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Purpose: Effective management of chronic obstructive pulmonary disease (COPD) depends on sustained adherence to inhaled 
therapies, yet real-world factors associated with inhaler adherence and disease awareness are not fully characterized. This study aimed 
to evaluate inhaler medication adherence among patients with COPD and to explore its associations with sociodemographic, clinical, 
and contextual factors, including self-reported disease awareness.
Patients and Methods: This single-center, cross-sectional descriptive study was conducted between July and October 2025 in the 
Chest Diseases Outpatient Clinic of a tertiary hospital. Patients aged ≥18 years with a confirmed diagnosis of COPD based on GOLD 
2025 criteria were included. Sociodemographic and clinical data were collected using structured, interviewer-administered question
naires. Inhaler adherence was assessed using a structured questionnaire adapted from the Test of Adherence to Inhalers (TAI). 
Symptom burden and dyspnea were evaluated using the COPD Assessment Test (CAT) and the modified Medical Research Council 
(mMRC) dyspnea scale, respectively. Statistical analyses were performed using IBM SPSS Statistics version 23.0, with a two-sided 
p value < 0.05 considered statistically significant.
Results: A total of 170 patients were included in the analysis (GOLD group A: 31.2%, group B: 44.1%, and group E: 24.7%). Marital 
status (p = 0.003), family history of COPD (p<0.001), and home use of nebulizers or oxygen concentrators (p<0.001) were 
significantly associated with higher inhaler adherence, whereas age, educational level, income status, and smoking status were not. 
TAI adherence scores did not differ significantly across GOLD groups (p>0.05), whereas exacerbation frequency and hospitalization 
rates increased significantly with disease severity (p<0.001).
Conclusion: In this single-center cross-sectional study, inhaler adherence in patients with COPD was found to be associated with 
contextual and social factors, such as marital status, family history of COPD, and home use of respiratory support devices, rather than 
with demographic characteristics or disease severity. These findings highlight the importance of routinely assessing inhaler use and 
adherence in clinical practice and suggest that contextual factors may play a role in adherence behaviors, in line with current GOLD 
recommendations.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a preventable and treatable condition characterized by persistent 
respiratory symptoms and airflow limitation resulting from airway and/or alveolar abnormalities, typically caused by 
prolonged exposure to harmful particles or gases.1 According to the World Health Organization, COPD remains one of 
the leading causes of morbidity and mortality worldwide, accounting for more than three million deaths annually. Despite 
advances in diagnostic methods and pharmacotherapy, insufficient patient awareness and poor adherence to prescribed 
inhaler regimens continue to significantly compromise disease control, resulting in more frequent exacerbations and 
hospital admissions.2
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Pharmacologic therapy with inhaled bronchodilators and corticosteroids remains the cornerstone of COPD manage
ment, and its effectiveness depends largely on correct inhaler use and long-term adherence.3,4 Recent evidence suggests 
that poor adherence is strongly associated with greater disease severity, more frequent exacerbations, and higher 
healthcare utilization.5 Consequently, ensuring proper inhaler technique and regular adherence monitoring has become 
an essential part of comprehensive COPD management.

Behavioral and psychosocial determinants (including disease perception, health literacy, and patient–provider com
munication) play a crucial role in maintaining treatment continuity.6 Patients’ perceptions of COPD as a chronic 
condition may influence how they engage with long-term inhaler therapy; however, in observational studies, such 
perceptions are typically assessed indirectly and should be interpreted with caution. Furthermore, the type and number 
of inhalers affect adherence; simplified single-inhaler triple therapy regimens have been associated with improved 
adherence and persistence compared with multiple-inhaler combinations.3,4

The 2025 Global Initiative for Chronic Obstructive Lung Disease (GOLD) report underscores the importance of 
routinely assessing inhaler technique and providing patient education at every follow-up visit. It also recommends 
verifying both adherence and technique before intensifying pharmacologic therapy, emphasizing that treatment failure 
often stems from behavioral rather than pharmacologic causes.1

Most available studies have focused on hospital-based cohorts or clinical trial settings, which may not accurately 
reflect the challenges encountered in everyday clinical practice, particularly within single-center outpatient settings. 
Furthermore, differences in socioeconomic status, family support, and cultural attitudes toward chronic illness may 
influence treatment behaviors in diverse ways across regions.5,7

In this context, the present study aims to evaluate inhaler medication adherence among patients with COPD in 
a tertiary care outpatient setting. It also explores the associations between inhaler adherence and selected sociodemo
graphic, clinical, and contextual factors, including patients’ self-reported understanding of their disease, as well as 
disease severity, exacerbation history, and inhaler type. By integrating patient-reported outcomes with clinical data, this 
study seeks to strengthen the evidence supporting continuous patient education, individualized inhaler selection, and 
simplified treatment strategies to optimize long-term COPD management.

Materials and Methods
Study Design and Setting
This cross-sectional, descriptive study was conducted in the Chest Diseases Outpatient Clinic of a tertiary care hospital 
between July 1 and October 31, 2025. Patients were classified according to GOLD A, B, and E groups. Patient 
classification was performed according to the GOLD 2025 framework, which was the guideline in effect at the time 
of study design and data collection. The primary objective was to assess inhaler medication adherence and disease 
awareness among patients diagnosed with COPD. Secondary outcomes included symptom burden assessed by the COPD 
Assessment Test (CAT), dyspnea severity evaluated using the modified Medical Research Council (mMRC) scale, and 
the frequency of exacerbations and hospitalizations. Inhaler adherence was considered the primary outcome of the study, 
whereas variables related to patients’ knowledge and awareness of COPD were explored descriptively as contextual 
factors rather than as independent outcomes.

The study protocol was reviewed and approved by the Institutional Ethics Committee (Approval No: BAEK-337; 
Decision Date: May 28, 2025; Protocol No: 2025/07). All participants were provided with detailed information regarding 
the study procedures and objectives, and written informed consent was obtained prior to enrollment, in accordance with 
the ethical principles of the Declaration of Helsinki.

Study Population
The study population included adult patients (≥18 years) who had been diagnosed with COPD by a specialist physician 
according to the GOLD 2025 criteria and who attended the Chest Diseases Outpatient Clinic during the study period. 
Inclusion criteria were as follows: age 18 years or older, a confirmed diagnosis of COPD by a specialist, adequate motor 
function in at least one upper extremity sufficient for inhaler use, voluntary participation with written informed consent, 
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and cognitive ability to understand and appropriately respond to the questionnaire. Exclusion criteria were pregnancy, 
absence or uncertainty of COPD diagnosis, incorrect or invalid COPD diagnosis, upper extremity paralysis preventing 
inhaler use, presence of an acute infectious pathology (except mild upper or lower respiratory tract infections), and 
cognitive or psychiatric impairment that interfered with comprehension of the questionnaire.

Grouping According to GOLD 2025
Patients were classified into three groups based on the GOLD 2025 criteria, which integrate symptom severity and 
exacerbation risk:

Group A: Low symptoms (CAT<10 or mMRC 0–1) and low exacerbation risk (0–1 exacerbation in the past year 
without hospitalization).
Group B: High symptoms (CAT≥10 or mMRC≥2) but low exacerbation risk (0–1 exacerbation without 
hospitalization).
Group E: High exacerbation risk (≥2 exacerbations or ≥1 hospitalization in the past year), regardless of symptom 
burden.

Accordingly, patients were analyzed in three groups.

Data Collection
Sociodemographic data (including age, sex, marital status, education level, income, smoking history, heating method, 
biomass exposure, and comorbidities) were collected using a structured questionnaire. Clinical information included 
COPD duration, GOLD stage, number and timing of exacerbations, and the use of home oxygen concentrators or 
nebulized medications.

Inhaler adherence was evaluated using a structured questionnaire adapted from the Test of Adherence to Inhalers 
(TAI). The questionnaire consisted of 12 items assessing regular use of inhaler medication, correct dosing, knowledge of 
inhaler technique, forgetfulness, difficulties during use or transport, motivation, side effects, prior training on inhaler use, 
and adherence to physician recommendations. Each item was scored as 1 point for “yes (always/regularly)”, 0.5 points 
for “sometimes”, and 0 points for “no (never)”. The total adherence score ranged from 0 to 12, with higher scores 
indicating better inhaler adherence. Based on the total score, patients were categorized as having high adherence (10–12 
points), moderate adherence (7–9 points), or low adherence (0–6 points). All questionnaires and clinical scales were 
administered through face-to-face interviews conducted by trained healthcare personnel under the supervision of 
a pulmonologist.

The COPD Assessment Test (CAT) and the Modified Medical Research Council (mMRC) scale were also employed 
to assess symptom burden and dyspnea severity, respectively. Disease awareness was not assessed as a primary or 
validated outcome. Instead, patients’ self-reported understanding of their diagnosis and treatment was descriptively 
recorded during routine outpatient interviews, without the use of a standardized or validated disease-awareness scale. 
Although the original TAI is a validated instrument, the adapted scoring approach used in this study has not been 
formally validated and was therefore applied for exploratory and descriptive purposes.

Statistical Analysis
All statistical analyses were performed using IBM SPSS Statistics version 23.0 (IBM Corp., Armonk, NY, USA). The 
normality of quantitative variables was assessed using the Kolmogorov–Smirnov test. The Mann–Whitney U and 
Kruskal–Wallis tests were applied for comparisons of non-normally distributed variables, whereas the Independent 
Samples t-test and one-way ANOVA were used for normally distributed variables. The Chi-square test was used to 
analyze categorical data. Descriptive data were expressed as numbers and percentages n (%), mean ± standard deviation, 
or median (minimum–maximum), as appropriate. Logistic regression analyses were performed to identify factors 
associated with moderate-to-high inhaler adherence. Adherence was dichotomized based on the total adherence score, 

International Journal of Chronic Obstructive Pulmonary Disease 2026:21                                                https://doi.org/10.2147/COPD.S580657                                                                                                                                                                                                                                                                                                                                                                                                       3

Bektaş Aksoy et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



with scores ≥7 indicating moderate-to-high adherence and scores ≤6 indicating low adherence. Results were reported as 
odds ratios (ORs) with 95% confidence intervals. A p-value of <0.05 was considered statistically significant.

Results
A total of 170 patients were enrolled, including 53 (31.2%) in GOLD Stage A, 75 (44.1%) in Stage B, and 42 (24.7%) in 
Stage E. Although age distribution did not differ significantly (p=0.481), the proportion of patients aged ≥ 80 years was 
higher in Stage E. Male predominance was evident in all groups (p=0.417). Educational attainment and income level 
were similar (p>0.05). Marital status differed significantly (p=0.003); while most patients in Stages A and B were 
married (84.9% and 89.3%), this rate declined to 64.3% in Stage E. Biomass exposure was more frequent in Stages B and 
E, though not statistically significant (p=0.226). Smoking prevalence and duration were comparable across stages 
(p=0.252 and 0.570). Comorbidities were common in all groups (p=0.873) (Table 1).

The duration of COPD diagnosis and inhaler use showed no difference among stages (p=0.188 and 0.479). Nearly all 
patients had received inhaler education (p=0.080). The use of SABA/SAMA combinations increased with disease 
severity (p=0.004), and triple therapy with ICS/LABA/LAMA was more frequent in Stage E (p=0.042). Nebulized 

Table 1 Demographic and Sociodemographic Characteristics of the Study Population

GOLD Stage A 
(n=53)

GOLD Stage B 
(n=75)

GOLD Stage E 
(n=42)

p

Age group ≤50 years 1 (1.9) 2 (2.7) 1 (2.4) 0.481
51–60 years 12 (22.6) 12 (16) 4 (9.5)

61–70 years 23 (43.4) 38 (50.7) 18 (42.9)
71–80 years 14 (26.4) 20 (26.7) 13 (31.0)

≥80 years 3 (5.7) 3 (4.0) 6 (14.3)

Body Mass Index (kg/m2) 27.0 ± 4.3 27.0 ± 4.7 25.0 ± 4.4 0.328

Gender Female 3 (5.7) 9 (12.0) 3 (7.1) 0.417
Male 50 (94.3) 66 (88.0) 39 (92.9)

Educational status Illiterate 4 (7.5) 6 (8.0) 5 (11.9) 0.889
Primary school 37 (69.8) 57 (76.0) 30 (71.4)

Secondary school 5 (9.4) 6 (8.0) 3 (7.1)
High school 6 (11.3) 4 (5.3) 2 (4.8)

University 1 (1.9) 2 (2.7) 2 (4.8)

Marital status Married 45 (84.9) 67 (89.3) 27 (64.3) 0.003
Single 8 (15.1) 8 (10.7) 15 (35.7)

Monthly income 

level

Below minimum wage 22 (41.5) 32 (42.7) 16 (38.1) 0.913
1–2 times the minimum wage 28 (52.8) 40 (53.3) 24 (57.1)
2–3 times the minimum wage 2 (3.8) 3 (4.0) 1 (2.4)

Above 3 times the minimum 

wage

1 (1.9) 0 (0.0) 1 (2.4)

Type of heating Stove 35 (66.0) 50 (66.7) 22 (52.4) 0.263
Natural gas/Central heating 18 (34.0) 25 (33.3) 20 (47.6)

Biomass exposure Yes 28 (52.8) 50 (66.7) 28 (66.7) 0.226
No 25 (47.2) 25 (33.3) 14 (33.3)

Smoking Current smoker 22 (41.5) 40 (53.3) 15 (35.7) 0.252
Non-smoker 7 (13.2) 4 (5.3) 4 (9.5)

Ex-smoker 24 (45.3) 31 (41.3) 23 (54.8)

(Continued)
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medication (p<0.001) and oxygen device use (p=0.046) also rose markedly in advanced stages. A family history of 
COPD was significantly more common in Stage E (p<0.001). Symptom burden increased steadily; both mMRC and CAT 
scores were highest in Stage E (p<0.001). In contrast, medication adherence measured by TAI did not differ (p=0.155). 
When inhaler adherence was categorized into low, moderate, and high adherence groups, no significant differences were 
observed across GOLD stages (p = 0.316) (Table 2).

During the preceding year, 28.3% of Stage A, 65.3% of Stage B, and 92.9% of Stage E patients reported at least one 
physician visit for an exacerbation (p<0.001). Multiple visits were significantly more frequent in advanced stages 

Table 2 Clinical Features, Treatment Regimens, Home Device Use and Comparison of mMRC/ CAT/TAI Scores Across GOLD Stages

GOLD Stage A (n=53) GOLD Stage B (n=75) GOLD Stage E (n=42) p

Duration of COPD diagnosis (years) 5 (1–38) 5 (1–38) 5 (0–27) 0.188

Duration of inhaler use (years) 4 (1–30) 2 (1–29) 4 (1–22) 0.479

Patients who received inhaler education 52 (98.1) 67 (89.3) 36 (85.7) 0.080

Educator: Physician 47 (90.4) 64 (95.5) 30 (83.3) 0.118
Educator: Pharmacist 9 (17.3) 19 (28.4) 6 (16.7) 0.241

Educator: Nurse 1 (1.9) 0 (0.0) 2 (5.6) 0.149

SABA 8 (15.1) 7 (9.3) 5 (11.9) 0.608

SABA/SAMA 26 (49.1) 51 (68.0) 34 (81.0) 0.004

LAMA 29 (54.7) 36 (48.0) 23 (54.8) 0.683
ICS/LABA 37 (69.8) 41 (54.7) 23 (54.8) 0.178

LABA/LAMA 12 (22.6) 16 (21.3) 7 (16.7) 0.757

ICS/LABA/LAMA 2 (3.8) 13 (17.3) 8 (19.0) 0.042
ICS 2 (3.8) 13 (17.3) 22 (52.4) <0.001

Status of nebulized medication use 18 (34.0) 25 (33.3) 29 (69.0) <0.001
Status of NIMV use 1 (1.9) 5 (6.7) 6 (14.3) 0.063

Status of oxygen device use 2 (3.8) 7 (9.3) 8 (19.0) 0.046

Presence of family members diagnosed with COPD 7 (13.2) 15 (20.0) 21 (50.0) <0.001

mMRC Dyspnea Scale 1 (0–3) 2 (0–4) 3 (0–4) <0.001

CAT 7 (0–27) 18 (8–36) 20 (5–33) <0.001

TAI Scale 6 (3–12) 6 (4–10) 6 (4–11) 0.155
Low adherence (0–6 points) 33 (68.8) 50 (78.1) 25 (65.8) 0.316

Moderate adherence (7–9 points) 14 (29.2) 13 (20.3) 10 (26.3)

High adherence (10–12 points) 1 (2.1) 1 (1.6) 3 (7.9)

Note: Data are presented as n (%) or median (minimum – maximum), as appropriate. 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; COPD, Chronic obstructive pulmonary disease; SABA, Short-Acting Beta-Agonist; SAMA, 
Short-Acting Muscarinic Antagonist; LAMA, Long-Acting Muscarinic Antagonist; ICS, Inhaled Corticosteroid; LABA, Long-Acting Beta-Agonist; NIMV, Non-invasive 
mechanical ventilation; mMRC, Modified Medical Research Council; CAT, COPD Assessment Test; TAI, Structured inhaler adherence questionnaire adapted from the 
Test of Adherence to Inhalers.

Table 1 (Continued). 

GOLD Stage A 
(n=53)

GOLD Stage B 
(n=75)

GOLD Stage E 
(n=42)

p

Duration of smoking (years) 41 ± 14 39 ± 13 37 ± 13 0.570

Presence of comorbidities 43 (81.1) 58 (77.3) 33 (78.6) 0.873

Note: Data are presented as n (%) or mean ± standard deviation, as appropriate. 
Abbreviation: GOLD, Global Initiative for Chronic Obstructive Lung Disease.
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(p<0.001). Hospitalization rates increased sharply from 5.7% in Stage A and 2.7% in Stage B to 61.9% in Stage 
E (p<0.001). Recurrent admissions occurred exclusively in Stage E (26.2%; p<0.001). The intervals since the last 
exacerbation also differed (p<0.001): 15.1% of Stage A, 34.7% of Stage B, and 40.4% of Stage E patients experienced an 
episode within the past month, whereas 58.5% of Stage A but only 2.4% of Stage E patients had remained exacerbation- 
free for over a year (Table 3).

Self-reported knowledge of COPD was similar across groups (p=0.531), with about 45% in each group describing 
their knowledge as moderate. Healthcare professionals were the main source of information in all stages (Table 4). 
Comparison of the COPD Knowledge Level questionnaire revealed no significant difference between groups (p>0.05) 
(Table 5).

In univariate logistic regression analysis, none of the evaluated sociodemographic, clinical, or treatment-related 
variables were significantly associated with moderate-to-high inhaler adherence (TAI ≥7). Age group, gender, marital 

Table 3 Exacerbation Frequency, Hospitalizations, and Disease Severity by GOLD 2025 Classification

GOLD Stage A  
(n=53)

GOLD Stage B  
(n=75)

GOLD Stage E  
(n=42)

p

In the past 1 year, have you consulted a physician due to a COPD exacerbation?

No 38 (71.7) 26 (34.7) 3 (7.1) <0.001
Yes 15 (28.3) 49 (65.3) 39 (92.9)

How many times have you visited a physician due to a COPD exacerbation in the past 1 year?

0 30 (56.6) 26 (34.7) 2 (4.8) <0.001
1 13 (24.5) 21 (28.0) 8 (19.0)

>1 10 (18.9) 28 (37.3) 32 (76.2)

Have you been hospitalized due to a COPD exacerbation in the past 1 year?

No 50 (94.3) 73 (97.3) 16 (38.1) <0.001
Yes 3 (5.7) 2 (2.7) 26 (61.9)

Duration of hospitalization due to COPD exacerbation in the past 1 year (days)

10 (4–60) 10 (10–10) 8 (3–30) 0.696

How many times have you been hospitalized due to COPD exacerbation in the past 1 year?

None 50 (94.3) 72 (96.0) 15 (35.7) <0.001
Once 2 (3.8) 2 (2.7) 16 (38.1)
More than one 1 (1.9) 1 (1.3) 11 (26.2)

When did you last experience a COPD exacerbation?

Within the last week 2 (3.8) 15 (20.0) 9 (21.4) <0.001
Within the last month 6 (11.3) 11 (14.7) 8 (19.0)

Within the last 3 months 2 (3.8) 11 (14.7) 9 (21.4)

Within the last 3–6 months 6 (11.3) 10 (13.3) 10 (23.8)
Within the last 6–12 months 6 (11.3) 6 (8.0) 5 (11.9)

More than 12 months ago 31 (58.5) 22 (29.3) 1 (2.4)

COPD exacerbation status during the past year

No exacerbation 29 (54.7) 19 (25.3) 1 (2.4) <0.001
One exacerbation not requiring hospitalization 20 (37.7) 26 (34.7) 0 (0.0)

Two or more exacerbations not requiring hospitalization 1 (1.9) 30 (40.0) 15 (35.7)

At least one exacerbation requiring hospitalization 3 (5.7) 0 (0.0) 26 (61.9)

Note: Data are presented as n (%) or median (minimum – maximum), as appropriate. 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; COPD, Chronic obstructive pulmonary disease.
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Table 4 Inhaler Use Patterns, Education on Device Technique, Level of Knowledge About COPD and Information Sources 
About COPD

GOLD Stage A 
(n=53)

GOLD Stage B 
(n=75)

GOLD Stage E 
(n=42)

p

If you are using inhaler medication for COPD, do you use it regularly?

No 7 (13.2) 9 (12.0) 3 (7.1) 0.619
Yes 46 (86.8) 66 (88.0) 39 (92.9)

Do you regularly attend medical check-ups for your COPD?

No 8 (15.1) 17 (22.7) 6 (14.3) 0.411
Yes 45 (84.9) 58 (77.3) 36 (85.7)

How would you describe your level of knowledge about COPD?

Low 15 (28.3) 28 (37.3) 13 (31.0) 0.531
Moderate 24 (45.3) 34 (45.3) 16 (38.1)

High 9 (17.0) 6 (8.0) 9 (21.4)
No knowledge 5 (9.4) 7 (9.3) 4 (9.5)

Which sources do you use to obtain information about COPD?

Healthcare providers (nurse/physician) 47 (88.7) 54 (72.0) 35 (83.3) 0.055

Television 4 (7.5) 4 (5.3) 2 (4.8) 0.818
Internet/social media 5 (15.1) 8 (10.7) 4 (9.5) 0.652

Non-professional family members/relatives 3 (5.7) 12 (16.0) 6 (14.3) 0.196

Note: Data are presented as n (%). 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; COPD, Chronic obstructive pulmonary disease.

Table 5 Patient Awareness and Knowledge About COPD and Treatment Across GOLD Stages

GOLD Stage A (n=53) GOLD Stage B (n=75) GOLD Stage E (n=42) p

COPD occurs only in individuals who smoke.

True 21 (39.6) 34 (45.3) 17 (40.5) 0.781
False 32 (60.4) 41 (54.7) 25 (59.5)

It is important for patients with COPD to use their medications regularly.

True 52 (98.1) 74 (98.7) 41 (97.6) 0.915
False 1 (1.9) 1 (1.3) 1 (2.4)

Exercise worsens the symptoms of COPD.

True 23 (43.4) 40 (53.3) 22 (52.4) 0.508
False 30 (56.6) 35 (46.7) 20 (47.6)

COPD is a progressive disease.

True 50 (94.3) 67 (89.3) 33 (78.6) 0.056
False 3 (5.7) 8 (10.7) 9 (21.4)

Proper use of medications is important to reduce shortness of breath.

True 53 (100) 74 (98.7) 42 (100) 0.529
False 0 (0.0) 1 (1.3) 0 (0.0)

Note: Data are presented as n (%). 
Abbreviations: GOLD, Global Initiative for Chronic Obstructive Lung Disease; COPD, Chronic obstructive pulmonary disease.
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status, educational status, smoking status, GOLD stage, use of nebulized medication, non-invasive mechanical ventilation 
or oxygen devices, family history of COPD, inhaler regimen (ICS/LABA/LAMA), CAT score, and mMRC dyspnea scale 
all showed no statistically significant associations with adherence (all p>0.05). Similarly, in multivariate logistic 
regression analysis, none of these variables remained independently associated with moderate-to-high inhaler adherence 
(Table 6). Notably, the absence of statistically significant independent predictors in both univariate and multivariate 
analyses indicates that inhaler adherence in this cohort could not be explained by any single sociodemographic, clinical, 
or treatment-related variable.

Discussion
Our findings showed that several commonly assumed predictors of inhaler adherence, including age, educational level, 
income status, smoking behavior, and environmental exposure, were not significantly associated with adherence in 
univariate analyses. Although certain contextual and social variables (such as marital status, having a family member 
with COPD, and home use of nebulizers or oxygen concentrators) showed associations with adherence at the descriptive 
or univariate level, none of these factors remained independently associated with adherence in multivariate analysis. This 
finding suggests that inhaler adherence in COPD is shaped by a multifactorial and largely behavior-driven structure, in 
which isolated sociodemographic or clinical variables have limited independent explanatory value. Rather than reflecting 
methodological inadequacy, the absence of independent predictors likely mirrors the complex interplay of patient 
behavior, treatment context, and healthcare engagement observed in real-world COPD populations.6,8

Similar findings have been reported in recent real-world COPD studies, where inhaler adherence was shown to reflect 
a complex interaction of behavioral, contextual, and healthcare-related factors rather than being driven by single clinical 
or sociodemographic variables.9 Similarly, a large cross-sectional study from northern China involving 977 COPD 
patients reported an adherence rate of approximately 40%, which was primarily associated with family support and 
regular follow-up rather than sociodemographic characteristics.8 Comparable results were reported in a Turkish study 
emphasizing the importance of device simplicity, repeated education, and healthcare professional support over income or 
educational status.7 These observations suggest that such variables may function as indirect markers or proxies of 
patients’ engagement with care and treatment routines, rather than as direct or independent determinants of inhaler 
adherence. This multifactorial structure of adherence has also been highlighted in recent modeling studies, which 

Table 6 Univariate and Multivariate Logistic Regression Analyses of Factors 
Associated with Moderate-to-High Inhaler Adherence (TAI ≥7)

Univariate Multivariate

OR (95% CI) p OR (95% CI) p

Age group 1.134 (0.752–1.711) 0.547 0.934 (0.574–1.519) 0.782

Gender 0.658 (0.182–2.377) 0.523 0.959 (0.224–4.104) 0.955

Marital status 1.562 (0.653–4.000) 0.316 0.849 (0.521–1.383) 0.511
Educational status 0.784 (0.485–1.265) 0.319 1.343 (0.510–3.536) 0.550

Smoking 0.713 (0.403–1.263) 0.246 0.735 (0.366–1.478) 0.388

GOLD Stage 1.048 (0.653–1.680) 0.847 0.888 (0.489–1.615) 0.698
Nebulized medication use 1.429 (0.696–2.931) 0.331 1.267 (0.568–2.824) 0.563

NIMV use 0.850 (0.165–4.389) 0.846 0.671 (0.104–4.336) 0.675

Oxygen device use 1.689 (0.519–5.493) 0.384 1.671 (0.409–6.834) 0.475
Family history of COPD 0.600 (0.239–1.507) 0.277 0.593 (0.223–1.582) 0.297

ICS/LABA/LAMA 0.958 (0.348–2.643) 0.934 0.951 (0.319–2.835) 0.928

CAT 1.013 (0.970–1.057) 0.569 1.021 (0.959–1.086) 0.517
mMRC Dyspnea Scale 1.068 (0.789–1.446) 0.669 0.931 (0.604–1.434) 0.745

Abbreviations: TAI, Structured inhaler adherence questionnaire adapted from the Test of Adherence to 
Inhalers; OR, odds ratio; CI, confidence interval; GOLD, Global Initiative for Chronic Obstructive Lung 
Disease; NIMV, non-invasive mechanical ventilation; ICS, Inhaled Corticosteroid; LABA, Long-Acting Beta- 
Agonist; LAMA, Long-Acting Muscarinic Antagonist; CAT, COPD Assessment Test; mMRC, Modified 
Medical Research Council dyspnea scale.
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demonstrate that no single variable adequately explains adherence behavior in COPD populations.10 In line with this 
interpretation, previous studies have shown that patients’ understanding and perception of their disease are associated 
with better adherence, primarily through enhanced engagement with treatment rather than as independent determinants of 
behavior.11

In a 12-month real-world cohort of treatment-naïve COPD patients, those who accurately recognized the nature of the 
disease and understood its chronic, progressive course demonstrated significantly higher TAI scores and greater treatment 
persistence.6 In our cohort, the positive associations between having a family member with COPD and being married 
likely reflect the reinforcing role of familial observation and social interaction in enhancing disease awareness. 
Consistently, multivariate analysis did not identify any independent clinical or demographic predictors of inhaler 
adherence, underscoring the multifactorial and behavior-driven nature of adherence in COPD.

Although mMRC dyspnea and CAT scores increased with advancing disease severity, adherence measures assessed 
by TAI did not show significant stage-dependent variation in our cohort. Previous real-world studies have reported that 
treatment simplification, particularly through single-inhaler triple therapy, has been associated with improved adherence 
and persistence compared with multiple-inhaler regimens.3,4,12–14 These findings suggest that treatment-related factors, 
such as regimen simplicity and inhaler usability, may influence adherence behaviors independently of clinical severity. 
However, as the present study did not evaluate treatment modifications or longitudinal outcomes, these observations 
should be interpreted in the context of existing literature rather than as causal evidence. Accordingly, contemporary 
adherence frameworks emphasize that meaningful and sustained improvements are most often achieved through multi
component approaches addressing treatment complexity, patient behavior, and healthcare delivery simultaneously.15 

While treatment simplification strategies, such as single-inhaler regimens, have been associated with improved adherence 
in prior studies, the present analysis did not specifically evaluate treatment modifications and therefore focuses on 
broader, non–treatment-specific determinants of adherence.

In a Korean study, misuse of soft-mist inhalers was reported in more than 58% of patients and was significantly linked 
to older age, lower education, and reduced handgrip strength.16 Kocks et al found that critical inhaler errors were 
associated with poorer health status and increased exacerbation rates rather than sociodemographic characteristics, while 
Ng et al reported that over 80% of patients made at least one inhaler error, which was mitigated through nurse-led 
interventions.17,18 In parallel, Calle Rubio et al showed that, in routine clinical practice, a high prevalence of inhaler 
misuse before hospital admission was strongly correlated with poor adherence and disease control.19 Together, these 
results underscore that inhaler misuse and technique errors are widespread and emphasize the need for continuous patient 
education and regular assessment of inhaler technique. Recent evidence further indicates that even when self-reported 
adherence appears acceptable, deterioration of inhaler technique over time may substantially limit clinical benefit, 
highlighting the importance of repeated technique assessment beyond adherence measures alone.20

In our cohort, the number and timing of COPD exacerbations differed significantly across GOLD stages, consistent 
with previous evidence reporting an association between poor adherence and higher exacerbation frequency. A recent 
systematic review and meta-analysis reported that poor inhaler adherence increases exacerbation risk by nearly 40%.2 

Similarly, Ballal et al found that poor adherence was significantly associated with more frequent hospital visits and 
exacerbations.5

The GOLD 2025 report emphasizes that in patients with COPD who show a suboptimal response to treatment, inhaler 
technique, adherence, and comorbidity burden should be reassessed before pharmacologic escalation.1 In this context, the 
present findings are consistent with current GOLD recommendations, highlighting the importance of routine adherence 
assessment and patient-centered follow-up in clinical practice. However, given the cross-sectional design of the study, 
these observations should be interpreted as supportive rather than confirmatory. Consistent with this perspective, prior 
studies have shown that the impact of educational interventions on inhaler adherence is heterogeneous and influenced by 
patient characteristics and healthcare context rather than uniformly effective across all COPD populations.21

Limitations
This study has several limitations that should be acknowledged. First, it was conducted in a single tertiary care center, 
which may limit the generalizability of the findings to broader COPD populations or primary care settings. Second, 
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inhaler adherence was assessed using a questionnaire adapted from the TAI framework with a simplified scoring system, 
which has not been formally validated; therefore, the findings related to adherence should be interpreted with caution. 
Third, although multivariable analyses were performed, no independent predictors of moderate-to-high inhaler adherence 
were identified, which may reflect the multifactorial and behavior-driven nature of adherence in real-world COPD 
populations. Fourth, the cross-sectional design precludes causal inference; thus, associations between adherence and 
clinical outcomes (such as exacerbation frequency) should be interpreted cautiously. Fifth, disease awareness was 
assessed based on patients’ self-reported understanding without the use of a standardized or validated awareness scale, 
which may have limited the precision of this construct. Finally, the study did not systematically assess the quality or 
frequency of prior inhaler education, nor did it include data on cognitive function or psychological status, all of which 
may influence adherence behaviors. Despite these limitations, the study provides real-world insights into the contextual 
and behavioral factors associated with inhaler adherence in patients with COPD and highlights the importance of routine 
adherence assessment in clinical practice.

Conclusion
In this single-center cross-sectional study, inhaler adherence among patients with COPD appeared to be more closely 
related to contextual and social factors (such as marital status, family history of COPD, and home use of respiratory 
support devices) than to traditional sociodemographic or disease severity indicators. While age, education, income level, 
and smoking status were not significantly associated with adherence, the observed patterns suggest that patients’ 
engagement with treatment and care routines may be influenced by broader contextual factors rather than by clinical 
severity alone. Although inhaler adherence did not differ significantly across disease stages, exacerbation frequency 
increased with advancing severity, underscoring the importance of regular adherence assessment in clinical practice. In 
line with current GOLD recommendations, routine evaluation of inhaler technique, individualized patient education, and 
consideration of simplified treatment regimens should be integrated into COPD management, while acknowledging that 
causal inferences cannot be drawn from the present study.
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