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Introduction: This manuscript analyzes the exacerbations recorded by the Prevexair
application through the daily analysis of symptoms in high-risk patients with COPD
and explores its usefulness in assessing clinical stability with respect to that reported in
visits.

Patients and Methods: This study is a multi-centre cohort of COPD patients with the
exacerbator phenotype who were monitored over 6 months. The Prevexair application was
installed on the patients’ smartphones. Patients used the app to record symptom changes, use
of medication and use of healthcare resources. It is not established a recommended action
plan when worsening of symptoms. At their clinical visit during the follow-up period,
patients were asked about exacerbations suffered during these 6 months of monitoring.
The investigators who conducted the visit were blinded about the Prevexair app records.
Results: The patients experienced a total of 185 exacerbations according to daily records in
the app whereas only 64 exacerbations were recalled during medical visits. Perception
became more accurate for severe exacerbations (kappa 0.6577), although we found no factors
that predicted poor recall. The proportion of 72.5% patients were classified as unstable if the
exacerbations captured by Prevexair were used to define stability, versus 47.8% if the
exacerbations recall in visit was used. Two-thirds of the exacerbations recorded in the
Prevexair application were not reported to doctors during their clinical visits. Almost half
were treated with oral corticosteroids and/or antibiotics and more than one-quarter of the
exacerbations treated did not seek medical attention.

Conclusion: The findings of this cohort study confirm that patients do not always remember
the exacerbations suffered during their medical visit. The prevexair application is useful in
monitoring COPD patients at high risk, in order to a better assessment of exacerbations of
COPD during medical visits. Further research must be carried out to evaluate this strategy in
clinical practice.

Keywords: chronic obstructive pulmonary disease, telemonitoring, mobile health,

exacerbations, clinical prediction, management, electronic patient record

Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic and complex disease
that requires a multidimensional assessment including risk evaluation. Identifying
the level of risk is highly relevant, as it helps to determine the likelihood of future
complications, disease progression, higher consumption of healthcare resources or
higher mortality.
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In recent years, clinical best practice guides that take
into account the need to offer more personalized medicine
for patients with COPD recommend identifying risk level
as a tool to adapt the levels of both diagnostic and ther-
apeutic intervention.' The correct assessment of COPD
exacerbations will be decisive in evaluating the risk,'”
degree of clinical control in COPD* and to plan therapeu-
tic interventions.”

Some individuals appear more susceptible to develop-
ing exacerbations and are termed frequent exacerbators or
COPD exacerbator phenotype.®’ In these patients, cor-
rectly identifying exacerbations will be very important as
this group has a higher risk of morbidity and mortality®
since they have a higher risk of hospitalization and are
able to benefit from more specific therapies and action
plans in order to help prevent exacerbations and improve
their quality of life.” In regular clinical practice, the
exacerbator phenotype is based on clinical records and/or
patient recall. It is the standard method for assessing
exacerbation risk and so determining exacerbation fre-
quency according to the recommendations of the guide-
lines of good clinical practice. Clinical studies have shown
that this diagnosis based on the patient’s statement about
the history of exacerbations is reliable.'"® Nevertheless,
unreported exacerbations are common and important
events.'""'? Unreported exacerbations that are not treated
by healthcare professionals have been associated with a
worsened quality of life'? and increased risk of subsequent
hospitalization."*> Therefore, new strategies are needed to
help evaluate clinical stability or the level of control of the
disease during the medical visit and thus provide a better
diagnosis and management of COPD exacerbator
phenotype.

Recently, health-related applications running on mobile
devices have been developed to optimize manage chronic
disease.'® In patients with COPD, such technologies could
permit early detection of COPD exacerbations. However,

Table | The Inclusion Criteria and Exclusion Criteria

the value of monitoring physiological parameters to pre-
dict exacerbations'> and also the effectiveness of mobile
health applications compared with usual care are
controversial.'®

In recent years, a greater insight of exacerbations has
emerged, largely from the use of manual or electronic
symptom diary cards.'”'® The electronic diaries have
shown foster the adoption of patient-reported outcomes
and symptom-based measures in clinical studies in
COPD."” However, despite the evidence on the use of
electronic symptom diary cards in clinical studies in
COPD, the evaluation of mHealth applications in real life
as a complementary tool to provide a better diagnosis of
exacerbator patients are very few. In patients with COPD
suffering frequent exacerbations, mHealth apps could be
considered a support tool complement to personal health
records to improve management. The monitoring of a
patient’s condition and symptoms through mHealth apps
may be useful in identifying and correctly assessing COPD
exacerbations, reducing the number of unreported exacer-
bations and facilitating the implementation of personalized
therapy and action plans in high-risk patients in regular
clinical practice.

This manuscript analyses the frequency and character-
istics of exacerbations recorded by the Prevexair applica-
tion through the daily analysis of symptoms in a
population with an exacerbator phenotype, and explores
its usefulness in assessing clinical stability with respect to
that reported in visits.

Patients and Methods

Study Design and Patient Evaluation

The methodology of the Prevexair study has been exten-
sively described elsewhere.”’ This study was a multi-cen-
tre prospective cohort with a 6-month follow-up period.
Patients were recruited in outpatient respiratory clinics.
The inclusion/exclusion criteria described in Table 1.

The inclusion - patients aged 240 years
criteria - smokers or ex-smokers (of at least 10 pack-years)

- COPD diagnosed on the basis of spirometric tests

- owning a smartphone and having the cognitive and

- having a history of at least two exacerbations treated with oral corticosteroids and/or antibiotics or having been hospitalized

at least once for exacerbation in the past 12 months

(FEVI/FVC post-bronchodilation<0.7 in the stable phase of the disease

motor ability to operate a smartphone

The exclusion - having other significant respiratory diseases
criteria - reporting an exacerbation during the run-in period
54 submit your manuscript International Journal of Chronic Obstructive Pulmonary Disease 2021:16
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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 prior to inclusion. This study was con-
ducted in accordance with the Declaration of Helsinki.

Patient assessment included a complete medical history
(height, weight, smoking history, drug history, diagnosis of
comorbid conditions), spirometry, health-related quality of
life using the COPD Assessment Test TM (CAT), dyspnea
using the modified Medical Research Council (mMRC)
questionnaire, and the number of moderate/severe exacer-
bations in the last year. Additional information gathered at
the scheduled research visits during the follow-up period
at 3 months and at 6 months included changes in medica-
tion, current smoking habits, CAT and a medical history
review regarding healthcare resource utilization. In addi-
tion, patients were asked about exacerbations suffered
during follow-up. The investigators conducted the visit
were blinded and not informed about the Prevexair app
records.

Data Collection and Monitoring
The Prevexair app was developed for IOS and Android
systems by Virtual Ware http://www.virtualwareco.com/.

At recruitment, the Prevexair application was installed on
the patients’ smartphones and they were instructed how to
use the app. The information recorded in the app included
symptom changes, use of medication and use of healthcare
resources. The following symptoms were included in the
app: dyspnea, sputum colour and amount, wheeze, cough,
colds and sore throat. Besides, patients were instructed to
use the app to record whether they increased their inhala-
tion medication, started corticosteroids or antibiotics as
well as any medical assistance received messages about
healthy lifestyle behaviours and disease education, as well
as a record of their cumulative symptoms in a graph
through the app. No regular contact was established and
no mentoring process to increase compliance was imple-
mented. Participants were informed that the data submitted
would only be consulted by the research group while their
physicians were blinded; they were not informed about the
Prevexair app records. Is not established an action plan
recommended when worsening of symptoms. Thus, if
patients felt ill, they should contact their regular physician
for advice as usual and not make decisions based on the
information provided during the study. Figure 1 shows
screenshots

several from the Prevexair app on a

smartphone.

Data Management
Data were collected using two different methods: (1)
scheduled visits and (2) daily records in the app.

An exacerbation recorded in the app was defined as an
increase in respiratory symptoms for two consecutive days
that was recorded in the app, with at least one major
symptom (dyspnea, sputum purulence or sputum volume)
plus either another major or a minor symptom (wheeze,
cold, sore throat, or cough) according to the previously
validated criteria.*' This exacerbation definition has been
validated against changes in quality of life,** inflammatory
markers®' and FEV1 declive.”> The symptom questions
had dichotomous response options, with a positive
response indicating that the symptom was worse than at
baseline. The patient had to be symptom-free for at least 7
days before defining a new exacerbation.

In order for patients to recall exacerbation events over
this period, medical investigators reviewed the medical
history and the patients were asked a standardized question
at each scheduled visit during follow-up: “How many
exacerbations have you had since the last visit? By this, |
mean infections, bad chest attacks or worsening of symp-
toms?” The number of exacerbations and treatments they
recalled was recorded. This question avoided asking about
treatment and so permitted capture of information on trea-
ted and untreated exacerbations. The medical investigators
who made the visits during the follow-up were blinded and
not informed about the Prevexair app records.

In these analyses, in order to compare the frequency
and characteristics of exacerbations recorded via the
Prevexair smartphone app and the exacerbations recalled
by the patient during the visit, the patients included in the
analysis were participants with more than 60% overall
compliance and less than 10 days (sequential) of missing
records in the app. There were 180 available days for each
participant, including the periods of hospitalization. The
overall compliance was defined as the percentage of avail-
able days that data was recorded in the app.

Exacerbation frequency was determined in the two
following ways, depending on the analysis: 1) counting
the events recorded in the app or 2) using patients’ esti-
mated number of exacerbations at the visit during the
follow-up period.

Exacerbation treatment in the study represents the
usual practice of the primary care or respiratory specialist
treating the patient. An exacerbation was considered trea-

ted if there was a change in at least one medication (ie,
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Figure | Screenshots from the Prevexair app on a smartphone.

antibiotics, corticosteroids and bronchodilators) for the
worsened symptoms. The exacerbation was considered
mild if it was treated only with increased bronchodilators,
moderate if it required outpatient treatment with antibio-
tics and/or systemic steroids and severe exacerbation if it
required hospitalisation or an emergency room visit for
more than 24 hours.

Patients were defined as unstable if they had one or
more exacerbations treated with oral corticosteroids and/or
antibiotics during the six months of the study.

Statistical Analysis
Sample size was calculated on the estimates of the number
of exacerbation events recorded on diary cards and the
number of events patient recall in the London cohort.'
Given the exploratory nature of our study, we recruited
patients with frequent exacerbations and we followed them
for 6 months; Accepting an a error of 0.05 and a B error of
0.1, we estimated that we needed to recruit a minimum of
65 patients including an expected drop-out rate of 15%.
Qualitative variables were summarized by their fre-
quency distribution and quantitative variables by their

1. How are you today?

2. Did you wake up tonigth bacause of your breathing
preblem?

-

L
©)

4. Approximate colour of phlegm?

&8

mean and standard deviation (£ SD). Continuous non-
normally distributed variables were summarized by the
median and interquartile range (IQR: P25-P75). The eva-
luation of normality was performed by graphical inspec-
tion of the histogram, box plot and normal Q-Q plots of
each quantitative variable.

Comparison of the number of exacerbations (mild,
moderate and severe) recorded by the app and estimated
by the patient during the scheduled visits was done using
the non-parametric Wilcoxon test, and the correlation ana-
lysis between these two variables was done using
Spearman’s Rank (rho) non-parametric correlation coeffi-
cient. For the agreement analysis between information
provided by the app and the visits regarding the number
of exacerbations, overall agreement and the quadratic
weighted kappa statistic were used.

The comparisons for the characteristics of stable and
unstable exacerbators were made using the chi-square test
for qualitative variables and the Student’s #-test for quan-
titative variables.

All analyses were performed using STATA 15.0 soft-
ware. Statistical significance was assumed as p <0.05.
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Results

Patient Characteristics

A total of one hundred and twenty-six (126) patients were
recruited. Of these, 10 patients were excluded for having
had one exacerbation at the time of enrolment. Of this
cohort, only 69 patients with more than 60% overall com-
pliance were included in this analysis. The baseline char-
acteristics of the analyzed cohort (69 patients) are reported
in Table 2. The mean (SD) FEV1 was 1.21 (0.51) L, and
the percentage predicted FEV1 was 43.5 (15.7) %. 59.4%

of participants had experienced at least one severe

Table 2 Baseline Characteristics of Analyzed Population

exacerbation in the last year and 73.9% had a degree of
dyspnea >2 mMRC.

Exacerbations

Exacerbations Detected Through App Records
During the study, the patients experienced a total of 185
cases of symptom worsening satisfying all conditions for
an exacerbation according to daily records in the app. Of
the 69 patients analyzed, only six (8.7%) had no exacer-
bations. The overall estimated rate of exacerbations
recorded in the app was median 3.0 (IQR 1.0-4.0) and

All Patients
(n=69)

Gender (male), (%) 82.6
Age (years), m (SD) 66.84 (7.96)
Active smokers, (%) 10.1
Smoking pack-years, m (SD) 44.1 (23.60)
BMI kg/m?, m (SD) 26.26 (4.30)
Number of comorbidities, m (SD) 2.62 (1.41)
23, (%) 50.7
Dyspnea (mMRC) 22, (%) 739
CAT questionnaire, m (SD) 14.18 (5.71)
Post-BD FEV,y, m (SD) 43.52(15.77)
Post-BD FEVI mL, m (SD) 1211.30 (510.22)
Post-BD FVC %, m (SD) 71.6 (15.2)
Post-BD FVC mL, m (SD) 2890 (880)
Number of severe-moderate exacerbations in the last year; median (IQR) 3(2-3)
Number of moderate exacerbations in the last year 22, (%) 56.8
Number of severe exacerbations in the last year 21, (%) 59.4
GOLD level of risk

® C (%) 26.1

® D (%) 739
Drug treatment for COPD, (%)

® | AMA monotherapy 5.8

® |LAMA-LABA combination 348

® | ABA+ ICS combination 5.8

® Triple therapy 53.6
Long-term oxygen therapy, (%) 348

Abbreviations: BMI, body mass index; mMRC, modified Medical Research Council; post-BD FEV %, post-bronchodilator FEV 1% predicted; Triple therapy,
LABA, (long-acting beta-2 agonists) + LAMA (long-acting antimuscarinic agents) + ICS (inhaled corticosteroids); CAT, COPD Assessment Test; GOLD,

Global Initiative for Chronic Obstructive Lung Disease.
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Exacerbations according to
daily records in the app

N=185

| L

Exacerbations according to
visit records

N=64

1 |

65 untreated
exacerbations

120 treated exacerbations

0 untreated
exacerbations

64 treated exacerbations

43 treated only with an increase in
bronchodilators

17 treated with corticosteroids alone

43 treated with antibiotics alone

17 treated with  both
corticosteroids and antibiotics

oral

22 exacerbations treated only with an
increase in bronchodilators

6 treated with corticosteroids alone

—»{ 18 treated with antibiotics alone

18 treated with both oral corticosteroids
and antibiotics

Figure 2 Exacerbation frequency and characteristics as recorded via the Prevexair app or according to visit records.

A 16%

E unscheduled doctor visits

O emergency department visits
or hospital admissions

O self-managed by the patient

B o

O self-managed by the patient
without utilization of
healthcare

28%

@ unscheduled doctor visits

O emergency department visits|
or hospital admissions

63%

Figure 3 Distribution of exacerbations according to the healthcare utilization for
their treatment detected in the app (A) or recorded in visit (B).

mean 2.68 (1.75) per patient in six months. Of this total,
120 (64.8%) were treated and 65 (35.1%) were not treated.
Of the 120 treated exacerbations, 35% were treated with
only an increase in bronchodilators and 36% only with
antibiotics (Figure 2).

With regard to reported healthcare utilization for
exacerbations, 8.8% of exacerbations resulted in hospitali-
zation or urgent attention for more than 24 hours, 63.3%

led to an unscheduled doctor visit and 27.8% were self-
treated by the patient and no contact was made with the
doctor, illustrated in Figure 3.

Exacerbations Recalled by the Patient During the
Visit

A total of 64 exacerbations were recalled during medical
visits in the six months of follow-up. The overall estimated
rate of exacerbations recorded during visits was median
1.0 (IQR 0.0-1.0) and mean 0.93 (0.94). Concerning treat-
ment, all exacerbations received medical attention and
were treated. 65.6% were treated with antibiotics and/or
oral corticosteroids (Figure 2). With regard to healthcare
utilization for exacerbations, 15.6% were self-treated by
the patient and no contact was made with the doctor,
71.9% led to an unscheduled doctor visit and 12.5%
required hospitalization or urgent attention more than 24
hours as shown in Figure 3.

Comeparison of Patients’ Estimated
Number of Exacerbations During the
Visit and the Number of Exacerbation
Events Recorded in the App

A comparison of these exacerbation numbers according to
severity is shown in Table 3. There was no significant
difference between the number of severe exacerbations
recorded in the app and patient estimates for their number
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Table 3 Relationship Between Exacerbation Frequency Determined Using App Records and Patient Recall

Exacerbation Rate Recorded Exacerbation Rate Recall by the Patient | P- Correlation

in the App During Visit value | Coefficient
1Mild exacerbation <0.00!1 | 0.270*
median (IQR) 0 (0-1) 0 (0-0)
m (SD) 0.62 (1.01) 0.32 (0.65)
§Moderate exacerbation <0.001 | 0.449**
median (IQR) I (0-2) 0 (0-1)

I.11 (0.91) 0.60 (0.75)
#Severe exacerbation 0.257 0.558**
median (IQR) 0 (0-0) 0 (0-0)

0.15 (0.40) 0.12 (0.36)

Notes: Data are expressed as median and interquartile range (IQR{ Mild exacerbation refers to exacerbations treated with only an increase in bronchodilators; § moderate
exacerbation refers to exacerbations requiring outpatient management with antibiotics and/or systemic corticosteroids; # severe exacerbation refers to exacerbations
requiring hospitalization; p-value: comparison of the number of exacerbations recorded by the app versus recalled by the patient at six months of follow-up using the non-

parametric Wilcoxon test; ¥p<0.05; **p<0.001.

of severe exacerbations (median: 0.0 [IQR 0.0-0.0] for
both groups; p=0.257; mean + SD: 0.15+£0.40 and 0.12
+0.36, respectively). This correlation was significantly
strong for severe exacerbations (rho 0.558; p<0.01). If
patient estimates for the number of severe exacerbations
and the genuine number of exacerbations over this same
period were random, they agreed by 89.8% (kappa 0.6577,
p<0.001). There was a significant difference between the
number of exacerbations treated with systemic antibiotics
and/or corticosteroids recorded in the app and patient
estimates over the same period (medians: 1.0 [IQR 0.0—
2.0] and 0.0 [IQR 0.0-1.0], respectively; mean + SD: 1.11
+0.91 and 0.60+0.75, respectively; p<0.001). For treated
exacerbations, there was only a moderate correlation for
exacerbations treated with systemic antibiotics and/or cor-
ticosteroids (rho 0.449; p<0.01), with overall agreement
being 46.3% (kappa 0.3908; p<0.001). In mild exacerba-
tions, there was a significant difference between the num-
ber of mild exacerbations recorded in the app and patient
estimates over the same period (medians: 0.0 [IQR 0.0—
1.0] and 0.0 [IQR 0.0-0.0], respectively; mean = SD: 0.62
+1.01 and 0.32+0.65, respectively; p<0.01). There was a
weak correlation (rho 0.257; p<0.05), with 17.3% overall
agreement (kappa 0.2424; p<0.001).

Assessment of the Stability of COPD
Using Patient Recall During Visit or App

Records

The proportion of patients classified as unstable

increased significantly from 47.8% to 72.5% when

classified according to the number of exacerbations
recorded in the app.

Characteristics of stable and unstable patients accord-
ing to classification by app records or recalled by a patient
during visit are shown in Table 4. Unstable patients had a
worse quality of life and a higher degree of dyspnea,
whether they were identified by the records in the app or
by what the patient referred to in the visit.

There were no factors (age, sex, smoking history,
FEV1, dyspnea scale, comorbid conditions or CAT score)
that were predictive of an individual having poor recall of
their number of exacerbations (p>0.05 for all).

Discussion

This study provides prospective information on the useful-
ness of a mobile phone application as a tool to assist
during clinical visits to identify exacerbations of COPD.
The results show that the application allowed us to record
a large number of exacerbations, which were not referred
to during the medical visit. In our study, the proportion of
patients classified as unstable for had one or more exacer-
bations treated with oral corticosteroids and/or antibiotics
increased significantly if the exacerbations captured by
Prevexair were used to define stability than if patient recall
was used. In our analysis the unstable patient has a worse
quality and greater dyspnea whether it was defined accord-
ing to the records of the app or recalled by patient during
visit. The results show that two-thirds of the exacerbations
recorded in the Prevexair application were not reported to
doctors during their clinical visits. Almost half were trea-
ted with oral corticosteroids and/or antibiotics and more
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Table 4 Characteristics of Stable and Unstable Exacerbator Patients by App Records or Recalled by Patient During Visit

Stable Exacerbator Unstable Exacerbator p-value

Exacerbations in app
n (%) 19 (27.5) 50 (72.5) 0.092
Age (years), mean (SD) 64.22 (7.56) 67.83 (7.95) 0.725
Sex (male), % 78.9 84.0 0.143
BMI (kg/m?), mean (SD) 27.50 25.79 1.000
Active smokers, (%) 10.5 10.0 0.377
Number of comorbidities 23, (%) 42.1 54.0 0.062
Dyspnea scale (MMRC) baseline22, (%) 57.9 80 0.031
Dyspnea scale (mMRC) at 6 months 22, (%) 352 64.0 0.344
CAT score baseline, m (SD) 13.76 (9.05) 15.85 (7.00) 0.027
CAT score at 6 months, m (SD) 11.73 (4.96) 15.12 (5.75) 0.302
Drug treatment for COPD, (%)

LAMA monotherapy 0.0 8.0

LAMA-LABA combination 31.6 36.0

LABA+ ICS combination 10.5 4.0

Triple therapy 579 52.0
Exacerbations recalled during visit
n (%) 36 (52.2) 33 (47.8) 0.090
Age (years), mean (SD) 64.52 (7.19) 69.36 (8.09) 0.868
Sex (male), % 83.3 8l1.8 0.143
BMI (kg/m?), mean (SD) 27.50 (5.21) 25.79 (3.86) 0.108
Active smokers, (%) 16.7 3.0 0.116
Number of comorbidities 23, (%) 41.7 60.6 0.011
Dyspnea scale (mMRC) baseline>2, (%) 61.5 87.9 0.046

455 69.7 0.010

Dyspnea scale (mMMRC) at 6 months 22, (%) 14.60 (9.18) 16.03 (6.18) 0.462
CAT score baseline, m (SD) 12.52 (5.44) 16.00 (5.52) 0.011
CAT score in 6 months, m (SD)
Drug treatment for COPD, (%) 5.6 6.1 0.826

LAMA monotherapy 333 364

LAMA-LABA combination 83 3.0

LABA+ ICS combination 52.8 54.5

Triple therapy

Abbreviations: BMI, body mass index; mMRC, modified Medical Research Council; CAT, COPD Assessment Test; Triple therapy, LABA (long-acting beta-2 agonists) +

LAMA (long-acting antimuscarinic agents) + ICS (inhaled corticosteroids).

than one-quarter of the exacerbations treated did not seek
medical attention. COPD is a disease with high preva-
lence, characterized by frequent decompensations asso-
ciated with significant morbidity and mortality.>* There is
ample evidence that frequent exacerbations have important
consequences for patients due to their negative impact on
the quality of life,”> greater disease progression’® and
decreased survival.® As a result, current clinical best prac-
tice guides recommend exacerbation evaluation as a key
step in evaluating the prognosis and planning therapeutic
interventions.'

Patients with the exacerbator phenotype are a group
with an elevated risk of hospitalization® and consequently

a high risk of hospital readmission, with reported rates
ranging from 10% to 20% after 30 days.?® In this higher-
risk population, monitoring through mHealth apps may
be useful in correctly assessing COPD exacerbations and
health status, facilitating more information during follow-
up. The monitoring of a patient’s condition and symp-
toms through Prevexair application has shown to capture
changes in the clinical status of the patients not referred
to in the visit that could be indicative of future risks and
that may have prognostic implications. However, further
research must be carried out to evaluate the value of this
strategy for the management of COPD in clinical
practice.
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The Global Initiative for Chronic Obstructive Lung
Disease defines an exacerbation as “an acute worsening
of respiratory symptoms that results in additional therapy”.
Therefore, it is valuable to include information gathered
directly from patients in the detection and quantification of
exacerbations.”” The EMA 2012 guideline on clinical
investigation of medical products in the treatment of
COPD specifically recommends the use of questionnaires
or diary cards to enable the capture of both reported and
unreported exacerbations and to evaluate symptoms in
order to provide patient-relevant outcomes.® Thus, instru-
ments to monitor exacerbations and symptoms in COPD
have been developed in recent years on clinical investiga-
tion. An important instrument used for exacerbation recog-
nition is the Exacerbations of Chronic Obstructive
Pulmonary Disease Tool (EXACT).? It captures the fre-
quency, severity, and duration of exacerbations in clinical
trials of COPD.*® One of the strengths is its ability to
recognize unreported events when patients experience a
deterioration in their symptoms but do not seek or receive
additional therapy. Studies using the EXACT have con-
firmed the high prevalence and clinical significance of
these events.”!

In the last few years symptom diary cards have been
transitioning from paper-based methods to electronic
approaches for its advantages to transmission of data to
research and healthcare and incorporate alerts to overcome
missing diary transmissions. Recently, mobile health
(mHealth)—defined as the use of mobile and wireless
technologies for healthcare®> —has become a new treat-
ment approach which can empower self-management and
enhance proactive clinical interventions.**Studies explor-
ing patient experience and acceptability of apps have
shown promise,®* suggesting that such technology may
be able to complement current clinical care. However,
the evidence base to support this approach is insufficient.
Several systematic reviews have showed that mobile
device applications are effective for the self-management
of COPD over usual care although there is insufficient
evidence to date due to marked variation in methodology
and reporting of outcome measures.'>"'® Therefore, further
clinical validation remains essential to use mHealth in
improving COPD care.

Prevexair is a simple smartphone application in which
the patient records their daily symptoms and offers general
recommendations in an open observational study. The
level of satisfaction with the functionality of the
Prevexair app and daily use was high although no strategy

was implemented to continue using the app.?® In our study,
there was not a process of tutoring or phone contacts
between the research team and the patient, and no strategy
was implemented to continue using the app. The patient
did not make decisions based on information provided by
the app during the study. The use of diaries to capture the
reality of subjects” lives in chronic disease is quite proble-
matic. Patient participation in a controlled trial has
of around 90%.
However, in other observational studies in COPD, only

achieved near-perfect compliance

40% of participants achieved 70% compliance,*® or over-
all compliance of 53% over 12 months with mentoring
process, with regular phone calls from the assigned com-
munity nurse.>® Simplicity and motivation seem to be the
key factors for accepting and using mobile phone apps. It
is important to be able to personalize the app to the
patient’s needs and to offer specific messages and perso-
nalized self-management plans. The participants will tol-
erate the burden of diary-keeping if they feel it will help
them.”’

The results of our study show that mHealth also has the
potential to allow health professionals to monitor patients
and define current health status with more information
during follow-up visits. A fact that was noted in our
study, where two-thirds of the exacerbations recorded in
the Prevexair application were not reported to doctors
during their clinical visits. Previous studies have found
that COPD patients do not report all their exacerbations
to health professionals.''**2° Failure to seek medical
attention has consequences, such as a worsening of quality
of life'” risk of
hospitalisation.'® In our study, a large majority of exacer-

and an increased subsequent
bations not recalled during clinical visits were exacerba-
tions that were self-treated by the patient without using
healthcare resources. Therefore, it appears that unrecalled
exacerbations may be considered by patients as unimpor-
tant events, even if treated. This may be more relevant in
patients who frequently exacerbate, as they may be more
likely to receive emergency treatment (antibiotics and
steroids) at home and to have a perception that the episode
is self-limiting. Patients have different thresholds for initi-
ating treatment and often depend on their knowledge and
experience of previous episodes.”” These results would
support the use of mHealth in the follow-up of COPD
especially in exacerbation patients, taking into account
that despite being highly symptomatic, patients may
often fail to recognize small daily variations in their
respiratory symptoms.
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Another remarkable result was a low concordance
between what was recorded in the application and what
was remembered in the medical visit in relation to the
moderate exacerbations that required treatment. This is a
relevant result if we consider that the current recommenda-
tion for risk assessment is based on the exacerbations
reported by the patient and/or collected from the clinical
history.®' In this sense, previous studies have also found
that frequent exacerbators underestimate the number of

exacerbations, %%’

which could be related to being more
symptomatic patients and the possibility of several exacer-
bations overlapping into one, which would favour recall of
fewer exacerbations.*® In relation to this determinant of
perception, it should be mentioned that the patients who
participated in our study were patients with frequent
decompensations of their disease and more than half of
the patients evaluated had a history of hospitalization for
COPD in the previous year. Other sociodemographic char-
acteristics (age, level of education), psychic (anxiety,
depression, or cognitive disorder) play a large role in the
likelihood recognize or recall symptoms and to seek help.*’

Correct assessment of exacerbations of COPD is a
critical step in assessing the clinical management of the
disease, and in turn, in establishing therapeutic decisions.
In our study, the proportion of patients classified as
unstable increased significantly when classified by the
number of exacerbations recorded on the application.
Patients who were not stable whether they were identified
by the records in the app or by what the patient referred to
in the visit showed a worsening of the degree of dyspnea
and a greater loss of quality of life. These results support
the use of mobile technologies as an aid in the monitoring
of COPD on frequent exacerbators, as more complete and
comprehensive information on decompensations and the
level of disease control is available so that therapeutic
interventions can be better planned.

Several potential limitations should be considered in
the interpretation of results. This is a pilot study examining
a relatively small prospective group, 69 patients monitored
for only 6 months with good compliance in daily use of
the application, taking into account that the main objective
was to assess the usefulness of detecting exacerbations
through daily symptom recording by application and to
compare their frequency with that reported during visits.
In this sense, we should mention that, although the level of
daily use of the Prevexair application limited in this ana-
lysis the sample size of the population evaluated, the daily
use of the Prevexair application was higher than that

reported by previous open observational studies that have
evaluated the level of compliance with the daily symptom
register, and that have shown compliance of around
50%>3¢ with telephone contacts and different strategies
to maintain the daily use of the application, unlike our
study, where the patient does not maintain any back-up
contact with the research team during the 6 months. It
should also be mentioned that in the analysis of factors
related to the level of compliance with the Prevexair
application, it does not seem to be affected by demo-
graphic factors or the severity of the disease.”’ However,
we probably included the most motivated patients in terms
of a selection bias that limits the generality of the results
of our study. The fact that, by inclusion criteria, the sample
analysed was patients with exacerbating phenotype, with a
higher risk of exacerbations during follow-up, may have
influenced the level of daily use. Other limitation, subjects
would have recalled previous exacerbations better if they
had been asked about increased treatment or visits to
emergency departments. However, this question deliber-
ately avoided asking about treatment and so permitted
capture of information on treated and untreated exacerba-
tions. This standard question was the same one used in
London COPD study to assess predictive accuracy of
in COPD."
However, one of the strengths of this study is that it

patient-reported exacerbation frequency

evaluates the usefulness of an application for detecting
exacerbations not reported during the visit in a population
at high risk of suffering decompensation, which is attrib-
uted to greater consumption of health resources and higher
morbidity and mortality. Also, our study capture the reality
of subjects” lives as there was not a process of tutoring or
phone contacts between the research team and the patient,
and no strategy was implemented to continue using the
app. These results give us confidence and encourage us to
assess their long-term role and open up new possibilities
for developing applications in response to the require-
ments and needs of certain groups of COPD patients.

Conclusions

The use of the Prevexair smartphone application in the
follow-up of COPD patients with frequent decompensa-
tions helps to detect exacerbations not referred at the
doctor’s visit. In the near future, mHealth apps will be a
natural complement to health telematics and personal
health records. However, further research must be carried
out to evaluate this strategy for the management of COPD
in clinical practice.
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Summary
What was already known about the topic
e The level of risk in COPD to predict exacerbations
in the next year is based on clinical records and/or
patient recall.
e Unreported exacerbations are common and impor-
tant events.

What this study added to our knowledge

e Two-thirds of the exacerbations recorded in the
Prevexair app were not reported to healthcare
professionals.

e Perception is less accurate in frequent exacerbator
patients, there is low concordance between treated
exacerbations recorded in the app and exacerba-
tions recalled by patients at a clinical visit.
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