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Am'd_e history: Introduction: Medication adherence is an important challenge in the management of COPD, with poor
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tion.
Objetives: This study aimed to achieve multidisciplinary consensus on practical, prioritized interventions
for improving adherence and clinical results in stable COPD treatment.
Material and methods: A modified Delphi study was carried out by a panel of COPD management experts
to evaluate suboptimal adherence. The Delphi questionnaire, completed in two rounds, comprised 84
Inhaled therapy optimization §tatements across six_ domains:.no_n_—ad.herence, its impact, contribu_ting fact01?s, as.sessment methods,
Once-daily dosing improvement strategies, and prioritization. Agreement was rated using a 9-point Likert scale and con-
Adherence assessment tools sensus considered as >70% agreement.
Results: Seventy-three multidisciplinary experts completed the questionnaire, reaching consensus on 74
of 84 statements. The panel identified high-impact, easy-to-implement interventions, culminating in a
practical decalogue for optimizing inhalation therapy. Two key strategies were emphasized: simplify-
ing and unifying inhalation regimens, and empowering patients. While all adherence assessment tools
were considered useful, only digital and automated methods were deemed feasible in routine practice.
Treatment optimization was also associated with reducing inhalation frequency by using long-acting
molecules, and tailoring device selection to patient capacity.
Conclusion: The resulting decalogue provides structured expert guidance for healthcare professionals,
highlighting once-daily dosing, simplified devices, and patient engagement as the interventions consid-
ered most likely to improve adherence in COPD.
© 2026 Sociedad Espafola de Neumologia y Cirugia Toracica (SEPAR). Published by Elsevier Espaiia,
S.L.U. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Palabras clave:

Adherencia en EPOC

Método Delphi

Optimizacién de la terapia inhalada
Dosificacién una vez al dia
Herramientas para evaluar la
adherencia
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Estrategias con impacto para optimizar la adherencia a la terapia inhalada en la
EPOC: Consenso Delphi OPTIM

RESUMEN

Introduccion: La adherencia al tratamiento es un desafio importante en el manejo de la EPOC, ya que una
baja adherencia afecta negativamente el control de los sintomas, la progresion de la enfermedad y el uso
de recursos sanitarios.

Objetivo: Este estudio tuvo como finalidad alcanzar un consenso multidisciplinar sobre intervenciones
practicas y prioritarias para mejorar la adherencia y los resultados clinicos en el tratamiento de la EPOC
estable.

Materialy métodos: Sellevo acabo un estudio Delphi modificado con un panel de expertos en el manejo de
la EPOC para evaluar la adherencia sub6ptima. El cuestionario Delphi, completado en dos rondas, incluyé
84 afirmaciones distribuidas en seis areas: falta de adherencia, su impacto, factores contribuyentes, méto-
dos de evaluacion, estrategias de mejora y priorizacion. El grado de acuerdo se valoré mediante una escala
Likert de 9 puntos, y se considerd consenso cuando se alcanzaba un >70% de acuerdo.

Resultados: Setentay tres expertos multidisciplinares completaron el cuestionario, alcanzando consenso
en 74 de las 84 afirmaciones. El panel identificé intervenciones de alto impacto y facil implementacién, que
culminaron en un decalogo practico para optimizar la terapiainhalada. Se destacaron dos estrategias clave:
simplificar y unificar los regimenes de inhalacién, y empoderar a los pacientes. Aunque se consideraron
atiles todas las herramientas de evaluacién de la adherencia, solo los métodos digitales y automatizados
se consideraron viables en la practica rutinaria. La optimizacion del tratamiento también se relacioné con
la reduccion de la frecuencia de inhalacién mediante el uso de moléculas de accién prolongada, y con la
adaptacion del dispositivo a la capacidad del paciente.

Conclusion: El decalogo resultante ofrece recomendaciones practicas para los profesionales sanitarios,
destacando la dosificacién una vez al dia, los dispositivos simplificados y la implicacién del paciente como

las intervenciones mas efectivas para mejorar la adherencia en la EPOC.
© 2026 Sociedad Espaiiola de Neumologia y Cirugia Toracica (SEPAR). Publicado por Elsevier Espaiia,
S.L.U. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Chronic obstructive pulmonary disease (COPD) is a significant
cause of healthcare use, morbidity and mortality worldwide.!
COPD is a heterogeneous lung disease characterized by chronic
respiratory symptoms (dyspnea, cough and sputum production,
etc.) caused by damage or dysfunction in the respiratory tract (as
bronchitis and/or bronchiolitis) and/or alveoli (as emphysema),
which produce persistent and progressive airflow obstruction.” The
prevalence of COPD varies from one country to another, and is often
related to tobacco smoking and air pollution (outdoor, occupational
and household).? The economic burden of COPD is considerable,
comprising approximately 56% of the total costs of respiratory dis-
eases in the European Union: 38.6 billion euros.> As one of the
three most common causes of death in the world, COPD affects in
low- and middle-income countries, where nearly 90% of deaths are
described.? The projections for the future indicate that the preva-
lence and burden of COPD will grow over the next decades, because
of continued exposure to the risk factors of COPD and the aging of
the population.?

Ensuring adherence to treatment in COPD continues to be a
significant concern, with non-adherence rates to COPD medica-
tion ranging from 22% to 93%, depending on the study (50% of the
studies reported non-adherence in more than a half of patients).?
This inadequate adherence has a direct impact on symptom con-
trol, patients’ quality of life (QoL), exacerbation frequency, and
overall disease progression, ultimately leading to poorer clinical
outcomes and greater demand for healthcare resources and costs.
Therefore, adherence to inhaled therapy is critical for controlling
symptoms and preventing exacerbations in patients with stable
COPD.?3

As recommended by GOLD guidelines, a simplified treat-
ment enhances adherence and provides long-term results. Inhaled
therapies have evolved significantly, aiming to improve COPD man-
agement by incorporating long-acting, high-affinity molecules that
reduce the frequency of inhalations and simplify posology. Despite

these advances, adherence remains suboptimal, highlighting the
need for further optimization in disease management.?

Several barriers have been identified that hinder adherence,
including the complexity of inhaled treatment regimens (multiple
devices, multiple daily doses and several inhalations per intake),
lack of patient training and understanding about their condition
and treatment, and insufficient follow-up and clinical support.*>
Therefore, there is an urgent need to identify and implement
short-, medium- and long-term solutions that improve treatment
adherence, with the goal of reducing the negative impact of non-
adherence and improving long-term COPD control.5-® However, it
is necessary to analyze more factors that influence adherence and
the tools available for its evaluation.

The primary objective of the OPTIMO (Optimization of Inhaled
Therapy for Improving COPD Control) study was to achieve a mul-
tidisciplinary consensus on the prioritized interventions that have
the greatest impact and ease of implementation for optimizing and
improving the control of stable COPD. So, in this study we evaluated
the impact of non-adherence and the factors that could poten-
tially influence it, including patient-dependent factors, healthcare
professional (HCP)-dependent factors, healthcare system-related
factors, and treatment-related factors (duration of action of the
molecules, dosage, number of inhalers, number of inhalations per
intake, etc.).

Material and methods
Study design

A modified Delphi study was conducted involving healthcare
professionals on the management of COPD from various parts of
Spain (hereinafter referred to as ‘the Delphi expert panel’), using
online questionnaires involving two structured rounds of ques-
tions.

The modified Delphi method, a widely embraced scientific
approach, offers a structured and systematic means of reaching
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consensus in situations with limited or conflicting evidence. An
iterative methodology is used, where expert opinions are gath-
ered anonymously using structured questionnaires across multiple
rounds.® The study was carried out in three stages (Supplementary
Fig. S1): (1) A narrative literature review followed by iterative Sci-
entific Committee (SC) meetings to draft, refine, and consolidate the
Delphi questionnaire; (2) Two successive rounds of online surveys
to obtain the opinion of the Delphi expert panel about the items
on the statement list; and (3) Analysis and discussion of the results
with the SC to draw conclusions.

The Delphi questionnaire was divided into seven sections
(Supplementary Table S1) and consisted of 84 statements on a
Likert-type scale (75 items included in the 1st round, with 9
new additions introduced in the 2nd round). Data were analyzed
globally. The consensus thresholds were predefined as >70% pan-
elists agreement on a statement before data collection, which
minimizes subjective interpretation and ensures methodological
transparency.

Participants

The SC consisted of ten experts in the treatment of patients with
COPD from three medical specialties: 4 pulmonologists, 4 primary
care physicians and 2 internal medicine physicians. The experts
conducted the scientific literature and developed a questionnaire
addressing key issues about adherence to inhaled treatment in sta-
ble COPD. The SC also approved and analyzed the statistical results
obtained from the two rounds.

A total of 75 experts, with clinical activity in different regions
of Spain and in different types of hospitals (public and private),
were requested to participate in the survey (February-Jjuly 2024)
as panelists (Supplementary Fig. S2). The inclusion criteria were:
(1) Active professionals with 3 or more years of experience since
completing training in their specialty; (2) Ongoing professional
relationship with COPD patients; and (3) Great involvement in
COPD research and development: (a) authorship in scientific pub-
lications on COPD, (b) membership of scientific societies/working
groups with a special focus on COPD, and/or (c) participation in
some kind of training or congress with focus on COPD.

Two rounds of Delphi consensus

Following the Delphi method, an iterative approach was
developed to reach consensus on the statements. The Delphi ques-
tionnaire was answered online in two rounds. In the 1st round, the
Delphi expert panel rated their agreement with each statement
on a Likert scale (1-3=disagree, 4-6=neutral, and 7-9=agree)
(Supplementary Table S2). The expert panel in an anonymous man-
ner and individually provided feedback to each statement based on
non-adherence, its impact, causes, associated factors and possible
interventions.

The results of the 1st round were discussed by the SC in an
online meeting (May 2024), and statements without consensus
were revised by the SC. Consensus was defined as >70% of responses
within the agreement (7-9) or disagreement (1-3) range, consis-
tent with prior Delphi studies.!%-1* The statements that progressed
to the 2nd round were those that did not achieve consensus in the
1st round (i.e., statements agreed with or disagreed with by <70%
of participants in the 1st round) and new statements to further
explore certain issues. Final agreement percentages for all state-
ments are shown in the results.

New items were added in the 2nd round to explore certain state-
ments in more detail, and a new section (Section 7: Actions that are
easier to implement and have a greater impact on clinical practice)
(Supplementary material - Questionnaires) was added to priori-
tize the actions that would be the easiest to implement and would
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Table 1
Characteristics of the expert panel.
Characteristics N=73
Sex (%)
Man (M) 52.1%
Woman (W) 47.9%

Mean age (SD), years 43.3(9.0)

Medical specialty (%)

Primary care (PC); n=25
Internal Medicine (IM); n=23
Pulmonology (P); n=25

40.0% (W), 60.0% (M)
43.5% (W), 56.5% (M)
60.0% (W), 40.0% (M)

Professional experience caring for COPD patients (%)

3-10 years 30.2% (PC), 17.4% (IM), 72% (P)
11-15 years 24.0% (PC), 30.4% (IM), 12.0% (P)
16-20 years 12.0% (PC), 4.3% (IM), 4.0% (P)

(

>20 years 32.0% (PC), 47.8% (IM), 12.0% (P)

Patients with COPD visited per month
<10 4.0% (PC), 4.3% (IM), 0% (P)

10-25 48.0% (PC), 26.1% (IM), 4.0% (P)
25-50 20.0% (PC), 43.5% (IM), 32.0% (P)
50-100 24.0% (PC), 21.7% (IM), 24.0% (P)
100-150 4.0% (PC), 0% (IM), 20.0% (P)
>150 0% (PC), 4.3% (IM), 20.0% (P)

Professional activity (%)
Public
Private

94.6% (PC), 87.8% (IM), 88.0% (P)
5.4% (PC), 12.2% (IM), 12.0% (P)

Type of centers for Primary care

Rural 28.0%
Semi-urban 24.0%
Urban 48.0%

Type of hospital for Internal Medicine (IM) and Pulmonology (P)

Primary 8.7% (IM), 8.0% (P)
Secondary 21.7% (IM), 28.0% (P)
Tertiary 69.6% (IM), 64.0% (P)

Notes: Rural: <2000 inhabitants; Semi-urban: <10,000 inhabitants; Urban: >10,000
inhabitants; Primary: Centers where preventive activities are carried out, as well as
provision of Local Health Plan activities, general medical consultations, general den-
tistry, clinical laboratory and low complexity imaging, hospitalization, emergency
care and low complexity childbirth; Secondary: Hospitals where they provide exter-
nal medical consultation, hospitalization and emergency care of basic specialties,
delivery and Cesarean sections of medium complexity, general and specialized den-
tal care, nutritional consultations, psychology, optometry and support therapies for
functional rehabilitation; Tertiary: Hospitals that provide medical care in activities
aimed at restoring health and rehabilitating users referred by the other levels, and
who present conditions of high diagnostic and treatment complexity through one
or more medical, surgical or medical-surgical specialties.

Abbreviations: COPD, chronic obstructive pulmonary disease; IM, internal medicine;
PC, primary care; P, pulmonology; SD, standard deviation.

have the greatest impact on adherence. To facilitate this process, an
updated questionnaire was distributed for re-evaluation - compris-
ing statements that lacked consensus in the 1st round, the newly
added 9 statements and the new section consisting of two ques-
tions. The results were evaluated and discussed by the SC during
the concluding meeting (September 2024).

Statistical analysis
For nominal/ordinal variables, relative frequencies were
employed for description. For continuous variables, measures of

central tendency and dispersion were computed. IBM SPSS Statis-
tics 27 was used to perform all statistical analyses.

Results
Profile of Delphi panelists

Atotal of 73 participants completed the questionnaire for the 1st
and 2nd rounds. Table 1 provides details of panelists profile. The
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Table 2
Results of the two rounds of the Delphi process for the statements in Section 2 - Lack of adherence and Section 3 - Impact and consequences of non-adherence.

Statements/Items % of agreement Consensus p-Value

Lack of adherence 1st round 2nd round

Section 2 - Lack of adherence
Evolution of inhaled therapies has contributed to improved adherence in COPD - 91.8 Yes -
patients?®
Inhaled therapies available for COPD have evolved in recent years® - 98.0 Yes -
As with other chronic diseases in adults, poor adherence to inhaled therapy is one of 83.6 - Yes -
the main challenges in the management of COPD
Despite the evolution of inhaled therapies, therapeutic adherence has not improved 46.6 (non- 52.1 (non- No 0.744
in recent years and remains a challenge in the treatment of COPD agreement: agreement:

26.0%) 20.5%)

Low adherence to inhaled therapy has negative clinical consequences for the 92.0 - Yes -
ongoing control of COPD symptoms

Section 3 — Impact and consequences of non-adherence
Poor adherence to inhaled therapy has negative clinical consequences on future 92.0 - Yes -
COPD risk
Low adherence to inhaled treatment increases the risk of moderate and serious 96.0 - Yes -
exacerbations
Low adherence to inhaled treatment increases the risk of hospitalization 96.0 - Yes -
Low adherence to inhaled treatment increases the risk of disease progression 92.0 - Yes -
Low adherence to inhaled treatment increases comorbidities worsening 92.0 - Yes -
Low adherence to inhaled treatment increases the risk of death 96.0 - Yes -
The worse control of the disease due to low adherence has socio-economic 96.0 - Yes -
consequences (productivity reduction, work absenteeism and disability)
Low adherence to inhaled treatment has negative consequences in the healthcare 96.0 - Yes -
system (increased use of resources and higher overall healthcare costs derived from
admissions or urgent care)
Greater adherence to treatment can result in an increase in the costs of maintenance 96.0 - Yes -

treatment dispensed in pharmacy, but that increase is smaller than the increase in

general healthcare costs derived from low adherence

Abbreviations: COPD, chronic obstructive pulmonary disease.
2 Item added in the 2nd round.

geographical distribution of participants across the autonomous
community in which they carry out their medical activity was
homogeneous (Supplementary Fig. S3). Most of the panelists work
in an academic medical center (91.8%), 82.2% are active members of
national and/or international scientific societies, 61.6% had partici-
pated in the past year in some kind of training or scientific congress
with special focus on respiratory pathology or COPD, 41.1% had con-
tributed in the past 5 years as aninvestigator in clinical trials or as an
author in COPD-related publications, and 37% belong to a working
group with a special focus on respiratory pathology or COPD.

Consensus

Initially, out of the 75 proposed items in the 1st round, consen-
sus was achieved on 65 (86.7%) (Supplementary Figs. S4 and S5). In
the 2nd round, the unresolved 10 items underwent further evalua-
tion, and 9 new items were added to explore certain issues in more
depth. Finally, consensus was achieved on 74 items (88.1%), but not
on 10 other items (11.9%) (Fig. S4) (consensus or non-consensus for
each item is shown in Tables 2 and 3).

Overcoming non-adherence for better outcomes

Results of the questionnaire about the lack of adherence (Section
2) and the impact and consequences of non-adherence (Section 3)
showed that the panelists considered, among other aspects, that the
evolution of inhaled therapies—such as improvements in inhaler
devices, simplified treatment regimens with combination thera-
pies, and enhanced medication formulations—has contributed to
improving therapeutic adherence in patients with COPD (91.8%
agreement) (Table 2), and that poor adherence to inhaled treatment
increases the risk of moderate and severe exacerbations (96.0%)
(Table 2). The panelists also agreed that poor adherence to inhaled
therapy is one of the main challenges in the management of COPD

(83.6%), that it has negative clinical consequences (92.0%), that it
is associated with negative socio-economic consequences (96%)
and with higher risk of: hospitalization (96%), disease progression
(92%), comorbidities worsening (92%) and death (96%) (Table 2).

Key factors affecting treatment adherence

Results of the questionnaire about causes and factors poten-
tially impacting on adherence (Section 4) showed that panelists
considered, among other aspects (Table 3), the following:

¢ Patient-related factors - Panelists agreed that a greater propor-
tion of patients, especially those who manifest problems with
the medication or are less adherent, prefer treatments with a
lower number of daily inhalations (94.5%). Greater symptomatol-
ogy and severity of COPD favor adherence (agreement 82.3%), and
that the following aspects hinder adherence: non-involvement
of patients in decision-making (agreement 95.9%), insufficient
understanding of COPD and its treatment by the patient (98.6%),
low educational level/low income (78.1%), limited family support
or the institutionalization of the patient (76.7%), adverse effects of
previous treatments (82.2%), polypharmacy (80.8%), depression
or smoking (75.3%), and patients’ perception of low effectiveness
of treatment (91.8%).

Healthcare professional-related factors — Panelists considered
that several aspects hinder adherence: insufficient patient train-
ing (critical errors) (agreement 97.3%), insufficient follow-up
of adherence (98.6%), lack of clear explanation of COPD phys-
iopathology, management and objectives (98.6%), and poor
multidisciplinary communication and coordination between
HCPs (90.4%).

Healthcare system-related factors — Panelists considered that
the availability of the same therapy at home and hospital favors
adherence (agreement 91.8%), and that several aspects hinder
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Table 3
Results of the two rounds of the Delphi process for the statements in Section 4 — Causes and factors potentially impacting on adherence.
Statements/Items % of agreement Consensus p-Value
Causes and factors potentially impacting on adherence 1st round 2nd round
Patient-related factors
There is a relationship between older age and higher average adherence 49.3 (non- 50.7 No 0.260
agreement: (non-agreement:
12.3%) 11.0%)
Without considering polypharmacy or possible physical or sensory limitations, - 56.2 No -
average adherence in elderly patients is usually higher? (non-agreement:
9.6%)
There is a relationship between greater severity of the disease and higher average 71.2 - Yes -
adherence
There is a relationship between greater impact of symptoms associated with the - 82.3 Yes -
disease and greater mean adherence?
There is a relationship between lower lung function and higher mean adherence?® - 65.8 No -
(non-agreement:
9.6%)
The presence of comorbidities such as depression or smoking is related to lower 75.3 - Yes -
mean adherence
The presence of adverse events prior to similar treatments is related to lower mean 82.2 - Yes -
adherence
Polypharmacy is related to lower mean adherence 80.8 - Yes -
Limited understanding or low level of patient comprehension about the disease and 98.6 - Yes -
the prescribed treatment is related to lower mean adherence
Not involving the patient in therapeutic decision-making is related to lower mean 95.9 - Yes -
adherence
A patient’s low educational level and/or income are related to lower mean adherence 78.1 - Yes -
The patient’s perception of polypharmacy is associated with a greater preference for 94.5 - Yes -
regimens that require fewer daily inhalations
Personal and social beliefs about treatment affect adherence 86.3 - Yes -
Personal perception of low treatment effectiveness is related to lower mean 91.8 - Yes -
adherence
The patient’s social circumstances affect the level of adherence 87.7 - Yes -
Limited family support or institutionalization of the patient is related to lower mean 76.7 - Yes -
adherence
Healthcare professional-related factors
A lack of clear explanation, to the patient by the healthcare professional, of the 98.6 - Yes -
pathophysiology of the disease, its management and the therapeutic objectives is
related to lower mean adherence
Insufficient training of the patient in inhalation technique is related to lower mean 95.9 - Yes -
adherence
Insufficient training of the patient in inhalation technique is related to a greater 98.6 - Yes -
number of basic errors
Insufficient follow-up of the level of adherence by professionals in check-ups is 98.6 - Yes -
related to lower mean adherence
Inadequate communication and multidisciplinary coordination among healthcare 90.4 - Yes -
professionals (medicine, nursing, pharmacy) is related to a lower level of adherence
Healthcare system-related factors
Lack of coordination in the transition from hospital care to primary care after 83.6 - Yes -
admission is related to lower mean adherence
Frequent changes of inhalation device when the patient is seen by different 95.9 - Yes -
professionals or in different services (primary care, outpatient clinics, emergencies,
hospitalization, etc.) are related to lower average adherence
Temporary changes in inhaled therapy during hospital admission due to 61.6 - Yes -
unavailability of medication in hospital are associated with lower mean adherence
Changes in inhaled therapy initiated by the physician during hospital admission - 52.1 No -
have a negative impact on patient adherence upon discharge® (non-agreement:
13.3%)
In an admitted patient, the possibility of having the same inhaled therapy that they - 91.8 Yes -
use at home has a positive impact on adherence after admission?
Higher treatment costs and their financing (copayment for certain therapies) are 76.7 - Yes -
related to a lower level of adherence
Treatment-related factors
A therapeutic regimen composed of several different inhalers is related to lower 94.5 - Yes -
mean adherence and a higher number of critical errors
A higher frequency of administration (more times per day) is related to lower mean 84.9 - Yes -
adherence
A higher number of inhalations in each intake is related to lower mean adherence 84.9 - Yes -
According to my clinical experience, a higher proportion of patients, especially those 89.0 - Yes -

who report problems with medication or are less adherent, prefer treatments with

fewer daily inhalations.

The lower frequency of administration (single daily dose) provided by molecules 97.3 - Yes -
with a longer duration of action (>24 h), is related to higher average adherence

because it simplifies the treatment and improves its results

The lower frequency of administration (single daily dose) provided by molecules 89.0 - Yes -
with a longer duration of action (>24 h) results in an uninterrupted (or plateau)

therapeutic effect that reduces the window of non-protective effect between doses
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Table 3 (Continued)
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Statements/Items % of agreement Consensus p-Value
Causes and factors potentially impacting on adherence 1st round 2nd round
Lower frequency of administration (fewer times per day) increases the possibility of 9.6 (non- - No -
overdose and complete non-adherence agreement:
78.1%)
In regimens where the frequency of administration is lower (fewer times per day), - 8.2 No -
the possibility of overdose (the patient taking a dose more times than indicated) (non-agreement:
increases® 78.1%)
Complex inhalation devices or those with a greater number of steps for each 97.3 - Yes -
inhalation increase the likelihood of critical errors and reduce adherence to
treatment
Devices with a high volume or those requiring a spacer chamber make portability 72.7 - Yes -
and treatment adherence difficult
Inhalation devices that require maintenance or cleaning, including spacer chambers, 76.7 - Yes -

add complexity and reduce treatment adherence

Abbreviations: COPD, chronic obstructive pulmonary disease.
2 Item added in the 2nd round.

adherence: frequent changes of device (95.9%), changes of the
inhaled therapy during hospital admission (72.6%), lack of coordi-
nation in the transition from hospital to primary care (83.6%), and
costs and funding limitations (76.7%). There was no consensus
about the influence of changes in inhaled therapy after hospital
discharge (agreement 52.1%; non-agreement 13.3%).

¢ Treatment-related factors - Panelists considered that several
aspects that improve adherence are: a single daily dose provided
by molecules with a longer duration of action (>24h) because
it simplifies the treatment, improves its outcomes (agreement:
97.3%) and results in an uninterrupted (or plateau) therapeutic
effect that reduces the non-protective effect window between
doses (89.0%). Panelist also considered that some aspects that
hinder adherence are: a higher frequency of administration (more
times per day) or a greater number of inhalations in each intake
(84.9%) and therapeutic regimens with multiple inhalers or com-
plex inhalers (more steps, voluminous, or maintenance/cleaning
required) (97.3%).

Evaluation of adherence: tools and feasibility

Results of the Delphi study section on adherence assessment
(Section 5) showed consensus on the utility of all the tools and
calculations presented for adherence assessment (Table 4): test of
adherence to inhalers (TAI) (agreement 74.0%), Morisky-Green test
(76.7%), Batalla test (78.1%), Haynes—Sackett test (75.3%), electronic
records of withdrawal in pharmacies (81.7%), and Proportion of
Days Covered (PDC =% doses taken vs. prescribed) (76.7%).

Nevertheless, when asked about their feasibility in real clinical
practice there was only agreement on: electronic records of with-
drawal in pharmacies (agreement 81.7% and 78.9%, respectively),
digital tools and smart inhalers (84.9% and 72.5%, respectively),
availability of an indicator in the IT system which automatically
shows the PDC (% doses taken at pharmacy vs. prescribed) (76.7%
and 89.4%, respectively) (Table 4).

Time for action: prioritization of interventions to improve
adherence and outcomes

Results of the Delphi study about interventions to improve
adherence and therapeutic management (Section 6) and its pri-
oritization based on ease of implementation and patient impact
(Section 7) showed that panelists considered, among other aspects
(Table 5), the following:

e With regard to the optimization of treatment, participants
responded that inhalers that allow treatment changes (esca-
lation and de-escalation) without changing the device and

without the need for actuation-inhalation coordination (agree-
ment 100%), and simple, portable and maintenance-free devices
(98.6%) would contribute to the optimization of treatment. Also,
simplification of treatment (98.6%), reduction of daily inhala-
tions as well as the number of inhalations per intake (98.6%),
and innovation with long-acting molecules with less frequent
administration (97.3%) would favor the optimization of treat-
ment. Panelists also considered limiting the use of devices that
require coordination between actuation and inhalation, or the
use of a spacer chamber, only to patient profiles for whom such
use is clinically necessary (PIFR < 30 L/min) would be beneficial to
improve adherence to inhaled therapy in COPD (89.0%).
Panelists considered that patient empowerment by therapeutic
training programs (including treatment goals, inhalation tech-
nique, regimens) (agreement 97.3%), patient involvement (device
preferences and frequency of administration) (98.6%), and inte-
gration into the daily routine (associating the intake of medicines
with established daily activities) (97.3%) would improve adher-
ence.

e There was a high level of consensus that integrated support and
active monitoring promote adherence: digital tools (incorpora-
tion of reminders, adherence tracking apps and smart inhalers
[agreement 89.0%]), treatment of comorbidities (diagnosis and
treatment of depression, addictions and others [98.6%]), social
and family support (patient associations/social support services
[95.9%]), follow-up and monitoring (increased by HCPs, with tools
to assess adherence and review inhaler technique [97.3%]), and
multidisciplinary collaboration (nursing and community phar-
macy [100%]).

Fig. 1a shows the 10 prioritized actions that are easier to imple-
ment and with a greater impact on adherence, resulting in a
decalogue for inhalation therapy optimization useful in clinical
practice (Fig. 1b). The most voted actions are based on unifying
and simplifying inhaled treatment and empowering the patient.

Discussion

This study found unanimous consensus (100%) on the nega-
tive consequences of non-adherence and its impact on treatment
outcomes. This aligns with real-world studies showing that
non-adherence leads to poor COPD control, increased disease
progression, exacerbations, hospitalizations, mortality, and socio-
economic consequences like reduced productivity, absenteeism,
work incapacity, and higher healthcare costs.!>~1”

Unlike previous Spanish Delphi studies - mainly focused on
device selection or technical aspects of inhalation therapy - this
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Table 4
Results of the two rounds of the Delphi process for the statements in Section 5 - Adherence assessment.

Statements/Items % of agreement Consensus p-Value

Adherence assessment 1st round 2nd round

The information provided by the TAI is useful in real clinical practice for 74.0 - Yes -
patient monitoring and assessing adherence to inhaled therapy

The information provided by the Morisky—Green test is useful in real clinical 76.7 - Yes -
practice for patient monitoring and assessing adherence to inhaled therapy

The information provided by the disease knowledge test (Batalla Test) is useful 78.1 - Yes -
in real clinical practice for patient monitoring and assessing adherence to
inhaled therapy

The information provided by the self-reported adherence test 75.3 - Yes -
(Haynes-Sackett) is useful in real clinical practice for patient monitoring and
assessing adherence to inhaled therapy

The information provided by the electronic record of drug withdrawal in 81.7 - Yes -
pharmacies is useful in real clinical practice for patient monitoring and in
assessing adherence to inhaled therapy

The information provided by the calculation of Proportion of Covered Days 76.7 - Yes -
(PDC=% doses taken vs prescribed) is useful in real clinical practice for
patient monitoring and assessing adherence to treatment

The information provided by digital tools and smart inhalers is useful in real 84.9 - Yes -
clinical practice for patient monitoring and assessing adherence to treatment

The use of TAl is feasible/realistic in my real clinical practice, taking into 58.9 (non- 52.9 (non- No 0.862
account the resources required to implement it (time, personnel) and the agreement: agreement:
characteristics of the tool (length, simplicity) 11.0%) 14.0%

The use of the Morisky-Green test is feasible/realistic in my real clinical 61.6 (non- 51.7 (non- No 0.284
practice, taking into account the resources required to implement it (time, agreement: agreement:
personnel) and the characteristics of the tool (length, simplicity) 9.6%) 23.3%)

The use of the disease knowledge test (Batalla Test) is feasible/realistic in my 67.1 (non- 52.6 (non- No 0.047
real clinical practice, taking into account the resources required to agreement: agreement:
implement it (time, personnel) and the characteristics of the tool (length, 6.8%) 24.6%)
simplicity)

The use of the self-reported adherence test (Haynes-Sackett) is 68.5 (non- 50.0 (non- No 0.092
feasible/realistic in my real clinical practice, taking into account the agreement: agreement:
resources required to implement it (time, personnel) and the characteristics 9.6% 25.9%)
of the tool (length, simplicity)

The use of the electronic record of drug withdrawal in pharmacies is 78.9 - Yes -
feasible/realistic in my real clinical practice, taking into account the
resources required to implement it (time, personnel) and the characteristics
of the tool (length, simplicity)

The calculation of Proportion of Days Covered (PDC=% doses taken vs. 67.1 (non- 47.5 (non- No 0.166
prescribed) is feasible/realistic in my real clinical practice, taking into agreement: agreement:
account the resources required to implement it (time, personnel) and the 15.1%) 21.3%)
characteristics of the tool (length, simplicity)

The availability of an indicator in the computer system that automatically - 89.4 Yes -
shows the proportion of days covered (PDC=% doses withdrawn from
pharmacy vs. prescribed) would be useful to evaluate patient adherence?

The use of digital tools and smart inhalers is feasible/realistic in my real 72.5 - Yes -

clinical practice, taking into account the resources required to implement it
(time, personnel) and the characteristics of each tool (length, simplicity)

Abbreviations: COPD, chronic obstructive pulmonary disease; TAI test of adherence to inhalers.

2 Item added in the 2nd round.

study offers a multidimensional prioritization of interventions
considered by experts to have the greatest potential impact on
adherence. The resulting ten-point action plan consolidates these
insights into a practical and context-specific framework tailored to
the Spanish healthcare system.!! 18

There was a clear consensus that adherence is influenced by
multiple factors. Starting from treatment-related ones, panelists’
opinions are aligned with those of previous studies,*!°-22 demon-
strating that the single-daily inhaled treatments show significantly
better patient adherence and persistence, compared to multiple-
daily dose treatments.? For instance, a recent large US cohort
study found that once-daily inhalation of FF/JUMEC/VI SITT vs.
four daily inhalations of BUD/GLY/FOR SITT results in significantly
greater adherence and persistence at 6 and 12 months.>?> Over
one year, BUD/GLY/FOR users (1460 inhalations/year) received
almost one month less treatment than FF/UMEC/VI patients (365
inhalations/year). These compliance differences may be linked
to effectiveness, as seen in two large-cohort studies where
FF/UMEC/VI showed better outcomes for exacerbations and all-
cause mortality vs. BUD/GLY/FOR.2324 This is also shown in recent

predictive modeling studies, in which once-daily is linked to a
lower probability of exacerbations.>”> The availability of once-
daily long-acting bronchodilators from various manufacturers is
seen as a paradigm shift and has been linked to improved COPD
patient outcomes, including symptom control, dyspnea, exacerba-
tions, FEV1, hyperinflation, physical activity, and quality of life.26
The Delphi expert panel agreed that limiting the use of devices
requiring coordination between actuation and inhalation, or those
with a spacer chamber, to patients who clinically need them
(PIFR <30 L/min) could simplify treatment and improve adherence
in COPD. This is supported by the evidence that dry powder inhalers
(DPIs) present the lowest rates of critical errors, while metered-
dose inhalers (MDIs) with spacer chambers present the highest
rates.?’ This recommendation seem feasible, as previous research
and a recent hospitalized-patient real-world studies confirm that
over 90% of COPD patients achieve peak inspiratory flow rates
(PIFR) > 30 L/min.2”28 The findings of this Delphi are aligned with
those of other studies and international guidelines, which rein-
force the importance of combining molecules in a single inhaler
for improved.229-3>
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Results of the two rounds of the Delphi process for the statements in Sections 6 and 7 - Interventions to improve adherence and therapeutic management.

Statements/Items

% of agreement Consensus p-Value

Interventions to improve adherence and therapeutic management

1st round

2nd round

Increasing patients’ knowledge about their disease by means of a therapeutic training
program would be useful to improve adherence to inhaled therapy in COPD

Involving the patient in the treatment strategy, and taking into account their preferences
regarding devices and frequency of administration (daily doses) would be useful to
improve adherence to inhaled therapy in COPD

Unifying inhaled treatment whenever clinically possible in a single device would favor
adherence to inhaled therapy

Simplifying treatment whenever clinically possible (fewer daily doses and fewer
inhalations per dose) would be useful to improve adherence to inhaled therapy in COPD

Simplifying treatment whenever clinically possible (simple devices, with the fewest
possible steps, portable, without the need for maintenance or cleaning) would be useful
to improve adherence to inhaled therapy in COPD

Using inhalers that allow treatment changes (escalation or de-escalation) without
changing the device would promote adherence and reduce the number of critical errors

The widespread use of drugs with lower administration frequency (fewer doses per day)
that has been applied to other chronic treatments (e.g. hypertension) would also
promote adherence and treatment results in COPD

Promoting innovation in the pharmacology of inhaled treatments to develop molecules
that, due to their affinity with the receptor and their duration of action, allow the time
between doses to be spaced out and the frequency of administration to be reduced as
much as possible, would be useful to improve adherence to inhaled therapy in COPD

Limiting the use of devices that require coordination between pressing and inhaling or a
spacer chamber only to patient profiles in which such use is clinically necessary
(PIFR <30L/min) would be useful to improve adherence to inhaled therapy in COPD

Associating the intake of treatment with an already established daily routine would be

97.3

98.6

100

98.6

100

97.3

97.3

89.0

97.3

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

useful to improve adherence to inhaled therapy in COPD
Diagnosing and treating comorbidities that negatively affect adherence, such as

depression or addictions (smoking), would be useful to minimize their impact on

adherence to inhaled therapy in COPD

98.6 - Yes -

Promoting social/family support (e.g. by informing about patient associations, social work, 95.9 - Yes -

etc.) would be useful to improve adherence to inhaled therapy in COPD

Improving follow-up and more frequent monitoring of efficacy, tolerability and adherence 97.3 - Yes -
by healthcare professionals would be useful to improve adherence to inhaled therapy in

COPD

Implementing the use of tools to assess adherence in clinical practice would be useful to 86.3 - Yes -

improve adherence to inhaled therapy in COPD

Conducting behavioral interviews and periodically reviewing and retraining the patient in 95.9 - Yes -
inhalation technique would be useful to improve adherence to inhaled therapy in COPD

Improving collaboration between healthcare professionals and involving nursing and

100 - Yes -

community pharmacists in patient training and follow-up would be useful to improve

adherence to inhaled therapy in COPD

Incorporating digital tools where possible (reminders, adherence recording applications or 89.0 - Yes -

smart inhalers) would be useful to improve adherence to inhaled therapy in COPD

Abbreviations: COPD, chronic obstructive pulmonary disease.

Indeed, these nuances further support the need to consider
patient-related factors when addressing adherence. Consensus
was reached on the general association between lower dosing
frequency and improved adherence. A proportion of panelists
reported dissent, noting variability in clinical experience; conse-
quently, experts emphasized the need to individualize therapy by
considering patient preferences, perceived symptom control and
device convenience.

Regarding patient-related factors, the expert panel in this Del-
phi highlights the need to increase patient understanding of COPD,
improve inhaler use training, and involve the patient in decision-
making, which has been mentioned before by other authors.?836-38
Experts agreed that patients with more advanced or symptomatic
disease tend to adhere better to their treatments, although existing
evidence is not clear on this point.>°-*2 The same occurs with the
fact that low educational level or low income can reduce a patient’s
ability to manage and adhere to treatment.>*3

Among the factors originating in the healthcare system or
among the HCPs, inadequate monitoring of treatment adherence
and technique, along with lack of structured and interdisciplinary
follow-up visits were emphasized as significant contributors to
non-adherence.**4> Another important factor identified was that

temporary variations in treatment during hospitalization can con-
fuse patients and lead to poorer adherence.846-48

To our knowledge, this is the first multidisciplinary consensus
resulting in prioritized actions with the greatest impact and ease of
implementation, resulting in a practical decalogue for inhalation
therapy optimization in real practice. This Spanish multidisci-
plinary Delphi study underscores two fundamental lines of action:
simplifying and unifying the inhalation treatment and empowering
the patient.

In the OPTIMO study, no consensus was reached on some items.
There was no consensus on whether reduced lung function leads
to better adherence. Some believe advanced COPD patients might
adhere more, while others think disease burden and comorbidi-
ties complicate compliance. Reduced lung function does not always
correlate with increased disease burden, making this relation-
ship complex.?9-42 The relationship between age and adherence
is unclear. Younger patients might be less responsible, while older
patients may struggle due to cognitive decline, polypharmacy, or
physical limitations. Evidence does not show that age alone predicts
lower adherence. Clinicians may find factors like disease burden,
cognitive state, and overall health more significant.3940:4950 A
recent retrospective study including middle-aged to older COPD
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Unify inhaled therapy whenever clinically
possible in a single device.

Simplify treatment whenever clinically
possible (fewer inhalations per day and
fewer inhalations per intake)

disease by means of a therapeutic training

Increase the patient’'s knowledge of their
program

Involve the patient in the treatment
strategy and consider their preferences in
terms of device and frequency of
administration (daily doses)

possible (simple devices with as few steps
as possidle, portable and without the need

Simplify treatment whenever clinically
for maintenance o cleaning)

Use inhalers that allow treatment
changes (escalation or de-escalation)
without changing the device.

negatively affect adherence, such as

Diagnose and treat comorbidities that
depression or addictions (smoking)

Improve follow-up and have efficacy
tolerability and adherence more frequently
monitored by healthcare professionals

professionals, and involve nursing and
community pharmacy in patient training
and follow-up

Improve collaboration between healthcare I

Prioritise  chronic comorbidity treatments
10 with the lowest feasible dosing frequency 1o
minimise overall treatment burden

Fig. 1. Expert recommendations to improve adherence to inhalation therapy. (a) Top 10 multidisciplinary actions prioritized by the expert panel based on ease of imple-
mentation and expected impact on patient adherence and (b) Decalogue for inhalation therapy optimization, summarizing key recommendations from the expert panel, also

ranked by ease of implementation and impact on adherence.

patients suggests that older patients might have been more adher-
ent to their treatment if its regimen had been simpler.??

The main strengths of this study are: high consensus and a
practical focus, with prioritized actionable points for improving
adherence in real practice; being the first Spanish Delphi con-
sensus on COPD management, inclusion of many expert panelists
from multiple specialties, and the Delphi method ensuring hon-
est responses and reduced bias through anonymity and iterative
rounds for refined, informed answers.

The present study is subject to several limitations, some of which
are inherent to the Delphi methodology. Since these findings reflect
structured expert opinion and should be interpreted within the
inherent subjectivity of it. The decalogue does not replace evidence-
based guideline recommendations but complements them by
prioritizing actions considered most feasible and impactful in real-
world Spanish clinical practice. Notably, the absence of direct
interaction among panelists may have constrained opportunities
for in-depth discussion; however, this limitation was partially
addressed through the establishment of a scientific committee
tasked with interpreting the results. Additionally, potential biases
related to the questionnaire and sponsorship may have influenced
the responses, as the questionnaire, while grounded in compiled
scientific evidence, ultimately relies on the subjective opinions of
experts.

A further limitation of the study is the absence of respiratory
nurses within both the scientific committee and the expert panel.
Although the Delphi process included statements that explicitly
addressed the role of nursing in inhaler education, technique rein-
forcement, and adherence support, the perspectives of nursing
professionals—who are key actors in the day-to-day management
of COPD—were not directly represented. Similarly, the viewpoints

of patients and community pharmacists were not included. Con-
sidering the increasingly multidisciplinary nature of COPD care,
and the active participation of nurses and pharmacists in clini-
cal practice and scientific initiatives in Spain, future consensus
exercises should ensure the inclusion of these stakeholders. Their
contribution would likely enrich the interpretation of barriers and
facilitators to adherence, strengthen the external validity of the
proposed recommendations, and help refine the implementation
strategies derived from this consensus.

Moreover, the exclusion of perspectives from patients repre-
sents a notable gap. Finally, given that the panel was composed
of Spanish professionals only, the findings reflect national clin-
ical practice and organizational characteristics. This enhances
applicability within Spain but limits international generalizabil-
ity, especially considering variability in COPD care models across
countries.

Building on these findings, several future directions emerge.
First, implementing the proposed decalogue may support more
structured and patient-centered approaches to optimizing inhala-
tion therapy. Second, strengthening the involvement of community
pharmacists and nursing professionals in routine follow-up
appears essential, given their pivotal role in patient education,
inhaler technique support, and adherence monitoring. Third,
future Delphi or consensus initiatives should broaden stake-
holder representation to include respiratory nurses, patients,
and pharmacists, whose perspectives were not captured in this
study and would substantially enrich the interpretation and
applicability of the recommendations. Finally, identifying real-
world barriers and developing practical facilitators for the use of
adherence-monitoring tools remain key goals to support sustained
improvements in COPD management.
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Conclusion

This multidisciplinary panel of COPD experts agreed on 17
actions to support the optimization of adherence and treatment
outcomes. Through a structured consensus process, the panel
identified high-priority, feasible interventions, which were consol-
idated into a ten-point guidance framework for inhalation therapy
optimization. These expert-derived recommendations comple-
ment existing evidence-based guidelines by highlighting strategies
perceived as most impactful in real-world Spanish clinical practice,
including treatment simplification, the use of long-acting thera-
pies and user-friendly devices, and the empowerment of patients
through training and shared decision-making.
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draft the scientific content of this manuscript.
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