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Abstract 

Background Chronic Obstructive Pulmonary Disease (COPD) is a leading cause of morbidity and mortality 
in the United States. Frequent exacerbations result in higher use of emergency services and hospitalizations, leading 
to poor patient outcomes and high costs. The objective of this study is to demonstrate the feasibility of a multimodal, 
community-based intervention in treating acute COPD exacerbations.

Results Over 18 months, 1,333 patients were approached and 100 (7.5%) were enrolled (mean age 66, 52% 
female). Ninety-six participants (96%) remained in the study for the full enrollment period. Fifty-five (55%) participated 
in tele-pulmonary-rehabilitation. Participants wore the smartwatch for a median of 114 days (IQR 30–210) and 18.9 h/
day (IQR16-20) resulting in a median of 1034 min/day (IQR 939–1133). The rate at which participants completed 
scheduled survey instruments ranged from 78–93%. Nearly all participants (85%) performed COPD ecological 
momentary assessment at least once with a median of 4.85 recordings during study participation. On average, a 2.48-
point improvement (p = 0.03) in COPD Assessment Test Score was observed from baseline to study completion. The 
adherence and symptom improvement metrics were not associated with baseline patient activation measures.

Conclusions A multimodal intervention combining preventative care, symptom and biometric monitoring, and MIH 
services was feasible in adults living with COPD. Participants demonstrated high protocol fidelity and engagement 
and reported improved quality of life.

Trial Registration The study is registered at Clinicaltrials.gov NCT06000696 (Registered on 08/14/2023).
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Introduction
Chronic obstructive pulmonary disease (COPD) is a 
major public health burden responsible for 150,000 
deaths, 873,000 emergency department (ED) visits, and 
700,000 hospitalizations annually in the United States. It 
costs $50 billion to treat every year: 70% of these expen-
ditures are for acute care services [1–5]. Unplanned use 
of emergency services represents critical events in the 
healthcare trajectories of patients with COPD, and it 
contributes to treatment inconsistencies, patient distress, 
and further acute care needs [2, 6–9]. Between 30–50% 
of patients with COPD experience at least one acute 
exacerbation a year, and one in five patients hospitalized 
for COPD exacerbation are re-admitted within 30  days 
[9]. Strategies are needed to decrease the incidence of 
severe COPD exacerbation to improve disease manage-
ment, reduce costs, and support patient quality of life.

Early detection of clinical signs of COPD exacerba-
tions and initiation of pharmacotherapy, close symptom 
monitoring, and pulmonary rehabilitation, can prevent 
severe clinical deterioration and future morbidity [10–
15]. Implementing such interventions before hospital 
admission for COPD is more effective than initiating 
interventions during or after hospitalization to prevent 
future hospitalization and mortality [15]. Therefore, the 
best opportunity to prevent COPD-associated hospitali-
zation and recurrent episodes is before any primary hos-
pitalization occurs. However, effectively delivering these 
evidence-based interventions early remains challenging.

Pilot studies of home monitoring systems using 
patient-reported changes in symptoms and wearable sen-
sors that transmit biometric data have been shown to 
accurately predict clinical deterioration.20,21 Additionally, 
both in-person and remote pulmonology rehabilitation 
and lifestyle coaching have demonstrated effectiveness in 
improving clinical outcomes in COPD including quality 
of life, functional capacity, and patient-reported dyspnea, 
which in turn decreases acute care needs [16–18]. Virtual 
pulmonary coaching and rehabilitation in particular may 
be effective because it mitigates obstacles to healthcare 
access and therefore facilitates superior patient compli-
ance [16, 19]. However, to be maximally effective, pair-
ing preventative services and clinical monitoring with a 
structured means to deliver timely acute care is neces-
sary to ensure that detected clinical deterioration can be 
mitigated.

One viable solution to the limitations of remote moni-
toring may be Mobile Integrated Health (MIH) models, 
which are healthcare delivery initiatives that leverage 
mobile resources, including specially trained paramedic-
level clinicians, to care for patients at home. Such prehos-
pital clinicians are trained beyond the scope of emergent 
procedures to provide more comprehensive care at 

home. Equipped with mobile diagnostic equipment (such 
as point-of-care blood machines, 12-lead ecg, etc.) and a 
portable medication formulary, highly trained MIH para-
medics are dispatched into the community on-demand to 
perform in-home medical evaluations and treatment(s) 
in consultation with an actively involved supervising phy-
sician (typically an on-call emergency physician). MIH 
programs may respond at the request of patients or their 
caregivers when acute symptoms or ominous changes in 
biometric signals are detected [20–22]. MIH programs 
often offer 24/7 availability and, unlike traditional emer-
gency services, are designed to facilitate treatment in the 
community with transportation to the hospital only for 
patients too unstable to be managed at home. By provid-
ing evaluation and treatment at home, MIH programs 
are designed to expand the reach and longitudinal capa-
bilities of patients’ ambulatory providers. Pilot studies 
have shown that these programs are safe and can result 
in decreased emergency services utilization and claims 
costs, and improved patient satisfaction for a variety of 
health conditions [21–25]. A randomized control trial 
performed in Canada, for example, demonstrated that 
MIH services decreased emergency services utiliza-
tion, increased quality of life years and improved blood 
pressure control in older adults [22]. A different study 
in Maryland, United States, demonstrated that commu-
nity paramedic visits improved medication adherence in 
patients living with COPD and congestive heart failure 
[23].

A multidisciplinary strategy incorporating remote 
pulmonary rehabilitation and biometric monitoring, 
with aggressive mobile treatment during acute episodes 
may overcome many of the barriers that prevent timely 
recognition of acute COPD exacerbation and keep 
patients from accessing timely care. Digital and field-
based interventions eliminate obstacles such as lack 
of transportation, scheduling difficulties, hesitancy to 
present to healthcare facilities, and low health literacy 
[26]. Paramedics are inherently mobile assets and are 
accustomed to working remotely with physicians and 
providing clinical care in patients’ homes. Emergency 
medical services (EMS) agencies exist in most commu-
nities and are less expensive than placing physicians in 
the field. Thus, their use for home-based clinical care 
leverages an existing infrastructure that mitigates bar-
riers to home-based programs such as transportation 
needs and cost. Furthermore, biometric monitors and 
in-home visits from clinicians provide valuable infor-
mation about patients’ disease states in their lived 
environment, offering a more complete illustration of 
their health status and facilitating more informed man-
agement than telehealth alone. Few interventions have 
examined the feasibility or impact of a unified model 
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that integrates these valuable resources into a sin-
gle, integrated approach to community-based care for 
COPD. The objective of this study is to demonstrate the 
feasibility of a multimodal, community-based interven-
tion in treating acute COPD exacerbations.

Methods
Setting and participants
This decentralized nonrandomized pilot clinical trial was 
conducted through an academic tertiary care center. A 
detailed explanation of the study protocol is described 
elsewhere [27]. Inclusion criteria for participation 
included receiving healthcare through the affiliate hospi-
tal system, being 18 years of age or older at the time of 
recruitment, English speaking, and having a diagnosis 
of COPD with moderate to high risk of hospital admis-
sion. Participants were also required to have access to 
a smartphone (with iOS or Android) to download and 
use the study apps and live within the regional geo-
graphic area served by the system’s MIH program, which 
included nine adjacent cities and towns. Exclusion cri-
teria included patients who could not consent, did not 
understand English, did not have internet access on their 
smartphone while at home, were enrolled in another 
investigational clinical trial at the time of recruitment, or 
had ever been enrolled in any Wellinks pulmonary sup-
port program (with whom we partnered with for the tel-
epulmonary rehabilitation services).

Initial screening for eligibility was performed via a 
query of the hospital system’s electronic health record 
(EHR) for patients who carried a moderate (25–50%) 
predicted risk of admission for COPD exacerbation 
within six months. Admission risk was ascertained by a 
predetermined risk stratification protocol derived from 
the number of acute care episodes (ED visits and hos-
pitalization) and the number of COPD-related medica-
tion changes in the two years before study enrollment 
as proxy variables for COPD severity. We refined our 
recruitment to those patients that were between the sec-
ond and fourth quintiles of the count variable such that 
our cohort was comprised of patients with moderate-
high risk of admission for COPD.

The sample size of 100 participants was chosen to pro-
vide a sufficient basis for estimating the variability and 
feasibility of the intervention and study protocols while 
allowing the study team to detect potential trends and 
refine study protocols before a larger, fully powered trial 
is performed [28, 29]. The study was approved by the 
WIRB-Copernicus Group Institutional Review Board, 
an independent and certified IRB that provides ethical 
review and oversight for clinical research studies. It is 
registered at Clinicaltrials.gov (NCT06000696).

Recruitment and enrollment
All participants were initially invited to participate in the 
study via email. Follow-up solicitations for non-respond-
ers were conducted by text message within two weeks 
of the email invitation and a paper mailer. Additionally, 
patients who were identified as prospective participants 
and who were hospitalized or had scheduled ambula-
tory pulmonary clinic appointments were approached in 
person by the study team at the medical center. Finally, 
flyers advertising the study were placed in high-visibility 
places such as clinic waiting rooms, prompting patients 
to scan a QR code for more study information. Invita-
tions for recruitment were conducted in waves ranging 
from 500–3,000 patients based on the composition of the 
existing study cohort after each cycle to achieve a bal-
anced representation of risk categories and sociodemo-
graphic factors.

Participants who were interested in participating after 
being approached were prompted to undergo further 
screening for eligibility, and if eligible, complete enroll-
ment and consent procedures via a customized study app 
on a platform called MyDataHelps, an application hosted 
by CareEvolution. Research coordinators were available 
to support participant enrollment via video or audio call 
for any participant who requested support. The informed 
consent documents were signed digitally through the 
study app. Consent was obtained following best prac-
tices for ethical consent in clinical trials [30, 31]. Spe-
cifically, the study team ensured that participants were 
fully informed about the study’s aims, methods, poten-
tial risks, and benefits. Consent was obtained voluntarily, 
without any coercion, and participants were advised of 
their ability to withdraw from the study at any time with-
out penalty. Participants were required to give consent 
themselves (no legally authorized representative or other 
proxy consent was allowed). The patient-facing interface 
of the app during the consent process is depicted in Sup-
plemental Fig. 1.

Once participants completed consenting procedures, 
a “welcome kit” was shipped to their residence contain-
ing all necessary study-related materials including a Fit-
bit Charge 5 smartwatch, additional literature about the 
study and the affiliated MIH program, and information 
regarding how to request an MIH visit on-demand. Par-
ticipants were remotely guided through setting up and 
using the smartwatch, educated on the use of the study 
app, and provided any additional support needed to ini-
tiate participation via telephone or video-conferencing 
(depending on the participant’s preference) by the study 
team. Once onboarded, participants were asked to par-
take in study procedures for six months. All participants 
were assigned a unique random identifier upon enroll-
ment that was used to link all data collected throughout 
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the study, including survey responses, EHR data, claims 
information, and biometric data. The unique identi-
fier was stored separately from any personal identifying 
information to ensure that participants’ data remained 
confidential while allowing researchers to track individ-
ual progress and outcomes over time.

Study procedure
The Healthy at Home intervention was comprised of 
several complementary components providing biom-
etric monitoring, symptom tracking, mobile acute care 
services through the MIH program, and optional digital 
pulmonary rehabilitation. Table 1 summarizes each com-
ponent and its interaction with other study constituents.

Remote patient activity monitoring
Participants were asked to wear the smartwatch daily, 
including at night, to collect data including daily steps, 
heart rate, oxygen saturation, and sleep patterns. This 
information was visible to study coordinators and inves-
tigators, as well as the MIH paramedics, through the 
MyDataHelps platform. For participants who opted into 
telepulmonary rehabilitation, this information was also 
shared with the tele-pulmonary-rehabilitation care team 
through the MyDataHelps platform.

Patient surveys
All study participants were asked to complete a series 
of instruments throughout the six-month study period 
through the MyDataHelps app. Participants were noti-
fied of outstanding surveys and were prompted to com-
plete them through app push notifications according to 
the preset study schedule. In addition to demographic 
questions asked at baseline, participants were prompted 
to complete NIH-PROMIS COPD questionnaires, the 
Patient Activation Measure (PAM), and the Modi-
fied Medical Research Council Dyspnea Scale (mMRC) 
at enrollment, 3  months, and 6  months [32–34]. Par-
ticipants were also prompted to complete a COPD 
self-assessment test (CAT) monthly and a single-item 
wellness measure weekly. The mMRC was used with the 
permission of the Medical Research Council in accord-
ance with its open-access policy. The PAM was used for 
research purposes with permission from Insignia Health.

Finally, CLEAR-Sx, Ex, and Rx surveys (Dove Medical 
Press, 2020) were triggered ad-hoc by participants’ bio-
metric data based on set metrics or could be completed 
as desired by the participant [35]. The chosen biomet-
ric alerts are summarized in Supplementary Table  2. In 
addition to their self-reported surveys, all participants 
were asked for permission to link their electronic health 
records to the study app so that claims and healthcare 

utilization patterns could be tracked throughout their 
participation.

Virtual comprehensive pulmonary support service
All participants were given the option to enroll in an 
additional portion of the study providing them access to 
a virtual pulmonary care program that provides support 
for COPD patients, through a commercially available 
service offered by Wellinks Inc. This service includes live 
coaching to support patient education, treatment adher-
ence counseling, and goal setting, as well as a virtual 
pulmonary rehabilitation program that delivers a home-
based exercise plan, including safety instructions and 
COPD-specific breathing techniques. There was no cost 
to any participant to engage with this service.

MIH Integration
On-demand, field-based clinical support was offered to 
all study participants through the institution’s affiliate 
mobile integrated health (MIH) program for the dura-
tion of their participation.24,25 Participants, their caregiv-
ers, and the tele-pulmonary-rehabilitation coaching team 
were empowered to request an MIH visit for acute clini-
cal symptoms (such as worsening shortness of breath) by 
calling the MIH clinical hotline. The community para-
medics team is available 24 h a day, 7 days a week, and 
presents to patients’ homes within 2 h of a request. Para-
medics evaluate and treat patients aided by mobile diag-
nostic tools and medications, as well as live telehealth 
support from an on-call supervising physician. The MIH 
program is specifically equipped to initiate treatment for 
COPD exacerbation with inhaled bronchodilators and 
parenteral steroids and antibiotics. If a patient was too 
acutely ill to remain at home, the patient was diverted 
into the emergency services system.

To unify the study components and streamline care, the 
community paramedic team and their supervising physi-
cians had access to participants’ study dashboards so that 
they could review their aggregated clinical data and mon-
itor any changes in participants’ biometric patterns. The 
study app also contained a “Call MIH” button, which ena-
bled participants to easily connect with the MIH hotline 
for an in-home assessment. Clinical care provided by the 
MIH paramedics for the study’s participants was identi-
cal in practice to the care provided outside the study. For 
the present study, the MIH team responded to all patient 
requests but did not proactively contact patients or self-
dispatch when biometric alerts were triggered on the 
dashboard.

Measures and analysis
The primary objective of this pilot study was to assess 
the feasibility of the Healthy at Home study. Primary 
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measures included study recruitment and retention 
rate, participant fidelity to study instruments, adher-
ence to sensor use, use of the MIH program, and adop-
tion rate of virtual pulmonary support and coaching 
activities. Exploratory clinical outcomes included COPD 
impact on patient quality of life, measured by the CAT 
score, NIH PROMIS for COPD, and mMRC [32–34, 
36]. These patient-facing instruments were reported 
descriptively and compared between baseline, three, 
and 6 months of the study. Lastly, operational feasibility 
measures included the number of study-related triggers 
that resulted in ambulatory encounters, number of MIH 
encounters, and EMS use, MIH visit escalation rate, and 
acute-care visits not prompted by study triggers.

Findings were conveyed descriptively in aggregate 
and also stratified across patient activation categories as 
measured by baseline participant-reported PAM scores 
to describe findings across levels of participants’ base-
line level of activation in their health. For PAM-stratified 
results, participants were classified as 1) PAM Category 1 
or 2: Disengaged and Overwhelmed or Becoming Aware 
but Still Struggling [Score 0–55.1] 2) PAM Category 
3: Taking Action [score 55.2–67] and PAM Category 
4: Maintaining Behaviors and Pushing Further [score 
67.1–100]. ANOVA testing was used to evaluate the sig-
nificance of differences between baseline and follow-up 
instrument scores. For this analysis, ordinal scores were 
treated as continuous values. This approach allowed for 
quantitative comparisons between groups and the calcu-
lation of means and standard deviations, which provides 
a more straightforward comparison of central tendencies 
and variability across groups.

All statistical analysis was completed using STATA (V 
17.0) (StataCorp, College Station, TX). This manuscript 
adheres to CONSORT best practice reporting guidelines, 
ensuring transparency and completeness in the presen-
tation of trial design, methodology, analysis, and results 
[37, 38].

Results
Recruitment and retention
Participant recruitment was completed over eight-
een months; Fig. 1 depicts the participant recruitment 
CONSORT diagram. The overall recruitment rate was 
7.5%. In total 100 participants were enrolled (mean 
age 66, 52% female). Table  2 summarizes participant 
demographic characteristics. Two patients withdrew 
voluntarily before study completion. Additionally, two 
patients died while enrolled of causes unrelated to the 
study, resulting in a retention rate of 98% and an over-
all completion rate of 96%. The study participants were 
predominantly white (n = 83) and non-Hispanic/Latino. 
Supplemental Table  1  depicts the demographical 

distribution of the overall population from which par-
ticipants were drawn, broken down by group into 
patients who were and were not invited, and again by 
those who did and did not respond. Compared to the 
overall population, enrolled participants had a lower 
mean age, but the distribution of sex and race were 
similar. Of the 100 enrolled participants, 90 completed 
the baseline PAM instrument. Nine had very low/low 
baseline PAM scores (Category 1–2: Disengaged and 
Overwhelmed or Becoming Aware but Still Struggling 
[Score 0–55.1]); 30 had Pam Category 3 scores (Tak-
ing Action [score 55.2–67]) and 51 had PAM Category 
4 scores (Maintaining Behaviors and Pushing Further 
[score 67.1–100]).

Protocol fidelity
Table  3 summarizes participant engagement by inter-
vention subtype. More than half (n = 55, 55%) of par-
ticipants opted into tele-pulmonary-rehabilitation and 
coaching. Participants wore the smartwatch for a median 
of 114  days during enrollment, with a median daily use 
of 18.9  h, yielding a median of 1034  min during which 
their heart rates were detectable. Survey instrument 
completion rates varied between 78–93% for scheduled 
instruments, with baseline surveys having the highest 
response rate, and repeated instruments yielding lower 
participant compliance. Eighty-five discrete participants 
completed a total of 485 CLEAR-Sx ad-hoc surveys that 
were activated proactively by the participant, generated 
in response to biometric triggers, or were prompted by 
random nudges programmed into the study app. In 53 
instances, participants had a subsequent ambulatory 
encounter related to COPD within 72 h of the CLEAR-Sx 
survey and in 3 instances, participants had an MIH visit; 
all three were treated at home. There were no ED visits 
within 72 h of a CLEAR-Sx survey. One participant had 
a COPD-related ED visit with no preceding CLEAR-Sx 
survey. In an additional 67 instances, participants self-
referred themselves or had an ambulatory clinician refer 
them for an MIH visit without a preceding CLEAR-Sx 
survey. Figure 2 depicts the flow of intervention activities 
and resultant healthcare utilization patterns.

Clinical effect measures
Patient quality of life
Table  4 summarizes patient quality of life ratings 
throughout the study period, including the CAT, NIH 
COPD PROMIS, mMRC, and Patient Activation Meas-
ure. The mean participant CAT score decreased by an 
average of 2.48 points (p = 0.03) between baseline and 
completion of the study.
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Discussion
This study demonstrates the feasibility of a novel 
approach to COPD management utilizing an interven-
tion that provides community-based care by integrating 
digital and mobile tools. Preliminary evidence from this 
project suggests that the intervention and protocols are 
feasible, with high participant retention and protocol 
adherence. Further, early signals suggest that the inter-
vention improved patient quality of life and decreased 
COPD-related distress. This approach- using unified 
digital and mobile tools to support patients with COPD, 
particularly during acute events- warrants further inves-
tigation to determine if it provides a viable contributory 
solution to the significant burden that COPD imposes 
on individuals, health systems, and communities [39]. 

COPD is particularly challenging to patients and hos-
pitals during time-sensitive, acute exacerbation events. 
This presents considerable accessibility concerns that 
may be overcome by remote and digital solutions [35, 
39–41]. Our work seeks to expand on innovation in 
self-management strategies and remote monitoring by 
unifying remote and digital treatment to create a more 
comprehensive community-based healthcare encounter 
for COPD management.

In the present study, 100 participants were success-
fully recruited over eighteen months; 96% completed the 
full six-month enrollment period. Participants exhibited 
high fidelity to the study protocol, including correctly 
and frequently using the wearable monitors, complet-
ing study instruments, and engaging with MIH for acute 

Fig. 1 Healthy at home CONSORT diagram
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symptom management. These results suggest that despite 
the multi-component intervention’s complexity, patients 
could engage effectively with its multiple elements. The 
findings remained consistent even when stratified across 
levels of baseline patient activation, an important driver 
of self-management and outcomes in COPD care [42, 
43]. Given that low patient activation is a common chal-
lenge in COPD management and is associated with poor 
outcomes, it is crucial to ensure that an intervention, 
particularly a complex one aimed at managing COPD, 
is adopted even by participants with lower baseline self-
efficacy [44, 45]. The central study app, which directed 
participants to engage with instruments and prompted 
them to seek MIH visits for acute illness, and the collab-
orative efforts of the clinical and study teams may have 
contributed to the overall cohesiveness of study activities.

It is noteworthy that, although participants often 
used MIH evaluations, these encounters were typically 
not linked to biometric alerts triggered by the study, 
indicating that other factors prompted these evalua-
tions. Additionally, only about 12% of the app-triggered 
alerts were associated with an ambulatory encounter 
within 72 h, again suggesting that the biometric alerts 
were not associated with symptom deterioration severe 
enough to warrant urgent medical evaluation. Further, 

the acute symptoms that did prompt MIH engagement 
were not detected by the study app; further intervention 
refinement is needed to understand the lack of associa-
tion between these two intervention components.

Despite the lack of coupling of the biometric alerts 
with healthcare utilization, we still observed a signifi-
cant use of the MIH service for acute symptom man-
agement among participants, which may have been 
supported by the study app’s ability to connect par-
ticipants with MIH services as well as encouragement 
from the virtual pulmonary coaches to summon MIH, 
thus increasing awareness and ease-of-connection with 
this service. Using the study app to decrease the cogni-
tive burden on patients when seeking care and allowing 
them to be cared for in the home further decreased bar-
riers to acute care traditionally experienced by patients. 
All MIH encounters occurred for participants with the 
two highest baseline activation score categories, possi-
bly indicating that participants with lower self-efficacy 
related to their COPD were less likely to proactively 
engage with a new care delivery service like MIH or 
didn’t understand its role in their care. Future iterations 
of the intervention might provide a more hands-on ori-
entation to the MIH component, such as a scheduled 
non-acute home visit or have MIH staff proactively 
reach out to patients for whom there is a concern for 

Table 2 Enrolled sample characteristics (N = 100)

a Only 90 participants completed baseline Patient Activation Measure Score

Alla Patient Activation Measure 
Level 1–2
(n = 9)

Patient Activation 
Measure Level 3
(n = 30)

Patient 
Activation 
Measure Level 4
(n = 51)

N 100 9 30 51

Age
 Mean (SD) 66 (12) 72 (11) 66 (11) 67 (11)

 Median (IQR) 67 (62–73) 71 (67–75) 68 (62–73) 67 (62–75)

 Range 28–96 57–96 28–84 34–87

Sex n (%)
 Male 48 (48) 6 (67) 15 (52) 23 (46)

 Female 52(52) 3 (13) 14 (48) 27 (54)

Race n (%)
 Black or African American 3 (3.0) 0 (0) 0 (0) 2 (3.9)

 American Indian or Alaska Native 1(1) 0 (0) 1 (3.3) 0 (0)

 Other 6 (6.0) 0 (0) 1 (3.3) 4 (7.8)

 White 83 (83.0) 9 (100.0) 26 (92.6) 42 (82.4)

Ethnicity
 Hispanic or Latino 15(15.)) 0 (0) 2 (7.4) 2 (4.3)

 Not Hispanic or Latino (%) 85(85.0) 9 (100) 25 (92.6) 45 (95.7)

Charleston Comorbidities index 
(unweighted)
 Mean (SD) 2.53 (1.81) 2.33 (1.66) 2.52 (1.70) 2.48 (1.76)
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Table 3 Intervention adherence

All Participants
(N = 100)

Patient Activation 
Measure Level 1–2
(n = 9)

Patient Activation 
Measure Level 3
(n = 30)

Patient 
Activation 
Measure Level 4
(n = 51)

Smartwatch Use
 Median Daily Hours worn (IQR) 18.9 (16–20) 18.8 (16–22) 18.9 (17–21) 18.9 (17–20)

 Median Days worn (IQR) 114 (30–210) 179 (150–203) 81 (30–243) 105 (34–244)

 Median Daily Minutes of heartrate detection (IQR) 1034 (939–1133) 1127 (932–1251) 1135 (1008–1259) 1135 (1041–1229)

Completed Responses to Study Instruments
 Scheduled (n,%)
 Baseline Demographics (month 0) 93 (93) 9 (100) 30 (100) 51 (100)

 COPD Assessment Test 91 (91) 9 (100) 30(100) 51 (100)

 NIH-PROMIS COPD 90 (90) 9 (100) 30(100) 51(100)

 Patient Activation Measure 91 (91) 9 (100) 30(100) 51(100)

 mMRC (Modified Medical Research Council) Dyspnea Scale 90 (90) 9 (100) 30 (100) 51(100)

 Patient Satisfaction (baseline) 87 (87) 9 (100) 29 (93.5) 50 (98.0)

 Patient Satisfaction (3 and 6 month) 78 (78) 9 (100) 25 (80.1) 47 (92.2)

 Single-item wellness 93 (93) 9 (100) 29 (93.5) 51(100)

Ad Hoc
 CLEAR Sx

 Patients with at least 1 complete (n, %) 85 (85) 9 (100) 27 (87.1) 47 (92.2)

 Total CLEAR Sx completed (mean per patient) 485 (4.85) 102 (11.3) 144 (4.6) 249 (4.9)

Tele-Pulmonary-rehabilitation Engagement
 Opted In 55 (55) 8(88.8) 16 (51.6) 31 (60.8)

 No opt in 45 (45) 1 (11.1) 14 (45.2) 20 (39.2)

Healthcare Utilization
 Any ambulatory encounter within 72 h of CLEAR Sx 53 6 20 25

 MIH Encounters within 72 h of CLEAR Sx 3 0 0 3

 MIH Encounters independent of CLEAR Sx 67 0 24 43

 ED visit with no preceding CLEAR Sx Survey 1 0 0 1

Fig. 2 Participant Engagement: Participants interacted with Pulmonary Rehabilitation, MIH, and remote monitoring throughout the study period
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clinical deterioration either due to reported symptoms, 
biometric markers, or contact with their clinical team.

The intervention also demonstrated signals towards 
decreased CAT, NIH PROMIS, and mMRC scores, indi-
cating overall COPD symptoms severity after being 
enrolled in the program, demonstrating preliminary evi-
dence that the intervention may decrease distress related 
to COPD and improve patient quality of life. This phe-
nomenon is likely multifactorial. Participants may have 
enjoyed an increased sense of agency and self-efficacy 
from the pulmonary coaching services, more confi-
dence in their ability to access care when needed, and/
or more confidence that COPD symptoms were being 
adequately supervised. While there may have been con-
cern that increased monitoring would increase anxiety 
around COPD symptoms or hyperawareness of changes 
in biometric markers, the monitoring and access to care 

in this study appeared to improve patient quality of life. 
In patients with higher baseline PAM scores, the trends 
towards higher activation and decreased symptom sever-
ity during the study period were more modest, likely due 
to these participants starting with lower symptom bur-
den and more confidence in managing their disease.

This pilot study had several limitations, including its 
small sample size and nonrandomized design, which lim-
its the rigor of outcome measurements. The intervention 
had a relatively low enrollment rate, which may have con-
tributed to sampling bias. While the study was designed 
to be decentralized, the recruitment strategy required 
relatively high activation from participants to read digi-
tal messages, identify themselves as eligible, and opt into 
the study app, which likely impacted the response rate 
to recruitment solicitations. A more individualized and 
personalized approach to recruitment, such as using 

Table 4 Participant reported instruments

Timing

Baseline 3 Months 6 Months p

CAT Score Mean (SD) 15.96 (7.73) 14.77 (7.79) 13.48 (7.21) 0.017

NIH PROMIS Score (T score)

 Physical Limits Mean (SD) 46.60 (8.60 45.25 (7.62) 45.32 (8.96) 0.53

 Fatigue Mean (SD) 53.08 (10.09) 51.25 (9.73) 50.63 (10.16) 0.32

 Patient Activation Measure
Mean (SD)

71.68 (14.00) 74.32 (14.31) 77.94 (13.44) 0.04

 Modified Medical Research Council Dyspnea Scale (mMRC) Mean (SD) 1.18 (1.05) 1.14 (1.04) 1.04 (0.98) 0.76

Patient Activation Measure Level 1–2 (Score 0–55)

 CAT Score Mean (SD) 17.22 (6.02) 14.43 (3.99) 15.67 (5.13) 0.573

NIH PROMIS Score (T score)

 Physical Limits Mean (SD) 44.67 (3.62) 44.00 (4.64) 48.87 (7.39) 0.226

 Fatigue Mean (SD) 57.23 (8.64) 49.89 (7.26) 58.85 (9.92) 0.152

 Patient Activation Measure Mean (SD) 45.58 (9.31) 56.78 (14.39) 60.00 (17.54) 0.121

 Modified Medical Research Council Dyspnea Scale (mMRC) Mean (SD) 1.12 (1.25) 1.00 (1.41) 0.80 (1.30) 0.912

Patient Activation Measure Level 3 (Score 56–67)

 CAT Score Mean (SD) 17.77 (7.19) 16.79 (7.74) 14.67 (7.08) 0.470

 NIH PROMIS Score (T score)

 Physical Limits Mean (SD) 48.88 (8.30) 47.10 (5.91) 47.22 (7.19) 0.646

 Fatigue Mean (SD) 55.90 (7.77) 54.36 (8.34) 52.72 (8.12) 0.478

 Patient Activation Measure
Mean (SD)

63.93 (2.93) 68.13 (9.65) 73.57 (8.46) < 0.001

 Modified Medical Research Council Dyspnea Scale (mMRC) Mean (SD) 1.23 (0.90) 1.43 (0.98) 1.25 (0.62) 0.722

Patient Activation Measure Level 4 (Score 68–100)

 CAT Score Mean (SD) 14.67 (8.16) 13.85 (8.27) 12.68 (7.59) 0.537

NIH PROMIS Score (T score)

 Physical Limits Mean (SD) 45.56 (9.15) 44.54 (8.66) 43.78 (9.76) 0.685

 Fatigue Mean (SD) 50.77 (10.98) 49.93 (10.52) 48.08 (10.20) 0.547

 Patient Activation Measure
Mean (SD)

80.84 (9.25) 80.34 (12.63) 82.82 (11.49) 0.623

 Modified Medical Research Council Dyspnea Scale (mMRC) Mean (SD) 1.16 (1.12) 1.02 (1.00) 1.00 (1.05) 0.761
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exclusively direct approach strategies or asking treating 
clinicians to refer patients to the study, may have yielded 
a higher response rate, and a revised approach to recruit-
ment would likely be warranted in future work.

Due to the limitations of the study app and the weara-
ble technology used in this study, enrollment was limited 
to English-speaking participants already in possession of 
smartphones. Furthermore, much of the study recruit-
ment was done with electronic communications and 
relied on participants to interface with an electronic plat-
form to enroll. The recruited sample is more likely to be 
comfortable with digital technology and may have exhib-
ited higher fidelity to the digital components of the study 
when compared to a general population with COPD. 
This bias towards participants with higher digital liter-
acy, which may have introduced additional confounders 
such as socioeconomic status and/or age, along with the 
limitation to English-speaking participants with smart-
phones and the low response rate, may have significantly 
impacted the makeup and representativeness of the sam-
ple, particularly because COPD outcomes are impacted 
by disparities in healthcare delivery [6, 46]. As such, the 
findings, particularly around participant fidelity to the 
intervention and engagement, may not be generalizable 
to the general population living with COPD.

During the study, participants were prompted to 
complete numerous instruments; while this could have 
provided added information, such as changes in sub-
scales, it may have contributed to participant fatigue and 
decreased the quality of response. It is possible that par-
ticipants had healthcare encounters outside of the affili-
ate health system that the study team could not track, 
potentially limiting the accuracy of the study’s healthcare 
utilization data. A sub-analysis of outcomes by COPD 
severity, which may have impacted intervention perfor-
mance or participant behaviors, was not performed. The 
clinical outcomes reported were not stratified by par-
ticipation in the telepulmonary rehabilitation program; 
further analysis of the impact of this subset of the inter-
vention is warranted in future work.

Further research should be directed at optimizing the 
cohesiveness of this intervention in preparation for larger 
effectiveness studies and decreasing the cognitive burden 
on participants in anticipation of improving the interven-
tion’s generalizability. For example, if clinical informa-
tion from participants were displayed to ambulatory and 
MIH clinicians in a way that facilitated proactive clinical 
response to signals of worsening symptom severity, this 
may promote even more timely mobile intervention by 
eliminating the need for patients to self-refer to acute 
care. This strategy would be further strengthened by 
the development of algorithms that integrate biometric, 
patient-reported, and EHR data to increase the accuracy 

of models that predict acute COPD exacerbation. A qual-
itative approach to the impact of the intervention, explor-
ing contextual factors that impacted its performance and 
how participants interacted with the components, will 
be invaluable in guiding future study and intervention 
design. To better inform the implementation of multi-
modal interventions in real clinical practice, a rigorous 
analysis of the cost-effectiveness of the intervention is 
also necessary. Finally, as digital medicine continues to 
emerge as a potential solution to complex problems with 
healthcare delivery, continued assessment of their imple-
mentation and sustainability – including patient and 
clinician adoption and continuous use, payor reimburse-
ment, and reach to their target communities – must be 
evaluated to ensure successful intervention delivery.

Conclusions
In summary, a multi-component intervention aimed 
at providing home monitoring and treatment for 
patients living with COPD leveraging complementary 
mobile and digital tools was found to be feasible and 
decreased COPD-related patient distress, demonstrat-
ing early promise for improving patient outcomes and 
enhancing the management of this chronic respira-
tory condition. Further research is needed to optimize 
intervention delivery, validate the effectiveness of this 
strategy, and evaluate its scalability and sustainability in 
communities.
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