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Abstract

Background: In recent years, mobile health (mHealth)—related apps have been developed to help manage chronic diseases.
Apps may allow patients with a chronic disease characterized by exacerbations, such as chronic obstructive pulmonary disease
(COPD), to track and even suspect disease exacerbations, thereby facilitating self-management and prompt intervention.
Nevertheless, there is insufficient evidence regarding patient compliance in the daily use of mHealth apps for chronic disease
monitoring.

Objective: This study aimed to provide further evidence in support of prospectively recording daily symptoms as a useful
strategy to detect COPD exacerbations through the smartphone app, Prevexair. It also aimed to analyze daily compliance and the
frequency and characteristics of acute exacerbations of COPD recorded using Prevexair.

Methods: Thisisamulticenter cohort study with prospective case recruitment including 116 patients with COPD who had a
documented history of frequent exacerbations and were monitored over the course of 6 months. At recruitment, the Prevexair
app was installed on their smartphones, and patients were instructed on how to use the app. The information recorded in the app
included symptom changes, use of medication, and use of health care resources. The patients received messages on healthy
lifestyle behaviors and a record of their cumulative symptoms in the app. There was no regular contact with the research team
and no mentoring process. An exacerbation was considered reported if medical attention was sought and considered unreported
if it was not reported to a health care professional.

Results: Overall, compliance with daily records in the app was 66.6% (120/180), with a duration compliance of 78.8%, which
was similar across disease severity, age, and comorbidity variables. However, patients who were active smokers, with greater
dyspnea and a diagnosis of depression and obesity had lower compliance (P<.05). During the study, the patients experienced a
total of 262 exacerbations according to daily recordsin the app, 99 (37.8%) of which were reported exacerbations and 163 (62.2%)
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were unreported exacerbations. None of the subject-related variables were found to be significantly associated with reporting.
The duration of the event and number of symptoms present during the first day were strongly associated with reporting. Despite
substantial variations in the COPD Assessment Test (CAT), there was improvement only among patients with no exacerbation
and those with reported exacerbations. Nevertheless, CAT scores deteriorated among patients with unreported exacerbations.

Conclusions: The daily use of the Prevexair app is feasible and acceptable for patients with COPD who are mativated in their
self-care because of frequent exacerbations of their disease. Monitoring through the Prevexair app showed great potential for the

implementation of self-care plans and offered a better diagnosis of their chronic condition.

(JMIR Mhealth Uhealth 2020;8(3):€15699) doi: 10.2196/15699
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Introduction

Chronic obstructive pulmonary disease (COPD) places an
enormous burden on hedlth care systems. A substantial
proportion of the cost is attributable to hospitalizations, mostly
owing to acute exacerbations of respiratory symptoms[1]. Acute
exacerbations of COPD (AECOPD) have important
consequences for patients and health care providers; AECOPD
cause a hegative impact on health-related quality of life [2,3],
a decline in pulmonary function [4], increased utilization of
health care resources [5], and decreased survival [6,7].

Knowledge about COPD exacerbation frequency is important
to assess the clinical risk [8-10]. Theidentification and correct
assessment of COPD exacerbations is vital, given that it will
strongly influence therapy success and the impact on patients’
morbidity, mortality, and quality of life. Someindividuals appear
more susceptible to developing exacerbations and are termed
frequent exacerbators or COPD exacerbator phenotypes[11,12].
Patients with frequent exacerbations are specifically targeted
with more aggressive therapy and an action plan to help prevent
exacerbations[8,9] and improve their quality of life[13,14]. In
addition, the early identification of exacerbations by patients
and early treatment may have effects on patient-reported
outcomes [15]. Despite growing evidence supporting the
importance of the identification and correct assessment of COPD
exacerbations, less than one-third of exacerbations remain
unreported to health care professionals. Unreported
exacerbations are common and important events. Several studies
through questionnaires showed that nearly haf of all
exacerbations remain unreported [16,17]. Exacerbations that
are unreported and untreated by health care professionals are
associated with worsening in the quality of life [3,18,19] and
an increased risk of subsequent hospitalization [20,21]. Failure
to seek medical attention has consequences. Thereisaneed for
new strategies to capture symptom-based exacerbations and
thus provide better management of COPD.

In recent years, health-related apps running on mobile devices
such as smartphones and tablets, known as mobile health
(mHealth) apps, have been developed to help manage chronic
diseases [22]. Current apps aid patients in managing their
chronic disease, aid patientsin adopting ahealthy lifestyle (good
nutrition, exercise, and smoking cessation), and can aid in
providing a better quality of life for patients. In patients with
chronic disease characterized by exacerbations, such as COPD,
apps may allow tracking and even alert patients and health care
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professionals about suspected disease exacerbations, thereby
facilitating self-management and prompt intervention [23-25].
However, maintaining continuous use is till a challenge. The
use of apps to capture the reality of subjects’ livesin chronic
diseaseisquite problematic [26,27]. The complex issuesaround
compliance, and the relationship between symptoms and
behavior, has led to the need for more research examining the
parameters that contribute to daily compliance [28,29]. There
is insufficient evidence regarding patient compliance in the
daily use of mHealth apps for chronic disease monitoring and
the determinants that contribute to this compliance. We were
especialy interested in these issues in the context of COPD,
where little research has been done on recording symptoms
daily using mHealth apps.

This study aimed to provide further evidence in support of the
hypothesis that prospectively recording daily symptoms is a
useful tool to monitor and help correctly assess COPD
exacerbations and the clinical risk of COPD based on the
patient’s daily self-reporting of symptoms using Prevexair, a
simple smartphone app, in which the patient recordstheir daily
symptoms and which offers general recommendations. Asthere
is not enough information based on previously reported results,
this study was proposed as apilot study to generate information.

This paper has provided data about compliance in the daily use
of amHealth app for the long-term monitoring of patients with
COPD without a mentoring process or regular phone calls. In
addition, this paper has analyzed the frequency and
characteristics of AECOPD recorded via the smartphone app,
Prevexair.

Methods

Study Patients

Patients were recruited in outpatient respiratory clinics from 6
tertiary referral hospitalsin Spain between November 2016 and
March 2018. Theinclusion criteriawere asfollows: aged above
40 years, having a history of smoking (=10 pack-years), a
diagnosis of COPD confirmed by postbronchodilator spirometry
with aforced expiratory volumein one second (FEV ;) to forced
vital capacity ratio of less than 0.7 in the stable phase of the
disease, having a history of at least two exacerbations treated
with ora corticosteroids or antibiotics or having been
hospitalized at |east oncefor exacerbation in the past 12 months,
owning asmartphone, and having the cognitive and motor ability
to operate a smartphone. Patients were excluded if they had
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other significant respiratory diseases or if they reported an
exacerbation during the run-in period. Ethical approval was
obtained from the Ethics Committee at the Hospital Clinico San
Carlos(Madrid, Spain; internal code 14/124-E), and all patients
gave their written informed consent before inclusion.

Study Design and Patient Evaluation

Thiswas a multicenter, prospective cohort study with a 2-week
run-in period followed by a 6-month follow-up period. The
study visitswere scheduled asfollows:. before the 2-week run-in
period (selection visit), after the run-in period (inclusion visit),
during the follow-up period at 3 months (visit 1), and at 6
months (visit 2). The run-in period was used to make sure
patients were stable. Patient assessment included a complete
medical history (height, weight, smoking history, drug history,
diagnosis of depression and/or anxiety, and other comorbid
conditions), spirometry, health-related quality of life using the
COPD Assessment Test (CAT), dyspnea using the modified
Medica Research Council (MMRC) questionnaire, and the
number of moderate/severe exacerbationsin the last year.

Data Collection and M onitoring

The app was developed for iOS and Android systems by using
Virtual Ware. The app is available for installation on a mobile
device. At recruitment, during selection visit, the Prevexair app
wasinstalled on patients' smartphones, and they wereinstructed
how to use the app and received instructions to record their
daily respiratory symptomsin the app, once under supervision.
Thereafter, intheinclusion visit, their ability to use the app was
reviewed. No problems were recorded regarding the use of the
mobile app.

Theinformation recorded in the app included symptom changes,
use of medication, and use of health care resources. Figures 1
and 2 show severa screenshots of the Prevexair app in a

Figure 1. Screenshots of the Prevexair app in a smartphone: initial screens.
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smartphone. The following symptomswereincluded in the app:
dyspnea, sputum color and amount, wheeze, cough, colds, and
sorethroat. The symptom questions had dichotomous response
options, with a positive response indicating that the symptom
wasworsethan at baseline. In addition, patientswere instructed
to use the app to record whether they increased their inhalation
medication and started corticosteroids or antibiotics as well as
any medical assistance. Daily data entries were made in the
evening by setting a reminder alarm. If they forgot, patients
were only allowed to enter the data for the 3 previous days.
Patients automatically sent these records to a central server to
be monitored in real-time by the research team. App users
received messages on healthy lifestyle behaviors and disease
education, information about their medi cation, task notifications,
and arecord of their cumulative symptoms in a graph through
the app. Occasional contact was made, but only to solve minor
technical problems. No regular contact was established, and no
mentoring process was implemented to increase compliance.
Participants were informed that the data sent would only be
consulted by the research group; however, their physicianswere
blinded; they were not informed about the Prevexair app records.
Thus, if they felt ill, they should contact their regular physicians
for advice as usual. Decisions to change treatment or to go to
the hospital will be made according to usual practice upon orders
from the primary care or the respiratory specialist treating the
patient, but these decisions were not based on the information
provided during the study.

Additional information gathered at each scheduled visit during
aclinicaly stable period included changesin medication, current
smoking habits, CAT, and use of health care resources. During
the visit at 6 months, the level of satisfaction with the app was
evaluated on ascale from O to 10. The medical staff at the visit
were blinded and not informed about the Prevexair app records.

http://mhealth.jmir.org/2020/3/e15699/
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Figure 2. Screenshots of the Prevexair app in a smartphone: questionnaire.
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Data Management

To analyze data recording compliance in the app, there were
180 available days for each participant, including the periods
of hospitalization. Two measurements of compliance were
defined: overall compliance (percentage of available days that
datawererecorded in the app) and duration of compliance (days
elapsed from the first to last app entry, as a percentage of
available days).

An exacerbation was defined as an increase in respiratory
symptoms for 2 consecutive days, with at least one major
symptom (dyspnea, sputum purulence, or sputum volume) and
either another major or minor symptom (wheeze, cold, sore
throat, or cough). Thefirst day asymptom worsened was defined
as the day of onset of the exacerbation, according to the
previously validated criteria [30]. Symptom counts were
obtained by adding each increased respiratory symptom recorded
in the Prevexair app on the first day of the exacerbation.

Exacerbation duration was defined as the number of days after
onset that worsened symptoms persisted. The last day of
recorded worsened symptoms before 2 consecutive
symptom-free days was defined as the end of the exacerbation.
Patients had to be symptom-free for >7 days before a new
exacerbation onset was defined. Exacerbation recovery could
not be determined if patients failed to record symptoms or
continuously recorded symptoms for more than 30 days after
onset.

An exacerbation was considered reported if medical attention
was sought through scheduled or unscheduled doctor visits,
emergency department visits, or hospital admissions. It was
considered unreported if it was not medically reported. An
exacerbation was considered treated if there was achangein at
least one medication (ie, antibiotics, corticosteroids, or
bronchodilators) for the worsened symptom.

To analyze the impact of exacerbation on the health status, the
patients were categorized into four exclusive groups according
to the reporting status for exacerbations. no exacerbation,
unreported exacerbation only, reported exacerbation only, and
mixed unreported (at least one) and reported (at least one)
exacerbations. For this analysis, those patients with less than
60% overall compliance were excluded.

http://mhealth.jmir.org/2020/3/e15699/
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Statistical Analysis

Qualitative variables were summarized by their frequency
distribution and quantitative variables by their mean and
standard deviation. Continuous nonnormally distributed
variables were summarized by median and interquartile range
(IQR P25-P75).

The association between the quantitative variable level of
compliance and patient characteristics was evaluated with the
nonparametric Mann-Whitney test for two independent groups
or the Kruskal-Wallis test for more than two groups.

The association between each independent variable (baseline
patient characteristics and event characteristics) and the
dependent variabletype of exacerbation (unreported or reported)
was assessed by calculating the crude oddsratio viaamultilevel
logistic regression analysis. The multilevel analysis included
two levels: the event level (level 1) and the patient level (level
2). A multivariable, multilevel logistic model was fitted to
evaluate the independent effect of the selected variables.
Candidate predictorswith P<.10 in the univariate analysiswere
accepted for inclusion in the multivariate analysis.

In the study of the relationship between exacerbations and
quality of life, quantitative variables were compared between
the four groups in the study using the Kruskal-Wallis test and
qualitative variables were compared using the chi-square test.

All analyses were performed using STATA 15.0 software
(StataCorp LLC). Statistical significance was assumed at P<.05.

Results

Demographic and Clinical I nfor mation

Of the 126 patientsrecruited, 10 patientswere excluded because
they had one exacerbation at enrollment. A total of 116 patients
were eligiblefor analysis; 21.6% (25/126) of participants were
women and 13.8% (16/116) were active smokers. The baseline
characteristics of the analyzed cohort are reported in Table 1.
The mean (SD) FEV,; was 1.19 (0.47) L, and the percent
predicted FEV; was 44.6 (16.2). In total, 53.4% (62/116) of
participants had experienced at least one severe exacerbation
inthelast year, and 76.7% (84/116) of participantshhad adegree
of dyspnea=2 mMRC.
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Table 1. Baseline characteristics of the study population.

Rodriguez Hermosa et al

Characteristics Values
Patients, n 116
Gender (male), n (%) 91 (78.4)
Age (years), mean (SD) 66.51 (8.14)
Active smokers, n (%) 16 (13.8)
Smoking pack-years, mean (SD) 44.1 (23.60)
BMI (kg/m?)

Mean (SD) 27.30 (4.96)

<21, n (%) 9(7.8)
Number of comorbidities

Mean (SD) 2.62 (1.41)

23, n (%) 58 (50.0)
Dyspnea (MM RC?), n (%)

0-1 27(23.2)

>2 89 (76.7)
CATP guestionnaire, mean (SD) 14.10(6.13)
Chronic bronchitis, n (%) 61 (52.6)
Chronic colonization, n (%) 217
History of asthma, n (%) 7(6.0)
Post-BD FEV1 (%), mean (SD) 44.62(16.23)
Post-BD FEV; (mL), mean (SD) 1192.11 (477.16)
Number of severe-moderate exacerbations” in the last yesr, median (IQR P25-75) 3(2-3)
Number of moderate exacerbations in the last year 22, n (%) 65 (56.0)
Number of severe exacerbationsin the last year, median (IQR P25-75) 1(0-2)
Number of severe exacerbationsin the last year =1, n (%) 62 (53.4)
Drug treatment for COPDE®, n (%)

LAMAT monotherapy 6(52

LAMA-LABAY combination 37(3L9)

LABA+ICS" combination 6(52)

Triple therapyi 67 (57.7)
Long-term oxygen therapy, n (%) 36 (31.0)
Chronic antibiotics, n (%) 1(0.9)

8mMRC: modified Medical Research Council.
BCAT: Chronic Obstructive Pul monary Disease Assessment Test.
Post-BD FEV4 %: postbronchodilator FEV 4 percent predicted.

dSevere exacerbations refersto exacerbations requiring hospitalization; moderate exacerbations refer to exacerbations requiring outpatient management
with antibiotics and/or corticosteroids systemic.

€COPD: chronic obstructive pulmonary disease.
‘LAMA: long-acting antimuscarinic agent.
9LABA: long-acting beta-2 agonist.

PICS: inhaled corticosteroid.

iTripletherapy: LABA+LAMA+ICS.
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Daily Compliance
The 116 patients recorded datain the Prevexair app for amedian

of 178 (IQR 130-180) days, whilethe median number of records
per patient was 120 (IQR 61-164).

Overal compliancein recording datadaily in the app was 66.6%
(120/180), with a compliance duration of 78.8%. Compliance
is reported in Table 2. Overall and compliance duration rates
were similar across the disease severity, age, and comorbidity
variables. However, patients who are active smokers, with a
higher mMRC functional dyspnea score and a diagnosis of

http://mhealth.jmir.org/2020/3/e15699/
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depression and obesity, had lower overall compliance and
duration of compliance (P<.05). Female participants also had
alower duration of compliance. Furthermore, participantswith
a higher degree of satisfaction with the app had better overall
compliance and duration of compliance (P<.05).

The percentage of patients who discontinued their use of the
app was 6% during the first month and 8.6% during the second
and third months, and 12.9% of patients abandoned the app
during the last 3 months. The median (P25-75) level of
satisfaction with the app was 10 (8-10).
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Table 2. Daily compliance by clinical variable.

Rodriguez Hermosa et al

Characteristics Participants, N Overall compliance® median (IQR) P Vaue  compliance duration®, median IQR) P vaue

All subjects 116 66.6 (33.8-91.1) N/AP 788 (515-94.9) N/A

Sex .10 .03
Male 91 71.6 (35.5-93.3) 82.7 (56.7-95.6)
Female 25 53.3(31.9-79.1) 74.4 (42.1-85.2)

Age (years) .79 .88
<65 44 63.8 (34.8-90.5) 78.1 (45.1-95.5)
=65 72 67.5(33.8-91.9) 79.4 (56.7-92.7)

BMI (kg/m?) .02 .01
25-26.9 40 78.6 (42.2-95.4) 80 (59.8-95.4)
27-29.9 50 72.2 (42.9-92.2) 85.7 (64.7-96.3)
=30 26 405 (11.2-75.5) 54.5 (32.0-85.6)

Smoking status .03 .02
Active smoker 16 40.5 (7.9-72.6) 54 (30.4-84.6)
Former smoker 100 71.6 (40.0-91.9) 81.6 (56.7-95.0)

Number of comorbidities .88 37
<3 58 64.1 (40.6-89.7) 75.3(53.8-93.1)
=3 58 72.2(31.1-92.3) 84.2 (45.3-95.8)

Chronic bronchitis 57 21
Presence 61 64.4 (32.2-89.4) 77.9 (44.9-92.0)
Absence 55 68.3 (39.4-95.0) 85.5 (60.5-96.2)

History of asthma .86 .66
Presence 12 59.1 (35.9-89.8) 70.2 (55.0-90.1)
Absence 104 67.5(33.8-91.1) 80 (50.9-94.9)

Chronic colonization 57 21
Presence 61 64.4 (32.2-89.4) 77.9 (44.9-92.0)
Absence 55 68.3 (39.4-95.0) 85.5 (60.5-96.2)

Dyspnea (mM RCd) 08 04
0-1 27 80.5 (45-98.8) 87.9 (61.3-100)
=2 89 63.8 (32.2-90.5) 75.6 (47.1-91.9)

CAT questionnaire 76 97
<10 31 61.6 (41.6-92.7) 76.5 (50-96.7)
210 84 70 (33.3-90.5) 80.5 (54.5-92.6)

Anxiety A3 .34
Presence 21 88.3(47.5-93.6) 88.3 (52.3-94.3)
Absence 95 63.8 (33.3-90.5) 75.7 (51.3-94.9)

Depression .008 .01
Presence 7 12.2 (3.3-53.3) 32.1(9.2-87.2)
Absence 109 71.6 (39.7-91.6) 80.5 (56.6-95.0)

Post-BD FEV; (%) 8 65
=50 37 71.6 (36.6-88.8) 81.6 (46.5-91.8)
<50 79 64.4(33.3-92.2) 77.9(53.8-95.1)
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Characteristics Participants, N Overall compliance® median (IQR) P Vaue  compliance duration®, median IQR) P vaue
Number of moder ate/severe exacer bations? in the last year 30 4
<2 11 51.6 (7.2- 86.6) 80.6 (61.1-94.2)
=2 105 68.3 (37.5-91.1) 78.8 (50.6-94.9)
Drug treatment for copp" 42 64
Notripletherapy 49 71.6 (47.2-90.0) 78.8 (55.0-90.9)
Triple therapy' 67 66.6 (25.5-92.2) 80.2 (45.0-95.1)
L ong-term oxygen therapy 21 .10

Treated 36 80.5 (33.1-95.0)

Not treated 80 63.3(33.8-90.2)
Satisfaction score
<10 50 63.8 (32.5-90.5)

>10 54 78.6 (44.0-93.7)

87.1(71.5-95.0)
73.6 (45.8-92.3)
10 20
73.6 (47.5-90.8)
85.6 (55.4-96.2)

8Compliance is expressed as median percentage (number of days completed/total number of days available for completion). Overall compliance:
percentage of daysin the entire study period (180 days) in which the app was used daily.

BNot applicable.

CCompliance duration: days elapsed from first daily entry to last, as the percentage of days available.

dmMRC: modified Medical Research Council.
ECAT: Chronic Obstructive Pulmonary Disease Assessment Test.
"Post-BD FEV 1 %: postbronchodilator FEV 1 percent predicted.

9Severe exacerbations refer to exacerbations requiring hospitalization; moderate exacerbations refer to exacerbations requiring outpatient management

with antibiotics and/or corticosteroids systemic.
RCOPD: chronic obstructive pulmonary disease.

Tri ple therapy: long-acting beta-2 agonists + long-acting antimuscarinic agents + inhaled corticosteroids.

Exacer bations

During the study, patients experienced a total of 262 cases of
symptom worsening, meeting the definition of exacerbation
according to daily recordsinthe app. Theoveral estimated rate
of exacerbationsrecorded inthe app was 2.25 (1.66) per person
every 6 months. Of 116 patients, 18 (15.5%) had no events, 26
(22.4%) had one event, 25 (21.6%) patients had 2 events, and
47 (41.6%) patients had more than 2 events during the 6 months.
Of 262 cases, 99 (37.8%) were reported exacerbations and 163
(62.2%) were unreported exacerbations.

Table 3 presents the characteristics of reported and unreported
exacerbations and their relationship with the probability of
reporting. In general, reported exacerbations were longer and
had more symptoms. among those exacerbations with 2
symptoms present at onset, only 15.2% were reported, whereas
46.5% of those with 4 or more symptoms were reported. In

http://mhealth.jmir.org/2020/3/e15699/
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reported exacerbations, sputum color (54.5% vs 22.7%; P<.001)
and cough (74% vs 60.1%; P<.02) were also more common.
Reporting was related to the duration and number of worsened
symptoms as well as the type of symptoms present when
symptoms worsened.

Of the 163 unreported exacerbations, 76 (46.6%) were treated,
but all were self-managed by the patient with an increase in
bronchodilators in 57 events (35.0%), only antibiotics in 10
events (6.1%), and only oral corticosteroidsin 9 (5.5%) events.
Of the 99 reported exacerbations, all were treated: 15 (15%)
eventsonly with anincreasein bronchodilators and the majority
with only antibiotics (47/99, 47.5%) or with both oral
corticosteroids and antibiotics (28/99, 28.3%). With regard to
recorded health care utilization for exacerbation, 79.7% of
exacerbationsled to unschedul ed contact, 2.2% led to emergency
department visits, and 18.1% of exacerbations resulted in
hospitalization.
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Table 3. Characteristics of unreported and reported exacerbations and the relationship between event characteristics and the likelihood of reporting an

exacerbation.
Characteristics of exacerbations Global Unreported Reported Oddsratio (95% Cl) P value
Exacerbations, n (%) 262 (100.0) 163 (62.2) 99 (37.8) N/AR N/A
Duration of worsened symptoms, day median 6 (4-9) 5(3-8) 8(6-11.2) 1.17 (1.08-1.27) <.001
(P25-75)
Total number of key symptoms, mean (SD) 3.12 (1.09) 291 (1.04) 3.47(1.09) 1.88(1.35-2.63) <.001
Type of symptoms, n (%)
Dyspnea 137 (52.3) 87 (53.4) 50 (50.5) 0.95 (0.49-1.00) 9
Sputum amount 177 (67.6) 106 (65.0) 71(71.7) 1.48 (0.72-3.05) .28
Sputum color 91 (34.7) 37(22.7) 54 (54.5) 8.39(3.31-21.22)  <.001
Cough 172 (65.6) 98 (60.1) 74.(74.7) 2.30(1.13-4.66) .02
Wheeze 75 (28.6) 45 (27.6) 30(30.3) 1.31 (0.62-2.75) A7
Sore throat 57 (21.8) 37(22.7) 20 (20.2) 0.69 (0.29-1.63) 49
Cold 110 (41.9) 65 (39.9) 45 (45.5) 1.30 (0.64-2.61) 46
Severity by number of symptoms, n (%) 2.93 (1.25-6.85) <.001
2 85 (32.5) 68 (41.7) 17 (17.1)
3 96 (36.6) 60 (36.8) 36 (36.4)
4 or more 81(30.9) 35 (21.5) 46 (46.5)
3ot applicable.

. - . . unreported exacerbations, athough patients with reported
Baseline Characteristics of Patients by Exacerbation exacerbations had more dyspnea, severe disease FEV,%, and

Category anxiety. Reporting did not appear to be related to patient
Table 4 showsthat patients with reported exacerbationspresent  characteristics.

similar baseline characteristics compared with patients with

Table 4. Baseline characteristics of patients by exacerbation category.

Characteristics Unreported exacerbations  Reported exacerbations Oddsrratio (95% Cl) P value
Gender (male), n (%) 123 (75.4) 82 (83) 1.61 (0.61-4.29) 33
Age (years)

Mean (SD) 65.5(8.7) 67.6 (8.3 1.04 (0.58-4.68) .08

265, n (%) 102 (62.5) 68 (69) 1.60 (0.67-3.81) 28
Active smokers, n (%) 27 (16.6) 12 (12) 1.68 (0.53-5.26) 37
BMI (kg/m?), mean (SD) 26.6 (5.0) 26.8 (4.6) 1.02 (0.94-1.12) 55
Number of comorbidities; mean (SD) =3, n (%) 68 (41.7) 55 (56) 2.11 (0.94-4.73) .07
Depression, n (%) 8(4.9) 3(3) 0.55 (0.07-3.97) 56
Anxiety, n (%) 25 (15.3) 26 (26) 2.77 (0.99-7.70) .05
Dyspnea (MMRC?) 32, n (%) 129 (79.1) 87 (88) 2.73(0.88-8.41) 08
CAT® questionnaire score >10, n (%) 115 (70.5) 80 (81) 2.28(0.88-5.94) .09
Post-BD FEV, % predicted <50%, n (%) 114 (69.9) 74.(75) 1.58 (0.64-3.91) 32
Number of moderate-severe exacerbationsinthelast 149 (91.4) 96 (97) 4.06 (0.69-23.72) A2

year 22, n (%)

8mMRC: modified Medical Research Council.
BCAT: Chronic Obstructive Pul monary Disease Assessment Test.
Post-BD FEV4 %: postbronchodilator FEV ; percent predicted.
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Predictors of Reporting an Exacer bation

Table 5 shows the relationship between exacerbation
characteristics and the subject and the likelihood of reporting

Rodriguez Hermosa et al

an exacerbation. None of the subject-related variables were
found to be significantly associated with reporting. The duration
of the event and number of symptoms present during the first
day were strongly associated with reporting.

Table 5. The relationship between exacerbation characteristics and the subject and the likelihood of reporting an exacerbation.

Characteristics Oddsrratio (95% Cl) P value
Duration of worsened symptoms 1.15 (1.06-1.25) <.001
Mean number of key symptoms 1.75 (1.20-2.56) .003
Number of comorbidities 45
>3 1.50 (0.51-4.41)
<3 1
CAT?questionnaire score 52
=10 1.49 (0.44-5.00)
<10 1
Dyspnea (IMMRCM b) 42
22 1.75 (0.44-6.99)
<2 1
Anxiety .20
Present 2.43(0.62-9.50)
Not present 1

8CAT: Chronic Obstructive Pulmonary Disease Assessment Test.
®mMRC: modified Medical Research Council.

Impact of Exacer bations on Health Status

On average, CAT scores were worse at the end of the study
period (6 months). The median (P25-75) change in CAT score
was 1 (-3-4). Table 6 shows the distribution of CAT score
changes between the inclusion and 6-month visits stratified by
the presence and type of exacerbation recorded in the app among
69 patients who had more than 60% overall compliance. Of the
69 patients analyzed, only 6 (9%) did not have exacerbations,
19 (27%) had only unreported exacerbations, 18 (26%) had only
reported exacerbations, and 26 (38%) had mixed exacerbations.
Despite substantial variation in the CAT score, there was
improvement among patients with no exacerbations and those

with only reported exacerbations. CAT scores deteriorated in
patients with unreported exacerbations. This deterioration was
highest in patients who had at least one unreported exacerbation
and at least one reported exacerbation. There was a difference
between those with only unreported exacerbations and those
with only reported exacerbations (P<.05). Patientsin the mixed
exacerbation group had statistically worse deterioration (P<.01)
of the CAT score than those with only reported exacerbations.
Deterioration of the CAT score was clinically significant (an
increase of 2 or more) in 44% (8/18) of patients who did not
report any of their exacerbations compared with 23% (4/18) of
those with only reported exacerbations and 73% (19/26) of those
with mixed exacerbations.

Table 6. Change in health status between inclusion and 6-month visits according to the presence and type of exacerbation during the study as recorded

in the app.
Change in health status Stable disease® Unreported® Reported® Mixed? Pvalue
Subjects, n (%) 6(9) 19 (28) 18 (26) 26 (38) N/AE
Changein caT! score, median (P25-75) -3(-3.5-3) 1(-2.2-6.2) -2 (-7-15) 3(0-5.2) <.001
Patients with change in CAT score 22, n (%) 1(20) 8 (44) 4(23) 19 (73) <.001

8o exacerbation between inclusion and 6-month visits.
bOnIy unreported exacerbation(s) between inclusion and 6-month visits.
Conly reported exacerbation(s) between inclusion and 6-month visits.

At least one unreported exacerbation and one reported exacerbation between inclusion and 6-month visits.

®Not applicable.
fCAT: Chronic Obstructive Pul monary Disease Assessment Test.
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Discussion

Principal Findings

Thisstudy providesinformation about the long-term, consistent
use of an mHealth app, Prevexair, to record daily symptoms
and detect exacerbations in high-risk patients with COPD, as
well as to determine the characteristics of the detected
exacerbations and the determinants of reporting them.

The mHealth app market is booming and will continue to grow
substantially over the next few years. The growing availability
of health apps and the increasing number of patients using
smartphones and tabletswill encourage health care professionals
to incorporate apps into their management plans for patients
with chronic disease. This is a step toward ubiquitous health
care, thereby allowing patients with chronic disease to
self-manage their condition by providing them support to
monitor and interpret their own data using mobile devices.

COPD is a highly prevalent disease, occurring in 10% of the
population between the ages of 40 and 80 years [31]. It isa
progressive disease that isfrequently associated with ahigh rate
of morbidity and mortality and is currently the fifth leading
cause of death in Spain [32,33]. It is currently included in the
priority plans for health care systems [34] owing to its
association with a significant demand for care because of its
high complexity and frequent decompensations [35]. COPD is
one of the main reasons for medical consultations and the use
of health care resources, both in primary and specialized care.
In Spain, the disease accounts for 10% to 12% of all primary
care visits, 35% to 40% of pulmonology consults, and 7% of
hospitalizations [36,37]. These characteristics of COPD force
usto make achangein the care model, focusing on monitoring
the disease and giving the patient a part of the responsibility in
managing their disease through the use of information and
communi cation technology asatool that has been proven useful
in the self-care and monitoring of patientswith COPD to detect
decompensations of the disease.

Previous Studies

Research has shown that effective management of COPD
through integrated care systems, mHealth apps, and other
technology has the potential to both benefit the patient and
reduce exacerbation costs in the long-term management of the
disease [38,39]. Several studies on action plansfocusing on the
early identification of exacerbations by patients and the
implementation of an action plan have shown effects on health
care utilization aswell as on patient-reported outcomes [40-42].
The telemonitoring of a patient’s condition, symptoms, and
behavior (adherence to medication and physical activity) through
mHealth apps may be useful in identifying and correctly
assessing COPD exacerbations, reducing the number of
unreported exacerbations, and allowing the implementation of
self-management. Providing the patient with the right care at
the right time is crucial and can have a decisive impact on
handling the long-term condition to prevent exacerbations and
improve the quality of life in patients with COPD. As aresult,
mHealth apps are extensively used in health services and patient
education. Indeed, the UK Department of Health has
recommended that apps be prescribed as part of the care for
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long-term conditions [43]. However, there are few published
studies addressing daily compliance in mHealth apps and what
factors influence compliance.

Theresultsof our study show ahigh rate of daily use of the app,
Prevexair, although there was no contact between the research
team and the patient after initiation and no strategy was
implemented to continue using the app.

In COPD, little research has been done on diary-keeping, even
though diaries have been widely used in studies and clinical
trials. In an open, observational study, only 41% of participants
achieved 80% compliance using paper diariesthat were collected
weekly and entered electronically [44]. The compliance was
higher (53% in 12 months) in another study owing to a
mentoring process with regular phone calls [45].

Interpretation of Novel Findings

In our study, the level of satisfaction with the functionality of
the Prevexair app was high. The patients quickly learned how
to use the app during the inclusion visit and regularly entered
datato record their symptoms and medicine use over 6 months,
although they did not make decisions based on information
provided by the app during the study. Decisions to change
treatment or go to the hospital were made according to usual
practice upon orders from the primary care or respiratory
specialist treating the patient. Studies that have evaluated
feedback from users regarding the functionality and usability
of amobile phone app show us that simplicity and motivation,
not age, seemto bethe key factorsfor accepting and using health
apps [46]. With regard to these determinants of use, it isworth
mentioning that the patients who participated in our study were
motivated in their self-care because of frequent decompensations
of their disease, with hospitalization for COPD occurring in
more than half of the patients evaluated. Thereis evidence that
participants will tolerate the burden of diary-keeping if they
feel it will help them [47,48]. In this regard, it should be
mentioned that the Prevexair app sent messages about healthy
lifestyle behaviors and information about the patient's
medication, task notifications, and arecord of their cumulative
symptoms in a graph through the app, which has been found to
have a compliance advantage. Studies show that users value
being in charge of their health and keeping track of their
progress [49]. However, self-motivation to record data over a
longer period can be a challenge without the involvement of a
health care professional [50,51]. There is also evidence that
participants in research studies will take on additional burdens
for altruistic reasons unrelated to their chronic illness [52].

Factor s Associated With Compliance

With regard to the factors related to continued daily use of the
app, in our study, we did not find any differences according to
age or sex, comorhidity burden, or disease severity. Theseresults
are consistent with other studies that showed that compliance
rates were similar across the demographic variables of sex and
disease severity [45,46]. Several studies have shown that there
is no general correlation between diary-keeping and symptom
severity, demographic or clinical characteristics, treatment, or
activity [45,53].
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We have provided new data on use and adherence to a mobile
phone app for COPD. The compliance is not affected by
demographic factors or disease severity, while clinical or
physiological characteristics, such as actively smoked, higher
BMI, or were diagnosed with depression, do seem to influence
diary use. Nevertheless, alimitation to bear in mind isthat other
factorsrelated to adherence such as health literacy, prior use of
apps, and level of school education could not be evaluated as
they were not available.

Simplicity and motivation seem to be the key factors for
accepting and using mobile phone apps. However, each user
has different needs, so it isimportant to be able to personalize
the app to the patient’s preferences. So, in the patients where
weidentify factorslinked to lower adherence, it isimportant to
offer specific messages such as exercise tracking, monitoring
of weight, food intake, and help for tobacco cessation. In
addition, personalized self-management plans could be updated
according to patients' needs. Other functionality of interest can
be email messaging or any type of communication with health
care providers.

Detection of Exacer bations

Regarding the detection of exacerbations by recording symptoms
in the app, it is necessary to highlight the high rate of daily
exacerbations and that 62% of the events recorded in the app
were not reported and most were not treated. This result is
similar to results of earlier studiesin London [16,19] and Canada
[17]. These results support the management of COPD through
mHealth apps and other technology, considering that COPD is
a highly symptomatic disease, but patients may not recognize
small day-to-day variationsin their pulmonary symptoms. Lack
of symptom awareness and the rate of symptom worsening make
the daily monitoring of patients with COPD an attractive and
beneficial approach to detect patients with frequent
exacerbations and to carry out more aggressive therapy and
implement preventive measures. | n addition, these technologies
would alow health care professionals to monitor patients and
offer opportunities for an intervention to improve outcomes.
They could view patients data consistently, and not only
periodicaly at the outpatient clinics. Furthermore, they could
providethe patient with information to implement self-care and
early treatment plans for COPD decompensations.

In our study, although unreported exacerbations tend to be
milder (with alower number of symptoms and shorter duration
of exacerbation), these unreported exacerbations have a
clinicaly relevant negative impact on quality of life (CAT
guestionnaire) and result in a change in self-administered
treatment by the patient in a large number of cases. Patients
who did not report their exacerbation were more likely to
experience worsening of their health status compared with those
who reported exacerbations or those with astable disease. This
may suggest that unreported exacerbations may thus represent
an unmet health care need. These results are consistent with
other studies, which have shown that unreported exacerbations,
despite being associated with less symptom worsening than
reported exacerbations, have an important medium to long-term
impact on patients' quality of life [15,18,19]. Failure to seek
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medical attention may have consequences for both the patient
and health care system.

In our study, the characteristics of the exacerbations were the
strongest predictors of reporting. Although there was no direct
measure of exacerbation severity, thetotal number of symptoms
at onset and duration of the exacerbation were predictors of
reporting. The symptoms associated with reporting an
exacerbation in this study were cough and change in sputum
color. Sputum color was identified as one of the key
determinants of health care utilization in a study looking at
patient perspectives on exacerbations [54]. Although in our
study no subject-related variableswere found to be significantly
associated with reporting, patients who reported their
exacerbation had more dyspnea, anxiety, and more spirometric
obstruction compared with those who did not report
exacerbations. Other studies have also found that patients with
alower FEV; weremorelikely to seek medical attention[17,55].
This is also consistent with the observation showing that
physician-rated exacerbation severity correlateswith the severity
of the underlying disease [56]. The finding that patients with
anxiety were more likely to seek medical attention may be
explained by the fact that it plays a role in symptom
development and patient behavior and should be considered a
potentially important predictor. In other studies, psychological
factors have been found to be related to the reporting of
respiratory symptoms [54,57].

The identification and correct assessment of COPD
exacerbations is important to assess clinical risk and disease
control, a goal that is key especially in patients who appear
more susceptible to developing exacerbations and are termed
frequent exacerbators, similar to our study population, inwhich
monitoring through the app, Prevexair, can be more beneficial.

The app was developed for better lifestyle management for
patients with COPD and aso to improve monitoring and
follow-up by their physicians. In the future, we would like to
analyze the usefulness of the app, Prevexair, for physicians
during clinician visitsfor identification of COPD exacerbations
and for the correct assessment of clinical risk of COPD, asthe
app offersthe possibility to regularly record relevant health data
of a patient’s condition and symptoms. A strategy that could
prove useful as several studies suggest that close to half of all
exacerbations remain unreported. The unreported exacerbations
and consequent lack of treatment by a health care professional
were associated with worsening quality of life and increased
risk of hospitalization.

Potential Strengthsand Limitations

A limitation that must be considered in the interpretation of the
results is that it provides us information about how app users
will perform within the context of aresearch study asthe benefit
perceived by the patient isadetermining factor in the motivation
to use the app. During the study, no decisions were made based
on the information recorded in the app. Participants were
informed that if they felt ill, they should contact their regular
physicians for advice. Other limitations of this study are that
we have not evaluated other factors that seem to influence daily
compliance and affect both the health status and accessto health
care, such as socioeconomic status, impact on activities of daily
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living, and education level. However, in the analysis of factors
associated with reporting, we must keep in mind that accessto
health care is likely to be an independent risk factor for
underreporting in the general population. Another potential
limitation is that the responses were dichotomous; there were
substantial floor and ceiling effectsresulting in failureto identify
some of the exacerbations because once a symptom is present,
no further change will be recorded.

Another limitation is that the study examines arelatively small
prospective group of 116 patients monitored for only 6 months.
However, as the population was enriched with patients with
frequent exacerbators, 262 exacerbationswere analyzed, which
were equal to a rate of 2.25 per person every 6 months. This
event rate can be explained because the relatively high
proportion of patientsincluded immediately after hospitalization
might have contributed to a higher exacerbation rate and a
possible seasonal effect. Missing data in the daily diary were
also related to interest. The combination of both missing data
and ceiling effects could have resulted in failure to identify
some of the reported exacerbations in the daly diary.

Rodriguez Hermosa et al

Conclusions

This study evaluates compliancein the daily use of an mHealth
app among patients with COPD having a documented history
of exacerbations who are motivated in their self-care for
long-term monitoring without a mentoring process or regular
phonecalls. Thefindings of thiscohort study confirm that daily
use of the Prevexair app isfeasible and acceptable for reporting
daily symptoms and medicine use among people with COPD
who are motivated in their self-care because of frequent
decompensations of their disease. In addition, this study shows
that monitoring through the Prevexair app has the potential for
implementation of self-care plans and offers opportunities for
interventions in the treatment of patients at risk of frequent
exacerbations, identifying symptoms and providing a better
diagnosis of their chronic condition. Further research must be
carried out to evaluate this strategy for the management of
COPD inclinical practice. Inthe near future, mHealth appswill
beanatural complement to health telematics and persona health
records. They should be apart of acomplete solution to address
changes in hedth care provision, and they are particularly

Furthermore, the analysis used ignored possible differencesin ~ suitable for chronic disease prevention and management.

symptom trajectory (early recovery from some symptoms) and
these differences might be related to reporting.
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