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Background: Chronic Obstructive Pulmonary Disease (COPD), the third leading cause of death globally, poses a significant public
health burden. Despite its high prevalence, underdiagnosis and poor treatment adherence remain major challenges, contributing to
increased hospitalization and mortality.

Purpose: This study aimed to assess adherence to inhalation therapy among COPD patients treated at a specialty hospital in Quito,
Ecuador.

Patients and Methods: A cross-sectional study was conducted on 85 patients diagnosed with COPD at a tertiary hospital in Quito.
Data was collected through face-to-face surveys, utilizing the TAI-10 questionnaire to assess treatment adherence, along with
demographic and clinical characteristics of the patients.

Results: Among the participants, 34.1% demonstrated good adherence to inhalation therapy, while 32.9% exhibited intermediate
adherence, and 32.9% were non-adherent. The majority were older adults aged >76 years (67.1%) with a high prevalence of
comorbidities (91.8%), particularly hypertension (58.8%). Non-adherence was primarily associated with forgetfulness and financial
constraints. Higher BMI was significantly linked to better adherence, with obese patients showing higher odds of intermediate
(OR=7.228, 95% CI 1.866-27.996) and good adherence (OR=9.966, 95% CI 2.538-39.139).

Conclusion: Approximately one-third of COPD patients in Ecuador demonstrate good adherence to inhalation therapy, while similar
proportions show intermediate or poor adherence. Predominantly older adults and retirees with comorbidities, the population identified
forgetfulness and financial constraints as key barriers. These findings emphasize the need for enhanced patient education, regular
follow-ups, and tailored support for vulnerable groups.

Keywords: chronic obstructive pulmonary disease, inhaler therapy, inhaled drugs, treatment adherence, low- and middle-income
countries

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is a progressive condition characterized by airway inflammation and
narrowing (chronic bronchitis) and alveolar destruction (emphysema), resulting in air trapping and pulmonary hyperin-
flation. In the small peripheral airways, key pathological changes include airway wall thickening, mucus plugging, and
collapse due to the loss of alveolar attachments. These changes contribute to expiratory flow limitation (EFL), a process
where small airways close or collapse during expiration, creating regional choke points within the bronchial tree. EFL
exacerbates gas trapping and pulmonary hyperinflation, significantly increasing the symptom burden—particularly
dyspnea—and impairing physical performance.'” Common symptoms include cough, dyspnea, and sputum production.
The development of COPD is influenced by genetic factors, such as alpha-1 antitrypsin deficiency, and environmental
exposures like tobacco smoke and pollution, which trigger the disease in susceptible individuals.®’
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According to the World Health Organization (WHO), COPD was the third leading cause of death worldwide in 2019,
accounting for 3.23 million deaths, with the highest impact observed in populations from countries with limited
economic resources.**” In the Americas, approximately 13.2 million people are estimated to live with COPD, primarily
associated with tobacco use.'® Specifically, Colombia has reported a COPD prevalence of 8.9% among individuals over
40 years of age.'' In Ecuador, while current prevalence rates are unknown, WHO estimates from 2019 indicate that
COPD was the eighth leading cause of death, with 14.8 deaths per 100,000 inhabitants, predominantly affecting
individuals over 60 years old.'™'? Despite the increasing global incidence of COPD and the importance of early
diagnosis, the disease often remains underdiagnosed. Additionally, many COPD patients suffer from various comorbid-
ities, complicating disease management and hindering treatment adherence.”'*'*

Adherence to prescribed medications is vital in managing chronic diseases, including COPD, as it significantly
influences disease progression, therapeutic success, and patient survival. WHO defines adherence as the extent to which
a patient’s behavior aligns with medical advice, such as taking medications, following diets, and making lifestyle
changes. However, adherence rates remain alarmingly low, with only about 50% of chronic disease patients adhering
to prescribed regimens.'>!7 Adherence to treatment, particularly inhaler therapy, is crucial for achieving optimal patient
outcomes. This adherence is based on three fundamental components: initiation, implementation, and persistence, which
collectively ensure the regular intake of prescribed medications and improve health outcomes.’'®

Poor treatment adherence in COPD patients has significant consequences, including increased hospitalizations due to
exacerbations and a subsequent rise in morbidity and mortality rates.'® Studies have shown that adherence rates are particularly
low among patients with chronic diseases, with only about 30% of COPD patients adhering to treatment under real-world
conditions.” In Latin America, the 2017 LASSYC study reported poor or low treatment adherence in 19.4% to 19.9% of
COPD patients across several countries.”' Factors contributing to inadequate adherence include polypharmacy, complex dosing
regimens, difficulties using inhalation devices correctly, lack of disease awareness, socioeconomic challenges, and patient age.’

In Ecuador, data regarding treatment adherence among COPD patients remains scarce. Therefore, the objective of this
research was to assess treatment adherence in COPD patients at a specialty hospital in Quito, Ecuador.

Materials and Methods

Study Design

This study was a cross-sectional analysis conducted on patients diagnosed with COPD at a tertiary specialty hospital in
Quito, Ecuador.

Setting and Population

Ecuador, the smallest country in the Andean Mountain region of South America, spans an area of over 283,000 km?. The
Ecuadorian National Health System is organized into three main sectors: social security, the private sector (self-financed
and for-profit institutions), and the public sector (which provides free and open-access medical care).*?

For this research, physical and in-person surveys were administered to patients diagnosed with COPD who were
treated at the medical clinic of Hospital N1 in Quito. This hospital, part of the National Health System and the
Comprehensive Public Health Network, is located in Quito, the capital of Ecuador, at an altitude of approximately
2,850 meters above sea level. The hospital primarily serves active and retired police officers, but also provides care to the
general population as part of the Comprehensive Public Health Network.>>*?

The analysis included responses from patients treated between May and July of 2024. Data were collected through
non-probabilistic convenience sampling, involving all consecutively treated patients who met the selection criteria during
the specified period.

Inclusion and Exclusion Criteria

Eligible participants were individuals diagnosed with COPD, aged 18 years or older, with no upper age limit, who had
been using inhalation therapies for at least one year and attended outpatient medical care between May 1, 2024, and
July 31, 2024. Exclusion criteria included patients under 18 years of age, those diagnosed with other respiratory or
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pulmonary diseases requiring inhalation therapy, and individuals with a diagnosis of COPD who were not using
inhalation therapies.

Survey Development and Measures
The study utilized an anonymous 25-item online questionnaire, originally developed in Spanish, which included the TAI
(Test of Adherence to Inhalers) questionnaire,”* to assess adherence to inhalation therapy among COPD patients at the
hospital in Quito.

The initial version of the questionnaire was reviewed by a pulmonology expert to ensure its relevance, accuracy, and
clarity. After revisions, the final questionnaire was finalized with 25 questions.

A full English version of the final survey instrument is provided in Supplementary File 1.

Variables
The questionnaire collected a range of variables to address the research objectives. Demographic variables included sex,
age, occupation, educational level, and history of comorbidities. Additionally, information on lung health was collected,
including tobacco use history (non-smoker, former smoker, current smoker), number of pack-years, exposure to biomass,
number of COPD exacerbations per year, number of hospitalizations for COPD in the past year, number of inhaled
medications, list of inhaled medications, mMRC grade, and GOLD category.

Adherence to inhalers was assessed using the TAI-10 questionnaire, which included 5 response options on a Likert

scale, ranging from “always” (1) to “never” (5). Adherence was categorized based on the total score:**

e Good adherence (50 points)
e Intermediate adherence (4649 points)
¢ Non-adherence (<45 points)

Data Collection and Management
The data were collected by two pulmonologist physicians who were part of the research team. Participants completed the
anonymous survey during consecutive visits to the physicians’ offices. The physicians conducted interviews with the
participants and recorded their responses using the survey instrument. The survey preamble outlined the objectives of the
study, assured confidentiality, and included informed consent as a mandatory requirement.

To ensure high data integrity, two team members independently reviewed all responses for errors or inconsistencies,
such as implausible age ranges or systematic errors, and excluded these questionnaires from the final sample. Initially, 86
responses were collected, and after filtering, 85 valid responses were included in the analysis.

Bias

To minimize bias, the questionnaire was designed to avoid collecting identifiable information, such as IP addresses.
During data analysis, two team members independently reviewed the results, and any discrepancies were resolved
collaboratively to ensure the inclusion of only valid responses. These measures enhanced the reliability and credibility of
our research findings.

Ethical Statement

This study adhered to the ethical standards outlined in the Declaration of Helsinki. It also complied with the ethical
protocols approved by the Ethics Committee of the University of the Americas (CEISH-UDLA) under code 2023-EXC
-004. Throughout the study, participant anonymity and voluntary participation were strictly maintained. No personally

identifiable or sensitive information was requested or included.
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Statistical Analysis
Descriptive statistics were primarily used to analyze responses for each categorical item in the questionnaire, including
frequencies, percentages, means, and standard deviations for numerical variables. The Chi-square test was employed to
identify relationships between categorical variables and treatment adherence.

A logistic regression model was used to estimate the association between participant characteristics and adherence to
inhalers, expressed as odds ratios (OR) with 95% confidence intervals (95% CI).

All tests were two-tailed, with statistical significance set at p < 0.05. Analyses were conducted using IBM SPSS
Statistics software for Windows, version 29.0 (IBM Company, Chicago, IL, USA).

Results

Sociodemographic Characteristics

Data were collected from a total of 85 patients with COPD, of whom the majority were men (64.7%, n=55) aged 76 years
or older (67.1%, n=57). Most participants were retired (82.4%, n=70) and had completed school as their highest
educational level (65.9%, n=56) (Table 1).

Table | Clinical and Demographic Characteristics of COPD

Patients
n %
Sex Male 55 | 64.7%
Female 30 | 35.3%
Age (years) <65 7 | 82%
66 to 75 21 | 24.7%
276 57 | 67.1%
Occupation Unemployed 10 | 11.8%
Employee 5 5.9%
Retiree 70 | 82.4%
Education level School completed 56 | 65.9%
High school completed | 23 | 27.1%
University degree 4 4.7%
Master’s/PhD degree 2 2.4%
BMI Normal Weight 26 | 30.6%
Overweight 30 | 35.3%
Obesity 29 | 34.1%
Comorbidities None 7 8.2%
| 26 | 30.6%
2 29 | 34.1%
>3 23 | 27.1%
Arterial hypertension No 35 | 41.2%
Yes 50 | 58.8%
Type 2 diabetes mellitus | No 69 | 81.2%
Yes 16 | 18.8%
Hypothyroidism No 67 | 78.8%
Yes 18 | 21.2%
Dyslipidemia No 81 | 95.3%
Yes 4 | 47%
Other No 64 | 75.3%
Yes 21 | 24.7%
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Clinical Characteristics
Regarding clinical characteristics, 35.3% (n=30) of patients were overweight, and 34.1% (n=29) were classified as obese.
Additionally, 34.1% (n=29) reported having two comorbidities, with arterial hypertension being the most common
(58.8%, n=50), followed by hypothyroidism (21.2%, n=18). Only 8.2% (n=7) reported no comorbidities (Table 1).

A significant proportion of patients were ex-smokers (52.9%, n=45), with 5.9% (n=5) being current smokers. Among
the smokers, 27.1% (n=23) reported consuming fewer than 10 packs of cigarettes per year. Furthermore, 63.5% (n=54)
indicated exposure to biomass for 10 years or more (Table 1).

COPD Characteristics

In terms of COPD characteristics, the majority of patients were classified under category A of the GOLD classification
(52.9%, n=45), followed by category B (28.2%, n=24). Additionally, 72.9% (n=62) had an mMRC classification of less
than 2. Most participants exhibited positive disease control, with 71.8% (n=61) reporting no COPD exacerbations in the
past year and 81.2% (n=69) having no hospitalizations for COPD during the same period. Regarding treatment, 61.2%
(n=52) of patients were using only one inhaled medication, while 38.8% (n=33) were using two or more, with tiotropium
being the most commonly used (67.1%, n=57) and salmeterol the least commonly used (9.4%, n=8) (Table 2).

Table 2 Clinical Features of COPD and the Treatment of COPD

Patients
n %
History of smoking No history 35 | 41.2%
Former smoker | 45 | 52.9%
Current smoker | 5 5.9%
Number of cigarette packs per year N/A 36 | 42.4%
<10 23 | 27.1%
10 to 20 15| 17.6%
> 20 I 12.9%
Biomass exposure for more than 10 years | No 31 | 36.5%
Yes 54 | 63.5%
COPD exacerbations in the last year 0 61 | 71.8%
| 16 | 18.8%
2 | 1.2%
>3 7 | 82%
COPD Hospitalizations in the last year 0 69 | 81.2%
| 15| 17.6%
3 | 1.2%
Number of inhaled drugs | 52 | 61.2%
22 33 | 38.8%
Tiotropium No 28 | 32.9%
Yes 57 | 67.1%
Fluticasone No 70 | 82.4%
Yes 15| 17.6%
Salmeterol No 77 | 90.6%
Yes 8 9.4%
Ipratropium bromide No 72 | 84.7%
Yes 13 | 15.3%
Indacaterol No 69 | 81.2%
Yes 16 | 18.8%
mMRC <2 62 | 72.9%
22 23 | 27.1%
GOLD category A 45 | 52.9%
B 26 | 30.6%
E 14 | 16.5%
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Adherence to Inhalation Therapy
Adherence to inhaled therapy, assessed using the TAI-10 questionnaire, revealed that most responses across all domains (ten
questions) leaned towards the “never” option, reflecting a general trend of positive adherence to inhalers within our sample.
However, domain-specific analysis highlighted notable variations. In the “erratic” non-adherence domain, 17.6% (n=15) of
patients reported “sometimes” forgetting to use their inhalers. Similarly, within the “deliberate” non-adherence domain, 18.8%
(n=16) of patients indicated “sometimes” discontinuing their inhaler use due to financial constraints. Figure 1 provides
a detailed summary of the distribution of responses (n=85) for each of the 10 questions in the TAI questionnaire.
Furthermore, an analysis of overall adherence patterns demonstrated a nearly even distribution among participants:
34.1% (n=29) exhibited good adherence, 32.9% (n=28) showed intermediate adherence, and the remaining 32.9% (n=28)
reported non-adherence to inhalation therapy.
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Factors Associated With Inhaled Therapy Adherence

The regression model evaluating the influence of patient characteristics on adherence revealed that higher BMI was
significantly associated with better adherence. Specifically, obese patients were more likely to demonstrate intermediate
adherence (OR=7.228, 95% CI 1.866-27.996), while overweight (OR=3.832, 95% CI 1.092—13.449) and obese patients
(OR=9.966, 95% CI 2.538-39.139) exhibited higher odds of good adherence. Additionally, a trend was observed indicating
that patients aged 65 years or younger were more likely to report good adherence (54.7%, p>0.05), as were those who were
still employed (60.0%, p>0.05). However, these latter trends did not reach statistical significance (Table 3).

Among COPD-related characteristics, only patients with an mMRC score of >2 were less likely to have good
adherence compared to those with intermediate adherence (OR = 0.247, 95% CI: 0.067-0.907). Although not statistically
significant, patients with a history of more than 20 pack-years of smoking were predominantly in the good adherence
group (63.6%, p > 0.05), as were salmeterol users (62.5%, p > 0.05). Conversely, 100% of patients with two COPD
exacerbations in the past year and 60% of current smokers were non-adherent (p > 0.05) (Table 4).

Table 3 Association Between demographicT and Clinical Characteristics With Adherence to Inhaled Therapy in COPD Patients

Adherence to Inhaled Therapies
No Intermediate N.A. vs Intermediate Good N.A. vs Good Adherence
Adherence Adherence Adherence
n % n % OR (95% IC) n % OR (95% IC)

Sex Female Ref. 9 30.0 11 36.7 10 333

Male 19 | 345 17 309 0.732 (0.244-2.193) 19 345 1.229 (0.418-3.612)
Age (years) < 65 Ref. 2 28.6 | 14.3 4 57.1

66 to 75 6 28.6 10 47.6 3.333 (0.246-45.111) 5 23.8 0.125 (0.010-1.434)

276 20 | 35.1 17 29.8 1.700 (0.141-20.423) 20 35.1 0.294 (0.029-2.889)
Ocupacion Unemployed Ref. 3 30.0 3 30.0 4 40.0

Employee 2 40.0 0 0.0 0.200 (0.006-5.866) 3 60.0 5.444 (0.205-144.110)

Retiree 23 329 25 357 1.087 (0.199-5.935) 22 314 0.660 (0.132-3.278)
Education level School completed Ref- 18 32.1 21 375 17 30.4

High school completed | 8 348 5 21.7 0.535 (0.148-1.931) 10 435 2.470 (0.708-8.619)

University degree 0 0.0 2 50.0 4.302 (0.193-95.443) 2 50.0 1.235 (0.157-9.708)

Master’s/PhD degree 2 1000 | O 0.0 0.172 (0.007-3.817) 0 0.0 1.228 (0.023-65.125)
BMI Normal Weight 23 50.0 7 26.9 6 23.1

Overweight 10 | 333 10 333 3.285 (0.971-11.109) 10 333 3.832 (1.092-13.449)

Obesity 5 17.2 il 379 7.228 (1.866-27.996) 13 44.8 9.966 (2.538-39.139)
Comorbidities None Ref. 4 57.1 | 14.3 2 28.6

| 9 346 il 423 4.888 (0.460-51.871) 6 23.1 0.272 (0.020-3.666)

2 8 27.6 9 31.0 4.500 (0.412—49.079) 12 41.4 0.666 (0.052-8.549)

23 7 304 7 304 4.000 (0.352—45.386) 9 39.1 0.642 (0.047-8.618)
Arterial hypertension No Ref. 16 45.7 10 28.6 9 25.7

Yes 12 | 240 18 36.0 2.400 (0.818-7.039) 20 40.0 1.234 (0.409-3.719)
Type 2 diabetes mellitus | No Ref. 21 304 24 348 24 348

Yes 7 438 4 25.0 0.500 (0.128-1.950) 5 31.3 1.250 (0.298-5.230)
Hypothyroidism No Ref. 26 388 20 29.9 21 313

Yes 2 1.1 8 44.4 5.200 (0.993-27.226) 8 44.4 0.952 (0.299-3.024)
Dyslipidemia No Ref. 27 | 333 26 32.1 28 34.6

Yes [ 25.0 2 50.0 2.076 (0.177-24.314) | 25.0 0.464 (0.039-5.429)
Other No Ref. 20 | 313 22 344 22 344

Yes 8 38.1 6 28.6 0.681 (0.201-2.308) 7 333 1.166 (0.337-4.032)

Notes: Bold values show statistically significant associations (p<0.05).
Abbreviations: NA, No Adherence; IA, Intermediate Adherence; GA, Good Adherence; COPD, chronic obstructive pulmonary disease.
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Table 4 Association Between Clinical Features of COPD and Adherence to Inhaled Therapy in COPD Patients

Adherence to inhaled therapies
No Intermediate N.A.vs . A. Good N.A.vs G. A.
Adherence Adherence Adherence
n % n % OR (95% IC) n % OR (95% IC)
History of smoking No history Ref. 12 | 343 13 37.1 10 28.6
Former smoker | 13 | 289 14 311 0.994 (0.334-2.953) 18 40.0 1.671 (0.567-4.924)
Current 3 60.0 | 20.0 0.307 (0.028-3.376) | 20.0 1.300 (0.072-23.434)
smoker
Biomass exposure for more than [0years | No Ref. 9 29.0 10 323 12 387
Yes 19 | 352 18 333 0.852 (0.281-2.580) 17 315 0.787 (0.270-2.293)
Number of cigarette packs per year < 10 Ref. 7 304 9 39.1 7 304
10 to 20 6 40.0 4 26.7 0.518 (0.104-2.581) 5 333 1.607 (0.310-8.322)
> 20 2 182 2 18.2 0.777 (0.086—6.983) 7 63.6 4.500 (0.703-28.795)
COPD exacerbations in the last year 0 Ref. 19 | 311 20 328 22 36.1
| 7 43.8 4 25.0 0.542 (0.136-2.157) 5 31.3 1.136 (0.267-4.832)
2 | 1000 | O 0.0 00.317 (0.012-8 0 0.0 0911 (0.017-48.054)
0.261)
=3 | 14.3 4 57.1 3.800 (0.388-37.134) 2 28.6 0.454 (0.075-2.755)
COPD Hospitalizations in the last year | 0 Ref. 24 | 348 21 304 24 348
| 4 26.7 6 40.0 1.714 (0.425-6.911) 5 333 0.739 (0.194-2.739)
3 0 0.0 | 100.0 3.418 (0.132-88.401) 0 0.0 0.292 (0.011-7.564)
Number of inhaled drugs | Ref. 17 | 327 16 30.8 19 36.5
22 I 333 12 364 1.159 (0.399-3.364) 10 303 0.701 (0.240-2.047)
Tiotropium No Ref. 9 32.1 9 32.1 10 357
Yes 19 | 333 19 333 1.000 (0.325-3.069) 19 333 0.900 (0.298-2.710)
Fluticasone No Ref. 26 | 37.1 22 314 22 314
Yes 2 133 6 40.0 3.545 (0.648-19 0.370) | 7 46.7 1.166 (0.337—4.032)
Salmeterol No Ref. 25 325 28 36.4 24 31.2
Yes 3 375 0 0.0 0.127 (0.006-2 0.595) 5 625 12.795 (0.673-243
0.268)
Ipratropium bromide No Ref. 21 29.2 26 36.1 25 347
Yes 7 53.8 2 15.4 0.230 (0.043-1.230) 4 30.8 2.080 (0.349-12.383)
Indacaterol No Ref. 21 304 21 30.4 27 39.1
Yes 7 438 7 438 1.000 (0.298-3.352) 2 12.5 0.222 (0.041-1.182)
mMRC < 2 Ref. 20 | 323 17 274 25 40.3
22 8 348 I 47.8 1.617 (0.529-4.942) 4 17.4 0.247 (0.067-0.907)
GOLD category A Ref. I5 | 333 13 28.9 17 378
B 12 | 462 9 34.6 0.673 (0.204-2.216) 5 19.2 0.546 (0.140-2.119)
E | 7.1 6 429 6.923 (0.734-65 0.261) | 7 50.0 0.892 (0.241-3.299)

Notes: Bold values show statistically significant associations (p<0.05).
Abbreviations: NA, No Adherence; IA, Intermediate Adherence; GA, Good Adherence; COPD, chronic obstructive pulmonary disease.

Discussion
This research aimed to evaluate adherence to inhalation therapy among patients diagnosed with COPD treated in
a specialty hospital in Quito, Ecuador. To the best of our knowledge, this is the first study of its kind conducted in
Ecuador, providing essential insights into COPD adherence treatment in the country. The sample primarily consisted of
men, over 75 years old, a demographic characterized by extensive health problems likely linked to advanced age. Nearly
all patients (91.8%) had at least one comorbidity, with hypertension being the most prevalent. Additionally, only about
one-third of the patients were of normal weight, consistent with findings from other studies on adherence in COPD
patients.?>¢

The status of COPD patients in this study suggested effective disease management, evidenced by the high percentage
of patients without exacerbations or hospitalizations due to COPD in the past year, and with an mMRC score of less than

2 in 72.9% of cases. It was found that 34.1% of COPD patients had good adherence to inhaled medications, while 32.9%
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had intermediate adherence and 32.9% were non-adherent. The adherence rates observed in this study align with the
variability reported in the literature, which ranges from 10% to 40% in COPD populations from countries like Austria,
Ireland, Spain and Greece.>> *° In contrast, higher adherence rates have been reported in Brazil (67.3%),’” and Montes de
Oca et al identified an adherence rate of 54.1% in patients from seven Latin American countries (Argentina, Chile,
Colombia, Costa Rica, Guatemala, Mexico, and Uruguay).?' The non-adherence rates in our study are comparable to
those reported in other research, ranging from 31.3% to 74.1% in COPD patients.”*>' % While the non-adherent group
comprised about one-third of the sample, the primary reasons for non-adherence were forgetting to take medication and
lack of resources, highlighting the vulnerability of this group in Ecuador.

We observed that an increased BMI was associated with better adherence to inhaled therapy. This could be attributed
to several mechanisms. Individuals with a high BMI often have comorbidities, particularly cardiovascular conditions,
which lead to more frequent medical interactions. These interactions may reinforce the importance of inhaled therapy
adherence.’>® Additionally, obesity can exacerbate respiratory symptoms, such as dyspnea, making these patients more
likely to experience symptomatic relief from inhaled therapies. This relief likely encourages consistent use and better
adherence.’’"®

Interestingly, although not statistically significant, we found a predominance of good adherence among patients aged
65 years or younger and those who were employed. This observation may reflect heightened health concerns among
younger or working individuals regarding the potential deterioration of their health with age. Furthermore, patients with
a history of smoking more than 20 pack-years demonstrated higher adherence to inhaled therapy. This could be due to the
presence of more progressive disease and severe symptoms, which derive greater benefits from inhaled therapies.>

Tobacco smoke also impacts the efficacy of bronchodilator therapy. Chronic exposure induces airway inflammation
and structural remodeling, particularly narrowing of the small airways, which increases resistance and limits smooth
muscle relaxation. Tobacco smoke perpetuates inflammation through altered nicotine metabolism, weakens pulmonary
immune defenses, and disrupts bacterial flora, increasing the risk of exacerbations. These changes worsen airflow
limitation, lung hyperinflation, and respiratory mechanics, potentially reducing the effectiveness of bronchodilator
inhalers.***!

Previous studies, despite variability in methodologies, have associated poor adherence with factors such as age, lower
educational attainment, income levels, comorbidities, smoking status, device complexity, and milder disease
severity.”>*** Poor adherence to inhaled medications has been linked to increased risks of exacerbations, hospital
admissions, and mortality.*® Conversely, good adherence has been associated with fewer severe COPD exacerbations and
a reduced risk of death.***

Among our participants, adherence levels were relatively consistent among retirees, with similar proportions of non-
adherence, intermediate adherence, and good adherence. One of the primary barriers to adherence was financial
limitations, as access to inhaled medications often depends on the patient’s ability to afford them. In Ecuador, the
high cost of these medications significantly restricts access.*’ Notably, the high proportion of retirees (82.4%) in our
sample highlights the vulnerability of this group to COPD. This is a critical finding, as previous research has demon-
strated that economic inactivity can negatively impact adherence, particularly due to financial constraints that hinder
access to essential medications.*®*

The non-adherence and intermediate adherence rates identified in our study are concerned, given their clinical and
economic implications. Poor adherence not only leads to negative health outcomes but also imposes significant burdens
on the healthcare system, primarily due to complications arising from inadequate disease management.”*>*

Although no significant associations were found between the use of more than one inhaled medication, we emphasize
the importance of promoting patient education and involvement in the inhaler selection process, as these have been
shown to improve adherence.'? It is important to consider that specific cases, such as patients using multiple medications,
may underestimate the importance of inhaled therapies, thereby jeopardizing adherence and treatment effectiveness.>
This was evident in our study, which found high percentages of comorbidities requiring pharmacological management,
particularly hypertension, type 2 diabetes mellitus, and hypothyroidism.

Strategies aimed at increasing adherence in COPD patients should encompass various measures, including regular
follow-ups involving multidisciplinary healthcare teams However, the implementation of such strategies is challenging in
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developing countries like Ecuador, where access to healthcare services and trained personnel is limited. Moreover, there
is a need for improved training of healthcare providers in teaching patients the correct use of inhaled therapies.>* In
addition to these factors, clinical characteristics such as age, cognitive capacity, and the patient’s spirometric profile must
also be considered when developing adherence-enhancing interventions.>

Limitations

This study has several limitations that should be considered when interpreting the findings. First, the cross-sectional
design limits the ability to establish causal relationships between patient characteristics and adherence to inhalation
therapy. Second, the use of convenience sampling and the specific characteristics of the study sample may restrict the
generalizability of the results to the wider population of COPD patients in Ecuador. Third, the reliance on self-reported
data, including the TAI questionnaire, introduces the potential for recall and reporting biases, which could lead to an
overestimation of adherence rates. Lastly, as the study was conducted in a single hospital, the findings may not fully
reflect the variability in healthcare settings or COPD management practices across other regions of the country.

Conclusions

This study reveals that approximately one-third of COPD patients in Ecuador demonstrate good adherence to inhalation
therapy, while a similar proportion exhibit intermediate or poor adherence. The study population, primarily composed of
older adults and retirees with multiple comorbidities, represents a particularly vulnerable group. High rates of non-
adherence, influenced by factors such as forgetfulness and financial constraints, underscore the urgent need for targeted
interventions and resources to support these patients.

Improving adherence among COPD patients poses significant challenges, particularly in developing countries like
Ecuador, where healthcare access and availability of trained personnel are often limited. Addressing these challenges will
require a comprehensive approach that includes patient education, regular follow-ups, and the integration of multi-
disciplinary healthcare teams to enhance disease management and adherence to therapy.

Consent for Publication
Acceptance of voluntary participation was obtained from each of the patients. The informed consent form was completed
before beginning the data collection process.

Disclosure
The author(s) report no conflicts of interest in this work.
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