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INTRODUCTION

ABSTRACT
Cardiovascular disease (CVD) is a leading cause of morbidity and mortality in hematopoietic cell transplantation
(HCT) survivors. In these patients, such risk factors as hypertension, diabetes, obesity, and physical inactivity are
important modifiers of CVD risk. However, the period when HCT survivors are at greatest risk of developing these
risk factors, and in turn CVD, coincides with a drop in engagement in survivorship care. We examined the feasibil-
ity and acceptability of a 4-week remote risk-based monitoring (blood pressure monitor, weight scale, pulse
oximeter, glucometer) and management program in 18 (11 allogeneic and 7 autologous) HCT survivors at inter-
mediate-high risk of CVD. The median patient age was 66 years (range, 53 to 74 years), 67% had hypertension,
22% had diabetes, 11% were obese (body mass index =30 kg/m?), 56% were at intermediate risk of CVD, and 44%
were at high risk of CVD. Weekly compliance with the remote monitoring schedule (>3 readings/week using all
devices) ranged from 72% in week 1 to 83% in weeks 2 to 4. Fifteen participants (83%) generated 86 alerts that
were outside the predetermined range of normal; 63 of these readings (73%) normalized without intervention,
and 23 (27%) necessitated triage by the study research nurse. Nearly all participants reported that the study kept
them motivated and involved in their healthcare, and >85% agreed that the study supported their healthcare
goals, helped them learn and manage their health conditions, and increased their access to healthcare. These find-
ings may set the foundation for innovative risk-based and remote interventions to reduce the burden of CVD in
this growing population of patients.
© 2020 American Society for Transplantation and Cellular Therapy. Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)

onset of CVD in HCT survivors is poor; 5-year survival is <50%

An estimated 160,000 hematopoietic cell transplantation
(HCT) survivors are living in the United States today, and that
number is expected to exceed 500,000 by the year 2030 [1,2].
In these survivors, cardiovascular diseases (CVDs), such as cor-
onary artery disease and heart failure, are a leading cause of
morbidity and mortality, often occurring earlier than would be
expected for the general population [3,4]. Outcome following
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|4], emphasizing the need for innovative prevention strategies
that address the changing burden of CVD risk over time.

There are currently no established evidence-based targeted
interventions to reduce CVD risk in long-term HCT survivors,
due in part to a paucity of information on appropriate risk
stratification for targeted interventions after HCT. We recently
developed and validated a risk prediction model to stratify
1-year HCT survivors into low-, intermediate-, and high-risk
groups, corresponding to a 10-year cumulative incidence of
CVD of 3.7%, 9.9%, and 26.2%, respectively [5]. In these patients,
hypertension, diabetes, obesity, and lack of physical activity
were all important modifiable risk factors for CVD [6]. This
model’s 1-year post-HCT starting time point capitalized on the
so-called “teachable moment” effect [7], whereby survivors,
having survived 1 life-threatening disease, may be more
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motivated to try and prevent additional illness. However, stud-
ies in long-term HCT survivors indicate that the period when
HCT survivors are at greatest risk of developing modifiable CV
risk factors, and in turn CVD, often coincides with a drop in
engagement in cancer-center directed care [8]. In this context,
new models of care are needed to address the barriers and
gaps in survivorship care.

The past decade has seen a burgeoning interest in telemed-
icine as a means to improve the management of such health
conditions as diabetes mellitus, heart failure, and chronic lung
disease [9—-11]. Telemedicine aims to fundamentally change
the social contract between patients and healthcare providers
in hopes of providing a greater focus on prevention, monitor-
ing of chronic conditions, and patient-centered care. Remote
patient monitoring (RPM) is a subcategory of telemedicine
that allows patients to use mobile devices to upload health
data and send it to a healthcare provider. RPM can facilitate
simpler communication, support patient self-management,
and improve the overall quality of care and patient outcomes
with lower healthcare costs than traditional models of in-per-
son care [12]. There is a paucity of information on RPM in sur-
vivors of HCT. Accordingly, we sought to determine the
feasibility and acceptability of RPM for the management of
selected modifiable risk factors (ie, hypertension, diabetes,
obesity, and physical inactivity) in HCT survivors at intermedi-
ate/high risk of CVD.

METHODS
Study Participants

Participants were identified from an existing electronic database of HCT
survivors at City of Hope. Eligibility criteria included (1) 1-year post-HCT (+3
months) and in remission, (2) age =21 years at the time of enrollment, (3)
intermediate or high CVD risk (10-year cumulative incidence of CVD of 9.9%
to 26.2%) [5], and (4) ability to read and communicate in English. Survivors
with clinically evident CVD (ie, coronary artery disease or cardiomyopathy
under active medical management) or with uncontrolled hypertension (sys-
tolic blood pressure [BP] =180 mmHg and/or diastolic BP >120 mmHg) were
ineligible. Self-reported questionnaires and electronic medical records were
used to obtain data on demographics, medical history, and participant satis-
faction with the RPM platform. The City of Hope Institutional Review Board
approved this study, and written informed consent was obtained from all
participants before the initiation of study procedures.

Study Procedures

All study participants received the mTelehealth Remote Patient Monitor-
ing (RPM) Kit (mTelehealth, Delray Beach, FL), which included the following
Bluetooth-enabled devices: BP monitor, weight scale, pulse oximeter, gluc-
ometer (for patients with diabetes mellitus), and a 4G-enabled Pod that
allows transfer of data from the Bluetooth-enabled devices to the
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mTelehealth Patient Portal (Figure 1). Participants also received a Fitbit
Charge 3 (Fitbit, San Francisco, CA) to track their daily steps. This third-party
device was chosen for its reported compatibility with the mTelehealth
Patient Portal. Study personnel met with all study participants at baseline,
emphasizing the importance of routine monitoring of modifiable CV risk fac-
tors. They then trained the participants on how to obtain correct measure-
ments, provided them with written instructions and illustrations (eg, correct
placement of BP cuff on the arm), and entered their demographic and medical
information into the patient portal. Participants were asked to perform all
potentially eligible study measurements once daily, 3 times a week for a
duration of 1 month. Participants not performing the minimum required
study measurements received a reminder follow-up phone call. Readings
were wirelessly transmitted to a secure HIPPA compliant website that could
be accessed by the participant, study staff, or nurse.

To ensure participant safety, readings that exceeded preestablished
thresholds (eg, systolic BP =160 mmHg, diastolic BP =100 mmHg, or heart
rate =110 bpm; Suplemental Figures 1-5) triggered alerts. Alerts were
monitored by a nurse at Reconnect4Health (R4H) (www.reconnec
t4health.com), a health-management company with expertise in the inter-
pretation and validation of remote patient-reported data. On receipt of an
alert, the nurse reviewed the participant’s data on the secure website and
took various actions, including validating the alert, conducting a symptom
check, asking participants to retake the reading, and providing partici-
pant-directed interventions (eg, reminder to take medication), escalating
to calls to physicians and/or emergency care if appropriate responses had
not been met (Figure 1). The follow-up calls were completed Monday
through Friday, 9 am to 5 pm EST. After receiving an alert, the nurse
attempted to complete the follow-up call by the next business day. If the
participant was unavailable, a voicemail message was left to call the nurse
back. Readings that normalized before speaking with the participant
resulted in no further action.

Statistical Considerations

Descriptive statistics were generated for patient demographics, treat-
ment history, and outcome measures. The study was considered feasible if
=80% of study participants performed a minimum of 3 weekly measurements
using all Bluetooth-enabled devices each week. Acceptability of the RPM plat-
form was assessed using a patient satisfaction survey administered at the
time of study completion. Patient satisfaction responses were categorized
using a 5-point Likert scale as agree (strongly agree/agree), neutral, or dis-
agree (strongly disagree, disagree).

RESULTS

Thirty consecutive survivors who met the study’s eligibility
criteria were approached, of whom 20 (67%) agreed to partici-
pate. Of the 20 who enrolled, 2 withdrew shortly thereafter
because of worsening psychosocial and medical status. Infor-
mation on the 18 participants who enrolled on the study and
completed at least 1 requested measurement is included in
Table 1. The median age at enrollment was 66 years (range, 53
to 74 years); 61% were female, 72% were non-Hispanic white,
447% had at least a college education, and 39% had undergone
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Figure 1. Feedback loop between participants and healthcare providers.
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Table 1
Demographic and Clinical Characteristics of the Study Participants
Characteristic Allogeneic Autologous Total
(N=11) (N=7) (N=18)

Sex, n (%)

Male 4(36) 3(43) 7(39)

Female 7(64) 4(57) 11(61)
Ethnicity, n (%)

White 8(73) 5(71) 13(72)

Black/African American 1(9) 1(14) 2(11)

Hispanic 0(0) 1(14) 1(6)

Asian 2(18) 0(0) 2(11)
Age, yr, median (range) 67 (53-74) 61(53-72) 66 (53-74)
Diagnosis, n (%)

Acute leukemia 9(82) 1(14) 10(56)

Multiple myeloma 0(0) 5(71) 5(28)

Other 2(18) 1(14) 3(17)
Risk level, n (%)

Intermediate 6(55) 4(57) 10(56)

High 5(45) 3(43) 8(44)
Education, n (%)

<College 5(45) 5(71) 10(56)

College 6(55) 1(14) 7(39)

=College 0(0) 1(14) 1(6)
Employment status, n (%)

Employed 3(27) 0(0) 3(17)

Unemployed 2(18) 1(14) 3(17)

Retired 6(55) 5(71) 11(61)

Declined to answer 0(0) 1(14) 1(6)
Annual income, n (%)

<$49,999 6(55) 3(43) 9(50)

=>$50,000 4(36) 3(43) 7(39)

Declined to answer 1(9) 1(14) 2(11)
Marital status, n (%)

Never married 3(27) 0(0) 3(17)

Currently married 4(36) 4(57) 8(44)

Previously married 4(36) 2(29) 6(33)

Declined to answer 0(0) 1(14) 1(6)
Hypertension, n (%)

Yes 8(73) 4(57) 12(67)

No 3(27) 3(43) 6(33)
Diabetes, n (%)

Yes 2(18) 2(29) 4(22)

No 9(82) 5(71) 14(78)
Smoking history, n (%)

Ever 6(55) 3(43) 9(50)

Never 5(45) 4(57) 9(50)
Obesity, n (%)

Obese (body mass 1(9) 1(14) 2(11)

index >30 kg/m?)
Nonobese 10 (91) 6(86) 16 (89)

autologous HCT. The most common indication for HCT was
acute leukemia (56%). The prevalence of hypertension, diabe-
tes, and obesity was 67%, 22%, and 11% respectively; 44% of the
HCT survivors were classified as high risk and 56% were classi-
fied as intermediate risk for CVD.

As shown in Figure 2, there was an overall increase in the
compliance rate from the first week to subsequent weeks, with
13 of 18 participants (72%) completing the requested measure-
ments at least 3 times per week during the first week, and 15

out of 18 participants (83%) doing so in the subsequent 3 weeks;
the mean weekly compliance rate for study participants was
80.6%. Of note, 12 participants (67%) successfully completed at
least 3 readings per week using all devices for all 4 weeks. The
BP monitor, scale, pulse oximeter, and glucometer recorded a
total of 378, 373, 360, and 73 readings, respectively. We found
differing values between clinic and home BP measurements
obtained on the same day for the 9 participants who were seen
in clinic during the study period. On average, systolic and dia-
stolic values varied by +9.2% and +10.6% from their home val-
ues, respectively. Only 2 participants were able to successfully
sync their Fitbit to the mTelehealth Patient Portal.

A total of 86 alerts were triggered throughout the study
from 15 of the participants (83%). Four participants triggered
64% of all alerts. The majority of alerts (79%) occurred during
the weekday when the nurse was providing active monitoring.
Most of the readings (73%) normalized before the nurse’s
phone call to the participant. BP readings triggered the most
alerts (33%), and pulse oximetry the least alerts (1%). The study
nurse made a total of 23 follow-up phone calls. All participants
were either available when the nurse called or returned the
call within 24 hours. Of the 23 calls, 15 (65%) resulted in a vali-
dation of the alert, a symptom check, and a request that the
participant retake the reading. Additional reminders to take
home medications were provided on 5 calls (22%). The remain-
ing 3 calls required no action, because the alerts were acciden-
tally triggered by individuals cleaning or stepping on the scale.
The accuracy of the automatic alert system was evaluated by
manual comparison of all entered values with the system
thresholds. There were no false-positive or missing alerts.

Acceptability of the mTelehealth RPM Kit was evaluated
using a 9-question Likert scale survey to evaluate the value of
and satisfaction with the platform after 4 weeks of use. Partici-
pants had an overwhelmingly positive experience. All were
glad that they participated in the study and felt comfortable
using the devices. More than 90% of participants reported that
the study kept them motivated and involved in their health-
care, and =85% agreed that the study supported their health-
care goals, helped them learn and manage their health
conditions, and increased their access to healthcare.

DISCUSSION

The principal findings from the present study show that the
mTelehealth RPM Kit is a feasible and highly acceptable plat-
form with which to monitor modifiable risk factors in HCT sur-
vivors at risk for CVD. The mean weekly compliance rate was
>80%, and at least two-thirds of the participants successfully
performed >3 readings per week using all devices for 4 conse-
cutive weeks. In fact, the majority of participants provided
more than the requested readings, resulting in some compli-
ance rates theoretically above 100%. The BP monitor was used
slightly more than other devices. Considering that 67% of the
participants had hypertension, the BP data might have been of
increased interest to the study population. A major challenge
in previous telehealth studies is a “honeymoon period” of high
use, followed by a steep dropoff [13]. Even though our study
lasted only 1 month, we were still surprised to find no dropoff.
Moreover, the compliance rate increased after the first week.
This may be explained by an initial learning curve followed by
increasing confidence and motivation and greater levels of
self-efficacy. Self-efficacy, a confidence in the ability to per-
form specific tasks or behaviors, which in turn influences the
willingness to perform them, is considered an important driver
of sustained behavioral change [11]. This may be especially
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Compliance per Week

Number of Participants

B Non-Compliant ® Compliant
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Figure 2. Participants’ weekly compliance with study measurements.

relevant to our older population (age 53 to 74 years), who
might not be as technologically proficient as a younger cohort.

More than 85% of participants agreed that the study allowed
them to be more active in managing their health and kept them
motivated and involved in their health care. According to the
nurse’s log, 1 participant agreed to bring his study blood glucose
readings to his physician, and another participant confirmed
that he would find a dietician after consistently elevated blood
glucose readings. All participants were glad they participated in
the study and felt comfortable taking their own readings. It is
important to note that for the present study, a nurse reviewed
all patient-generated data and followed up on any readings that
exceeded established thresholds. This “feedback loop” between
a patient and a health care provider has been shown to improve
the health status in chronically ill individuals [14]. It reinforces
key messages and can encourage follow-up actions. For
instance, the study nurse answered dietary concerns for 1 par-
ticipant and encouraged him to meet with a dietician. Another
participant was reminded to rest before taking her BP, teaching
the importance of proper BP technique. Multiple participants
were asked to take their home medications and then remeasure
their BP, reinforcing the link between medication adherence
and improved BP. Ideally, participants can then make these nec-
essary adjustments independently in the future. As individuals
become increasingly engaged in their care, the patient-provider
relationship can evolve into one of improved collaboration.

It is noteworthy that the majority of alerts generated by the
RPM platform were not actionable. That said, there was minimal
alert burden on the monitoring provider, given that 73% of the
alerts self-corrected and only 27% required follow-up calls by
the study management and nursing team. Certain participants
triggered regular alerts because of preestablished study thresh-
olds; for example, 3 of the 4 participants with diabetes were on
corticosteroid therapy. Their blood glucose levels were outside
the fixed threshold but were appropriate for their current treat-
ment. Another participant had weight fluctuations that were
nonpathological. For this study, the thresholds were based on
best practice values; future efforts would benefit from individu-
alization of these thresholds. Interestingly, there was marked
discrepancy in all 9 patients who had home and clinic BP read-
ings on the same day, with the clinic readings often higher than
the home average readings. It is widely recognized that clinic BP
measurements can be misleading in a considerable portion of
individuals, owing to a phenomenon known as “white coat
hypertension,” in which BP can be elevated in the clinical setting,
or to an opposite effect, known as “masked hypertension”
[15—18]. Therefore, out-of-clinic BP monitoring may therefore

be necessary to provide accurate information on steady-state BP
readings [19]. Home BP monitoring has been shown to lead to
better BP control, better compliance with antihypertensive ther-
apy |20], and improved health-seeking behaviors [21-23]. Since
clinic time provides only a brief snapshot of the HCT survivors’
health care journey, longitudinal data from their home environ-
ment may provide a more comprehensive and holistic perspec-
tive. The current RPM strategy allows for more accurate
projections of survivors’ physiological health, setting the stage
for more comprehensive management of modifiable risk factors.
The primary limitations of our study are its small sample size
and short study duration, which may limit the generalizability of
our findings. A further limitation is that our findings are specific to
the mTelehealth RPM platform and might not apply to all RPM
technology. Importantly, home-based monitoring may need to be
routinely validated with in-person clinic assessments, allowing
healthcare providers to reinforce proper measurement techniques
and to limit the likelihood of erroneous remote readings over
time. Finally, it is important to note that RPM entails upfront costs
and might not be feasible for all clinical settings in which HCT sur-
vivors are routinely seen. That said, these initial costs may be off-
set by the reduction of in-person clinic visits and complications
associated with these risk factors, including CVD. Additional stud-
ies are needed to evaluate the cost-effectiveness and impact on
patient outcomes using RPM and telemedicine in this population.
In conclusion, this study provides important information
regarding the feasibility and acceptability of implementing a tele-
health platform to monitor CV risk factors in HCT survivors at risk
for CVD. Our preliminary findings may facilitate the development
of population-based CVD interventions in large cohorts of survi-
vors at a fraction of the cost and resources necessary to deliver
preventive and long-term survivorship care. Importantly, it may
set the stage for innovative delivery of care that encourages
patients to be active participants in their health and reduces the
burden of CVD in this growing population of patients. This para-
digm of health care delivery could also be applied in acute care
settings (eg, postoperative, outpatient HCT) across a range of sce-
narios for patients undergoing HCT and in long-term survivors.
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