the following item: “In general,
how much would you trust information about health or
medical topics obtained from each of the following
sources?’ (4-point scale ranging from 1=no trust at all to
4=alot of trust).

Perceived competence in using information communication
technologies (ICTs) was measured through thefollowing single
item: “How would you describe your competences in using
ICTs?" (7-point scaleranging from 1=very bad to 7=very good).

Thefrequency of ICT use was collected viathe following three
single-items: “How often do you use the
computer/smartphone/tablet?’ (5-point scale ranging from
1=never to 5=always).

Internet health literacy (alpha=.96) was measured with the
eHealth Literacy Scale (EHEALS) trandlated and validated into
Italian by De Caro and colleagues (I-eHEALS [32]; origina
English version [33]).

Hypertension knowledge (alpha=.75) was evaluated with the
Hypertension Knowledge-Level Scale (HK-LS) developed by
Erkoc and colleagues[34]. In order to reduce the cognitive effort
of the senior respondents in this study, only 11 (of 22) items
yielding the higher factor loadings were retained (ie, two items
comprising the “definition” subdimension and the first three
items of the “medical treatment,” “drug compliance,” and
“complications’ subdimensions). To obtain the maximum score
of 11, participants have to interpret four statements as
“incorrect” and seven as “correct.” Incorrect statements were
reverse coded. Higher values indicate higher hypertension
knowledge.

Psychological empowerment (alpha=.94) was appraised with
the multidimensional Spreitzer’'s scale [35], but adapted to the
HT context [36].

I ndependent Variable

The independent variable (intervention factor) was represented
by the senior’swillingness to consult further information about
hypertension (information seekers). Participants were asked the
following two single-items:. “ Do you want to consult (or obtain)
further information on the relevant aspects related to
hypertension?’ (ie, dichotomous response option: no/yes). The
same question was asked for a maximum of five times. If the
participant answered positively, he or she was asked: “From
which of thefollowing sourceswould you like to obtain further
hypertension-related information?”’
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Table 1. Health information sources, topic designation, and formats.

Sak & Schulz

Source

Content designation

Format

No source mentioned (basic)
Doctor?

Brochure?

Other hypertension patient

Internet®

Friend

Introduction on hypertension
The dangers of hypertension

The causes of hypertension

Lifestyle change

Antihypertensive drugs

Blood pressure measurements

Written on personal computer (PC)
Video on PC

Screenshot of a brochure on PC

Written on a screen

Screenshot of awebpage on PC
Written on PC

8Available in Multimedia Appendix 1.

Dependent Variable

The dependent variable was the Decision Self-Efficacy scale
developed by O'Connor [37] (pretest: apha=.96; posttest:
alpha=.97). The scale (adapted to the HT context) “measures
self-confidence or belief in one’s abilities in decision making,
including shared decision making” (p 1 [37]). The measure is
composed of 11 items (eg, “| feel confident that | can: get the
facts about the anti-HT medication choices available to me”
item 1) with five response categories ranging from O=not at all
confident to 4=very confident. All items are then summed,
divided by 11, and multiplied by 25. Scores range from O=very
low self-efficacy to 100=very high self-efficacy (page 4 [37]).

Posttest Survey Items/Scales

Participant’'s mood was evaluated through the Global Mood
Scale developed by Denollet (positive affect: alpha=.86;
negative affect: alpha=.94) [38].

Trust in physician (apha=.88) was measured through the
Abbreviated Wake Forest Physician Trust Scale (A-WFPTS)
developed by Dugan and associates [39)].

The posttest also included a set of sociodemographic items,
such as gender, age, background origin, living situation, marital
status, education, and length of doctor-patient relationship.

Statistical Analyses

The collected data were analyzed quantitatively with SPSS
version 21. Internal consistency testswere conducted to establish
the reliability and validity of the main scales. Descriptive
frequencieswere provided for the main measures appraised. To
assessthe pure effect of the model conceptualized, and to partial
out any potential variance of the groups at baseline, various
independent-sample t tests and contingency coefficients were
conducted. Different ANCOVASs were conducted to establish
whether there were significant mean differences between the
control group and the quasi-experimental condition while
controlling for the influence of the outcome measure assessed
at baseline. Factors assumed to be relevant for the variance of
the outcome measure (ie, bivariate correlations), wereincluded
into the model as covariates. To provide more advanced
analyses, the independent variable was dummy coded asfollows:
0=no hedth information sources consulted, 1=one health
information source consulted, and 2=two or more health
information sources consulted. By doing so, planned contrasts
can be derived from the ANCOVA tests. A priori power analysis
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was performed to provide an estimate of the acceptable sample
size threshold. According to datafrom apilot test (N=20), and
in line with arecent study comparing older users and nonusers
of online health information (N=225) [8], we set the control
group average decision self-efficacy score to mean 48.3 (SD
23.6). Aswe hypothesized in our first hypothesis, we expected
from the experimental group a 15-point increase in the average
decision self-efficacy score (ie, mean 63.35). With an alpha=.05
and power beta=.90, the estimated sample needed with this
effect size was approximately N=104.

Results

Participant Characteristics

A total of 107 participants showed initial interest to participate
in the study. Of these, two did not complete the online survey
and one, after a preliminary screening of the data, had his
information discarded because he filled out the questionnaire
inappropriately. Data from three additional seniors, who
auto-completed the survey, were also discarded because they
declared not to suffer from hypertension.

The final sample (N=101) was majority female, married or
widowed seniors, with children, living independently at home,
and with a Swiss-Italian or Italian background origin. All
participants’ sociodemographic features can be seen in Table
2. Most respondents preferred to complete the survey as a
face-to-faceinterview (n=97, 96.0%), rather than auto-complete
it. Average duration time to complete the online survey was
mean 35.11 (SD 11.47, range 14.88-67.12) minutes.

Main Analyses

Control and Quasi-Experimental Group

Of 101 senior respondents, 60 (59.4%) decided not to consult
further health information (information avoider), whereas the
remaining 41 showed interest in reading more information
related to HT (40.6%; information seekers). The majority of
these 41 individuals decided to stop the guided information
search task after one health information resource (70%), 10
accessed two information resources (24%), and only two
participants consulted three information sources In the first
consulting session, 15 participants preferred to watch the
doctor’s piece of information (ie, video format; 37%), eight the
Internet webpage (20%), and six seniors selecting either a
brochure’'s screenshot (15%), a text written by another HT
patient (15%) or contents disclosed by afriend (15%). None of
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the participants consulted more than three different sourcesout  the small sample size, all main analyses were conducted for the
of a maximum of five. These findings confirm the dominant two main groups, namely “health information avoiders’ and
position of health care providers and the emergent interest in  those health information seekers.

turning to the Internet to obtain health information. In light of

Table 2. Participants' characteristics for the total sample and by intervention groups.

Item/Scale Total (N=101) Heslth information seekers  Health information avoiders
(n=41) (n=60)
Gender (male), n (%) 38(37.6) 11 (26.8) 27 (45)
Age (years), mean (SD) 749 (8.1) 74.4 (7.1) 75.3 (8.7)
Marital status, n (%)
Married 50 (49.5) 22 (53.7) 28 (46.7)
Widowed 34(33.7) 15 (36.6) 19(31.7)
Separated 4(4.0) -2 4(6.7)
Divorced 8(7.9) 4(9.8) 4(6.7)
Single (never married) 5(5.0) — 5(8.3)
Children (yes), n (%) 90 (89.1) 37(90.2) 53(88.3)
Number of children, mean (SD) 24(11) 2.3(11) 25(1.2)

Living situation, n (%)

I live independently at home 71(70.3) 31(75.6) 40 (66.7)

| live at home with the support of family members 12 (11.9) 5(12.2) 7(117)

| live at home with the social service support (eg, food) 7(6.9) — 7(117)

| live at home but | receive a homecare service (eg, SCUDO)  8(7.9) 4(9.8) 4(6.7)

| livein aretirement house 3(3.0) 1(2.4) 2(33)
Day center attendance (yes), n (%) 51 (50.5) 18 (43.9) 33 (55)

Background origin, n (%)

Swiss-German 7(6.7) 2(4.9) 5(8.3)
Swiss-Italian 49 (48.5) 18 (48.9) 31 (51.7)
Italian (Italy) 25 (24.8) 13(31.7) 12 (20.0)
German (Germany) 1(1.0) 1(2.4) —
French (France) 1(1.0) — 1.7
Other origins 18 (17.8) 7(17.1) 11 (18.3)
Educational level, n (%)
No degree obtained 9(8.7) 1(2.4) 8(13.3)
Primary school degree 39(38.6) 15 (36.6) 24 (40.0)
Apprenticeship degree 22 (21.8) 10 (24.4) 12 (20.0)
College or similar degree 19 (18.8) 11 (26.8) 8(13.3)
Applied university degree 1(1.0) — 1(1.7)
University of polytechnic degree 11 (10.9) 4(9.8) 7(117)
Headlth-related profession (yes), n (%) 13 (12.9) 5(12.2) 8(13.3)
Doctor-patient relationship length (years), mean (SD) 17.5(11.8) 14.7 (11.4) 195 (11.7)b
Doctor visits ayear, mean (SD) 36(3.2) 35(3.1) 36(3.2)

8N o participants apply to item.
bp= 047,
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Between-Group Differences

No significant differences were found between information
seekers and avoiders in terms of gender, age, marital status,
living situation, having children, education, day center
attendance, health status, comorbidity index, hypertension
personal and family history, smoke status, physical activity
status, perceived competence in using ICTs, eHealth literacy,
positive and negative mood subscales, trust in physician, and
number of visits with the doctor per year.

However, some significant between-group differences emerged:
information seekers, in comparison with information avoiders,
were more aware of their HT condition (73% vs 52%),
conducted more blood pressure measurements on aregular basis
(83% vs 60%), used a mobile phone more frequently (mean
3.12, SD 1.81 vsmean 2.38, SD 1.80), perceived the ability to
access health-related resources online as more important (mean
3.12, SD 1.33 vsmean 2.48, SD 1.30), had higher trustin online
health information sources (mean 1.61, SD 0.77 vs mean 1.32,
SD 0.62) and magazines (mean 3.02, SD 1.04 vs mean 2.38,
SD 1.04), and had a shorter average doctor-patient relationship
length (mean 14.73, SD 11.44 vs mean 19.45, SD 11.69). At
the same time, the quasi-experimental group reported higher
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decision self-efficacy (at baseline: mean 57.37, SD 20.19 vs
mean 44.96, SD 26.98), psychological empowerment (mean
2.47,SD 0.67 vsmean 1.94, SD 0.75), and hypertension-related
knowledge (mean 7.66, SD 1.94 vsmean 6.12, SD 2.80) levels
than the information avoiders. To address the assumption
regarding independence of the covariate and treatment effect
[40Q], all variables achieving a significant difference between
the two subsets of the sample were not included into subsequent
analyses. The only exception was decision self-efficacy, which
wasthe main outcome measure and the only scale administered
both at baseline and posttest.

Hypothesis Testing

To identify al the relevant covariates that might influence the
posttest scores of decision self-efficacy, bivariate correlation
coefficientswere derived. Pearson correlation coefficients equal
to or greater than r=.40 (moderate effect size; [41]), were
included in the analysis of covariance. Furthermore, to be
included into the main analyses, a covariate had to satisfy the
assumption of independence of the treatment effect. Table 3
shows the bivariate correlations obtained and the presence or
absence of any between-group differences on the two groups
of the study.

Table 3. Bivariate correlations between decision self-efficacy (posttest) and its antecedents, including between-group differences.

Correlation of decision self-efficacy (posttest) and its antecedents, r

Between-group differences”

Item/scale?

1  DSE Scale (baseline) .94°¢
2 HK-LS 55°
3 Health Empowerment Scale 71°
4 |CTS Perceived Competence 59¢
5  |-eHEALS 67°
6  General (HIS) behavior 63°
7  Positive mood subscale (GMS) A41°
8  Negative mood subscale (GMS) -41°
9  Education 59°
10 Age —249
11  Hedlth status .28°
12 Comorbidity index (CCI) —25¢
13 Doctor visits (per year) —28°
14  Doctor-patient relationship length —241
15  Trust-in-physician scale (A-WFPTS)  —34°
16  HT personal history (yearswith HT) -15

Yes

Yes

Yes

No

No

Yes

No

No

No

No

No

No

No

Yes

No
No

3A-WFPTS: Abbreviated Wake Forest Physician Trust Scale; CCl: Charlson Comorbidity Index; DSE: Decision Self-Efficacy; GMS: Globa Mood
Scale; HIS: health information seeker; HK-LS: Hypertension Knowledge-Level Scale; HT: hypertension; ICT: information communication technology;

I-eHEALS: Italian version of the eHealth Literacy Scale.

by ndependent-sample t tests between control and intervention group.
°P<.001.

9p< 05.
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Based on the two previous tests, main variables included into
the model as covariates were decision self-efficacy (baseline),
eHealth literacy, positive and negative affect subscales of the
GMS, education, and perceived competence in using ICTSs.

Our first hypothesisforecast that decision self-efficacy of seniors
with HT increases asafunction of the preference for more health
information. The main covariates included in the model were
decision self-efficacy assessed at baseline and eHealth literacy,
whereas the independent variable was the willingnessto obtain
supplementary health information. The ANCOVA test revealed
that decision self-efficacy assessed at baseline was significantly
related to seniors’ decision self-efficacy evaluated in the posttest
(F1,03=307, P<.001, r=.88). By interpreting the estimates of
effect size derived, we can conclude that baseline levels of
decision self-efficacy had avery strong influence on the outcome
measure’'s scores (r=.88). All other covariates yielded
nonsignificant relationships with the dependent variable. On
the other hand, there was a statistically significant main effect
of the treatment condition on levels of decision self-efficacy
measured at posttest while controlling for the effects of decision
self-efficacy levels in the preexperimental phase, eHealth
literacy, and the remaining covariates of the model (F; 3=28.25,

P<.001; partial n=.23). Based on these findings, we can accept
our first hypothesis. Anayses were repeated with the
independent variable dummy coded into three groups. 0=no
health information sources consulted (n=60), 1=one health
information source consulted (n=29), and 2=two or more health
information sources consulted (n=12). The same variables
confirmed the findings. Planned contrasts revealed that both
treatment conditions increased posttest decision self-efficacy
compared to the control group (one health information source
consulted: t4,=8.48, P<.001; two or more health information
sources consulted: tg,=10.73, P<.001). Nevertheless, pairwise
comparisons showed that consulting two or more health
information sources rather than only one did not significantly
increase posttest decision self-efficacy levels.

All the remaining hypotheses could be tested by the same
independent-sampl et tests conducted to spot any between-group
difference (refer to Between-Group Differences). Health
information seekers reported significantly higher scores on the
hypertension-related  knowledge and  psychological
empowerment scales than information avoiders; therefore, our
hypotheses that the desire to consult additional health
information will be influenced by hypertension-related
knowledge (hypothesis 2) and psychological empowerment
(hypothesis 3) were confirmed. On the other hand, differences
were not detected in level s of eHealth literacy, trust in physician,
and age; therefore, our hypotheses that the desire to consult
additional health information will be influenced by eHealth
literacy (hypothesis 4), trust in physician (hypothesis 5), and
age (hypothesis 6) were all rejected.

Discussion

Principal Resultsand Prior Work

Overdll, the present quasi-experiment showed that seniorswith
HT wishing to engage in an assisted consulting health
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information session via a personal computer substantially
increased their perceived confidence in making an informed
choice about treatment (ie, decision self-efficacy). Thisfinding
isin line with past evidence, which established a relationship
between fulfillment of health information needs and perceptions
of control [19,20,22,23,42]. As the two quasi-experimental
groups did not differ in terms of posttest decision self-efficacy
average scores, it may be assumed that the number of health
resources consulted isnot asinfluential asthe merewillingness
to obtain supplementary contents in general. Nevertheless, due
to the small and unequal split of the sample, this advanced
analysis (ie, pairwise comparisons) has to be considered with
caution and possibly tested in future studies reaching bigger
samples. Theimpact of receiving the health information desired
is not only ascribed to foster seniors self-efficacy and
empowerment beliefs. Indeed, past evidence has aso
demonstrated that the influence of such a construct has to be
extended also to actual behavior change and health outcomes,
such as improved adherence in general [21,43], and for senior
patientswith HT in particular [ 7]. Thisindicates the pronounced
influence of fulfilling health information needs on psychol ogical
and heath-enhancing behaviors.

Moreover, this study aimed to investigate the antecedents of
seniors health information needs. As expected, knowledge
about hypertension, psychological empowerment, and decision
self-efficacy (at baseling) largely contributed to distinguish
senior information seekers from the so-called “information
avoiders” These results are also consistent with available
evidence investigating health information-seeking behaviors
[19,22-24,42]. Based on our results, adult patients with HT
desiring more information feel more empowered and
self-confident in making medical decisions compared to avoiders
and are more knowledgeabl e about their HT condition, conduct
more blood pressure measurements on a regular basis, and
attribute higher trust/importance on online health information
resources.

It has to be noted that levels of decision self-efficacy (posttest)
were highly correlated with psychological empowerment,
hypertension-related knowledge, education, eHealth literacy,
positive and negative mood (negative correlation), perceived
competence in using ICTs, and past information-seeking
behavior. In this sense, their large influence on seniors
perceived confidence in making informed decisions about
anti-HT treatment have to investigated further. Future
experimental efforts have to be designed with more sophisticated
randomization procedures to ultimately allow the inclusion of
all these relevant constructs.

Intermsof trust toward different health-related resources, health
care professionals remain the most trusted source for senior
patients with HT, and the Internet is the least trusted. Seniors
not engaging in the assisted health information search
(information avoiders) rated as the second most trusted source
family members and/or friends, whereas information seekers
ranked magazines as the second most reliable channel. This
divergence might be explained by the fact that health
information avoiders prefer to approach a “living source” of
information, which requires less effort and skills to access it
[44]. The majority of information seekers preferred to obtain
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contents disseminated by a health care provider followed by
the Internet. These results are consistent with previous research
emphasizing the prominent role of doctors as preferred health
information source [6,8,45] and the emergent interest of seniors
toward online health resources [8,46-48]. Nevertheless, to
properly use this technology to access health content*-, and
thereby satisfy this“e-interest,” seniors need specific guidance
and training (ie, computer and eHealth literacy; [49]). Indeed,
according to Chew and Yugian, “eHedlth literacy empowers
individuals to take better care of their health and can be
enhanced through training” (p 323 [50]). In turn, this might
lower the high level of mistrust that senior patients actually
attribute to the Internet [51]. At the same time, future efforts
devel oping measuresto assess“ I nternet-based decision aid tools
to determine how better to advise and direct patients to useful
online decision tools’ are warranted (p 757 [8]).

Limitations

First, due to time constraints, the study did not use a random
sample. Therefore, reported findings are generalizable only to
adults (60 years and older) with hypertension, and residing in
the Italian-speaking region of Switzerland. Second, the unequal
split between the control and quasi-experimental conditions,
coupled with the lack of a proper randomization technique,
hindered the possibility to derive more sophisticated results.
Indeed, main analyses were conducted only for the two main
groups (information seekers vs avoiders), and the inclusion of
control variables presumed to be relevant was limited (ie,
knowledge about hypertension, empowerment). Third, because
the magjority of respondents preferred to complete the survey
face-to-face (96%), and the principal researcher conducted most
of them (92%), a potential interviewer effect could not be
excluded. Moreover, participants may have answered the survey
itemsinasocially desirableway in front of theinterviewer. The
application of self-reported measures is also subject to social
desirability and response bias.
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Finally, approximately 40% of the respondents were approached
in public locations (eg, bars, parks). This aspect may have
limited their willingnessto initiate (or extend) the assisted health
information task offered. Indeed, none of the respondents
consulted more than three different sources out of a maximum
of five.

Conclusion

Our quasi-experiment investigated the effects of an assisted
computer-based health information search on seniors' perceived
confidence in making informed decisions about HT treatments
(decision self-efficacy). Antecedents of seniors' desire for
detailed health information, trust, and preferred sources of
HT-related content were also evaluated. The results showed
significant differences between senior information seekers and
avoiders. Engaging in a guided computer-based health
information search session proved to be a helpful approach
boosting seniors’ perceived ability to maketreatment decisions.
Future research has to empirically replicate these findings with
arepresentative random sample of seniorswith HT. Qualitative
research may also be helpful to explore in depth the findings of
this study. Although health care professionals remain the
dominant source of health information for older adults, new
patterns of health information seeking emerged. The growing
interest of the Internet as a health information channel might
positively influenceinvolvement preferencesin medical decision
making by satisfying information needs of chronically ill seniors.
Nevertheless, to overcome the perceived obstacles to use the
World Wide Web, and foster acceptance and trust among elderly
people, educational interventionsare required (eHealth literacy).
When designing health education materials, public health
organizations haveto tailor health information (ie, with different
formats and styles) in away that will equally satisfy and reach
seniors with high information needs and those showing a low
desire for accessing health content.
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Abstract

Background: Food addiction hasalong history; however, there has been a substantial increase in published literature and public
media focus in the past decade. Food addiction has previously demonstrated an overlap with overweight and obesity, a risk for
cardiovascular disease. This increased focus has led to the establishment of numerous support options for addictive eating
behaviors, yet evidence-based support options are lacking.

Objective: Thisstudy aimed to evaluate the availability and content of support options, accessible online, for food addiction.

Methods: A standardized Web search was conducted using 4 search engines to identify current support availability for food
addiction. Through use of acomprehensive data extraction sheet, 2 reviewersindependently extracted datarelated to the program
or intervention characteristics, and support fidelity including fundamentals, support modality, social support offered, program or
intervention origins, member numbers, and program or intervention evaluation.

Results: Of the 800 recordsretrieved, 13 (1.6%, 13/800) websites met theinclusion criteria. All 13 websites reported originating
in the United States, and 1 website reported member numbers. The use of credentialed health professional s was reported by only
3 websites, and 5 websites charged a fee-for-service. The use of the 12 steps or traditions was evident in 11 websites, and 9
websites described the use of food plans. In total, 6 websites stated obligatory peer support, and 11 websites featured spirituality
as a main theme of delivery. Moreover, 12 websites described phone meetings as the main program delivery modality, with 7
websites stating face-to-face delivery and 4 opting for online meetings. Newsletters (n=5), closed social media groups (n=5), and
retreat programs (n=5) were the most popular forms of socia support.

Conclusions: This is the first review to analyze online support options for food addiction. Very few online support options
include health professionals, and a strengthening argument is forming for an increase in support options for food addiction. This
review forms part of this argument by showing a lack of evidence-based options. By reviewing current support availability, it
can provide a guide toward the future devel opment of evidence-based support for food addiction.

(JMIR Cardio 2018;2(1):€10) doi:10.2196/cardio.8718
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food addiction; self-help groups; social support
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Introduction

Food Addiction

Food addiction is a growing area with increasing evidence
suggesting that some vulnerableindividuals, with issuesrelated
to overeating, report aresponse to food that is likened to other
addictions, such as alcohol and gambling—for example
continued consumption despite negative consequences or
craving [1]. There is current debate around whether food
addiction isclosely aligned to substance addiction (alcohol and
drug addiction), behavioral addiction (gambling addiction), or
neither [2], with some arguing that the more appropriate
nomenclature being eating addiction as opposed to food
addiction [3-5]. However, the lay public show a strong belief
infood addiction as one of the contributing causesto overweight
and obesity [6]. On the basis of the literature to date and for the
purpose of this review, food addiction is defined as the
compulsive consumption of highly palatable foods[4,7-9]. With
obesity being aprimary modifiablerisk factor for cardiovascular
disease (CVD), support for addictive eating behaviors could
assist in the modification of weight status and benefit those at
risk [10]. Treatment of addiction often requires behavior change
specialists, given addictions are a complex process often
comprising anumber of components[11]. Theseincludeastrong
attachment to the substance or behavior, craving, uncontrolled
emotions, self-blame, and internal conflict [11].

Prevalence

The majority of existing research in the area is focused on
cross-sectional surveys of young adults, mainly female. Food
addiction, as defined by self-report survey tools, is
approximately 20% [9]. However, thisishighly variable (range
5.4%-56.8%) depending on the population group [12], with
higher prevalence more common among femal esand popul ations
with eating disorders, particularly binge eating disorder [9]. A
positive rel ationship has been observed between addictive eating
behaviors and overweight or obesity [13]. Systematic reviews
investigating food addiction, via the use of the Yale Food
Addiction Scale (YFAYS) tool, demonstrate an increase in the
reporting of addictive eating and associations with increased
consumption of energy-rich, nutrient-poor food by the general
population and those with food addiction [9,14]. This
overconsumption, combined with astrengthening link between
food addiction, obesity, and mental health status [7], lends
support to the argument of the need for specific support for
individuals with self-reported food addiction.

History of Food Addiction Support

The concept of food addiction is not new and has quite a
historical perspective [4]. In 1956, Randolph described the use
of food in an addictive manner to improve the symptoms of
those reporting melancholic mood [15]. In addition, Orford [11]
described, in 2001, eating as an excessive appetitein comparison
to addictive models such as those styled for gambling and
tobacco smoking. It was in the years following that the
establishment of self-help groups for food addiction appeared
to emerge. Although the subject of food addiction remains
controversial, the development and use of the validated YFAS
2.0 tool to evauate the prevalence of the condition, via
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self-report symptom data, combined with studiesin population
groups[1,6,16,17] demonstrating public support and acceptance
of food addiction, warrants investigations into support
availability [16,18]. Public views suggest that food addiction
isseen asatype of illnessand may be caused by being unhappy
with aspects of life such as relationships [1,16,17]. Although
not formally recognized as a medical condition, many people
perceive themselves as being addicted to certain foods [8].
Therefore, the development of an evidenced-based approach to
support for food addiction is warranted [11]. The majority of
published scientific research has focused on cross-sectional
surveys, to identify individual swith addictive eating behaviors,
with very few studies evaluating treatment options for food
addiction [19-21]. Published interventions for food addiction
are limited. A total of 3 published studies that have evaluated
interventions have been limited in scope, with 2 of the 3
interventions including solely female participants [19,21],
whereasthe third was focused on children and adolescents[20].
Hilker et al [19] and Weinstein et al [21] focused interventions
on female populations and incorporated psychoeducation
sessions and self-help sessions, respectively. Both interventions
were informed by already established treatment options with
Hilker et a [19] basing an intervention around an existing
treatment for Bulimia Nervosa. This involved 6 weekly group
psychoeducation sessions, as their basisfor the treatment, with
positive short-term results in reducing symptoms of food
addiction in participants. However, the distinction between food
addiction and eating disorders is an area of ongoing research
and debate, making it difficult to separate the 2 conditions due
to likely symptom crossover [22,23]. Weinstein et a [21]
eval uated outcomes over a5-year period from a 12-step self-help
group modeled on Overeaters Anonymous (OA), which works
on theideaof abstaining from problem foods[24]. Participation
included females (n=60), with meetings for the group held
face-to-face once per week with measures of food addiction,
assessed using the YFAS, and mental health status taken at
baseline, 1 year, and 5 years [21]. Results at both follow-up
time points demonstrated that symptoms of food addiction and
overall self-efficacy did not change significantly; however,
anxiety and depression measures improved after 5 years [21].
In asimilar abstinence concept to OA, Pretlow et a [20] used
amodel of addiction that focused on gradual withdrawal from
self-identified, problematic foods, and overeating to treat child
and adolescent obesity (n=43) using smartphone technology.
The main limitation of this intervention was that it targeted
weight loss and was not specific to individuals with food
addiction [20].

Sdf-Help Support for Food Addiction

Numerous alternative self-help groups exist to assist those
seeking support for food addiction and overeating. These groups
could be beneficial asthey offer to service a condition that has
strong public acceptance[16]. Conversely, these self-help groups
could al so be perceived as problematic for individualsinvolved,
as there are no apparent evidence-based support options for
food addiction that have been rigorously evaluated. This lack
of evauation leaves individuas open to relapse, or
nonsuccessful outcomes of behavior change unaccounted for.
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Due to the current lack of evidence-based support options for
food addiction, and the apparent high demand for access to
self-help groups [24], self-help groups may play an important
role as the first option for where there is otherwise a lack of
support. There is minimal evidence to suggest that self-help
groups assist recovery for other addictions relating to alcohol
and drugs [25,26]. Treatments for other addictions that utilize
aself-help model often include core elements and key strategies
such as a focus on interpersonal relationships to improve
community experiences and spirituality for growth on apersonal
level [27]. The am of addiction self-help groups is for
participants to feel empowered and be provided with peer
support by individuals who have had similar experiencesto the
group participants [28]. The self-help group model appears as
a popular support option for food addiction; however, the
evidence used for the self-help approach in relation to food
addiction remains unclear. Therefore, the aim of this review
was to evaluate the avail ability and content of support options,
accessible online, for food addiction.

Methods

Web Search

A Web search was conducted using 4 search enginesto identify
current support availability for food addiction. In total, 3 of the
most commonly used search engines [29] (Google [30], Bing
[31], and Yahoo [32]) and 1 additional search engine,
DuckDuckGo [33], were used. DuckDuckGo was chosen to
broaden the scope of the search, and to ensure the search
conducted was comprehensive and covered possible optionsfor
those seeking help for food addiction. It differs from the other
3 search engines by not saving details or storing cookies on
computersfrom previous searches conducted. Thisisimportant
to include to ensure rigor and a broad search as it delivers a
more varied range of results with repeated searches when
compared with the mainstream search engines such as Google.
These search engines were chosen as they are commonly used
in existing search engine analysis reviews of health within the
past 5 years, [29,34,35] and use different search principles.

The following terms were used for the Web searches across al
4 search engines: food addiction treatment, food addiction group,
food addiction recovery, and food addiction help. These terms
were selected and based on keywords from published papersin
the areaof food addiction [4,8,17,21] and an analysis of Google
Trends[36] to cover alarge scope of what individualswith food
addiction may enter into a search engine when looking for
assistance. Searches were conducted in and websites reviewed
in April 2017.

Due to the large number of results to be retrieved from the
search (128-22,400,000 from each search engine per search;
Refer to Multimedia Appendix 1), it was decided to prioritize
and review the first 50 retrieved websites (not including paid
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advertised sitesidentified as advertisements on the search engine
results pages). To ensure rigor and compl eteness of the review,
the number of websites for possible inclusion was selected for
several reasons. First, it has been previously acknowledged that
individuals undertaking Internet searches rarely view past the
first 2 pages of results [37,38]. Second, a pilot of the search
procedure was undertaken, and this identified that a number of
different levels of the same website were being retrieved, that
is, al webpages linked to the website's index or home page,
and therefore, each result returned was not a unique website.
Where multiple pages of a website were retrieved, these were
counted as one website, with the website then viewed in its
entirety for data extraction purposes. For these reasons, thefirst
50 websites were chosen; thisis consistent with similar review
strategies of website content analysis [34,35].

To be included in this review, the website needed to meet the
following 3 criteria: (1) to specifically treat those with food
addiction, (2) included meetings or interventions involving
participant and group leader or counselor, and (3) the website
was in English. Exclusion criteria were as follows: websites
that included the support or treatment of multiple forms of
addiction (ie, drugsor acohol in addition to food) and websites
including multiple trestmentswhere it was not clear how specific
support for food addiction was delivered, thus creating
difficulties for analysis of available support options. Once the
websites had undergone review (RM), the included websites
were analyzed for content by 2 independent reviewers (RM and
JS).

Data Extraction

A standardized extraction form (Multimedia Appendix 2) was
developed and piloted for the purpose of the website review.
The extraction factors were based on similar reviews[29,34,35]
previously conducted and related to the program or intervention
characteristics, fundamentals, support modality, social support
offered, program or intervention origins, member numbers, and
program or intervention eval uation. These aspects were selected
as they were able to inform specific points of comparison
between websites. The dataextraction form wasinitially piloted
with 7 websiteswith dight modifications made to ensure enough
detail was extracted to enable comparisons and descriptions.
The information extracted from the websites was entered in a
preformatted table. The data were extracted by 2 separate
reviewers to increase accuracy and completeness, and any
discrepancieswere checked by athird reviewer. Once datawere
extracted, this information was summarized narratively with
content evaluated to assess methodological characteristics of
food addiction support. Where possible frequenciesweretallied
(ie, support delivery mode), and means and ranges calculated
(ie, cost).

For the purposes of data extraction, the standard definitions
were used. These are outlined in Table 1.
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Table 1. Definitions used in data extraction.

Data

Definition

Member numbers
Establishment year
Country of origin
Fees

12 steps and traditions

Food plans

Abstinence from food

Sponsorship

Spirituality

Involvement of health professionals
Face-to-face meetings

Phone meetings

Online meetings

Podcasts
Newsl etter

Retreats
Evaluation
Social media closed groups

The number of members (ie, Individuals attending meetings) as stated on the website

The year the group or program was first established (not the year the website was established)
Country where the program was established

Cost associated with involvement in the program

Defined as the general practice followed for self-help groups meetings as originally set out for Alcoholics
Anonymous. The 12 steps are underpinned by the 12 traditions of how meetings are to be facilitated, and the
belief in most cases that addiction possesses medical and spiritual elements [25]

Considered if the website stated that a predesigned daily food plan was to be followed during participation
in the program

Included if there was an expectation that group participants would exclude specific foods or food groups
such as sugar and wheat from their diets

Defined as a support relationship provided by another group member of the program

Defined as participants being required to align with religion or aspiritual notion to beinvolved in the program
Considered if the program was established or delivered by an individual with auniversity health qualification
Defined as a meeting where program participants meet at a predetermined venue

Defined as ameeting that isheld as adial-in phone meeting at a predetermined time. Considered both group
phone meetings and individual phone meetings

Defined as a meeting that is held online either by a program such as Skype or an online messaging forum at
aspecified time

Defined as audio recordings on the website available to individuals

Defined asacompilation of written articles on the website available to individual s or written articles emailed
on aregular basis to those who sign up on the website to receive newsletters

Considered if awebsite advertised a program delivered over 2 or more days at a predetermined destination
Defined as the assessment of the program to determine outcomes for participants

Considered if the website stated that group participants would be given access to an online forum that was
only accessible by other group members

Results

numbers were obtained. The use of credentialed health

Website Inclusion

professionals in the establishment or delivery of the programs
was reported by 3 websites only with counselors (n=2),
psychotherapists (n=1), and socia workers (n=1) used.

Of the 800 records retrieved across the 4 search platforms
(Figure 1), 156 (19.5% 156/800) did not meet the inclusion
criteria. In total, 13 (1.6% 13/800) websites met the inclusion
criteria, and of the 644 (80.5% 644/800) remaining websites,
all were subpages of the 13 (1.6% 13/800) uniquely identified
websites reporting on individual support groups for food
addiction. The major reason for exclusion was that websites
report support or treatment of multiple addictions (n=23).

Program Origins, Member ship, and Facilitation

All 13 websites (Tables 2-4, Multimedia Appendix 3) reported
originating in the United States. Only 1 website reported on
member numbers (n=54,000). However, it was not reported
when this membership number was from or how membership
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Moreover, 2 websites encouraged, but did not enforce, the use
of general practitioners and dietitians. Costs for the self-help
groups were highly variable (free to US $5300), 8 websites
reported that programs were offered free of charge. Of these 8
free programs, 4 websites encouraged individuals to purchase
specified literature related to the program, 1 website held an
annual convention that included a registration fee, and 3
websites had no fees or other costs associated for individuals.
A total of 5 websites reported having a fee-for-service ranging
from US $15 (group membership) to US $5300 (retreat style
support). No websites reported their program had been evaluated
for outcomes of diet, food behaviors, or success rates of food
addiction symptoms.
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Figure 1. Flow diagram of websitesincluded in analysis.

Search Engine results
(n=96,957,512)

Websites reviewed
(n=800)

Websites not meeting inclusion
criteria
(n=156)

Websites that were sub-pages of
websites meeting inclusion

criteria
(n=631)
Websites included in
analysis review
(n=13)
Table 2. Freguency of location, format, and delivery mode on websites (N=13).
Website features n
Country of origin United States, n=13
Format
Fees 5
12 steps/traditions 11
Food plans 8
Abstinence from foods 8
Sponsorship 6
Spirituality based 11
Heslth professional involvement 3
Delivery mode
Face-to-face meetings 7
Phone meetings 12
Online meetings 4
Social support
Podcasts 2
Newsletter 5
Social media closed groups 5
Retreats 5
Program evaluation 0
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Table 3. Website extraction data (websites 1-6).

Website features Website1[24]  Website2[39]  Website 3[40] Website4[41]  Website5[42] Website6[43]
Member numbers 54,000 N/A2 N/A N/A N/A N/A
Establishment year 1960 N/A 1998 N/A 1979 N/A

Country of origin United States United States United States United States United States ~ United States
Fees Y g ad g O O

12 stepg/traditions 0c a O O O O

Food plans O O O O O O
Abstinence from foods O O O 0 O O
Sponsorship d | O g O O

Spirituality based d g O g g O
Involvement of health professionals [ O O O O O
Face-to-face meetings d g O g g O

Phone meetings d | O g O O

Online meetings d g O g g O

Podcasts d | d g O O

Newsletter ad O ad g O O

Social media closed groups O O O O O O

Retreats ad O ad g O O

Evaluation O O O O O O

8N/A=Information not available on website.
POindicates information was not provided on website.
0 indicates information was provided on website.

Fundamental Features and Requirements of
Participants

The most common fundamental feature of the websites wasthe
inclusion of the 12-step guideline as a core program element,
and spirituality as a main theme of how the program was to be
interpreted and delivered. The 12 steps and 12 traditions
(Multimedia Appendices 4 and 5) were present in 11 out of the
13included websites. The 12-step guidelines have been adapted
fromtheir usein alcohol and drug addiction programs; however,
the stepsvaried dightly in definition between the food addiction
self-help groups. Moreover, 7 out of 11 websites stated their 12
steps using theterm “food,” eg, participants would “admit they
were powerless over food.” Furthermore, 2 websites included
specific foods or nutrients including sugar, flour, and wheat; 1
website used the general terms “addictions and compulsive
behaviors’; and 1 website did not state the wording of the 12
steps followed. The use of food plans was described in the
majority of websites (n=9). In addition, 2 websites made the
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food plan available online. A total of 2 websites required
financial commitment to their program before gaining access
to the food plan. Moreover, 1 website required participants to
purchase a book containing the food plan and 4 websites use
food plans, but these only become available to participantswhen
they commenced attendance at program meetings. Furthermore,
8 websitesrequired participantsto abstain from particular foods
during program participation. The foods most commonly
abstained from were sugar (n=5), flour (n=3), and wheat (n=2).
A total of 3websitesdid not specify which food to abstain from
but reported some form of food abstinence was required. The
remaining 5 websites stated sugar wasto be abstained from and
included combinations of either wheat, flour, grains, or “refined
carbohydrates” Inall, 1 website required abstinence specifically
from sweetenersincluding natural (eg, stevia) and artificial (eg,
aspartame), as opposed to sugar. Peer support was obligatory
in 6 of the 13 websites with sponsorship by other members
required to participate in the program. Moreover, 11 websites
stated spirituality as a main theme of their program.
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Table 4. Website extraction data (websites 7-13).
Website features Website7[44] Website8[45] Website9[46] Website10[47] Website11[48] Website12[49] Website13[50]
Member numbers N/A2 N/A N/A N/A N/A N/A N/A
Establishment year N/A 2000 N/A N/A N/A N/A N/A
Country of origin United States  United States  United States  United States ~ United States ~ United States ~ United States
Fees ob a u| O u| O u|
12 stepg/traditions O O ad ad ad a O
Food plans g 0 0 d 0 0 d
Abstinence from foods O O 0 O 0 0 O
Sponsorship g 0 0 d 0 0 d
Spirituality based O O ad ad ad a O
Involvement of healthpro- [ 0 0 d 0 0 d
fessionals
Face-to-face meetings g 0 0 d 0 0 d
Phone meetings O O ad ad ad a O
Online meetings g 0 0 d 0 0 d
Podcasts | g g g g g |
Newsletter O g g ad 0 g 0
Socia mediaclosedgroups [0 O ad ad ad a O
Retreats O g g ad 0 g 0
Evaluation O O 0 O 0 0 O

8N/A=Information not available on website.
b0 indicates information was provided on website.
“Oindicates information was not provided on website.

M aode of Delivery

The most frequently used mode of delivery among the programs
was phone meetings between participant and group leaders or
counselors, with 12 out of the 13 programs opting for thistype
of delivery. The frequency of phone meetings differed greatly
between the 12 groups with phone meeting occurring daily
(n=5), 6 times per week (n=1), 4 times per week (n=3), once
per week (n=1), or phone meetings were held only with the
individual at a time convenient to the individual (n=2). For
group phone mestings, participants are provided with a phone
number, and a specific time to call the number, to join the
meeting. Thetimes of the phone meetings varied with 9 websites
not specifying the length of their phone meetings. Moreover, 1
website stated their phone meetings were 60 min in length, 1
website specified alength of 30 min, and another website stated
that their phone meetings vary anywhere from 60, 75, and 90
min to an unspecified length of time. The content and structure
of phone meetings was reported by 5 websites, with content
and structure not reported, and therefore unclear for 7 websites.
A total of 7 websites stated face-to-face delivery of meetings,
themost common placesfor meetingswere at religiousfacilities,
such as churches or community centers. Theleast frequent was
group online meetings, with 4 programs choosing this type of
delivery.
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Social and/or Peer Support

Newsletters (n=5), closed social mediagroups (n=5), and retreat
programs (n=5) were the most popular forms of social support.
A total of 2 websitesprovide accessto program-related podcasts.

Discussion

This review set out to evaluate the content of websites for
support options available to those seeking help specifically with
addictive eating behaviors. Overall, self-help groups for food
addiction appear to be the main source of support available for
those seeking help with their addictive eating behaviors, with
few evaluations found in published research. It was identified
that thereis minimal evidence surrounding the effectiveness of
self-help groupsfor addiction, and although there was areported
focus on food and emotional recovery, the specialized input of
credentialed health professionalsisrarely used.

Itisinteresting to note that research in food addiction hasalong
history, with the support services from website 1 commencing
in 1960. However, it is only since 2008 that the amount of
published scientific literature has rapidly increased [4]. The
establishment of the support group from website 1 was well
before food addiction became amore popular scientific research
area and topic in lay media and before the commencement of
the obesity epidemic, with steady body weight increases
beginning to occur in the 1970s[51]. The 1930s and 1940s saw
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the establishment of 12-step programs as aprominent treatment
for alcohol addiction [25], presenting a 30-year time period
before the same format began being applied to food. The
writings of Randolph [15] in 1956 could be assumed to have
led to the idea that the treatment of food addiction be found
within the same addiction model as alcohol; however, this
remains unclear.

The 12-step format used by OA, although never evaluated for
its effectiveness for the specific treatment of food addiction,
has led to the formation of multiple 12-step support programs
offered to those seeking help with addictive eating behaviors.
The support provided by OA has been reviewed in the past;
however, these reviews investigated the outcomes for eating
disordersand weight loss[52-55] as opposed to food addiction.
In addition, this research was undertaken before 2008 and
therefore, before the rapid rise of interest in food addiction.
Toolssuch asthe Y FASwere not devel oped and made available
until 2009, making reporting on food addiction as an outcome
more difficult. Another explanation for this may be the crossover
between binge-type eating disorders and food addiction. From
the 1980s until around 2008, addictive eating was foremost
viewed as disordered eating. The concept of recurrent binge
eating wasintroduced to the DSM-I111 (Diagnostic and Statistical
Manual of Mental Disorders) in 1980, and binge eating disorder
wasincluded as a stand-alone diagnosisin the DSM-5 in 2013,
and therefore a main outcome measure for overeating self-help
groups[4,56]. Current approachesto food addiction support are
rarely externally evaluated and reported on. Rather, the majority
of outcomes reported are personal anecdotes or testimonialson
group websites, likely skewing perceptions of effectivenessfor
potential participants.

A total of 9 out of the 13 support programs reviewed follow the
12-step program based on the original foundations for food
addiction support as established by OA. It could be surmised
that other programs have been designed to address a more
modernized view of food addiction—for example, supporting
the belief that sugar produces neurochemical effectsinthebrain
and is an addictive substance to be abstained from. However,
to date, there is no strong scientific evidence in humans to
suggest that foods, or nutrients, such as sugar are in fact
addictive in a neurochemical context [57]. Given the lack of
evidence for any neurochemical addictive properties of food in
humans, it is noteworthy that 8 of the 13 websites recommended
or required abstinence from particular foods during program
participation, with sugar, wheat, and flour being reported asthe
most common. These foods are targeted as highly consumed
foods and high consumption of refined versions of these foods
has been linked to an increased risk of obesity and CVD [58].
The presumed belief behind this food abstinence is, following
the same model as drug and alcohol addiction, that a substance
must be abstained from to overcome the addiction. This is a
point of difference between the more recent programs and OA,
wherethelatter views abstinence as abstai ning from compulsive
eating behavior, not from individual foods or nutrients [24].
When considering the application of the 12-step program format
from alcohol or drug addiction to food addiction, it isimportant
to note the current evidence base. To date, evidence has been
inconclusive in the effectiveness of 12-step programs in the
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treatment of addiction [25,26]. Therefore, if strong evidencein
support of 12-step programs, in general, isyet to be established,
itisdifficult to state if adirect format transfer from alcohol or
drug to food is permissible.

The United Stateswas the sole country of originfor all websites.
If therates of other addiction are considered in the United States,
alcohol dependence occurs at arate of 5.6%, with global rates
at 4.9%. The United States hasthe highest prevalence of cocaine
addiction, yet Australasia has the highest rate of opioid and
amphetamine addiction [59]. The prevalence data for rates of
food addiction in the United States are variable, ranging from
5.8% to 56.8% when measured by the Y FAS, and thisvariability
isconsistent with other global food addiction data[9]. Therefore,
addiction rates in the United States do not appear to be
significantly higher than the rest of the world, yet the
mainstream support options for food addiction have all
originated in the United States. Thisis, however, unsurprising
as research has shown individuals in the United States obtain
the assistance of self-help groups for addiction more than any
other type of treatment, including health professionals [60].
Self-help groups for food addiction may be prevalent in other
countries; however, due to inclusion criteria requiring sole
support of food addiction, and not broader addictions, these
may not have been included in this review.

Themajority of websites (n=10) did not involve the participation
of qualified health professionals in their programs. Qualified
counselors, psychotherapists, and social workers were utilized
in 3 programs; however, interestingly, dietitians were not
involved in the development or delivery of any of the program
features on the website. This is noteworthy considering the
substantial emphasison food consumption and restriction within
the programs offered, and most websites offering food plans.
In addition, 2 of the websites encouraged participants to seek
input from general practitioners and dietitiansto assist themin
their recovery, but this does not appear to be considered as
essential by the self-help groups in most cases.

Theformat of the meetings offered within the website programs
is an important element. It has been suggested that by
participating in group support, socia relationships are formed
and there is an increase in peer abstinence, which in turn
promotes abstinence within the individual [61]. Spirituaity is
another element included in the majority of websites, with some
research proposing it plays a role in the continuation of
abstinence and that an individual does not have to be spiritual
to benefit from the program offered [60,62]. There are only few
studiesthat specifically consider spirituality and addiction, with
further research needed to investigate any ongoing benefits of
spirituality.

Face-to-face, phone, and online group meeting formats were
the majority among websites, indicating their support in the
belief of greater outcomes of abstinence within social settings.
In contrast, online social support such as podcasts and
newsl etters were not commonly used among website support
programs, asit appears the main focus of the support programs
is to engage people in group situations and encourage the
forming of relationships, as opposed to listening to podcasts or
reading newsl etters unaided.
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Thisreview was limited mainly due to the restriction placed on
pages to be reviewed from searches. This occurred to ensure
the review was completed in a timely manner and was based
on evidence of the number of pages commonly reviewed by
individuals [34,35]. In the fast-paced Web-based world, it is
difficult to ensure that information provided in this review can
be reapplied to the websites in their current state. The website
search was conducted by 1 reviewer, which |eft the review open
to human error, with awebsitefitting the inclusion criteriabeing
overlooked and adding possible bias. This review did not
consider any online support options for multiple addictions
where food may have been listed as an addiction in conjunction
with other addictions such as alcohol or drug addiction. Asthe
programs are mostly delivered outside of the website format,

McKennaet d

the content of complete program material could not be eval uated.
It was a so limited to those websites published in English. The
results of this review should be interpreted in regard to these
limitations and provide only a snapshot of available online
self-help groups directed solely at food addiction support.

This is the first review to analyze online support for food
addiction. Results show 13 Web-based programs exist that are
often complemented with phone support, programsvary in cost,
and rarely utilize trained health professionals. The abundance
of food addiction support programs available on the web
displaysthe perceived need by the general public to have access
to these types of services. By reviewing current food addiction
support availability, it can provide a guide toward the
development of evidence-based support for food addiction.
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Related Article:

Correction of: http://cardio.jmir.org/2017/2/e8/

(JMIR Cardio 2018;2(1):€10149) doi:10.2196/10149

The authors of the paper “Assessing the Use of Wrist-Worn
Devices in Patients with Heart Failure: Feasibility Study”
(Cardio IMIR 2017;1 (2): July-Dec) made a mistake by
including a patient who had heart failure with preserved g ection
fraction. Thisfinding wasjust brought to the authors’ attention.
They apologize for this oversight but have taken all measures
to ensure that correct datais displayed in the article.

In the Introduction section, the following has been removed
from the end of the final sentence:

..with reduced gjection fraction (HFrEF; ejection
fraction <40%) anda NYHA Class Il and IlI, as
measured by daily steps by these two devices.

In the Methods section, the mention of “HFrEF’" has been
changed to “HF". “HFrEF" has also been removed from the
paper's Abbreviationslist.

In the Results section, the second and third sentences of the
paragraph beginning with “Table 1..." has been changed to the
following:

Patients were predominantly male (5/8, 63%), with
an average age of 58 years and ischemic
cardiomyopathy (5/8, 63%). All patients were on
guideline-directed medical therapy including a
betablocker and either an angiotensin-converting
enzyme (ACE) inhibitor or angiotensin-receptor
blocker (ARB) when indicated.

http://cardio.jmir.org/2018/1/€10149/

Specifically, the text which was previously “(6/8, 75%)" now
reads* (5/8, 63%)”. The average agewas"“ 57" and isnow “58”,
and the phrase “when indicated” has been added to the end of
the latter sentence.

The caption for Table 1 has been shortened from “ Demographics
and baseline data of patients included in phase 2 of the study”
to “Demographics and baseline data’. In Table 1itself, datafor
Patient 7 has been changed under the following columns:

Age (years): “51" changed to “58”

Gender: “Male’ changed to “Female”

LVEF? %: “35" changed to “60”

Etiology of HF®: “Ischemic” changed to “Familial”

M edications”, Betablocker: “Carvedilol 12.5 mg"
changed to “None”

M edications”, Other: “Rami pril 10 mg” changed to
13 None”

The updated version of Table 1 is available below.

The corrected article will appear in the online version of the
paper on the IMIR website on May 4, 2018, together with the
publication of this correction notice. Because this was made
after submission to PubMed, Pubmed Central, and other full-text
repositories, the corrected article also has been re-submitted to
those repositories.
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Table 1. Demographics and baseline data.

Moayedi et d

Number Age(years)  Gender LVEF2 % Etiology of HF>  NYHA®  Medications®

dlass Betabl ocker Amiodarone  Other
1 67 Mae 40 Ischemic 3 Bisoprolol 2.5 mg None Candesartan 8 mg
2 68 Mae 18 Ischemic 2 Bisoprolol 10 mg 200 Irbesartan 300 mg
3 63 Mae 25 Ischemic 3 Bisoprolol 10 mg None Perindopril 8 mg
4 61 Female 27 Non-ischemic 2 Bisoprolol 10 mg None Perindopril 4 mg
5 52 Mae 25 Ischemic 2 Bisoprolol 10 mg None Perindopril 8 mg
6 57 Female 27 Non-ischemic 3 Carvedilol 25 mg None Ramipril 2.5 mg
7 58 Female 60 Familial 2 None None None
8 35 Male 33 Hypertrophic 3 Carvedilol 50 mg None Ramipril 10 mg

8 VEF: left ventricular gjection fraction.
PHF: heart failure.

°NYHA: New York Heart Association.
dDrug doses are total daily dose.
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Abstract

Background: Preventable poor health outcomes associated with atrial fibrillation continue to make early detection a priority.
A one-lead mobile electrocardiogram (MECG) device given to patients with an implantable cardioverter defibrillator (ICD)
allowed users to receive real-time ECG readings in 30 seconds.

Objective: Three caseswere selected from an institutional review board-approved clinical trial aimed at assessing mECG device
usage and satisfaction, patient engagement, quality of life (QoL), and cardiac anxiety. These three specific cases were selected
to examine avariety of possible patient presentations and user experiences.

Methods: Three ICD patients with mobile phones who were being seen in an adult device clinic were asked to participate. The
participants chosen represented individual swith varying degrees of reported education and patient engagement. Participantswere
instructed to use the MECG device at least once per day for 30 days. Positive ECGsfor atria fibrillation were evaluated in clinic.
At follow-up, information was collected regarding their frequency of use of the mECG device and three psychological outcomes
in the domains of patient engagement, QoL and cardiac anxiety.

Results: Each patient used the technology approximately daily or every other day as prescribed. At the 30-day follow-up, usage
reports indicated an average of 32 readings per month per participant. At 90-day follow-up, usage reports indicated an average
of 34 readings per month per participant. Two of the three participants self-reported a significant improvement in their physical
QoL from baseline to completion, while simultaneously self-reporting a significant decrease in their mental QoL. All three
participants reported high levels of device acceptance and technology satisfaction.

Conclusions: This case study demonstrates that |CD patients with varying degrees of education and patient engagement were
relatively activein their use of MECGs. All three participants using the mECG technology reported high technology satisfaction
and device acceptance. High sensitivity, specificity, and accuracy of mECG technology may allow routine atrial fibrillation
screening at lower costs, in addition to improving patient outcomes.

(JMIR Cardio 2018;2(1):€5) doi:10.2196/cardio.8710
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Introduction

Background

Implantable cardioverter defibrillators (ICDs) have demonstrated
a mortality advantage in randomized clinical trials compared
with usual care and antiarrhythmic drug treatments in at-risk
patients [1]. The full suite of diagnostic capabilities of 1CDs,
such asdetection of atrial arrhythmias, provide additional value
to health care professionals. However, patients with ICDs have
not had equal access to this information. Recently, multiple
consumer products have been approved for cardiac monitoring,
including mobile phone-based systems that provide
physician-interpreted electrocardiograms (ECGs) on demand.
The overall impact and value of engaging patientsin the use of
these services continuesto emerge, but the utility of potentially
detecting theinitiation of atrial fibrillation could be significant.

Atrial fibrillation is the most common cardiac arrhythmia
worldwide and continues to be amajor burden to public health
[2]. It affectsup to 6 million American adults, which is expected
to double over the next 25 years [2]. Furthermore, atrial
fibrillation is associated with a five-times increased risk of
stroke [2] and a three-times increased risk of heart failure [3].
Approximately one of three patientswith atrial fibrillation have
“silent” or underdetected symptoms, highlighting the potential
importance of intermittent ECG data acquisition [4]. Many of
the associated poor outcomes of atria fibrillation are thought
to be highly preventable, making early identification of atrial
fibrillation a priority issue.

Patient Engagement and Self-Management

Patient engagement refers to the attitudes and behaviors of
patients, and the ways in which they interact with their own
health care management plans [5,6]. Research has shown that
patients who are more engaged in managing their health care
needs may yield more positive clinical outcomes than their
less-engaged peers [5,7]. Positive patient engagement helps
promote good health behaviors and can increase overal life
satisfaction [5,8]. Due to advances in technology, patients are
now increasing their patient engagement and self-management
through the use of health-related mobile phone-based apps.

KardiaMabile by AliveCor

For ICD patients, using a KardiaMobile by AliveCor, Inc [9]
device with the associated Kardia app has been one way that
patients are able to increase their patient engagement. The
KardiaMobile mobile ECG (mMECG) device is one of many
recently developed, noninvasive diagnostic tools. Although
using these devices does not replace the need for regularly
scheduled 12-lead ECG readings, more frequent screening
allows patients to play a more substantial role in their health
care. The KardiaMobile mECG deviceishalf the size of acredit
card and can securely attach to the back of a mobile phone or
tablet. Thisone-lead deviceiscleared by the US Food and Drug
Administration and can accurately detect atrial fibrillation in
30 seconds [4]. The instantaneous analysis of the user's ECG
reports three different outcomes: “normal,” “possible atrial
fibrillation” and “unclassified” The development of
mobile-supported health appsmay allow patientsand their health

http://cardio.jmir.org/2018/1/e5/
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care providers to use medical information to improve patient
satisfaction and health security, reduce costs, and improve health
outcomes. However, no research to date has investigated usage
and satisfaction with the KardiaMobile device, or the
psychosocial correlates. The purpose of this case study is to
examine the utility and impact of mobile phone-based ECG
readings in three ICD patients who are enrolled in a clinical
study.

Methods

Patients with 1CDs were approached for study participation at
their regularly occurring device-check appointments. Three
unique cases were selected from an institutional review
board-approved clinical trial aimed at assessing KardiaMobile
device usage and satisfaction, patient engagement, QoL, and
cardiac anxiety. Thethree cases chosen were selected to examine
avariety of possible patient presentations and user experiences.
Participants were not compensated for their participation, but
they were allowed to keep their KardiaMobile devices free of
charge at the conclusion of the study period.

Thefirst participant was sel ected because they reported a high
percentage of atrial fibrillation readings in comparison to other
patients. The second participant was selected to include a
participant who reported above average QoL scores and high
overall KardiaMobile device usage. The third participant was
included because they reported low baseline QoL in both the
physical and mental health domains.

Patients were administered the Cardiac Anxiety Questionnaire
(CAQ), which is an 18-item self-report measure designed to
assess cardiac anxiety [10]. Higher mean scoresindicate greater
cardiac anxiety symptoms. Participants also compl eted the Short
Form Health Survey version 2 (SF-12v2), a 12-item
guestionnaire used to measure functional health and well-being
from a patient perspective [11]. These measures were
administered at baseline and at 30- and 90-day follow-ups. The
SF-12v2 providestwo summary scores of QoL: amental health
subscale and a physical health subscale (higher scoresindicate
greater QoL ). KardiaMobile usage reports were also collected
at the 30- and 90-day foll ow-up research appointments. Patients
were asked at the 30-day follow-up if they would like to
continue using the KardiaM obile device. Additionally, patients
self-reported on an item which stated, “1 am satisfied with my
use of the KardiaMobile device” and responded on a 5-point
Likert scale from “strongly disagree” to “strongly agree” at
each follow-up administration.

Results

Participant 1

The first participant was a married, white woman (age
approximately 60 years), who held a graduate degree and
reported an annual income of US $50,000 to US $74,000. Her
cardiac medical history included diagnoses of atrial fibrillation,
congestive heart failure, ventricular tachycardia, and
nonischemic cardiomyopathy. Her KardiaM obile usage reports
indicated that at 30-day follow-up she had used her device 34
times (0%, 0/34 normal readings,; 59%, 20/34 atrial fibrillation
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readings, 41%, 14/34 unclassified readings). She agreed to
continue using the device for an additional 60-day period, and
at the 90-day follow-up she had used the device atotal of 109
times (3.7%, 4/109 normal readings; 77.1%, 84/109 atria
fibrillation readings; 19.3%, 21/109 unclassified readings). As
shown in Table 1, participant 1 reported very strong agreement
to being satisfied with use of the device at both 30-day and
90-day follow-ups. Participant 1 reported average mental and
physical well-being across all time points. She also reported
below average cardiac anxiety acrossall time points (see Figure
1).

Participant 2

The second participant was a married, white male (age
approximately 70 years) who had completed some college and
reported an annual income of US $30,000 to US $39,999. His
medical history included atria fibrillation, coronary artery
disease, hypertension, sustained ventricular tachycardia, and

Kropp et a

Twiddler's syndrome. KardiaMobile usage reports indicated
that at 30-day follow-up he had used his device 37 times (89%,
33/37 normal readings; 5%, 2/37 atria fibrillaton readings; 5%,
2/37 unclassified readings). He agreed to continue using the
device for an additional 60-day period, and at the 90-day
follow-up he had used the device a total of 139 times (88.5%,
123/139 norma readings, 9.4%, 13/139 atrial fibrillation
readings, 2.2%, 3/139 unclassified readings). Participant 2
agreed very strongly to being satisfied with use of the device
at both 30-day and 90-day follow-ups. Participant 2 reported
high mental well-being and low physical well-being at baseline
(see Table1). Hisreported physical QoL increased significantly
from baseline to 30-day follow-up. His mental well-being
dropped dlightly over time; however, his score continued to
suggest good mental QoL. His score on the CAQ indicated
below average cardiac anxiety, and his score remained stable
across time points (see Figure 1).

Table 1. Outcomes following KardiaMobile usage in three patients with implantable cardioverter defibrillators.

QOutcomes Participant 1 Participant 2 Participant 3
Usage (30-day), n
Total 34 37 25
Normal 0 33 23
Atrial fibrillation 20 2 0
Unclassified 14 2 2
Usage (90-day), n
Total 109 139 61
Normal 4 123 56
Atrial fibrillation 84 13 2
Unclassified 21 3 3
CAQ 2, score
Baseline 0.94 0.83 1.56
30-day 117 1.06 2.28
90-day 0.83 0.89 217
SF-12v2 Physical ®, score
Baseline 57 22 28
30-day 55 24° 31
90-day 54 35¢ 34¢
SF-12v2 Mental °, score
Baseline 56 72 24
30-day 58 65C 23
90-day 58 67 18°

3CAQ: Cardiac Anxiety Questionnaire. The development paper of the CAQ reported a mean total score of 1.67 (SD 0.81) in a sample of 42 cardiac

patients [10].

bSF-12v2: 12-Item Short Form Survey version 2. Mean scores on both SF-12 subscales were 50 (SD 10).

CIndicates a significant change (5 points) on an SF-12v2 subscale.
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Figure 1. Cardiac Anxiety Questionnaire scores at baseline and at 30- and 90-day follow-ups (N=3).
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The third participant was a married, African-American male
(age approximately 60 years), who had completed ahigh school
degree and reported an annual income of US $30,000 to US
$39,999. His cardiac medical history included myocardial
infarction, peripheral artery disease, ischemic cardiomyopathy,
and hypertension. KardiaM obile usage reportsindicated that at
30-day follow-up he had used his device 25 times (92%, 23/25
normal readings; 0%, 0/25 atrial fibrillation readings,; 8%, 2/25
unclassified readings). He agreed to continue using the device
for an additional 60-day period, and at the 90-day follow-up he
had used the device a total of 61 times (92%, 56/61 normal
readings, 3%, 2/61 atrial fibrillation readings, 5%, 3/61
unclassified). Participant 3 reported very strong agreement to
being satisfied with use of the device at both 30-day and 90-day
follow-ups. Participant 3 reported low QoL in both the physical
health and mental health domains, in comparison to SF-12v2
norms for US adults, across al time points (see Table 1).
Participant 3's physical QoL dightly improved from baseline
to 90-day follow-up; however, he also reported a slight decline
in mental well-being during this time period. He reported high
cardiac anxiety, which increased from baseline to 30-day
follow-up. In comparison to the CAQ devel opment norms [12],
his score at 30-day follow-up fell to the 80th percentile (see
Figure 1).

Discussion

The current case series demonstrated that ICD patients with
varying degrees of education and patient engagement were
relatively active in their use of mobile phone-based ECGs. At
baseline, patients were asked to use the KardiaMobile device
at least once per day. Across patients presented, each patient
used the technology approximately daily or every other day. At
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the 30-day follow-up, usage reports indicated an average of 32
readings per month per participant. At 90-day follow-up, usage
reports indicated an average of 34 readings per month per
participant. All three participants exhibited high level s of device
acceptance, but the appraisals associated with usageislikely to
be different for each individual user. Patients with ICDs may
benefit from increased access to cardiac technical information
because it is available to them, or patients may fed
overburdened. For instance, cardiac anxiety, which waselevated
in participant 3, is associated with excessive symptom
monitoring, and increased access through mobile monitoring
could maintain problematic checking behaviors and other
symptoms of anxiety in some patients [13]. However, patients
who experience cardiac anxiety maintained by the avoidance
of heart-related stimuli could benefit from exposure related to
mobile monitoring. Nonetheless, patient engagement in this
new technology appears to be high and associated with limited
negative effects.

Other psychological factors associated with KardiaM obile usage
should be explored further. High usage may be be driven by the
novelty of the product and positive feelings associated with the
ability to self-monitor (ie, posivite reinforcement). However,
high usage in some individuals could be driven by negative
reinforcement (ie, when a behavior is strengthened because it
provides escape from aversive stimuli) through excessive
reassurance-seeking behaviors. Excessive reassurance seeking
(eg, excessively seeking attention of family members to
physiological symptoms due to fear of dysfunction) provides
feelings of relief in the short term, but may sustain fears and
anxiety about health in the long term [10]. KardiaMobile use
and other patient-centered technologies have the potential to
serve as a real-time reassurance mechanism, but providers
should pay attention to problematic excessive use patterns that
could be maintaining health anxiety.
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There were severa limitations associated with the current study.
Patients with |CDs are inherently reliant on their implantable
devices dueto the nature of their disease state, which may have
increased mECG device acceptance. Additionally, the opt-in
nature of the research may have led to an overestimation of
technology satisfaction. Although KardiaMobile has been
clinically validated for general population use, the overal utility
of MECG devicesislargely unknown in patients with diagnosed
conditions. Itislikely that patientswith known symptomswould
have increased motivation for symptom monitoring. However,
the mECG device used in this study has been validated as a
diagnostictool, butitsclinical utility for continued management
and monitoring of treatment effect has not been investigated.
Mobile ECG devices have been marketed toward users with
previously undetected symptoms, and “silent” sypmtoms of
atrial fibrillation occur in approximately one in three patients
with atria fibrillation [4].

Patients are increasingly being asked to be key shareholders of
their health care teams, and condition-specific medical
technology is now allowing patients to monitor signs and
symptoms from the comfort of their own homes. KardiaMaobile
is one example of how the patient engagement movement is
allowing users to become more involved by putting ECG
technology in the hands of the person most affected. However,
hypervigilance and checking behaviors have been shown to be
associated with an inflated sense of responsibility, which is a
potential risk for mMECG users[14]. Although it is still unclear
whether or not this novel technology has positive or negative
effects on cardiac-related anxiety or physical/mental health
components, the most significant findings of this report show
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that despite a number of differences in background and
presentation of illness, all three users reported high levels of
technol ogy satisfaction using the KardiaM obile device. Ongoing
registry research will provide additional information.

Finally, the effect of increased patient engagement with specific
medical technology on physician well-being should be
considered because these devices could be perceived as an
additional burden. Driven by ever-increasing expectations and
responsibilities, occupational burnout rates are high among
cardiologists, and successful mitigation of burnout will require
adaptations by providers, patients, and health care systems[15].
Critical evaluation of thistechnology by patients and providers
isneeded, and the consequences rel ated to tasking patientswith
dataacquisition and symptom interpretation requires thoughtful
consideration before clinical implementation. Employment of
new technology will be most successful when providers are
able to see these adaptations not as additional clinical duties,
but as part of their overall mission to provide patient-centered
care.

TheKardiaMobile device by AliveCor isanovel way for cardiac
patients to monitor and track their own ECG recordings and
share them with their medical providers. Thistechnology may
not be indicated for all patients, especialy for users with
preexisting cardiac-related anxiety. However, there is
preliminary data to suggest that many users would have high
technol ogy satisfaction using the device. Asadvancesin mobile
technology continueto evolve the landscape of health care, ICD
patients are encouraged to work collaboratively with their
providers to answer the question, “Is smartphone ECG
technology the ‘smart’ option for me?’

Acknowledgments

Grant funding for this research was provided by Medtronic Inc.

Conflictsof Interest

SFS has received honoraria/consulting fees and research grants from Medtronic and Zoll Medical. All funds are directed to East
Carolina University. All the other authors declare that they have no competing interests.

References

1. Bardy G, LeeK, Mark D, Poole JE, Packer DL, Boineau R, Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT)
Investigators. Amiodarone or an implantable cardioverter-defibrillator for congestive heart failure. N Engl JMed 2005 Jan
20;352(3):225-237. [doi: 10.1056/NEJM0a043399] [Medline: 15659722]

2. LowresN, Redfern J, Freedman SB, Orchard J, Bennett AA, BriffaT, et a. Choice of Health Options In prevention of
Cardiovascular Events for people with Atrial Fibrillation (CHOICE-AF): A pilot study. Eur J Cardiovasc Nur 2014 Sep
03;15(1):39-46. [doi: 10.1177/1474515114549687] [Medline: 25187121]

3. Stewart S,Hart CL, Hole DJ, McMurray JJ. A popul ation-based study of the long-term risks associated with atrial fibrillation:
20-year follow-up of the Renfrew/Paidley study. Am JMed 2002 Oct; 113(5):359-364. [doi: 10.1016/S0002-9343(02)01236-6]

[Medline: 12401529]

4.  Williams J, Pearce K, Bennet |, Williams J, Manchester M. The effectiveness of a mobile ECG device in identifying AF:
sensitivity, specificity and predictive value. Br J Cardiol 2015 Oct 01;113(5):359-364. [doi: 10.5837/bjc.2015.013]

5. Barello S, Triberti S, GraffignaG, Libreri C, Serino S, Hibbard J, et al. eHealth for patient engagement: asystematic review.
Front Psychol 2015;6:2013 [FREE Full text] [doi: 10.3389/fpsyg.2015.02013] [Medline: 26779108]

6.  Menichetti J, Libreri C, Lozza E, Graffigna G. Giving patients a starring role in their own care: a bibliometric analysis of
the on-going literature debate. Health Expect 2016 Jun;19(3):516-526 [ FREE Full text] [doi: 10.1111/hex.12299] [Medline:

25369557]

http://cardio.jmir.org/2018/1/e5/

JMIR Cardio 2018 | vol. 2 | iss. 1 |e5 | p.160
(page number not for citation purposes)


http://dx.doi.org/10.1056/NEJMoa043399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15659722&dopt=Abstract
http://dx.doi.org/10.1177/1474515114549687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25187121&dopt=Abstract
http://dx.doi.org/10.1016/S0002-9343(02)01236-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12401529&dopt=Abstract
http://dx.doi.org/10.5837/bjc.2015.013
https://dx.doi.org/10.3389/fpsyg.2015.02013
http://dx.doi.org/10.3389/fpsyg.2015.02013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26779108&dopt=Abstract
http://europepmc.org/abstract/MED/25369557
http://dx.doi.org/10.1111/hex.12299
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25369557&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR CARDIO Kropp et al

7.

10.

11.

12.

13.

14.

15.

Greene J, Hibbard JH. Why does patient activation matter? An examination of the relationships between patient activation
and health-related outcomes. J Gen Intern Med 2012 May;27(5):520-526 [FREE Full text] [doi: 10.1007/s11606-011-1931-2]
[Medline: 22127797]

Barello S, Graffigna G. Patient engagement in healthcare: pathways for effective medical decision making. Neuropsychol
Trends 2015;17:53-65. [doi: 10.7358/neur-2015-017-bar]

AliveCor. KardiaMobile URL: https://www.alivecor.com/ [accessed 2017-12-20] [WebCite Cache ID 6vrEHXpNS]

Eifert GH, Thompson RN, Zvolensky MJ, Edwards K, Frazer NL, Haddad JW, et a. The cardiac anxiety questionnaire:
development and preliminary validity. Behav Res Ther 2000 Oct;38(10):1039-1053. [Medline: 11004742]

Ware J, Kosinski M, Keller SD. A 12-Item Short-Form Health Survey: construction of scales and preliminary tests of
reliability and validity. Med Care 1996 Mar;34(3):220-233. [Medline: 8628042]

Halldorsson B, Salkovskis P. Why do people with OCD and health anxiety seek reassurance excessively? An investigation
of differences and similarities in function. Cognit Ther Res 2017;41(4):619-631 [FREE Full text] [doi:
10.1007/s10608-016-9826-5] [Medline: 28751797]

Aikens JE, Zvolensky MJ, Eifert GH. Differential fear of cardiopulmonary sensationsin emergency room noncardiac chest
pain patients. J Behav Med 2001 Apr;24(2):155-167. [Medline: 11392917]

Belayachi S, Van der Linden M. The cognitive heterogeneity of obsessive-compulsive checking. J Cognit Educat Psychol
2017 Feb 01;16(1):9-22. [doi: 10.1891/1945-8959.16.1.9]

Michel J, Sangha D, Erwin J. Burnout among cardiologists. Am J Cardiol 2017 Mar 15;119(6):938-940. [doi:
10.1016/j.amjcard.2016.11.052] [Medline: 28065490]

Abbreviations

CAQ: Cardiac Anxiety Questionnaire

ECG: eectrocardiogram

| CD: implantable cardioverter defibrillator
MECG: mobile electrocardiogram

QoL : quality of life

SF-12v2: 12-1tem Short Form Survey version 2

Edited by G Eysenbach; submitted 10.08.17; peer-reviewed by M Mirro, J Redfern, | Kedan; comments to author 25.11.17; revised
version received 22.12.17; accepted 03.01.18; published 21.02.18.

Please cite as:

Kropp C, EllisJ, Nekkanti R, Sears S

Monitoring Patients With Implantable Cardioverter Defibrillators Using Mobile Phone Electrocardiogram: Case Sudy
JMIR Cardio 2018;2(1):€5

URL: http://cardio.jmir.org/2018/1/e5/

doi: 10.2196/cardio.8710

PMID: 31758776

©Caley Kropp, Jordan Ellis, Rajasekhar Nekkanti, Samuel Sears. Originally published in IMIR Cardio (http://cardio.jmir.org),
21.02.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in IMIR Cardio, is properly cited. The complete bibliographic information, alink to
the original publication on http://cardio.jmir.org, as well as this copyright and license information must be included.

http://cardio.jmir.org/2018/1/e5/ JMIR Cardio 2018 | vol. 2 | iss. 1 |€5 | p.161

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/22127797
http://dx.doi.org/10.1007/s11606-011-1931-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22127797&dopt=Abstract
http://dx.doi.org/10.7358/neur-2015-017-bar
https://www.alivecor.com/
http://www.webcitation.org/6vrEHxpNS
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11004742&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8628042&dopt=Abstract
http://europepmc.org/abstract/MED/28751797
http://dx.doi.org/10.1007/s10608-016-9826-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28751797&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11392917&dopt=Abstract
http://dx.doi.org/10.1891/1945-8959.16.1.9
http://dx.doi.org/10.1016/j.amjcard.2016.11.052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28065490&dopt=Abstract
http://cardio.jmir.org/2018/1/e5/
http://dx.doi.org/10.2196/cardio.8710
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31758776&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

Publisher:

JMIR Publications

130 Queens Quay East.
Toronto, ON, M5A 3Y5
Phone: (+1) 416-583-2040

Email: support@jmir.org

https://www.jmirpublications.com/

RenderX


mailto:support@jmir.org
http://www.w3.org/Style/XSL
http://www.renderx.com/

