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Abstract

Objective:

To assess the clinical characteristics of high-risk COPD patients considered not sta-
ble for having had moderate or severe exacerbations of COPD in the three months
prior to the audited review visit based on information extracted from the medical
record documenting health interactions prior to the visit, and to analyse the therapeu-
tic measures adopted at the follow-up visit.

Methods

This analysis used data from the EPOCONSUL audit, which evaluated outpatient
care provided to COPD patients in respiratory clinics in Spain. This analysis included
patients with a high-risk level of COPD and assessed patient non-stability at the
audited visit defined based on moderate or severe exacerbations in the last three
months that were reported at the follow-up visit. Results: 2008 high-risk patients were
analysed. 30.1% of patients were considered unstable at visit. Factors associated
with non-stability are dyspnoea (MRC-m) 22 (OR 1.5, 95% CI 1.18-1.92; p=0.001),
chronic bronchitis criteria (OR 1.61, 95% CI 1.15-2.25; p=0.005), use of inhaled tri-
ple therapy (OR 1. 31, 95% CI 1.06—1.61; p=0.010), use of oral therapies for COPD
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(OR 1.68, 95% CI 1.23-2.28, p=0.001), use of long-term oxygen therapy (OR 1.36,
95% CI 1.07-1.73, p=0.010), no follow-up in a specialist COPD clinic (OR 1.44, 95%
Cl 1.11-1.87, p=0.006). In 10.1% of the patients considered not stable, because at
the medical visit they were referred to have had moderate or severe exacerbations

in the last three months, no action was taken at the visit and in 56% there was no
change in COPD pharmacological treatment. Triple therapy was the most commonly
prescribed therapy (68% in non-stable patients). Twenty-five percent of patients on
triple inhaled therapy are also prescribed oral therapy.

Conclusions

One third of patients with high-risk COPD report exacerbations requiring treatment
with antibiotics and/or systemic corticosteroids in the previous three months at the
medical visit; and in more than half of these patients no changes in pharmacological
treatment are made at the visit.

Introduction

Chronic obstructive pulmonary disease (COPD) is a disease characterized by
frequent exacerbations, which are responsible for increased morbidity and mortal-

ity [1]. Clinical practice guidelines for COPD identify minimizing the risk of future
exacerbations as a key therapeutic objective [2,3] considering therapeutic success
as achieving disease control. Clinical control of COPD is a measure based on two
components: clinical impact (degree of dyspnea, use of rescue therapy, daily physical
activity, sputum color) and stability (exacerbations) over time [4]. Previous studies
have shown that poor clinical control for having exacerbations is a predictor of future
exacerbations [5—7], with an increased risk of having a moderate or severe exacerba-
tion in the following 6 months between 3 and 4 times [8].

In COPD, clinical practice guidelines identify risk stratification of COPD patients
as a key step in planning therapeutic interventions and pharmacological decision
making [2,3]. Lack of stability, due to persistent exacerbations on follow-up, is one
of the main reasons for more careful patient assessment and more proactive ther-
apeutic intervention by the clinician. In higher risk patients with exacerbations, a
more individualized assessment is required, including the identification of features to
guide therapeutic interventions. The identification of certain clinical conditions versus
“treatable features” will aim to achieve better outcomes as responses to treatments
are different. Thus, current evidence suggests a greater benefit from the addition of
inhaled corticosteroids to bronchodilator therapy, depending on blood eosinophil con-
centration, frequency and severity of exacerbations and active smoking [9,10]. Other
non-inhaled therapies in patients with poor control who persist with exacerbations
despite optimal inhaled therapy may also be considered, the indications for which
are determined by the presence of specific characteristics or conditions based on the
results of clinical trials that have evaluated their benefits [11—-13]. However, despite
these recommendations there is little knowledge about the interventions performed
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in high-risk patients with persistent exacerbations and the use in clinical practice of
these oral therapies for COPD and the factors associated with their prescription in
COPD follow-up [14,15].

Our analysis aims to evaluate the characteristics of high-risk COPD patients who
remain unstable due to COPD exacerbations and the therapeutic measures adopted.

Methodology

The methodology of the EPOCONSUL audit has been reported previously [16,17]. In
brief, the EPOCONSUL audit, sponsored by the Spanish Society of Pneumology and
Thoracic Surgery (SEPAR), was designed to evaluate the outpatient care of patients
with COPD in respiratory clinics in Spain as an observational, non-interventional,
cross-sectional study.

SEPAR sent an official invitation to participate in the study to all Spanish respira-
tory units with outpatient respiratory clinics, according to the Ministry of Health regis-
try and the SEPAR member registry. Investigators participating in 2021 EPOCONSUL
are listed in S1 Appendix. The study inclusion was performed between 15 April 2021
and 31 January 2022. Recruitment was intermittent; each month, each investigator
recruited the clinical records of the first 10 patients diagnosed with COPD seen at the
respiratory outpatient clinic. The identified patients were then re-assessed to deter-
mine whether they met the inclusion/exclusion criteria described in S2 Appendix. The
information collected in the audit was of a historical nature in terms of clinical data
from the last consultation and previous consultations. The high-risk level was defined
according to the Spanish COPD guideline criteria (GesEPOC) [2]: dyspnea grade>2
(MRC-m) and/or 2 or more moderate exacerbations and/or 21 hospitalization and/or
FEV1<50% predicted described in S3 Appendix. “Non-stability (non-stable patient)
was defined on the basis of having moderate or severe exacerbations of COPD in the
three months prior to the audited review visit. All data were verified by clinical investi-
gators with access to the original documentation. Data were systematically extracted
from medical records documenting health interactions prior to the audited visit to
ensure completeness and consistency with records made at the audited visit.” 4225
patients with COPD who were followed up in the respiratory clinics of 45 hospitals in
Spain were studied. Of these, 2008 (47.5%) patients who met all the Spanish COPD
guideline criteria recorded at the visit to define non-stability in the high-risk level were
analyzed. The sampling procedure is shown in S1 Fig.

This analysis evaluated the characteristics of high-risk COPD patients who consid-
ered not stable, because they reported at the follow-up medical visit having exacer-
bations requiring antibiotic and/or corticosteroid treatment in the three months prior
to the audited visit and the therapeutic measures taken in the audited visit. For this
purpose, we analyzed socio-demographic variables (age, sex), clinical characteris-
tics (smoking history, body mass index (BMI), comorbidity, cardiovascular disease,
asthma, degree of dyspnea MRC, peripheral eosinophilia, exacerbating phenotype,
criteria chronic bronchitis), resources (consultation model, level of complexity of the
center), and actions taken (COPD treatments and diagnostic tests), as well as treat-
ment changes made at the visit.

PLOS One | https://doi.org/10.1371/journal.pone.0327775 July 18, 2025 3/16




PLO\Sﬁ\\.- One

The protocol was approved by the Ethics Committee of the Hospital Clinico San Carlos (25/11/2020, Madrid, Spain;
internal code 20/722-E). In addition, the ethics committee of each participating hospital evaluated and approved the
study protocol, in accordance with current research legislation in Spain. Informed consent was not required due to the
non-interventional nature of the study, the anonymization of data and the blinded assessment of clinical performance,
as well as the fact that this was a clinical audit. The medical staff responsible for the respiratory outpatient clinic were
not informed of the audit to avoid changes in usual clinical practice and to maintain blinding of the clinical performance
assessment.

Statistical analysis

Qualitative variables were summarized as frequency distribution and continuous variables as mean values and standard
deviations. Continuous, non-normally distributed variables were expressed as medians and interquartile ranges (IQR).
The association between qualitative variables was performed using the chi-square test, the comparison of means between
quantitative variables and binary outcome variables was assessed using the Student’s T-test, and the non-parametric
Mann-Whitney U test was used in the case of continuous non-normally distributed variables.

A multivariable logistic regression model, using cluster-robust standard errors to take into account patients tested
within the same hospital, was fitted in order to identify factors associated with patient non-stability, defined as hav-
ing had moderate or severe exacerbations during the three months prior to the audited visit. Adjusted odds ratios
(OR) and their 95% confidence intervals are shown. Independent variables with a p-value of p<0.05 in the univariate
analysis and/or those considered clinically relevant were added to the model. Statistical significance was assumed as
p<0.05. In the analysis of oral therapies in high-risk patients, a series of multivariate logistic regression models using
cluster-robust standard errors were fitted to estimate the adjusted effect of oral treatments over clinical outcome vari-
ables (Chronic bronchitis, frequent Exacerbator, history of COPD hospitalization, chronic bronchial infection, periph-
eral eosinophilia<100 cells/pL and FEV1 less than 50%). All analyses were performed using Stata software version 16
(StataCorp LLC, College Station, TX, USA).

Results
Study population

Of the total 2008 patients analyzed, 1,471 (73.3%) were men and the mean age was 70.2 (9.0) years. The mean FEV1%
predicted (%) was 46.9 (16.6). Characteristics are shown in Table 1.

Non-stability and factors associated

Of the total population of patients classified as high risk, 30.1% were considered unstable for having documented moder-
ate or severe exacerbations in the medical record for the previous three months, and 69.9% were considered stable. Clin-
ical characteristics according to not stability in visit are shown in Table 1. Factors associated with non-stability of patient
in visit are shown in Table 2 (multivariate logistic regression model): dyspnea (MRC-m) 22 (OR 1.5, 95% CI 1.18-1.92;
p=0.001), chronic bronchitis criteria (OR 1.61, 95% CI 1.15-2.25; p=0.005), use of inhaled triple therapy (OR 1.31,

95% CI 1.06—1.61; p=0. 0.010), use of oral therapies for COPD (OR 1.68, 95% CI 1.23-2.28, p=0.001), use of long-
term oxygen therapy (OR 1.36, 95% CI 1.07-1.73, p=0.010), no follow-up in a specialist COPD clinic (OR 1.44, 95% CI
1.11-1.87, p=0.006) and not being treated in a university center (OR 0.55, 95% CI 0.33-0.90, p=0.018). Fig 1 shows the
distribution of some characteristics to be taken into account in high-risk COPD patients with frequent exacerbations who
are considered unstable for having documented moderate or severe exacerbations in the medical record during the three
months prior to the audited visit, such as peripheral eosinophilia=300 cells/uL or the presence of asthma as comorbidity
as features to be considered for specific therapies targeting Th2 inflammation.
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Table 1. Characteristics of high-risk patients according to stability at the visit.

High-risk level All Patients with stability Patients without stability p

N=2008 N=2008 n=1404 (69.9%) n=604 (30.1%)

Demographic and clinical characteristics

Gender (male), n (%) 1471 (73.3) 1027 (73.1) 444 (73.5) 0.886

Age (years), m (SD) 70.2 (9.0) 69.8 (8.8) 71.2 (9.5) 0.002
<55, n (%) 108 (5.4) 77 (5.5) 31(5.1) 0.035
56-69, n (%) 823 (41) 600 (42.8) 223 (36.9)

270, n (%) 1075 (53.6) 725 (51.7) 350 (57.9)

Smoking status 0.489
Current smokers, n (%) 472 (23.5) 324 (23.1) 148 (24.5) 0.078
Ex-smokers, n (%) 1536 (76.5) 1080 (76.9) 456 (75.5)

Pack-years, m (SD) 51.4 (23.6) 50.8 (23.8) 52.8 (23.1)

BMI kg/m2, m (SD) 27.6 (5.8) 27.7 (6) 27.3 (5.3) 0.489
<21,n (%) 472 (23.5) 324 (23.1) 148 (24.5) 0.078
230, n (%) 1536 (76.5) 1080 (76.9) 456 (75.5)

Comorbidity 0.007
Charlson index, median, IQR 2 (1-3) 2 (1-3) 2 (1-3) 0.054
Charlson index 23, n (%) 594 (29.6) 397 (28.3) 197 (32.6)

Cardiovascular disease, n (%) 818 (40.7) 533 (38) 285 (47.2) <0.001

Asthma, n (%) 324 (21.1) 234 (22) 90 (18.9) 0.170

Rinithis/nasal polyposis, n (%) 79 (3.9) 54 (3.9) 25(4.1) 0.761

Dyspnea (MRC-m) 22, n (%) 1529 (76.1) 1020 (72.6) 509 (84.3) <0.001

CAT mayor de 10, n (%) 649 (32.3) 407 (29) 242 (40.1) <0.001

Chronic bronchitis criteria, n (%) 782 (38.9) 474 (33.8) 308 (51) <0.001

Peripheral eosinophilia, median (IQR) 0.721
<100 mm3, n (%) 371 (27.5) 256 (27.9) 115 (26.6)
<150 mm3, n (%) 536 (39.7) 358 (39) 178 (41.2)

2300 mm3, n (%) 311 (23.1) 212 (23.1) 99 (22.9)

Post-FEV,, % predicted, m, (SD) 46.9 (16.6) 47.5 (17.0) 45.6 (15.6) 0.017
<50%, n (%) 1242 (61.8) 857 (61) 385 (63.7) 0.117
50-79%, n (%) 688 (34.3) 207 (14.7) 207 (34.3)

280%, n (%) 78 (3.9) 66 (4.7) 12 (2)

% 22 moderate exacerbations in the last year, n (%) 483 (24.1) 217 (15.5) 266 (44) <0.001

% 2 1 hospital admissions in the last year, n (%) 551 (27.4) 226 (16.1) 325 (53.8) <0.001

BODE value, m, (SD) 4.3 (1.9) 4.1(1.9) 4.6 (1.9) 0.005

Inhaled Therapies, n (%) <0.001
LAMA or LABA 65 (3.3) 57 (4.1) 8(1.3)

LAMA-LABA combination 605 (30.6) 470 (34.1) 135 (22.6)
LABA+ ICS combination 120 (6.1) 77 (5.6) 43 (7.2)
Triple therapy (LAMA+LABA+CSI) 1184 (60) 773 (56.1) 411 (68.8)

Roflumilast, n (%) 72 (3.6) 32 (2.3) 40 (6.6) <0.001

Mucolitics, n (%) 112 (5.6) 54 (3.8) 58 (9.6) <0.001

Methylxanthines, n (%) 44 (2.2) 26 (1.9) 18 (3) 0.113

Macrolides, n (%) 139 (6.9) 73 (5.2) 66 (10.9) <0.001

Long-term oxygen therapy, n (%) 635 (31.6) 380 (27.1) 255 (42.2) <0.001

Home ventilation, n (%) 185 (9.2) 114 (8.1) 71 (11.8) 0.010

Respiratory rehabilitation, n (%) 336 (16.7) 223 (15.9) 113 (18.7) 0.120

(Continued)
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Table 1. (Continued)

High-risk level All Patients with stability Patients without stability p
N=2008 N=2008 n=1404 (69.9%) n=604 (30.1%)
Resources in care
Attended in specialized COPD outpatient clinic, n (%) 990 (49.5) 724 (51.8) 266 (44.1) 0.002
Respiratory care follow-up (years) median, IQR 7.1(4.7) 7.0 (4.6) 7.3 (4.9) 0.189
Scheduled follow-up visits, n (%) <0.001
<6 months 947 (50.1) 563 (43) 384 (66.1)
26 months 943 (49.9) 746 (57) 197 (33.9)
Level of complexity of hospital, n (%) 0.127
Secondary 359 (17.9) 239 (17) 120 (19.9)
Tertiary 1649 (82.1) 1165 (83) 484 (82.1)
University Hospital, n (%) 1693 (84.3) 1228 (87.5) 465 (77) <0.001
Availability of nursing consultation, n (%) 1216 (60.6) 884 (63) 332 (55) <0.001

Data are presented as mean (SD) or median (P25-75). Dichotomous variables are expressed as n and percentage. Non-stable patient: having COPD
exacerbations since last visit; BMI, body mass index; mMRC, modified Medical Research Council; CAT, COPD Assessment Test; FEV1%: post-
bronchodilator FEV1 percent predicted; BODE: body mass index, airflow obstruction, dyspnea, and exercise capacity; GesEPOC, Spanish National
Guideline for COPD; LABA, long-acting beta-2 agonists; LAMA, long-acting antimuscarinic agents; CSlI, Inhaled corticosteroids.

https://doi.org/10.1371/journal.pone.0327775.t001

Table 2. Factors related to Non-stability of COPD. “Multivariable logistic model”.

Clinical characteristics OR [C1 95% (OR)] p
Age (years) 1.01 0.99-1.02 0.088
Charlson index <3 (ref) 1 0.78-1.21 0.831
Charlson index 23 0.97

Dyspnea (MRC-m) <2 (ref) 1 1.18-1.92 0.001
Dyspnea (MRC-m) 22 1.51

Post-FEV,, % predicted 0.99 0.99-1.00 0.831
Chronic bronchitis criteria, No (ref) 1 1.15-2.25 0.005
Yes 1.61

Triple therapy (LAMA+LABA+ICS), No (ref) 1 1.06 -1.61 0.010
Yes 1.31

Oral therapies for COPD, No (ref) 1 1.23-2.28 0.001
Yes 1.68

Long-term oxygen therapy, No (ref) 1 1.07-1.73 0.010
Yes 1.36

Care process

Treated in specialized COPD outpatient clinic, Yes (ref) 1 1.11-1.87 0.006
Not 1.44

University Hospital, No (ref) 1 0.33-0.90 0.018
Yes 0.55

Scheduled follow-up visits, <6 months (ref) 1 0.36- 0.64 <0.001
26 months 0.48

Not stability was defined by having exacerbations of COPD since the last visit.

https://doi.org/10.1371/journal.pone.0327775.t002
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Fig 1. Distribution of characteristics in high risk COPD. A: Distribution of caracteristics (phenotype exacerbator, not stability in visit, peripheral
eosinophilia=300 cels/uL) in high risk COPD. B: Distribution of caracteristics (phenotype exacerbator, not stability in visit, asthma) in high risk COPD. C:
Distribution of caracteristics (not stability in visit, peripheral eosinophilia=300 cels/uL, inhaled triple therapy) in high risk COPD. The size of each circle is
proportional to the number of individuals in each group. Abbreviation: GesEPOC: Spanish National Guideline for COPD.

https://doi.org/10.1371/journal.pone.0327775.9001
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Pharmacological therapies in high-risk COPD patients

Of the 1974 high-risk patients studied for whom COPD treatment was recorded at the visit, 85.5% were treated with
inhaled therapies only and 14.5% were treated with both oral and inhaled COPD therapies. Fig. 2 shows the distribution
of COPD pharmacological treatments according to the stability achieved of patient in audited visit (the existence or not of
exacerbations during the three months prior to the audited visit. Oral COPD therapies were more frequently prescribed in
patients with persistent exacerbations at the visit (21.9% in non-stability versus 11.3% in stability, p<0.001).

Fig 3 show the distribution of inhaled and oral therapies in high-risk patients. Triple therapy was the leading treatment in
high-risk patients (60%), followed by dual bronchodilator therapy (30.6%). Among oral therapies, maintenance macrolides
(48.4%), mucolytics (38.7%) and roflumilast (25.1%) were the most commonly used, while methylxanthines were the least
used (15.3%).

Pharmacological therapies in high risk level Pharmacological therapies in high risk according stability in visit

Stapiity patiens — .
ot stablliy patients _ 21 .9%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Titulo del eje

= Onlyinhalated therapies = Inhalated and oral therapies m Only Inhaled therapies Inhalated and oral therapies

Fig 2. Distribution of COPD drug therapies in high-risk COPD (a) according stability in visit(b). Differences stability versus non-stability at visit
P<0.001.

https://doi.org/10.137 1/journal.pone.0327775.9g002

Oral therapies in high risk level Inhaled therapies in high risk level

= Roflumilast = Macrolides = Mucolitics = Methilxantines

= Bronchodilator monotherapy = Double bronchodilation therapy

m Combination therapy LABA+CSI  m Triple therapy (LAMA+LABA+CSI)

Fig 3. The distribution of oral (a) and inhaled (b) therapies in high risk COPD. Abbreviations: LABA: long-acting beta-2 agonists; LAMA: long-acting
antimuscarinic agents; CSI: Inhaled corticosteroids.

https://doi.org/10.1371/journal.pone.0327775.9003
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The distribution of inhaled and oral therapies in high-risk patients is summarized in Fig. 4. 25% of patients on triple
inhaler therapy were also prescribed oral therapies, the most common being chronic macrolides (9.9%) and mucolytics
(7.1%). 8.2% of patients on dual bronchodilator therapy also received oral therapy, the most common being mucolytics

(2.9%).

Oral therapies and associated factors

Oral therapies for COPD were prescribed in 14.5% of high-risk patients. Table 3 shows, by multivariate logistic regres-
sion model, the adjusted effect of oral treatments with a series of clinical factors. The use of roflumilast, adjusted for
other oral treatments, was associated with Chronic bronchitis (OR 3.6, 95% CI 1.7-7.4; p=0.001), frequent exacerbator
(OR 4.0, 95% CI 1.1-14.5; p=0.035), history of COPD hospitalisation (OR 2.5, 95% CI 1.3—4.8; p=0.006) and chronic
bronchial infection (OR 2.1, 95% CI 1.1-3.9; p=0.016). Chronic macrolides use, adjusted for other therapy, is associated
with chronic bronchitis (OR 2.6, 95% CI 1.4-4.8; p=0.002), FEV1 less than 50% predicted (OR 1.7, 95% CI 1.0-3.1;
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o Only inhaled therapies
m Methylxanthines
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Fig 4. Distribution of oral therapies for COPD in high-risk patients on inhaled therapy. Abbreviations: LABA:

m Macrolides
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186.8% 75%
97% 91.8%) 4
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long-acting antimuscarinic agents; CSI: Inhaled corticosteroids.

long-acting beta-2 agonists; LAMA:

https://doi.org/10.1371/journal.pone.0327775.9g004

Table 3. Factors related to oral therapies for COPD. “Multivariable logistic model”.

Chronic bron-

GesEPOC Pheno-

21 hospital admissions

Post-FEV1<50%

Chronic bron-

Peripheral eosin-

chitis criteria type Exacerbator for COPD in last year predicted chial infection ophilia =100 mm3

OR (CI 95%) OR (Cl 95%) OR (CI 95%) OR (CI 95%) OR (CI 95%) OR (CI 95%)
Roflumilast 3.6 (1.7-7.4)% 4.0 (1.1-14.5)* 2.5 (1.3-4.8)* 1.3 (0.5-3.1) 2.1 (1.1-3.9)* 0.6 (0.2-2.0)
Macrolides 2.6 (1.4-4.8)* 1.8 (0.5-5.7) 1.3(0.8-2.2) 1.7 (1.0-3.1)* 4.5 (2.5-8.3)* 0.3 (0.1-0.8)*
Mucolitics 3.8 (1.7-8.4)* 1.8 (0.8-3.9) 1.8 (1.0-3.1)* 0.7 (0.3-1.5)* 2.5 (1.4-4.6)* 1.1 (0.5-2.4)
Methilxantines 1.7 (0.8-3.7) 1.9 (0.6-5.8) 0.8 (0.3-1.7) 2.5(1.1-5.7)* 0.7 (0.2-2.0) 0.6 (0.2-1.4)

GesEPOC, Spanish National Guideline for COPD; Chronic bronchial infection: isolates of the same potentially pathogenic microorganism in respiratory

samples. *p<0.05.

https://doi.org/10.1371/journal.pone.0327775.t003
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p=0.048) and peripheral eosinophilia <100 cells/uL (OR 0.3, 95% CI 0.1-0.8; p=0.013). The use of mucolytics is associ-
ated with chronic bronchitis (OR 3.8, 95% CI 1.7-8.4; p=0.001), history of COPD hospitalisation (OR 1.8, 95% CI 1.0-3.1;
p=0.026) and chronic bronchial infection (OR 2.5, 95% CI 1.4—4.6; p=0.001). Use of methylxanthines, adjusted for other
therapies, was associated with FEV1 less than 50% (OR 2.5, 95% CI 1.1-5.7; p=0.021). The distribution of the different
oral therapies according to characteristics associated with their use is shown in S1 Table.

Actions taken at high risk and no-stability at visit

Among all high-risk patients who at the visit were considered not stable for having documented moderate or severe
exacerbations in the medical record during the three months prior to the audited visit, 10.1% of the patients no action was
taken at the visit and in 56% of the visits of non-stable patients no change in COPD treatment was made. Table 4 shows
the actions taken during the visit in patients with a high-risk level who were considered not stable at the visit. Requesting a
test was the most common action taken at the follow-up visit (56%), with pulmonary function tests (in 41.9%) and imaging
(41.9%) being the most common. A change in COPD treatment was made during the visit in 33.9% of patients, with an
escalation (46.6%) or change to a similar regimen (46.1%). Factors associated with no change in therapy during the visit
in high risk level not stability patients are shown in Table 5. Factors associated with no action taken at the visit in high-risk
patients who were not stable due to persistent exacerbations documented in the medical record are shown in S2 Table.

Discussion

This study provides novel information on characteristics of high-risk COPD patients who remain unstable at the follow-up
visit due to COPD moderate or severe exacerbations during the three months prior to the audited visit and the therapeutic
measures adopted. It also analyzes factors associated with non-stability, and drug prescription patterns of oral therapies in
high-risk COPD, using real data from a clinical audit conducted in Spain.

The results of our analysis show that almost one-third of patients with high-risk COPD were considered unstable at
the visit because they reported having suffered some exacerbation at the follow-up medical visit. Factors associated with
non-stability were clinical characteristics such as the presence of chronic bronchitis or a higher degree of dyspnea, and
the fact of not having been seen in a specialized COPD clinic or university center. In more than half of the audited visits of

Table 4. Actions taken during the visit in high risk level not stability in visit.

n=604
No action, n (%) 61 (10.1)
Only Testing was requested, n (%) 336 (56)
Only change in COPD treatment was made, n (%) 15 (2.5)
Change of treatment and request for test was made, n (%) 189 (31.4)
Change performed, n (%)
Scaling (increased or added) 95 (46.6)
De-escalate (decrease or remove) 15 (7.4)
Changes to similar regimen 94 (46.1)
Request for test in the visit, n (%)
Pulmonary function test 253 (41.9)
Imaging study 253 (41.9)
Microbiological study 152 (25.2)
Blood tests 147 (24.3)
Cardiology study 40 (6.6)

Dichotomous variables are expressed as n and percentage.

https://doi.org/10.1371/journal.pone.0327775.t004
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Table 5. Factors associated with no change in therapy during the visit in high risk level not stability patients.

n=604 Change in therapy in visit No change in therapy in visit p
n=203 (33.8%) n==397 (66.2%)
Clinical Characteristics
Gender (male), n (%) 151 (74.4) 290 (73) 0.726
Age (years), m (SD) 70.1(9.3) 71.6 (9.6) 0.080
Current smokers, n (%) 61 (30) 86 (21.7) 0.024
Charlson index 23, n, (%) 60 (29.6) 136 (34.3) 0.245
Cardiovascular disease, n (%) 95 (46.8) 188 (47.4) 0.897
Asthma, n (%) 33 (18.5) 57 (19.3) 0.847
Dyspnea (MRC-m) 22, n (%) 178 (87.7) 327 (82.4) 0.091
CAT questionnaire>10, n (%) 98 (94.2) 144 (78.3) <0.001
Chronic bronchitis criteria, n (%) 111 (54.7) 196 (49.4) 0.218
Chronic bronchial infection, n (%) 58 (28.6) 74 (18.6) 0.005
Post-FEV,, % predicted, m (SD) 45.5 (16.0) 45.5 (15.3) 0.982
BODE value, m (SD) 4.7 (1.6) 4.5 (2.0) 0.499
21 hospital admissions in the last year,n (%) 109 (53.7) 214 (53.9) 0.961
Peripheral eosinophilia, median (IQR) 217.6 (151.2) 240.5 (178.9) 0.189
<100 mm3, n (%) 65 (45.1) 112 (39.2) 0.430
101-299 mm3, n (%) 50 (34.7) 104 (36.4)
2 300 mm3, n (%) 29 (20.1) 70 (24.5)
GesEPOC Phenotype Exacerbator 150 (84.3) 243 (82.9) 0.706
LAMA or LABA 2(1) 6 (1.5) 0.890
LAMA-LABA combination 47 (23.4) 87 (22.2) 0.885
LABA+ ICS combination 13 (6.5) 30 (7.7) 0.957
Triple therapy (LAMA+LABA+CSI), n (%) 139 (69.2) 269 (68.6) 0.895
Long-term oxygen therapy, n (%) 80 (39.4) 174 (43.8) 0.300
Home ventilation, n (%) 26 (12.8) 44 (11.1) 0.533
Public University Hospital, n (%) 128 (63.1) 333 (83.9) <0.001
Attended in specialized COPD outpatient clinic, n (%) 82 (40.6) 184 (46.3) 0.180

Data presented as mean (SD) or number (percentage) or median (P25-75). mMRC, modified Medical Research Council; CAT, COPD assessment test;
Post-FEV1%, post-bronchodilator FEV1 percent predicted; BODE, body mass index, airflow obstruction, dyspnea, and exercise capacity; GesEPOC,
Spanish National Guideline for COPD; LABA, long-acting beta-2 agonists; LAMA, long-acting antimuscarinic agents; CSlI, Inhaled corticosteroids.

https://doi.org/10.1371/journal.pone.0327775.t005

COPD patients who were not stable, the therapeutic prescription was not changed. Triple therapy is the most prescribed
pharmacological regimen in high-risk patients. A quarter of patients treated with triple inhaled therapy are also prescribed
oral therapies for COPD, with their use being more frequent in patients who are not stable and who persist with exacerba-
tions. Macrolides are the most commonly used (48.4%) among oral therapies for COPD, and the characteristics associ-
ated with their use were the presence of chronic bronchitis, chronic bronchial infection and severe airflow obstruction.
One of the major challenges in the management of COPD is the recurrence of exacerbations. These exacerbations not
only increase morbidity and mortality [18,19] but also contribute to increased patient instability, reduced quality of life [20]
and accelerated decline in lung function [21]. A proportion of patients appear to be more susceptible to exacerbations,
with poorer quality of life and more aggressive disease progression. Observational studies assessing the degree of clinical
control in COPD have shown significant variability in clinical control status, although a small proportion of patients remain
persistently poorly controlled and are associated with an increased risk of death [5,6,7]. In our study, 30% of patients with
high-risk COPD continued to have exacerbations at visit, with the presence of chronic bronchitis and a higher degree of
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dyspnea in high-risk COPD identified as factors associated with failure to achieve stability. These findings are similar to
those reported in previous studies, which showed that chronic bronchitis, high symptom burden, lower FEV1% predicted
and a history of previous exacerbations were associated with an increased risk of exacerbations and mortality [22,23].

The correct assessment of COPD exacerbations will be crucial to assess risk, the degree of clinical control in COPD
and to plan therapeutic interventions. Currently the identification of exacerbating patients is based on clinical records and/
or patient recall [24]. However, these are not always reported. Thus, several studies suggest that about half of exacerba-
tions are not reported, although they are associated with a worsening quality of life and an increased risk of subsequent
hospitalisation [25,26]. On the other hand, it should be remembered that definitions of COPD exacerbations are mainly
based on clinical presentation, which can be non-specific and lead to misdiagnosis. The use of biomarkers could provide a
more objective and specific definition of COPD exacerbations and allow for a more accurate assessment of progression or
response to treatment. Future research is needed to establish a better definition of COPD exacerbations through the use
of biomarkers to improve diagnostic accuracy, more personalised treatment and potentially improve clinical outcomes and
reduce healthcare costs.

Evidence from audit studies has suggested that outcomes in the management of COPD vary according to patient
characteristics and the medical care received [27,28]. In our study, patients were 1.5 times more likely to have persistent
exacerbations at follow-up if they did not attend a specialist COPD clinic. Specialized COPD consultation is a care model
that has been developed in pulmonology units in recent years and was present in 62.2% of centers participating in the
EPOCONSUL audit in 2021 [17]. Studies have shown that systematic care improves the quality of life and prognosis
of patients with complex chronic diseases and reduces the cost of care [29]. These data support the need to adapt the
COPD care model to ensure specialized units for patients with high complexity and frequent decompensation, where bet-
ter care can be provided and resources optimized. However, it is important to recognize that there is a subgroup of COPD
patients with frailty, associated social factors, lack of family support and multiple comorbidities [30, 31], which requires a
different approach, focused on improving community health services and care planning, together with early identification
of the most vulnerable patients [32].

In our study, in more than half of the patients with high-risk COPD who were not stable at the visit, no therapeutic
intervention was performed. Therapeutic inertia is defined as recognition of the problem but lack of action [33]. A reality,
the lack of modification of COPD treatment in follow-up visits, which was already noted in our country in the 2014 audit. In
77.5% of the audited visits of COPD patients in pulmonary follow-up visits, the therapeutic prescription was not changed
[14]. In our analysis, few clinical characteristics were associated with the dependent variable no change in COPD treat-
ment at the visit in a patient with high-risk COPD who reported exacerbations at the visit. In the multivariate logistic
regression model, only being treated in a university hospital (OR 3.08, 95% CI 1.71-5.53; p<0.001) was found as an
associated factor, being less likely not to make changes in the active smoker (OR 0.63, 95% CI 0.44-0.90; p=0.011), and
the presence of chronic bronchial infection (OR 0.50, 95% CI 0.33-0.76; p=0.001). Little is known about the reasons for
the lack of action when treatment goals are not met. Studies have shown that physicians are willing to take actions when
they deem them appropriate, but there is a disconnection between their perception and the actual degree of control of
COPD in uncontrolled patients, suggesting that physicians do not feel the need to switch up therapies or increase doses if
the patient is showing positive signs of improvement or maintenance [34]. Studies are needed to analyze the reasons for
the non-implementation of clinical practice guidelines and the conditioning factors in clinical practice.”

Analysis of medical records has shown that 23% to 28% of COPD patients do not receive guideline-recommended
treatment [35], and only 33% to 60% of patients receive adequate treatment according to the GOLD recommendations
[36]. However, it is important to bear in mind that a quarter of patients who persist with exacerbations are on quadruple
therapy for COPD, and could therefore be considered to be on a drug treatment ceiling. In our analysis, being a cross-
sectional observational study, prescription patterns may reflect disease severity rather than therapeutic effectiveness.
Furthermore, it should be borne in mind that the clinical presentation of COPD is highly variable, and that other factors
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associated with lack of clinical control and stability include associated comorbidities, adherence, among others. COPD is
a complex and heterogeneous disease, which justifies the need for a more personalized approach in high-risk patients
by identifying characteristics that guide us to offer more specific treatments to improve outcomes [1,2]. The lack of clin-
ical stability in patients with frequent exacerbations is one of the main reasons for the need to adapt and personalize
treatment in the follow-up of high-risk COPD patients. Early identification of exacerbation triggers and implementation

of individualized treatment strategies are essential to improve disease control, reduce the frequency of acute episodes
and optimize the long-term well-being of patients. In our study, high-risk patients with persistent exacerbations received
a higher number of COPD therapies, as the vast majority of patients were treated with triple therapy and more than 20%
were receiving oral COPD therapies, so they could be considered as patients in a therapeutic ceiling. However, it is note-
worthy that, in this high-risk patient population who continue to experience exacerbations despite optimized treatment,
other features were observed that could guide the choice of new therapeutic options targeting Th2 inflammation in COPD,
such as peripheral blood eosinophil levels 2300 cells/uL or the presence of asthma as an associated comorbidity [1,2].

In our population of unstable high-risk patients, 85% had a frequent exacerbator phenotype and 67% were on mainte-
nance treatment with triple therapy. Of these, 23% had peripheral blood eosinophil counts 2300 cells/pL, being a priori a
population in which treatment optimization should be considered, assessing escalation to triple therapy and/or could ben-
efit from biologic therapy. Evidence suggests that 20-40% of COPD patients have Th2 airway inflammation as measured
by sputum eosinophilia [37,38]. This endotype is associated with increased risk of exacerbations. Elevated blood eosin-
ophil counts (BEC), typically 2300 cells/uL, serve as a practical biomarker, identify patients more likely to benefit from
emerging biologics. Recent trials demonstrate that targeting T2 pathways produces significant reductions in exacerbations
and improves lung function in COPD patients who persist with exacerbations despite optimization of inhaled therapy [38],
reflecting a move toward precision medicine in this heterogeneous disease. In the near future, artificial intelligence-based
models may help to identify this group of patients earlier in order to provide more personalized medicine for high-risk
COPD patients. Al algorithms, including machine learning and deep learning, can analyze various types of data, such as
medical records, patient-reported outcomes, environmental factors and genetic information, to predict exacerbations and
disease progression. Models using support vector machines, boosting, and deep neural networks have shown promise in
predicting COPD exacerbations with high accuracy [39].

The main strengths of our study are its national coverage and the comprehensive and systematic assessment of
clinically relevant parameters together with resource and organizational aspects of clinical care. However, several meth-
odological considerations must be taken into account in order to correctly interpret our results. The main limitation of the
present study is its post hoc design. This audit focused on a cross-sectional assessment of the clinical history and a spe-
cific clinical visit, the last of which was carried out in the follow-up of his COPD in the pulmonology department. Another
aspect to consider is the retrospective nature of the study; an audit can only evaluate the information that staff actually
wrote in the medical record. Therefore, assessments that were carried out but not recorded will appear incomplete in the
audit. Any clinical audit has the inherent limitation that lost values (data not available) can lead to measurement bias that
may affect the results, regardless of the inclusion methodology and regular monitoring of the database. The evaluation of
the possible interaction effect of more than two variables was not evaluated because it was difficult to interpret from a clin-
ical point of view, given the limitations of being a retrospective study with unavailable data. Despite these limitations, we
believe that this dataset represents the most comprehensive sample from respiratory clinics in Spain, providing real-world
data on patients with high-risk COPD.

Conclusions

This study provides information on the characteristics, interventions and medication prescription patterns in patients
with high-risk COPD who were considered unstable because they reported moderate or severe exacerbations in the
three months prior to the audited follow-up pulmonology visit. The results show that non-stability is present in one third
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of patients with a high-risk level of COPD and that in more than half of the patients who are not stable at the visit, no
changes are made in the pharmacological treatment.
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