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Background: Chronic obstructive pulmonary disease (COPD) is a significant public health issue characterized by gradually 
worsening airflow limitation. It is a leading cause of mortality and morbidity worldwide, yet research on COPD patients who have 
never smoked is limited. This study aims to document the demographic, symptomatic, and therapeutic characteristics of COPD 
patients receiving outpatient pulmonary care in Hungary, focusing on smoking history, and evaluate their distribution according to the 
GOLD A/B/E classification.
Methods: The study recorded demographic data, symptom severity, occurrence of severe and moderate exacerbations, treatment, 
comorbidities, quality of life, and COVID-19 vaccination status among COPD patients from November 2021 to January 2023. A total 
of 6974 patients were categorized into current smokers, former smokers, and never smokers.
Results: Patients had an average age of 67.2±8.9 years, with 48.2% male and 51.8% female. Of participants, 86.1% had a smoking 
history, while 13.9% had never smoked. COPD patients who had never smoked showed significantly better quality of life (CAT: 15.2 
±7.6 vs 15.8±6.9; p=0.006), oxygen saturation (SpO2%: 96.7±2.3 vs 95.8±2.4; p<0.001), higher body mass index (BMI: 29.4±5.9 vs 
27.1±6.3; p<0.001), and better lung function (FEV1ref%: 67.9±20.7 vs 58.9±18.1; p<0.001) compared to smokers. However, non- 
smoking COPD patients had a higher frequency of comorbidities (3.5±2.2 vs 2.9±2.1; p<0.05). These differences may arise from 
complex genetic and environmental interactions.
Conclusion: COPD patients who have never smoked exhibited better quality of life, nutritional status, and lung function compared to 
smokers, indicating the need for tailored treatment approaches. Further long-term studies are essential to validate these differences in 
quality of life and lung function between smoking and non-smoking COPD patients.
Keywords: COPD, non-smoker, smoker, quality of life, exacerbation, comorbidities, COVID-19, healthcare utilization

Introduction
Chronic obstructive pulmonary disease (COPD) is a common chronic respiratory and systemic inflammatory condition 
characterized by progressive airflow limitation.1,2 The disease develops slowly over time and is usually the result of 
a combination of multiple risk factors, such as active or passive smoking, occupational exposure to dust, smoke, or 
chemicals, indoor air pollution – especially from the use of biomass fuels - early life events such as low birth weight, 
preterm birth, asthma, and a rare genetic condition called alpha-1 antitrypsin deficiency, which can cause COPD at 
a young age.3 The most common risk factor for COPD is smoking; however, it can also develop in non-smokers.4 In 
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high-income countries, over 70% of COPD cases are related to smoking,5 while in low- and middle-income countries, 
smoking accounts for 30–40% of patients, with household air pollution being the primary risk factor.6,7 Frequently 
experienced respiratory infections (including tuberculosis, COVID-19, influenza, pneumococcal infections etc).8–11 play 
a significant role in the development of exacerbations and exacerbation of chronic inflammation.12 The global prevalence 
of COPD was estimated to be over 300 million in 2023, with a prevalence of approximately 12.2%, but it is a vastly 
underdiagnosed condition.13,14

In recent years, the systemic nature of the disease with extra-pulmonary effects has become increasingly prominent, 
including the exacerbation of existing chronic comorbidities (such as cardiovascular and metabolic conditions) or the 
onset of complications directly related to COPD (such as chronic inflammation and hypoxemia). Additionally, sedentary 
lifestyles contribute to muscle loss, increased risk of osteoporosis, obesity or cachexia, higher rates of diabetes, and more 
frequent respiratory infections, leading to cor pulmonale, elevated lung cancer risk, and heightened levels of anxiety and 
depression, as well as exacerbation of cardiovascular diseases.15,16 An increasing number of studies also demonstrate 
associations between nutritional status and certain characteristics of COPD,2,17–20 but few studies describe in detail the 
clinical and demographic characteristics of COPD patients who have never smoked.

The historical perspective of chronic obstructive pulmonary disease research provides important insights into the 
complexity of the disease, particularly among never-smokers. In recent decades, research has increasingly focused on 
understanding COPD as experienced by smokers; however, it has become increasingly evident that the disease can 
develop not only as a consequence of smoking. Several potential mechanisms, such as genetic predispositions, environ
mental factors, and the role of respiratory infections, also significantly contribute to the development of COPD in never- 
smokers. Exploring the clinical characteristics of COPD patients who have never smoked is essential for making 
treatment strategies and public health policies more effective. Considering these aspects, the aim of this study is to 
provide a comprehensive overview of the demographic, symptomatic, and therapeutic characteristics of COPD patients, 
with particular attention to smoking history and the GOLD A/B/E classification. We present the following article in 
accordance with the STROBE reporting checklist.

Methods
Study Design and Population
A cross-sectional study was conducted involving COPD patients recruited from outpatient pulmonary clinics at 
a community hospital. Data collection followed routine clinical practice procedures. Patients were informed about the 
survey both verbally and in writing before providing consent. COVID-19 vaccination dates were acquired from the 
National eHealth Infrastructure (EESZT). The study was approved by the Hungarian National Institute of Pharmacy and 
Nutrition (document No: OGYÉI/57035-4/2021) and received a positive evaluation from the Hungarian National 
Research Ethics Committee (document No: TUKEB IV/7743-1/2021/EKU). The research permit was obtained on 
October 4, 2021. The study adhered to the principles of the Declaration of Helsinki (2013 revision). Anthropometric 
measurements, respiratory function tests, COVID infection history, and post-COVID symptoms were documented for 
each patient during their visit. The study aimed to document demographic data, symptom severity, exacerbation 
occurrences, treatment regimens, comorbidities, quality of life, and COVID-19 vaccination status among COPD patients 
between November 2021 and January 2023. A total of 6,974 patients were enrolled, categorized into current smokers, 
former smokers, and never smokers. Additional details regarding the study protocol and conduct are outlined in 
previously published articles.21,22

Objective of the Study
The primary objective of the study was to record and present the demographic, symptomatic, and therapeutic character
istics of COPD patients receiving outpatient pulmonary care (in specialized outpatient clinics and respiratory care units) 
at the time of their current presentation and retrospectively over a period of one year from their presentation. This data 
aims to support therapeutic decision-making for pulmonologists. Additionally, the study aims to compare these char
acteristics among current smokers, former smokers, and never smokers. Secondary objectives included assessing the 
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distribution of patients according to the GOLD A/B/E groups, recording data justifying group assignment (mMRC, CAT 
scores, number of moderate/severe exacerbations), smoking history, comorbidities, as well as assessing the rate of 
previous infection with the SARS-CoV-2 virus and the proportion of patients vaccinated against the virus, and surveying 
the frequency of known post-COVID conditions (residual symptoms). The principal investigator was Alpar Horvath, 
MD. Data recording was done using an electronic case report form (MRAgent eCRF) system developed by Medisol 
Development Ltd.

Inclusion Criteria
All eligible COPD patients aged 35 or older were included in the study after receiving information about the study 
through a patient information leaflet and providing written consent for the recording and processing of their data during 
routine medical examinations. To protect sensitive health data, we implemented strict data management and confidenti
ality principles to guarantee data security. The data were collected anonymously and used solely for research purposes. 
The COPD diagnosis and treatment of the patients were based on the current GOLD international and Hungarian COPD 
Guidelines.23,24 Patients experiencing a current exacerbation or an exacerbation within 4 weeks prior to data recording, 
which could have influenced several recorded parameters, were excluded from the study. It is important to emphasize that 
the aim of the study was to explore the characteristics of stable COPD patients. While the exclusions may affect the 
representativeness of the sample, our goal was to provide a more accurate picture of the situation of stable COPD 
patients, which could assist in optimizing the management of the disease.

Randomization of sampling was ensured by all participating physicians. We also considered potential biases related to 
self-reported symptoms, striving to reflect patients’ experiences as accurately as possible. During the data analysis, we 
took into account possible variations and biases. The ethical approval of the research provided further assurance that 
ethical standards were fully adhered to. Throughout the research process, we continuously monitored ethical considera
tions and took all necessary steps to safeguard patient rights. Details of the entry and exclusion criteria are provided in 
Table 1.

Measurements
Our questionnaire assessed various aspects, including smoking habits, with response options categorized into current 
heavy smokers, never smokers, or former smokers. Additionally, we inquired about comorbidities, medications used for 
COPD, and the frequency of exacerbations (both severe and moderate) experienced within the past year. Patients were 
also asked to report their healthcare utilization, including visits to general practitioners, emergency departments, 
pulmonary departments, and pulmonary outpatient services. Regarding COVID-19 vaccination history, patients were 
asked to indicate their vaccination status as either vaccinated (yes) or not vaccinated (no). For vaccinated patients, we 
further requested the exact date of all three vaccinations, which were cross-referenced in the EESZT database and 

Table 1 Inclusion and Exclusion Criteria for the Study

Inclusion Criteria

- Diagnosed with COPD by a specialist for at least 1 year

- Use of inhalation therapy
- Receiving outpatient care

- Age 35 and above

- Individual with unrestricted capacity

Exclusion Criteria

- The patient does not meet any of the inclusion criteria

- Inability to complete the questionnaire/survey section related to them

- Non-consent for participation in data collection
- Bronchial asthma without COPD diagnosis

Abbreviation: COPD, Chronic Obstructive Pulmonary Disease.
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recorded in the Excel spreadsheet of the survey. Patients were queried about their history of SARS-CoV-2 infection, 
including the timing of infection and whether hospitalization was required for acute COVID-19 symptoms. Additionally, 
patients were asked whether they had received pulmonary outpatient care for post-COVID symptoms, with response 
options provided as yes or no.

Examination of Respiratory Function
All patients underwent respiratory function testing using an automated computerized spirometer. This testing assessed 
dynamic lung volume, including measurements such as the forced expiratory volume in the first second (FEV1), the ratio 
of forced expiratory volume in the first second to forced vital capacity (FEV1/FVC), and the inspiratory vital capacity 
(IVC). The Global Lung Function Initiative (GLI) defines normal spirometric values and categorizes patients into Global 
Initiative for Chronic Obstructive Lung Disease (GOLD) Assessment of COPD Exacerbations (ABE) stages based on 
various risk factors, including symptoms, quality of life assessments (CAT/mMRC), and exacerbation rates.25

In COPD patients, the FEV1 value is less than 80% of the predicted value, and the FEV1/FVC ratio is less than 0.70 
(70%). To confirm the COPD diagnosis, we also considered symptoms such as dyspnea, cough, and sputum production. 
The diagnosis was established by a pulmonologist who evaluated both the results of the spirometric test and the clinical 
symptoms. The severity of the disease was classified according to the GOLD system, which categorizes patients into 
different groups based on the intensity of symptoms and the frequency of exacerbations.23,26 The new ABE classification 
emphasizes the importance of managing exacerbations and considering patients’ clinical characteristics to select the most 
effective therapy. The GOLD ABE criteria define the following three groups:

Group A: 0–1 moderate exacerbation in the previous year, mMRC 0–1, CAT < 10.
Group B: 0–1 moderate exacerbation in the previous year, but mMRC ≥ 2 and/or CAT ≥ 10.
Group E: Exacerbators with ≥2 moderate exacerbations in the previous year or ≥1 exacerbation that required 

hospitalization, regardless of symptom burden.

Quality of Life Examination
The COPD Assessment Test (CAT) is utilized to assess quality of life. Patients respond to eight questions and rate 
symptoms on a scale from 0 to 5, with 0 indicating no symptoms and 5 indicating severe symptoms. These questions 
evaluate subjective aspects such as cough, sputum production, hyperinflation, resilience, energy levels while climbing 
stairs, and the impact of the illness on activities such as leaving the house or interfering with sleep.27

Modified Medical Research Council Dyspnea Questionnaire (mMRC)
The mMRC questionnaire categorizes the severity of dyspnea and comprises five items, covering a wide range of 
breathlessness severity from none (grade 0) to complete inability to perform daily activities due to respiratory failure 
(grade 5). Patients rate their dyspnea on a scale of 0–5, with questions relevant to their daily activities and easily 
comprehensible. The score can be quickly calculated, providing a numerical representation of the patient’s dyspnea 
severity.28

Definition of Exacerbation
COPD exacerbations were defined in accordance with the prevailing GOLD criteria. Moderate exacerbations necessitate 
treatment with antibiotics or systemic corticosteroids, while severe exacerbations mandate admission to the emergency 
department or hospital.25,29

Definition of COVID-19 Infection
A COVID-19 infection is defined as the presence of any subject who was asymptomatic or developed at least one of the 
following symptoms during the study period: cough, increased body temperature, fever, dyspnea, sudden loss of smell, 
loss of taste, or dysgeusia, and had detectable SARS-CoV-2 nucleic acid or antigen.30
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Body Mass Index (BMI)
BMI (kg/m²) is calculated by dividing the weight in kilograms (kg) by the square of the height in meters (m²).31

Statistical Analysis
Upon completion of data collection and database closure, we conducted data cleaning procedures to eliminate duplicate 
entries and exclude patients with incomplete respiratory function tests from the analysis. Statistical analyses were 
performed by using R version 4.3.1. Means and standard deviations or medians and interquartile ranges were utilized 
to interpret and present continuous variables depending on their distribution, while frequencies and proportions were 
used for categorical data. Between-group comparisons of continuous variables were conducted by using ANOVA or 
Kruskal–Wallis tests. Fisher’s exact test was used to examine differences in the frequencies of categorical variables. Age, 
gender and BMI-adjusted binomial logistic regression was used to compare the frequencies of comorbidities among the 
smokers, former smokers and non-smokers. All statistical analyses were two-sided, and significance was set at p < 0.05.

Results
Demographic and Clinical Characteristics of COPD Patients
A total of 6,974 COPD patients participated in the study, comprising 51.8% (n=3,610) females and 48.2% (n=3,363) 
males. On average, patients reported a smoking history of 15 cigarettes per day over 31 years (Table 2). Nearly half 
(46%) were active smokers, while 13.9% had never smoked (Table 3). The average FEV1 (ref%) value for participating 
COPD patients was 60±18.9%, with two-thirds classified as GOLD B stage (Table 4). COPD is typically diagnosed at the 
moderate stage; thus, most clinical trials include very few or no patients in the mild stage. Among the patients, GOLD 
A was 11.6% for smokers, 12.8% for former smokers, and 15.8% for never smokers. The proportion of severe COPD 

Table 2 Distribution of Smoking Status Among COPD Patients

Active Smokers Former Smokers Never Smoked Total

n 3208 2796 970 6974

% 46.0 40.1 13.9 100.00
Male (n, %) 1385 (43.2) 1587 (56.8) 391 (40.3) 3363 (48.2)

Female (n, %) 1823 (26.8) 1208 (43.2) 579 (59.7) 3610 (51.8)

Cigarettes/Day 15 (10–19) 15 (15–19) – 15 (12–17)
Years of Smoking 40.4±10.6 30.9±12.8 – 31.0±17.1

Notes: Data are presented as number (n) and percentage (%) for categorical variables, and as mean ± standard 
deviation or median (interquartile range) for continuous variables. 
Abbreviation: COPD, Chronic Obstructive Pulmonary Disease.

Table 3 Demographic and Clinical Profile of COPD Patients by Smoking Status

Variables Active Smokers Former Smokers Never Smoked p-Value

n (%) 3208 (46.0) 2796 (40.1) 970 (13.9)

Age (years) 64.0±8.4 69.5±7.9 70.8±9.6 <0.0001
BMI (kg/m2) 26.1 (22.8–30.7) 28.1 (24.8–32.1) 28.6 (25.3–32.9) <0.0001

mMRC score 1.8±0.8 1.8±0.9 1.8±0.9 0.0928

CAT score 15.8±6.9 15.3±6.8 15.2±7.6 0.0063
FEV1 (ref%) 58.9±18.1 58.5±18.5 67.9±20.7 <0.0001

FVC 80.1±19.3 78.9±18.6 81.1±19.7 0.0139

SpO2 (%) 96 (95–97) 96 (95–97) 97 (95–98) <0.0001

Notes: Data are presented as mean ± standard deviation or median (interquartile range) for continuous 
variables and as number (n) and percentage (%) for categorical variables. P-values represent statistical 
significance between groups. 
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; BMI, Body Mass Index; mMRC, Modified 
Medical Research Council; CAT, COPD Assessment Test; FEV1, Forced Expiratory Volume in one second; 
FVC, Forced Vital Capacity; SpO2 (%), Pulse Oximetry measured O2 saturation.
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patients (GOLD E) was 18.8% among smokers, 18.7% among former smokers, and 16.5% among never smokers. 
A significant difference in proportions was observed when comparing actively smoking COPD patients to former 
smokers and non-smokers (p=0.0139; Table 4).

Comparison of Clinical Characteristics Between Non-Smoking and Smoking COPD 
Patients
Non-smoking COPD patients exhibited significantly better outcomes in terms of quality of life (CAT), respiratory 
function (FEV1ref%, FVC), oxygen saturation (SpO2%), and nutritional status (BMI) compared to actively smoking or 
former smoking counterparts (Table 3). However, they demonstrated a higher prevalence of comorbidities (3.5±2.2 vs 2.9 
±2.1; p<0.05). This difference can primarily be attributed to the significantly higher age of non-smoking patients 
compared to smokers (70.8±9.6 vs 64.0±8.4; p<0.0001). Additionally, genetic-environmental interactions among non- 
smoking patients may contribute to a significantly higher prevalence of allergies and asthma (p<0.001). Furthermore, 
significantly fewer occurrences of acute myocardial infarction, lung cancer, anxiety, sleep disorder, and depression were 
observed in non-smokers compared to smokers (Table 5).

Table 4 Prevalence of Smoking Status Among COPD Patients Across GOLD 
a/B/E Categories

GOLD Smokers n (%) Former Smokers n (%) Never Smoked n (%)

A 372 (11.6) 357 (12.8) 153 (15.8)

B 2234 (69.6) 1917 (68.6) 657 (67.7)

E 602 (18.8) 522 (18.7) 160 (16.5)

Notes: Data are presented as number (n) and percentage (%) for GOLD stages among smokers, 
former smokers, and never smoked groups. 
Abbreviations: GOLD, Global Initiative for Obstructive Lung Disease; COPD, Chronic Obstructive 
Pulmonary Disease.

Table 5 Comparison of Comorbidities Among Actively Smoking, Former Smoker, and Never 
Smoked COPD Patients

Co-Morbidities Actively  
Smoking n (%)

Former  
Smoker n (%)

Never  
Smoked n (%)

p-Value

Hypertension 2111 (65.8) 2045 (73.1) 731 (75.4) 0.5912

GERD 938 (29.2) 878 (31.4) 325 (33.5) 0.0055
Ischemic heart disease 673 (21.0) 816 (29.2) 321 (33.1) 0.0533

Allergy 623 (19.4) 589 (21.1) 248 (25.6) <0.0001

Sleep disorder 589 (18.4) 506 (18.1) 138 (14.2) 0.0019
Anxiety 577 (18.0) 394 (14.1) 122 (12.6) 0.0128

Diabetes mellitus 477 (14.9) 607 (21.7) 189 (19.5) 0.0299

Other comorbidities 463 (14.4) 504 (18.0) 158 (16.3) 0.0574
Osteoporosis 418 (13.0) 356 (12.7) 179 (18.5) 0.6456

Depression 408 (12.7) 268 (9.6) 80 (8.2) 0.0239

Asthma 381 (11.9) 435 (15.6) 236 (24.3) <0.0001
Other cancer 234 (7.3) 278 (9.9) 79 (8.1) 0.0207

Heart failure 226 (7.0) 352 (12.6) 125 (12.9) 0.0138

Cerebrovascular event 201 (6.3) 229 (8.2) 66 (6.8) 0.1910
Prostate hyperplasia (males only) 190 (13.7) 423 (26.7) 93 (23.8) <0.0001

Acute myocardial infarction 165 (5.1) 218 (7.8) 48 (4.9) 0.0196

Chronic atrial fibrillation 147 (4.6) 239 (8.5) 89 (9.2) 0.0848

(Continued)
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The prevalence of allergic diseases was significantly different among non-smokers, former smokers, and smokers 
(25.6%, 21.1%, and 19.4%, respectively; p<0.0001). In cases of allergies, the etiological role of respiratory allergens 
such as pollen and dust differed significantly between the three groups (15.5%, 10.2%, and 9.4%, respectively; 
p<0.0001). Additionally, various medication allergies were prevalent among the examined COPD patients, with no 
significant difference observed between smoking and non-smoking patient groups in this regard (Table 6).

Impact of COVID-19 Vaccination and Infection Rates on Smokers and Non-Smokers
An analysis comparing the rates of first, second, and third COVID-19 vaccinations among both smokers and non- 
smokers showed a significant decrease (p <0.001). While 84.9% of patients received the first dose, only 63.6% received 
the third dose, falling short of the expected herd immunity threshold. Consequently, the virus circulated among patients, 
with 15.0% of patients contracting COVID-19 during the study period. Among non-smokers, this rate was 16.5%, 
compared to 16.5% among former smokers and 13.2% among active smokers, with the difference being significant (p 
<0.0001). Of those who contracted the infection, 21.3% required hospitalization, while 11.5% participated in post- 
COVID rehabilitation (Table 7).

The mMRC values of COPD patients, both smokers and non-smokers, were similar: 1.8±0.8, 1.8±0.9 and 1.8±0.9; 
p=0.0928. Additionally, no significant difference was found in the number of severe and moderate exacerbations over the 
past 12 months between smokers and non-smokers with COPD (Table 8).

Inhaler Medication Use Among Patients and Hospital Visits
Table 9 provides a detailed overview of the inhaler medications used by patients, revealing that those who currently 
smoke or have quit smoking significantly use short-acting beta-agonists (SABA) (69.6%, 71.4%, and 64.6%; p = 0.0004) 
compared to non-smokers. Additionally, smokers use a higher percentage of long-acting beta-agonist (LABA) + long- 
acting muscarinic antagonist (LAMA) (35.0% vs 27.5%), while non-smokers significantly use a higher percentage of 

Table 5 (Continued). 

Co-Morbidities Actively  
Smoking n (%)

Former  
Smoker n (%)

Never  
Smoked n (%)

p-Value

Pre-diabetes 112 (3.5) 183 (6.5) 42 (4.3) 0.0002
Bronchiectasis 111 (3.5) 118 (4.2) 40 (4.1) 0.2981

Glaucoma 96 (3.0) 136 (4.9) 43 (4.4) 0.1747

Lung cancer 93 (2.9) 162 (5.1) 24 (2.5) <0.0001
Sinusitis 77 (2.4) 87 (3.1) 33 (3.4) 0.0623

Sleep apnea 43 (1.3) 40 (1.4) 26 (2.7) 0.0134

Notes: Data are presented as number (n) and percentage (%) for comorbidities among actively smoking, former smoker, and 
never smoked groups. P-values represent statistical significance across groups, corrected for age, sex and BMI. 
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; GERD, Gastro-esophageal reflux disease.

Table 6 Prevalence of Allergic Conditions Among COPD Patients with Different Smoking Histories

Actively Smoking Quit Smoking Never Smoked p-Value

Other allergies n (%) 35 (1.1) 35 (1.1) 7 (0.7) 0.2687

Food allergies 33 (1.0) 23 (0.80) 11 (1.1) 0.8743

Medication allergies 317 (9.9) 293 (10.5) 103 (10.6) 0.2631
Respiratory (pollen and/or dust) allergies 302 (9.4) 285 (10.2) 150 (15.5) <0.0001

Total 623 (19.4) 589 (21.1) 248 (25.6) <0.0001

Notes: Data are presented as number (n) and percentage (%) for various types of allergies among actively smoking, quit smoking, and 
never smoked groups. P-values represent statistical significance across groups. 
Abbreviation: COPD, Chronic Obstructive Pulmonary Disease.
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inhaled corticosteroid (ICS) and LABA combination (13.6% vs 9.3%). There was no significant difference observed 
among the three examined groups in the ICS + LABA + LAMA combination (35.6% vs 34.5%).

Table 10 compares the utilization of healthcare services in the past 12 months among active smokers, former smokers, 
and never-smoker COPD patients. No significant differences were observed in emergency department visits among the 

Table 8 Occurrence of Severe and Moderate Exacerbations in the Past Year 
by Smoking Status

n (%) Actively Smoking Former Smoker Never Smoked p-Value

Number of Severe Exacerbations in the Past Year

>2 28 (0.9) 18 (0.6) 6 (0.6) 0.1824
2 55 (1.7) 47 (1.7) 13 (1.3)

1 261 (8.1) 213 (7.6) 55 (5.7)

None 2864 (89.3) 2518 (90.1) 896 (92.4)

Number of Moderate Exacerbations in the Past Year

>2 51 (1.6) 62 (2.2) 19 (2.0) 0.5362

2 279 (8.7) 235 (8.4) 84 (8.7)

1 667 (20.8) 556 (19.9) 184 (19.0)
None 2211 (68.9) 1943 (69.5) 683 (70.4)

Notes: Data are presented as number (n) and percentage (%) for the occurrence of severe and 
moderate exacerbations in the past year among actively smoking, former smoker, and never smoked 
groups. P-values represent statistical significance across groups.

Table 9 Comparison of Inhalative Medication Use Among Smokers, Former Smokers, 
and Non-Smokers in Patients with COPD

Smoker Former Smoker Non-Smoker p-value

SABA n (%) 2432 (69.6) 1997 (71.4) 627 (64.6) 0.0004

LAMA 438 (13.7) 317 (11.3) 112 (11.5) 0.0005
LABA 136 (4.2) 126 (4.5) 81 (8.4)

LABA and LAMA 1123 (35.0) 894 (32.0) 267 (27.5)

ICS 14 (0.4) 14 (0.5) 15 (1.5)
ICS and LABA 297 (9.3) 274 (9.8) 132 (13.6)

ICS and LABA and LAMA 1141 (35.6) 1135 (40.6) 335 (34.5)

Notes: Data are presented as number (n) and percentage (%) for inhalative medication use among smokers, 
former smokers, and non-smokers in patients with COPD. P-values represent statistical significance across 
groups. p <0.05 means the two indicators were significantly correlated. 
Abbreviations: COPD, Chronic obstructive pulmonary disease; SABA, short-acting bronchodilators; LABA, 
long-acting bronchodilators; LAMA, long-acting muscarinic antagonist; ICS, inhaled corticosteroids.

Table 7 Comparative Analysis of COVID-19 Vaccination and Infection Rates Among Different Smoking Groups

COVID-19 Status Smoker Former Smoker Non-Smoker Total p-Value

Received first dose of SARS-CoV-2 vaccine 2605 (81.2) 2484 (88.8) 829 (85.5) 5918 (84.9) 0.0001
Received second dose of SARS-CoV-2 vaccine 2526 (78.7) 2435 (87.1) 818 (84.3) 5779 (82.9) 0.0005

Received third dose of SARS-CoV-2 vaccine 1841 (57.4) 1946 (69.6) 647 (66.7) 4434 (63.6) 0.0073

Tested positive for SARS-CoV-2 infection 424 (13.2) 460 (16.5) 160 (16.5) 1044 (15.0) <0.0001
Required hospitalization 67 (15.8) 119 (25.9) 36 (22.5) 222 (21.3) 0.1224

Required post-COVID outpatient care 44 (10.4) 58 (12.6) 18 (11.2) 120 (11.5) 0.9257

Notes: Data are presented as number (n) and percentage (%) for COVID-19 vaccination and infection rates among different smoking groups. P-values 
represent statistical significance across groups. 
Abbreviation: COVID-19, Coronavirus disease.

https://doi.org/10.2147/COPD.S484664                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 2678

Fekete et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


three COPD patient groups. However, pulmonary outpatient visits were significantly more frequent among smokers and 
former smokers compared to non-smokers (11.5%, 16.1% vs 10.2%; p=0.0005). Additionally, there was a significantly 
higher rate of medication change during physician visits among smokers and former smokers compared to non-smokers 
(13.6%, 11.3%, and 8.6% respectively; p<0.0001)

Discussion
This This study was designed to elucidate the characteristics of COPD across different patient populations, focusing 
particularly on non-smokers. Despite the widespread recognition of smoking as a primary COPD driver, its prevalence 
among non-smokers is notable, yet underreported in existing literature. Through an analysis of 6,974 outpatient COPD 
patients, we sought to delineate demographic and clinical distinctions between smokers and non-smokers.

Findings reveal that non-smokers with COPD generally experience superior quality of life, oxygen saturation levels, 
body mass index (BMI), and respiratory function compared to their smoking counterparts. Variances also emerged in 
COVID-19 vaccination rates, inhalative therapy use, and frequency of medical consultations across the two groups. 
Notably, non-smoking patients presented a greater prevalence of comorbid conditions. The higher prevalence of 
comorbidities in the non-smoking group may be associated with their significantly older age. Older age is often linked 
to an increased risk of cardiovascular diseases and other comorbidities, which may explain the observed higher 
prevalence. Additionally, older patients tend to visit their primary care physicians more frequently due to having more 

Table 10 Comparison of Healthcare Utilization Among Active Smokers, 
Former Smokers, and Never Smokers with COPD

Active Smokers Former Smokers Never Smoked p-Value

Primary Care Visits n (%)

>2 1224 (38.2) 1083 (38.7) 405 (41.8) 0.0420
2 528 (16.5) 469 (16.8) 183 (18.9)

1 601 (18.7) 493 (17.6) 165 (17.0)

0 855 (26.7) 751 (26.9) 217 (22.4)

Visits to Emergency Department n (%)

>2 37 (1.2) 40 (1.4) 15 (1.5) 0.1129

2 72 (2.2) 79 (2.8) 18 (1.9)
1 462 (14.4) 357 (12.8) 115 (11.9)

0 2637 (82.2) 2320 (83.0) 822 (84.7)

Pulmonary Outpatient Visits n (%)

>2 368 (11.5) 450 (16.1) 99 (10.2) 0.0005
2 610 (19.0) 530 (19.0) 181 (18.7)

1 1174 (36.6) 966 (34.5) 358 (36.9)

0 1056 (32.9) 850 (30.4) 332 (34.2)

Pulmonary Ward Visits n (%)

>2 19 (0.6) 11 (0.4) 0 (0.0) 0.1799

2 25 (0.8) 18 (0.6) 5 (0.5)

1 121 (3.8) 113 (4.0) 33 (3.4)
0 3043 (94.9) 2654 (94.9) 932 (96.1)

Medication change during visit

Yes 436 (13.6) 315 (11.3) 83 (8.6) <0.0001

Notes: Data are presented as number (n) and percentage (%) for healthcare utilization among 
active smokers, former smokers, and never smokers with COPD. P-values represent statistical 
significance across groups. 
Abbreviation: COPD, Chronic obstructive pulmonary disease.
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health issues and requiring regular check-ups. Therefore, the finding that never smokers have significantly more visits to 
their primary care physician is likely related to their age and the presence of comorbidities.

While this investigation did not delve into the causative factors behind these discrepancies, they suggest the potential 
role of complex genetic and environmental interactions. Overall, our results underscore significant health differences 
between smoking and non-smoking COPD patients, highlighting the need for further longitudinal studies to explore these 
disparities.

In our investigation, we uncovered significant disparities between smokers and non-smokers, extending the under
standing of COPD beyond its traditional association with smoking. Despite smoking being identified as the primary risk 
factor, a notable 13.9% of our study cohort were non-smokers, aligning with literature that suggests 10–47% of COPD 
patients may never smoke.32–35 This demographic included a higher proportion of females (51.8%) compared to males 
(48.2%), notably more prevalent in the non-smoking group, challenging conventional risk profiles that prioritize male 
sex, older age, and lower socioeconomic status. This gender disparity underscores a global trend of increasing COPD 
prevalence and severity among women,36–39 exacerbated by underdiagnosis and undertreatment, particularly in female 
smokers.40,41 Studies suggest that COPD is often recognized late in women, partly due to delayed healthcare seeking or 
simply overlooking certain symptoms like fatigue or depression, which may indicate other issues.42 These factors 
contribute to the variation in COPD prevalence across countries, currently ranging between 4.5% and 10.2%.41,43 

Women constitute approximately 25% of non-smoking COPD cases.32

Our analysis illuminated the intricate clinical profile of COPD patients who have never smoked, revealing a notably 
higher occurrence of concurrent conditions such as heart failure, ischemic heart disease, diabetes mellitus, gastroeso
phageal reflux, asthma, and allergies compared to those who smoke. Conversely, smoking patients exhibited a greater 
prevalence of depression, anxiety and sleep disorder, indicating subtle disparities in the disease’s manifestation based on 
smoking status. These findings echo and expand upon existing research, including the study by Choi et al,44 while noting 
inconsistencies across studies,44–49 emphasizing the need for further research to elucidate these variations. Interestingly, 
our data did not reveal significant differences in the frequency of severe exacerbations across smoking histories, echoing 
the findings of Choi et al.44 However, non-smoking COPD patients demonstrated better respiratory function, quality of 
life, and nutritional status, a divergence from studies reporting no significant respiratory function differences.47,49,50 

Additionally, the annual decline in FEV1 is steeper and faster in smoking COPD patients than in non-smokers.44,50 Our 
study also revealed non-smoking patients to be older, which varies from other studies suggesting they are younger.47–50 

The observations from our study also prompt a consideration of the broader implications of aging51–57 on COPD 
outcomes, particularly in non-smoking populations. Aging mechanisms, including decreased resilience to environmental 
and biological stressors and heightened susceptibility to diseases driven by oxidative stress and inflammation, may 
underpin some of the clinical disparities observed.51–60 This interplay between aging, oxidative stress, and systemic 
inflammation61–69 could elucidate the variances in disease manifestation and progression among non-smoking COPD 
patients, underscoring the necessity for tailored approaches in management and research to account for these age-related 
factors.

Vaccination uptake, as the primary prevention measure for infectious diseases, is crucial.70 Leading medical 
authorities such as the Centers for Disease Control and Prevention (CDC) and World Health Organization (WHO) 
recommend 100% vaccination coverage for COVID-19, especially for individuals with COPD71 and other chronic 
conditions.29,72 Vaccination uptake, particularly against COVID-19, was significantly lower across the board, falling 
short of herd immunity thresholds, with non-smokers and former smokers more likely to be vaccinated. Unfortunately, 
the available evidence indicates inadequate vaccination rates among COPD patients in our country and other European 
countries, not only for COVID-19 but also for seasonal influenza and pneumococcal infections.21,22,73–75 The uptake of 
these vaccinations is paramount since acute exacerbations of COPD, which can lead to life-threatening complications and 
death, are often associated with tracheobronchial infections (70%). Bacterial infections account for 40–60% of infections, 
while respiratory viral infections (rhinoviruses, COVID-19, influenza viruses, etc.) represent 30%.11,76 Studies have 
shown that vaccination reduces the number of hospitalizations and mortality due to acute exacerbations, while pneumo
coccal vaccination reduces the incidence of community-acquired pneumonia, even in patients with low respiratory 
reserves.73,77,78 This underlines the critical role of vaccinations in managing COPD exacerbations and preventing 
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complications, supported by our observation of higher COVID-19 infection rates in non-smokers.21,22,73–75 The role of 
aging in the increased susceptibility to COVID-19 related tissue injury and mortality is a critical area of investigation, 
highlighting the intricate relationship between the aging process and immune system function.56 As individuals age, there 
is a natural decline in immune system responsiveness, known as immunosenescence, coupled with a chronic, low-grade 
inflammation termed inflammaging.79–90 These age-related changes impair the body’s ability to mount an effective 
immune response against infections, including SARS-CoV-2, the virus responsible for COVID-19.91–94 Additionally, the 
aging process can exacerbate the severity of COVID-19 by increasing the risk of cytokine storm, a hyperinflammatory 
condition that can lead to acute respiratory distress syndrome, multiple organ failure, and ultimately, death in patients 
with COPD. Moreover, older adults with COPD often have a higher prevalence of underlying health conditions, such as 
cardiovascular disease, diabetes, and hypertension, which are known risk factors for severe COVID-19 outcomes.

Our comparative analysis revealed distinct patterns in inhaler medication utilization among smokers, former smokers, 
and non-smokers. Notably, current and former smokers were more likely to use short-acting beta-agonists (SABA) 
significantly more often than non-smokers (69.6% vs 64.6%; p=0.0004), a reflection of smoking-induced lung irritation 
and inflammation leading to symptoms like coughing and dyspnea. SABAs, which offer quick symptom relief, are 
therefore a common choice for those with a history of smoking. Additionally, a higher percentage of smokers utilize the 
combination of long-acting beta-agonists (LABA) and long-acting muscarinic antagonists (LAMA) than non-smokers 
(35.0% vs 27.5%), suggesting a preference for treatments targeting persistent airway obstruction. In contrast, non- 
smokers show a predisposition towards the combination of inhaled corticosteroids (ICS) and LABA (13.6% vs 9.3%), 
indicating a strategy focused on reducing inflammation rather than relieving obstruction. However this disparity can also 
be caused by a higher percentage of comorbid asthma in the non-smoking population, which (according to Global 
Initiative for Asthma and Global Initiative for Chronic Obstructive Lung Disease guidelines) should be treated according 
to asthma treatment guidelines, resulting in a high prevalence of ICS use.

This differentiation in medication preference underscores the nuanced impact of smoking on COPD pathophysiology 
and treatment response. While ICS and LABA combinations cater to the inflammatory aspect predominant in non- 
smokers, the LABA+LAMA combination addresses the obstructive symptoms more characteristic of those with 
a smoking history.95,96 Despite these differences, the use of the ICS+LABA+LAMA triple therapy did not significantly 
vary among the groups, suggesting a convergence towards a more unified treatment strategy across different patient 
histories. This trend highlights the importance of individualizing COPD management to align with each patient’s specific 
clinical profile and smoking status.

In our study, among COPD patients who had never smoked, significantly better quality of life (p=0.006), oxygen 
saturation (p<0.001), significantly better nutritional status (p<0.001), and significantly better lung function (p<0.001) 
were found compared to smokers. The significant differences in quality of life and lung function between smoking and 
non-smoking COPD patients may be largely attributed to the significantly better nutritional status observed in non- 
smoking patients. COPD is not only characterized by chronic, progressive loss of lung function and airway inflammation 
but also affects the entire body, with unintentional weight loss occurring in nearly a quarter to a third of cases, which can 
sometimes assume pathological proportions.17,97 Lower body mass, decreased bone mass, and reduced muscle mass are 
particularly common in emphysema, driven by increased resting energy expenditure, systemic inflammation, and elevated 
resting respiratory work.98 The development of skeletal muscle loss involves numerous other factors, including hypoxia, 
prolonged physical inactivity, and elevated blood levels of inflammatory markers (eg, C-reactive protein, interleukins, 
tumor necrosis factor-alpha, etc).97,98 Muscle mass loss (sarcopenia) in COPD is very similar to that observed in other 
chronic conditions such as heart failure, renal failure, and cancer.97,99

Among the findings of our research, it is important to highlight that never-smoker COPD patients have significantly 
better lung function and a lower frequency of acute exacerbations of chronic obstructive pulmonary disease (AECOPD) 
compared to smokers. These characteristics, such as lung function and the frequency of exacerbations, are closely related 
to disease progression and the quality of life of patients. These differences can influence the assessment of other patient 
data, such as symptom severity, therapeutic responses, and the prevalence of comorbidities. Due to the more favorable 
clinical profile of non-smokers, researchers may easily misinterpret the effects of smoking, as the deterioration of lung 
function and frequent exacerbations dominate among smoking patients. It is essential to emphasize that smoking is not 
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only a risk factor for COPD but also negatively impacts the disease course. More frequent exacerbations further worsen 
lung function, creating a vicious cycle. The inflammation and lung tissue damage experienced during exacerbations 
contribute to further declines in lung function, and exacerbations negatively affect not only lung function but also 
patients’ quality of life and overall health status. Patients with frequent exacerbations also have a higher rate of 
hospitalization, which exacerbates disease outcomes and treatment costs.

The favorable prognosis of non-smokers can be attributed to several factors, including:
Better lung function: never-smokers generally have better lung function, which reduces the risk of developing COPD 

and disease progression. The absence of smoking preserves the integrity of lung tissues and reduces inflammatory 
processes.

Lower inflammatory levels: smoking causes chronic inflammation in the airways, contributing to COPD progression. 
In non-smokers, this inflammatory response is lower, leading to more favorable outcomes.

Environmental and lifestyle factors: non-smokers typically have healthier lifestyle habits, such as being more 
physically active and following a balanced diet, which may contribute to their better health status. Genetic factors: 
some individuals are genetically predisposed to the harmful effects of smoking, while others are more susceptible to 
respiratory diseases. A more favorable genetic background may play a role in non-smokers. Treatment response: non- 
smoking COPD patients often respond better to treatments than smokers, improving treatment outcomes. These factors 
collectively contribute to the more favorable prognosis of never-smoker COPD patients, leading to a potentially better 
disease course for them.

The significant differences observed between smoking and non-smoking COPD patients in this study provide an 
important foundation for understanding the disease; however, a more detailed exploration of the underlying mechanisms 
would be essential for future research. A thorough examination of genetic, environmental, and lifestyle factors could 
contribute to explaining the observed differences, thereby strengthening the conclusions of the current research. 
Additionally, it is noted that non-smokers are generally older, which may affect the prevalence of comorbidities and 
overall health status. A more detailed discussion of this issue, particularly regarding the interactions between age and 
smoking status, would provide a more comprehensive understanding of our findings. Furthermore, there is a need to 
improve public health strategies regarding vaccination and the management of COPD. Therefore, to enhance public 
health strategies, the following steps are recommended:

Targeted vaccination programs: specific vaccination campaigns should be launched for COPD patients, emphasizing 
the importance of COVID-19 and pneumococcal pneumonia vaccinations. These programs can be implemented with 
informational materials and the involvement of healthcare professionals. Regular screening programs: to facilitate early 
detection of COPD, regular screening programs should be introduced, particularly for high-risk groups (eg, never 
smokers, older adults). These screenings can assist in identifying the disease in its early stages. Training programs for 
healthcare professionals: continuous training sessions should be organized for physicians and healthcare workers 
regarding the management of COPD, taking into account the specific needs of non-smoking patients. These training 
sessions should emphasize the multifactorial nature of the disease and the application of appropriate treatment strategies. 
Interdisciplinary approach: COPD management should be conducted by interdisciplinary teams that include pulmonol
ogists, dietitians, physiotherapists, and psychologists. This approach can help meet the complex needs of patients and 
improve treatment outcomes. Research support: Further research is needed to assess the effectiveness of COPD treatment 
methods, with particular attention to non-smokers. The research findings can inform the development of treatment 
guidelines and public health policies. These recommendations could help improve the effectiveness of COPD manage
ment and vaccination programs, contributing to an enhanced quality of life for patients.

Limitations
Our study aimed to enrich the understanding of COPD’s demographic and clinical nuances, particularly in non-smoking 
patients. It reaffirms smoking’s role in COPD while highlighting significant clinical and therapeutic differences between 
smokers and non-smokers. However, it also underscores the importance of addressing the limitations inherent in cross- 
sectional designs and the need for prospective studies to further explore these critical distinctions.
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An important limitation of the current study is that we did not inquire about the extent of passive smoking, various 
occupational inhalation exposures, or other provoking factors such as the level of air pollution. However, we have to 
highlight, that it is extremely difficult to reliable collect data on these topics, especially when we consider a long-term 
exposure, such as the one needed for developing COPD. In case of exacerbations, data on a short time-frame can be 
available (eg: meteorological report of the area), it not really feasible on the long-term. Additionally, we did not stratify 
patients according to the exact type of tobacco used (eg, conventional cigarettes, vaping or heated tobacco products - 
HTP), however both vapes and HTP-s had only been available in Hungary for less than 10 years, meaning that they 
might have only a minor effect on COPD demography. We also did not ask about the uptake of other important 
vaccinations, such as influenza and pneumococcal vaccines, as the research was conducted during the COVID-19 
pandemic. Therefore, we only inquired about the uptake of COVID-19 vaccinations from the patients.

Other limitations of our study include its observational nature, reliance on self-reported symptoms, and lack of 
longitudinal follow-up, which prevents causal inference. This large-scale national study did not aim to analyze the 
effectiveness of various treatments, as such analysis would require following elderly, sometimes severely ill COPD 
patients. The sole objective of the research was to present COPD patients who have never smoked and to showcase their 
demographic and clinical characteristics.

Furthermore, the study did not aim to exclude asthmatics, provided they also had a COPD diagnosis (COPD-A group, 
according to GOLD 2023/2024 etiology classification). Our aim was to assess all COPD patients, including those with 
concomitant asthma. Since the COPD-A group accounts for about 15% of the Hungarian COPD population and these 
patients are generally harder to treat, it is crucial to collect data for optimizing care for this high-risk population. Patients 
with a pure asthma diagnosis were excluded in accordance with the study’s exclusion criteria.

The cross-sectional design and potential biases, such as healthcare access and patient cooperation, may influence the 
results, emphasizing the need for comprehensive, longitudinal research to validate our findings and explore their 
implications for COPD management and prevention.

Conclusions
In conclusion, our study sheds light on the intricate distinctions between smoking and non-smoking COPD patients, 
emphasizing the broader spectrum of COPD beyond its conventional association with smoking. Our findings reveal that 
non-smokers experience a better quality of life and superior respiratory function, albeit with a greater prevalence of 
certain comorbidities. This underscores the complex interplay of genetic, environmental, and possibly age-related 
factors87,100–106 influencing COPD manifestations. Additionally, our research highlights significant differences in inhaler 
medication usage patterns, reflecting the underlying pathophysiological differences attributed to smoking status. The 
nuanced understanding of these patterns underscores the importance of personalized COPD management strategies that 
consider the patient’s smoking history and clinical profile. Furthermore, the study underlines the critical role of 
vaccination in preventing exacerbations and managing COPD, revealing suboptimal vaccination rates among the patient 
population. This points to a need for improved public health strategies to enhance vaccination coverage among COPD 
patients. Our findings advocate for a more nuanced understanding of COPD, challenging conventional perspectives and 
emphasizing the need for targeted interventions. Future studies are essential to deepen our understanding of COPD’s 
complexities, paving the way for more effective, personalized treatment and management approaches.

Abbreviations
% pred, % of predicted value; AECOPD, acute exacerbations of chronic obstructive pulmonary disease; BMI, body mass 
index; CAT, COPD Assessment Test; CI, Confidence Interval; COPD, chronic obstructive pulmonary disease; COVID- 
19, Coronavirus disease 2019; EESZT, National eHealth Infrastructure; FEV1, forced expiratory volume in 1 second; 
FVC, forced vital capacity; GLI, Global Lung Function Initiative; GOLD, Global Initiative for Chronic Obstructive Lung 
Disease; ICS, inhaled corticosteroids; LABA, long-acting bronchodilators; LAMA, long-acting muscarinic antagonist; 
MI, acute myocardial infarction mMRC, modified MRC questionnaire; OR, odds ratio; SABA, short-acting beta agonist; 
SARS, Severe acute respiratory syndrome; SARS-CoV-2, Severe Acute Respiratory Syndrome Coronavirus 2; WHO, 
World Health Organization.

International Journal of Chronic Obstructive Pulmonary Disease 2024:19                                                https://doi.org/10.2147/COPD.S484664                                                                                                                                                                                                                       

DovePress                                                                                                                       
2683

Dovepress                                                                                                                                                           Fekete et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Data Sharing Statement
The data that support the findings of this study are available on reasonable request from the corresponding author.

Ethical Statement
The authors are accountable for all aspects of the work, ensuring that any questions related to the accuracy or integrity of 
the study are appropriately investigated and resolved. The study protocol was approved by the Hungarian National 
Institute of Pharmacy and Nutrition (document number OGYÉI/57035-4/2021) and received a positive evaluation from 
the Hungarian National Research Ethics Committee (document number TUKEB IV/7743-1/2021/EKU). The research 
permit was obtained on October 4, 2021, and the study adhered to the principles of the Declaration of Helsinki (2013 
revision). Patients received both oral and written information prior to the assessment and provided informed consent.

Acknowledgments
The authors would like to thank all clinicians partaking in the collection of clinical data. Alb Krisztina Éva, Alföldi 
Ibolya, Bánvölgyi Aranka, Bárány Magdolna, Bártfai Zoltán, Bartha Anna, Beke Márta, Bencze Ágota, Bende Zoltán 
Gyula, Bérdi Eszter, Berzai Eszter Júlia, Bitay Zsuzsanna, Bolya Zsuzsanna, Borota Mirela, Böszörményi Katalin, 
Breining Ildikó, Búrzuk Valéria, Czompó Márta, Csajbók Valéria, Csicsári Katalin, Csollák Mária, Csontos Éva, Diós 
Edit, Donka Tünde, Draskóczy Andrea, Ferencz Barbara Aranka, Filkorn Rózsa, Frank Emil, Füleki Margit, Füzesi Edit, 
Füzesi Katalin, Gönczi Mariann, Hajdu Krisztina, Hangonyi Csilla Mária, Horváth Gabriella, Huszár Hermina Eveline, 
Igyártó Rozália, Jakab Zoltán, Jancsikin Ljubomir, Juhász Erzsébet, Juhász Tibor, Kalmár Éva, Kaposi Katalin, Kató 
Ernő, Kecskés Teréz, Kerényi Ildikó Zsuzsanna, Kis Sándor, Kiss Gabriella, Kollár Erzsébet, Kondora Zsanett, Kontz 
Katalin, Kónya Melinda, Körmendy Szabolcs Dénes, Kuberka Zoltán, Kuczkó Éva Mária, Kukuly Alla, Kukuly Miklós, 
Kurucz Anikó, Kurucz Edina, Lukács Zsuzsanna Éva, Madai Ildikó Zsuzsanna, Maha Jakoob, Major Katalin, Makk 
László, Medek Lívia, Mészáros Imre, Mózes Imre István, Nádudvary Ildikó, Nagy Andrea, Nagy Emília, Osvai László, 
Papp Márta, Pappné Dr. Ferenczy Nóra, Poncsák Mária, Puskás Emese, Radeczky Éva, Radu Simona, Schlezák Judit, 
Selypes Ágnes Erzsébet, Simorjay Zsuzsanna, Sipos Anikó, Sipos Valéria, Somogyi István, Steierlein Mária, Süveges 
Tibor, Szabó Csilla, Szabó Éva Teréz, Szabó Gyöngyi, Szabó Marianna, Szabó Márta, Szakács Éva, Száraz Éva, Szarka 
Ildikó, Szeleczki Róza, Szenes Éva Julianna, Szereday Ildikó, Szigeti Ilona, Szilas Gábor, Szkunzjak Viktória, Szolnoki 
Erzsébet, Tamás Gabriella, Tankó Magda, Tehenes Sándor, Tóth Sándor, Tóth Tivadar, Tóth Zsuzsanna, Unger Erika, 
Varga Ágnes, Várnai Beáta, Vecsey Erika, Vidák Zsolt, Vincze Árpád, Vinkler Ilona, Vitus Ernő, Walcz Erzsébet, Zagyva 
Tamás.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
The research was funded by Chiesi Hungary Ltd.

Disclosure
Dr Balazs Santa and Dr Alpar Horvath are employees of Chiesi Hungary Kft, during the conduct of the study. The 
authors declare no conflicts of interest. Financial funding did not influence the presentation of this data.

References
1. Varga JT, Munkácsi A, Máthe C. et al. A belégző izmok fizikai tréningjének hatása a betegek fizikai állapotára COPD-ben. Med Thoracal. 2018;71 

(2):96–102.

https://doi.org/10.2147/COPD.S484664                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 2684

Fekete et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


2. Fazekas-Pongor V, Fekete M, Balazs P, et al. Health-related quality of life of COPD patients aged over 40 years. Physiol Int. 2021;108 
(2):261–273. doi:10.1556/2060.2021.00017

3. Ortiz-Quintero B, Martínez-Espinosa I, Pérez-Padilla R. Mechanisms of Lung Damage and Development of COPD Due to Household 
Biomass-Smoke Exposure: inflammation, Oxidative Stress, MicroRNAs, and Gene Polymorphisms. Cells. 2022;12(1):67. doi:10.3390/ 
cells12010067

4. García CR, Ruano-Ravina A, Ríos MP, et al. Clinical characteristics of chronic obstructive pulmonary disease in never-smokers: a systematic 
review. Respir Med. 2023;214:107284. doi:10.1016/j.rmed.2023.107284

5. Farcher R, Syleouni ME, Vinci L, Mattli R. Burden of smoking on disease-specific mortality, Dalys, costs: the case of a high-income European 
country. BMC Public Health. 2023;23(1):698. doi:10.1186/s12889-023-15535-9

6. Theilmann M, Lemp JM, Winkler V, et al. Patterns of tobacco use in low and middle income countries by tobacco product and socio
demographic characteristics: nationally representative survey data from 82 countries. BMJ. 2022;378:e067582. doi:10.1136/bmj-2021-067582

7. Pandics T, Major D, Fazekas-Pongor V, et al. Exposome and unhealthy aging: environmental drivers from air pollution to occupational 
exposures. GeroScience. 2023;45:1–28.

8. Bhattacharjee N, Sarkar P, Sarkar T. Beyond the acute illness: exploring long COVID and its impact on multiple organ systems. Physiol Int. 
2023;110(4):291–310. doi:10.1556/2060.2023.00256

9. Peterfi A, Meszaros A, Szarvas Z, et al. Comorbidities and increased mortality of COVID-19 among the elderly: a systematic review. Physiol 
Int. 2022;109(2):163–176. doi:10.1556/2060.2022.00206

10. Gado K, Kovacs AK, Domjan G, Nagy ZZ, Bednarik GD. COVID-19 and the elderly. Physiol Int. 2022;109(2):177–185. doi:10.1556/ 
2060.2022.00203

11. Feher A, Szarvas Z, Lehoczki A, Fekete M, Fazekas-Pongor V. Co-infections in COVID-19 patients and correlation with mortality rate. 
Minireview Physiol Int. 2022;109(1):1–8. doi:10.1556/2060.2022.00015

12. Luke E, Swafford K, Shirazi G, Venketaraman V. TB and COVID-19: an Exploration of the Characteristics and Resulting Complications of 
Co-infection. Front Biosci. 2022;14(1):6. doi:10.31083/j.fbs1401006

13. Al Wachami N, Guennouni M, Iderdar Y, et al. Estimating the global prevalence of chronic obstructive pulmonary disease (COPD): a systematic 
review and meta-analysis. BMC Public Health. 2024;24(1):297. doi:10.1186/s12889-024-17686-9

14. Olortegui-Rodriguez JJ, Soriano-Moreno DR, Benites-Bullón A, Pelayo-Luis PP, Huaringa-Marcelo J. Prevalence and incidence of chronic 
obstructive pulmonary disease in Latin America and the Caribbean: a systematic review and meta-analysis. BMC Pulm Med. 2022;22(1):273. 
doi:10.1186/s12890-022-02067-y

15. Karnati S, Seimetz M, Kleefeldt F, et al. Chronic Obstructive Pulmonary Disease and the Cardiovascular System: vascular Repair and 
Regeneration as a Therapeutic Target. Front Cardiovasc Med. 2021;8:649512. doi:10.3389/fcvm.2021.649512

16. Kahnert K, Jörres RA, Behr J, Welte T. The diagnosis and treatment of COPD and its comorbidities. Deutsches Ärzteblatt Int. 2023;120 
(25):434. doi:10.3238/arztebl.m2023.027

17. Fekete M, Fazekas-Pongor V, Balázs P, et al. Effect of malnutrition and body composition on the quality of life of COPD patients. Physiol Int. 
2021;108(2):238–250. doi:10.1556/2060.2021.00170

18. Fekete M, Fazekas-Pongor V, Szőllősi G, Varga JT. A krónikus obstruktív tüdőbetegség metabolikus következményei. Orvosi Hetilap. 2021;162 
(5):185–191. doi:10.1556/650.2021.31984

19. Fekete M, Szarvas Z, Fazekas-Pongor V, Lehoczki A, Tarantini S, Varga JT. Effects of omega-3 supplementation on quality of life, nutritional 
status, inflammatory parameters, lipid profile, exercise tolerance and inhaled medications in chronic obstructive pulmonary disease. Ann Palliat 
Med. 2022;11(9):2819–2829. doi:10.21037/apm-22-254

20. Fekete M, Csípő T, Fazekas-Pongor V, et al. The Possible Role of Food and Diet in the Quality of Life in Patients with COPD-A State-of-The- 
Art Review. Nutrients. 2023;15(18):3902. doi:10.3390/nu15183902

21. Fekete M, Horvath A, Santa B, et al. COVID-19 vaccination coverage in patients with chronic obstructive pulmonary disease - A 
cross-sectional study in Hungary. Vaccine. 2023;41(1):193–200. doi:10.1016/j.vaccine.2022.11.020

22. Fekete M, Horvath A, Santa B, Tomisa G, Szollosi G, Varga JT. First booster dose uptake of COVID-19 vaccine and disease-related factors in 
chronic obstructive pulmonary disease-a cross-sectional survey in Hungary. Ann Palliat Med. 2023;12(3):516–528. doi:10.21037/apm-22-1256

23. Patel N. An update on COPD prevention, diagnosis, and management: the 2024 GOLD Report. Nurse Pract. 2024;49(6):29–36. doi:10.1097/01. 
NPR.0000000000000180

24. Venkatesan P. GOLD COPD report: 2024 update. Lancet Respir Med. 2024;12(1):15–16. doi:10.1016/S2213-2600(23)00461-7
25. Singh D, Agusti A, Anzueto A, et al. Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease: the 

GOLD science committee report 2019. Eur Respir J. 2019;53(5):1900164. doi:10.1183/13993003.00164-2019
26. Miravitlles M, Kostikas K, Bizymi N, Tzanakis N. A novel figure and algorithm for the gold ABE classification. Elsevier. 2023;2023:702–704.
27. Jones PW, Tabberer M, Chen W-H. Creating scenarios of the impact of COPD and their relationship to COPD Assessment Test (CAT™) scores. 

BMC Pulm Med. 2011;11(1):1–7. doi:10.1186/1471-2466-11-42
28. Launois C, Barbe C, Bertin E, et al. The modified Medical Research Council scale for the assessment of dyspnea in daily living in obesity: 

a pilot study. BMC Pulm Med. 2012;12(1):1–7. doi:10.1186/1471-2466-12-61
29. Halpin DMG, Criner GJ, Papi A, et al. Global Initiative for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung Disease. 

The 2020 GOLD Science Committee Report on COVID-19 and Chronic Obstructive Pulmonary Disease. Am J Respir Crit Care Med. 2021;203 
(1):24–36. doi:10.1164/rccm.202009-3533SO

30. Cascella M, Rajnik M, Aleem A, Dulebohn SC, Di Napoli R. Features, Evaluation, and Treatment of Coronavirus (COVID-19). Treasure Island 
(FL): StatPearls Publishing; 2024.

31. Weir CB, Jan A. BMI Classification Percentile and Cut off Points. StatPearls. Treasure Island (FL): StatPearls Publishing; 2024.
32. Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in non-smokers. Lancet. 2009;374(9691):733–743. doi:10.1016/S0140-6736(09) 

61303-9
33. Corlateanu A, Mendez Y, Wang Y, Garnica RJA, Botnaru V, Siafakas N. Chronic obstructive pulmonary disease and phenotypes: a state-of-The- 

art. Pulmonology. 2020;26(2):95–100. doi:10.1016/j.pulmoe.2019.10.006

International Journal of Chronic Obstructive Pulmonary Disease 2024:19                                                https://doi.org/10.2147/COPD.S484664                                                                                                                                                                                                                       

DovePress                                                                                                                       
2685

Dovepress                                                                                                                                                           Fekete et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1556/2060.2021.00017
https://doi.org/10.3390/cells12010067
https://doi.org/10.3390/cells12010067
https://doi.org/10.1016/j.rmed.2023.107284
https://doi.org/10.1186/s12889-023-15535-9
https://doi.org/10.1136/bmj-2021-067582
https://doi.org/10.1556/2060.2023.00256
https://doi.org/10.1556/2060.2022.00206
https://doi.org/10.1556/2060.2022.00203
https://doi.org/10.1556/2060.2022.00203
https://doi.org/10.1556/2060.2022.00015
https://doi.org/10.31083/j.fbs1401006
https://doi.org/10.1186/s12889-024-17686-9
https://doi.org/10.1186/s12890-022-02067-y
https://doi.org/10.3389/fcvm.2021.649512
https://doi.org/10.3238/arztebl.m2023.027
https://doi.org/10.1556/2060.2021.00170
https://doi.org/10.1556/650.2021.31984
https://doi.org/10.21037/apm-22-254
https://doi.org/10.3390/nu15183902
https://doi.org/10.1016/j.vaccine.2022.11.020
https://doi.org/10.21037/apm-22-1256
https://doi.org/10.1097/01.NPR.0000000000000180
https://doi.org/10.1097/01.NPR.0000000000000180
https://doi.org/10.1016/S2213-2600(23)00461-7
https://doi.org/10.1183/13993003.00164-2019
https://doi.org/10.1186/1471-2466-11-42
https://doi.org/10.1186/1471-2466-12-61
https://doi.org/10.1164/rccm.202009-3533SO
https://doi.org/10.1016/S0140-6736(09)61303-9
https://doi.org/10.1016/S0140-6736(09)61303-9
https://doi.org/10.1016/j.pulmoe.2019.10.006
https://www.dovepress.com
https://www.dovepress.com


34. Güldaval F, Polat G, Doruk S, et al. What are the differences between smoker and non-smoker COPD cases? Is it a different phenotype? Turkish 
Thoracic J. 2021;22(4):284. doi:10.5152/TurkThoracJ.2021.20147

35. Lamprecht B, Schirnhofer L, Kaiser B, Buist S, Studnicka M. Non-reversible airway obstruction in never smokers: results from the Austrian 
BOLD study. Respir Med. 2008;102(12):1833–1838. doi:10.1016/j.rmed.2008.07.007

36. Matera MG, Ora J, Calzetta L, Rogliani P, Cazzola M. Sex differences in COPD management. Expert Rev Clin Pharmacol. 2021;14 
(3):323–332. doi:10.1080/17512433.2021.1888713

37. Zysman M, Burgel PR, Court-Fortune I, et al. Relationship between gender and survival in a real-life cohort of patients with COPD. Respir Res. 
2019;20(1):191. doi:10.1186/s12931-019-1154-3

38. Ntritsos G, Franek J, Belbasis L, et al. Gender-specific estimates of COPD prevalence: a systematic review and meta-analysis. Int J Chronic 
Obstr. 2018;Volume 13:1507–1514. doi:10.2147/COPD.S146390

39. Han MK, Postma D, Mannino DM, et al. Gender and chronic obstructive pulmonary disease: why it matters. Am J Respir Crit Care Med. 
2007;176(12):1179–1184. doi:10.1164/rccm.200704-553CC

40. Ancochea J, Miravitlles M, García-Río F, et al. Underdiagnosis of chronic obstructive pulmonary disease in women: quantification of the 
problem, determinants and proposed actions. Archivos Bronconeumol. 2013;49(6):223–229. doi:10.1016/j.arbres.2012.11.010

41. Gut-Gobert C, Cavaillès A, Dixmier A, et al. Women and COPD: do we need more evidence? Eur Respir Rev. 2019;28(151):180055. 
doi:10.1183/16000617.0055-2018

42. Martinez CH, Raparla S, Plauschinat CA, et al. Gender differences in symptoms and care delivery for chronic obstructive pulmonary disease. 
J Women’s Health. 2012;21(12):1267–1274. doi:10.1089/jwh.2012.3650

43. Tilert T, Dillon C, Paulose-Ram R, Hnizdo E, Doney B. Estimating the US prevalence of chronic obstructive pulmonary disease using pre-and 
post-bronchodilator spirometry: the National Health and Nutrition Examination Survey (NHANES) 2007–2010. Respir Res. 2013;14(1):1–11. 
doi:10.1186/1465-9921-14-1

44. Choi JY, Kim JW, Kim YH, et al. Clinical Characteristics of Non-Smoking Chronic Obstructive Pulmonary Disease Patients: findings from the 
KOCOSS Cohort. COPD. 2022;19(1):174–181. doi:10.1080/15412555.2022.2053088

45. Takiguchi H, Takeuchi T, Niimi K, et al. Proportion and clinical characteristics of non-asthmatic non-smokers among adults with airflow 
obstruction. PLoS One. 2018;13(5):e0196132. doi:10.1371/journal.pone.0196132

46. Lee SH, Hwang ED, Lim JE, et al. The Risk Factors and Characteristics of COPD Among Nonsmokers in Korea: an Analysis of KNHANES IV 
and V. Lung. 2016;194(3):353–361. doi:10.1007/s00408-016-9871-6

47. Denguezli M, Daldoul H, Harrabi I, et al. COPD in Nonsmokers: reports from the Tunisian Population-Based Burden of Obstructive Lung 
Disease Study. PLoS One. 2016;11(3):e0151981. doi:10.1371/journal.pone.0151981

48. Zhang J, Lin XF, Bai CX. Comparison of clinical features between non-smokers with COPD and smokers with COPD: a retrospective 
observational study. Int J Chron Obstruct Pulmon Dis. 2014;9:57–63. doi:10.2147/COPD.S52416

49. Ji W, Lim MN, Bak SH, et al. Differences in chronic obstructive pulmonary disease phenotypes between non-smokers and smokers. Clin Respir 
J. 2018;12(2):666–673. doi:10.1111/crj.12577

50. Salvi SS, Brashier BB, Londhe J, et al. Phenotypic comparison between smoking and non-smoking chronic obstructive pulmonary disease. 
Respir Res. 2020;21(1):50. doi:10.1186/s12931-020-1310-9

51. Wijnant SRA, Benz E, Luik AI, et al. Frailty Transitions in Older Persons With Lung Function Impairment: a Population-Based Study. 
J Gerontol a Biol Sci Med Sci. 2023;78(2):349–356. doi:10.1093/gerona/glac202

52. Wang J, Guo J, Dove A, et al. Pulmonary Function Trajectories Preceding Death Among Older Adults: a Long-Term Community-Based Cohort 
Study. J Gerontol a Biol Sci Med Sci. 2023;78(7):1219–1226. doi:10.1093/gerona/glac188

53. Wang J, Wang J, Li X, et al. Association of Pulmonary Function With Motor Function Trajectories and Disability Progression Among Older 
Adults: a Long-Term Community-Based Cohort Study. J Gerontol a Biol Sci Med Sci. 2022;77(12):2524–2531. doi:10.1093/gerona/glac085

54. Liu H, Zhang X, Chen B, Fang B, Lou VWQ, Hu J. The Differential Impact of Multimorbidity Patterns and Subsequent Accumulation on 
Longitudinal Trajectories of Physical Function Decline in a Population-Based Cohort of Older People. J Gerontol a Biol Sci Med Sci. 2022;77 
(8):1629–1636. doi:10.1093/gerona/glab384

55. Garcia-Vilanova A, Olmo-Fontanez AM, Moliva JI, et al. The Aging Human Lung Mucosa: a Proteomics Study. J Gerontol a Biol Sci Med Sci. 
2022;77(10):1969–1974. doi:10.1093/gerona/glac091

56.. Fekete M, Major D, Feher A, Fazekas-Pongor V, Lehoczki A. Geroscience and pathology: a new frontier in understanding age-related diseases. 
Pathol Oncol Res. 2024;30. doi:10.3389/pore.2024.1611623.

57. Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G. The hallmarks of aging. Cell. 2013;153(6):1194–1217. doi:10.1016/j. 
cell.2013.05.039

58. Ungvari Z, Tarantini S, Nyul-Toth A, et al. Nrf2 dysfunction and impaired cellular resilience to oxidative stressors in the aged vasculature: from 
increased cellular senescence to the pathogenesis of age-related vascular diseases. Geroscience. 2019;41(6):727–738. doi:10.1007/s11357-019- 
00107-w

59. Ungvari Z, Bailey-Downs L, Sosnowska D, et al. Vascular oxidative stress in aging: a homeostatic failure due to dysregulation of Nrf2-mediated 
antioxidant response. Am J Physiol Heart Circ Physiol. 2011;301(2):H363–72. doi:10.1152/ajpheart.01134.2010

60. Ungvari Z, Bailey-Downs L, Gautam T, et al. Age-associated vascular oxidative stress, Nrf2 dysfunction and NF-kB activation in the 
non-human primate Macaca mulatta. J Gerontol a Biol Sci Med Sci. 2011;66(8):866–875. doi:10.1093/gerona/glr092

61. Pinto TNC, da Silva C, Pinto RMC, da Silva Duarte AJ, Benard G, Fernandes JR. Tobacco exposure, but not aging, shifts the frequency of 
peripheral blood B cell subpopulations. Geroscience. 2024;46(2):2729–2738. doi:10.1007/s11357-023-01051-6

62. Ng TP, Nyunt SZ, Gao Q, Gwee X, Chua DQL, Yap KB. Curcumin-rich curry consumption and life expectancy: Singapore longitudinal ageing 
study. Geroscience. 2024;46(1):969–980. doi:10.1007/s11357-023-00842-1

63. Ruggiero AD, Vemuri R, Blawas M, et al. Long-term dasatinib plus quercetin effects on aging outcomes and inflammation in nonhuman 
primates: implications for senolytic clinical trial design. Geroscience. 2023;45(5):2785–2803. doi:10.1007/s11357-023-00830-5

64. Meier HCS, Mitchell C, Karadimas T, Faul JD. Systemic inflammation and biological aging in the Health and Retirement Study. Geroscience. 
2023;45(6):3257–3265. doi:10.1007/s11357-023-00880-9

https://doi.org/10.2147/COPD.S484664                                                                                                                                                                                                                               

DovePress                                                                                              

International Journal of Chronic Obstructive Pulmonary Disease 2024:19 2686

Fekete et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.5152/TurkThoracJ.2021.20147
https://doi.org/10.1016/j.rmed.2008.07.007
https://doi.org/10.1080/17512433.2021.1888713
https://doi.org/10.1186/s12931-019-1154-3
https://doi.org/10.2147/COPD.S146390
https://doi.org/10.1164/rccm.200704-553CC
https://doi.org/10.1016/j.arbres.2012.11.010
https://doi.org/10.1183/16000617.0055-2018
https://doi.org/10.1089/jwh.2012.3650
https://doi.org/10.1186/1465-9921-14-1
https://doi.org/10.1080/15412555.2022.2053088
https://doi.org/10.1371/journal.pone.0196132
https://doi.org/10.1007/s00408-016-9871-6
https://doi.org/10.1371/journal.pone.0151981
https://doi.org/10.2147/COPD.S52416
https://doi.org/10.1111/crj.12577
https://doi.org/10.1186/s12931-020-1310-9
https://doi.org/10.1093/gerona/glac202
https://doi.org/10.1093/gerona/glac188
https://doi.org/10.1093/gerona/glac085
https://doi.org/10.1093/gerona/glab384
https://doi.org/10.1093/gerona/glac091
https://doi.org/10.3389/pore.2024.1611623
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1016/j.cell.2013.05.039
https://doi.org/10.1007/s11357-019-00107-w
https://doi.org/10.1007/s11357-019-00107-w
https://doi.org/10.1152/ajpheart.01134.2010
https://doi.org/10.1093/gerona/glr092
https://doi.org/10.1007/s11357-023-01051-6
https://doi.org/10.1007/s11357-023-00842-1
https://doi.org/10.1007/s11357-023-00830-5
https://doi.org/10.1007/s11357-023-00880-9
https://www.dovepress.com
https://www.dovepress.com


65. Bencivenga L, Strumia M, Rolland Y, et al. Biomarkers of mitochondrial dysfunction and inflammaging in older adults and blood pressure 
variability. Geroscience. 2023;45(2):797–809. doi:10.1007/s11357-022-00697-y

66. Nunan E, Wright CL, Semola OA, et al. Obesity as a premature aging phenotype - implications for sarcopenic obesity. Geroscience. 2022;44 
(3):1393–1405. doi:10.1007/s11357-022-00567-7

67. Jiang Y, Yabluchanskiy A, Deng J, Amil FA, Po SS, Dasari TW. The role of age-associated autonomic dysfunction in inflammation and 
endothelial dysfunction. Geroscience. 2022;44(6):2655–2670. doi:10.1007/s11357-022-00616-1

68. Gluchowska A, Cysewski D, Baj-Krzyworzeka M, et al. Unbiased proteomic analysis of extracellular vesicles secreted by senescent human 
vascular smooth muscle cells reveals their ability to modulate immune cell functions. Geroscience. 2022;44(6):2863–2884. doi:10.1007/s11357- 
022-00625-0

69. Bruno MEC, Mukherjee S, Powell WL, et al. Accumulation of gammadelta T cells in visceral fat with aging promotes chronic inflammation. 
Geroscience. 2022;44(3):1761–1778. doi:10.1007/s11357-022-00572-w

70. Bechini A, Bonanni P, Lauri S, et al. Strategies and actions of multi-purpose health communication on vaccine preventable infectious diseases in 
order to increase vaccination coverage in the population: the ESCULAPIO project. Hum Vaccines Immunother. 2017;13(2):369–375. 
doi:10.1080/21645515.2017.1268008

71. Bello-Chavolla OY, Gonzalez-Diaz A, Antonio-Villa NE, et al. Unequal Impact of Structural Health Determinants and Comorbidity on 
COVID-19 Severity and Lethality in Older Mexican Adults: considerations Beyond Chronological Aging. J Gerontol a Biol Sci Med Sci. 
2021;76(3):e52–e9. doi:10.1093/gerona/glaa163

72. Wong MK. COVID-19 mortality and progress toward vaccinating older adults—World Health Organization, worldwide, 2020–2022. MMWR 
Morb Mortal Wkly Rep. 2023;2023:72.

73. Fekete M, Pako J, Nemeth AN, Tarantini S, Varga JT. Prevalence of influenza and pneumococcal vaccination in chronic obstructive pulmonary 
disease patients in association with the occurrence of acute exacerbations. J Thoracic Dis. 2020;12(8):4233. doi:10.21037/jtd-20-814

74. Fehér Á, Fekete M, Varga JT, Horváth I. Medical students’ knowledge on vaccinology. Orvosi hetilap. 2019;160(30):1193–1199. doi:10.1556/ 
650.2019.31426

75. Fekete M, Szarvas Z, Fazekas-Pongor V, et al. COVID-19 infection in patients with chronic obstructive pulmonary disease: from pathophy
siology to therapy. Mini Rev Physiol Int. 2022;109(1):9–19. doi:10.1556/2060.2022.00172

76. Szabo D, Ostorhazi E, Stercz B, et al. Specific nasopharyngeal Corynebacterium strains serve as gatekeepers against SARS-CoV-2 infection. 
Geroscience. 2023;45(5):2927–2938. doi:10.1007/s11357-023-00850-1

77. Venkitakrishnan R, Vijay A, Augustine J, et al. Hospitalisation outcomes in pneumococcal-vaccinated versus -unvaccinated patients with 
exacerbation of COPD: results from the HOPE COPD Study. ERJ Open Res. 2023;9(3):00476–2022. doi:10.1183/23120541.00476-2022

78. Feldman C, Dlamini S, Richards GA, et al. A comprehensive overview of pneumococcal vaccination recommendations for adults in South 
Africa, 2022. J Thorac Dis. 2022;14(10):4150–4172. doi:10.21037/jtd-22-287

79. Thyagarajan B, Faul J, Vivek S, et al. Age-Related Differences in T-Cell Subsets in a Nationally Representative Sample of People Older Than 
Age 55: findings From the Health and Retirement Study. J Gerontol a Biol Sci Med Sci. 2022;77(5):927–933. doi:10.1093/gerona/glab300

80. Montano M, Correa-de-Araujo R. Maladaptive Immune Activation in Age-Related Decline of Muscle Function. J Gerontol a Biol Sci Med Sci. 
2023;78(Suppl 1):19–24. doi:10.1093/gerona/glad036

81. Dugue PA, Hodge AM, Ulvik A, et al. Association of Markers of Inflammation, the Kynurenine Pathway and B Vitamins with Age and 
Mortality, and a Signature of Inflammaging. J Gerontol a Biol Sci Med Sci. 2022;77(4):826–836. doi:10.1093/gerona/glab163

82. Cribb L, Hodge AM, Yu C, et al. Inflammation and Epigenetic Aging Are Largely Independent Markers of Biological Aging and Mortality. 
J Gerontol a Biol Sci Med Sci. 2022;77(12):2378–2386. doi:10.1093/gerona/glac147

83. Rasmussen LJH, Caspi A, Ambler A, et al. Association Between Elevated suPAR, a New Biomarker of Inflammation, and Accelerated Aging. 
J Gerontol a Biol Sci Med Sci. 2021;76(2):318–327. doi:10.1093/gerona/glaa178

84. Marquez-Salinas A, Fermin-Martinez CA, Antonio-Villa NE, et al. Adaptive Metabolic and Inflammatory Responses Identified Using 
Accelerated Aging Metrics Are Linked to Adverse Outcomes in Severe SARS-CoV-2 Infection. J Gerontol a Biol Sci Med Sci. 2021;76(8): 
e117–e26. doi:10.1093/gerona/glab078

85. McGovern KE, Sonar SA, Watanabe M, Coplen CP, Bradshaw CM, Nikolich JZ. The aging of the immune system and its implications for 
transplantation. Geroscience. 2023;45(3):1383–1400. doi:10.1007/s11357-022-00720-2

86. Jergovic M, Watanabe M, Bhat R, et al. T-cell cellular stress and reticulocyte signatures, but not loss of naive T lymphocytes, characterize 
severe COVID-19 in older adults. Geroscience. 2023;45(3):1713–1728. doi:10.1007/s11357-022-00724-y

87. Del Pozo-Valero M, Corton M, Lopez-Rodriguez R, et al. Age-dependent association of clonal hematopoiesis with COVID-19 mortality in 
patients over 60 years. Geroscience. 2023;45(1):543–553. doi:10.1007/s11357-022-00666-5

88. Meyer M, Constancias F, Worth C, et al. Humoral immune response after COVID-19 infection or BNT162b2 vaccine among older adults: 
evolution over time and protective thresholds. Geroscience. 2022;44(3):1229–1240. doi:10.1007/s11357-022-00546-y

89. Fazekas-Pongor V, Szarvas Z, Nagy ND, et al. Different patterns of excess all-cause mortality by age and sex in Hungary during the 2(nd) and 
3(rd) waves of the COVID-19 pandemic. Geroscience. 2022;44(5):2361–2369. doi:10.1007/s11357-022-00622-3

90. Nikolich-Zugich J, Knox KS, Rios CT, Natt B, Bhattacharya D, Fain MJ. SARS-CoV-2 and COVID-19 in older adults: what we may expect 
regarding pathogenesis, immune responses, and outcomes. Geroscience. 2020;42(2):505–514. doi:10.1007/s11357-020-00186-0

91. VoPham T, Harris HR, Tinker LF, et al. The Impact of the COVID-19 Pandemic on Older Women in the Women’s Health Initiative. J Gerontol 
a Biol Sci Med Sci. 2022;77(Suppl 1):S3–S12. doi:10.1093/gerona/glac056

92. Tisminetzky M, Delude C, Hebert T, Carr C, Goldberg RJ, Age GJH. Multiple Chronic Conditions, and COVID-19: a Literature Review. 
J Gerontol a Biol Sci Med Sci. 2022;77(4):872–878. doi:10.1093/gerona/glaa320

93. Rowe JW. Covid-19 and Aging: challenges and Opportunities. J Gerontol a Biol Sci Med Sci. 2022;77(7):1349–1351. doi:10.1093/gerona/ 
glac089

94. Lopez-Bueno R, Torres-Castro R, Koyanagi A, Smith L, Soysal P, Calatayud J. Associations Between Recently Diagnosed Conditions and 
Hospitalization due to COVID-19 in Patients Aged 50 Years and Older-A SHARE-Based Analysis. J Gerontol a Biol Sci Med Sci. 2022;77(4): 
e111–e4. doi:10.1093/gerona/glab199

International Journal of Chronic Obstructive Pulmonary Disease 2024:19                                                https://doi.org/10.2147/COPD.S484664                                                                                                                                                                                                                       

DovePress                                                                                                                       
2687

Dovepress                                                                                                                                                           Fekete et al

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s11357-022-00697-y
https://doi.org/10.1007/s11357-022-00567-7
https://doi.org/10.1007/s11357-022-00616-1
https://doi.org/10.1007/s11357-022-00625-0
https://doi.org/10.1007/s11357-022-00625-0
https://doi.org/10.1007/s11357-022-00572-w
https://doi.org/10.1080/21645515.2017.1268008
https://doi.org/10.1093/gerona/glaa163
https://doi.org/10.21037/jtd-20-814
https://doi.org/10.1556/650.2019.31426
https://doi.org/10.1556/650.2019.31426
https://doi.org/10.1556/2060.2022.00172
https://doi.org/10.1007/s11357-023-00850-1
https://doi.org/10.1183/23120541.00476-2022
https://doi.org/10.21037/jtd-22-287
https://doi.org/10.1093/gerona/glab300
https://doi.org/10.1093/gerona/glad036
https://doi.org/10.1093/gerona/glab163
https://doi.org/10.1093/gerona/glac147
https://doi.org/10.1093/gerona/glaa178
https://doi.org/10.1093/gerona/glab078
https://doi.org/10.1007/s11357-022-00720-2
https://doi.org/10.1007/s11357-022-00724-y
https://doi.org/10.1007/s11357-022-00666-5
https://doi.org/10.1007/s11357-022-00546-y
https://doi.org/10.1007/s11357-022-00622-3
https://doi.org/10.1007/s11357-020-00186-0
https://doi.org/10.1093/gerona/glac056
https://doi.org/10.1093/gerona/glaa320
https://doi.org/10.1093/gerona/glac089
https://doi.org/10.1093/gerona/glac089
https://doi.org/10.1093/gerona/glab199
https://www.dovepress.com
https://www.dovepress.com


95. Aziz MIA, Tan LE, DB-C W, et al. Comparative efficacy of inhaled medications (ICS/LABA, LAMA, LAMA/LABA and SAMA) for COPD: 
a systematic review and network meta-analysis. Int J Chronic Obstr. 2018;Volume 13:3203–3231. doi:10.2147/COPD.S173472

96. Rodrigo GJ, Price D, Anzueto A, et al. LABA/LAMA combinations versus LAMA monotherapy or LABA/ICS in COPD: a systematic review 
and meta-analysis. Int J Chronic Obstr. 2017;Volume 12:907–922. doi:10.2147/COPD.S130482

97. Kim SH, Shin MJ, Shin YB, Kim KU. Sarcopenia Associated with Chronic Obstructive Pulmonary Disease. J Bone Metab. 2019;26(2):65–74. 
doi:10.11005/jbm.2019.26.2.65

98. De Brandt J, Beijers R, Chiles J, et al. Update on the Etiology, Assessment, and Management of COPD Cachexia: considerations for the 
Clinician. Int J Chron Obstruct Pulmon Dis. 2022;17:2957–2976. doi:10.2147/COPD.S334228

99. Kerti M, Bohacs A, Madurka I, et al. The effectiveness of pulmonary rehabilitation in connection with lung transplantation in Hungary. Ann 
Palliat Med. 2021;10(4):3906–3915. doi:10.21037/apm-20-1783

100. Phua CZJ, Zhao X, Turcios-Hernandez L, et al. Genetic perturbation of mitochondrial function reveals functional role for specific mitonuclear 
genes, metabolites, and pathways that regulate lifespan. Geroscience. 2023;45(4):2161–2178. doi:10.1007/s11357-023-00796-4

101. Cuervo AM, Huffman DM, Vijg J, Milman S, Singh R, Barzilai N. Einstein-Nathan Shock Center: translating the hallmarks of aging to extend 
human health span. Geroscience. 2021;43(5):2167–2182. doi:10.1007/s11357-021-00428-9

102. Janssens GE, Grevendonk L, Schomakers BV, et al. A metabolomic signature of decelerated physiological aging in human plasma. Geroscience. 
2023;45(6):3147–3164. doi:10.1007/s11357-023-00827-0

103. Donlon TA, Morris BJ, Chen R, et al. Proteomic basis of mortality resilience mediated by FOXO3 longevity genotype. Geroscience. 2023;45 
(4):2303–2324. doi:10.1007/s11357-023-00740-6

104. Burnaevskiy N, Oshima J, Mendenhall AR. Rapid emergence of transcriptional heterogeneity upon molecular stress predisposes cells to two 
distinct states of senescence. Geroscience. 2023;45(2):1115–1130. doi:10.1007/s11357-022-00709-x

105. Arif M, Matyas C, Mukhopadhyay P, et al. Data-driven transcriptomics analysis identifies PCSK9 as a novel key regulator in liver aging. 
Geroscience. 2023;45(5):3059–3077. doi:10.1007/s11357-023-00928-w

106. Fielding RA, Atkinson EJ, Aversa Z, et al. Associations between biomarkers of cellular senescence and physical function in humans: 
observations from the lifestyle interventions for elders (LIFE) study. Geroscience. 2022;44(6):2757–2770. doi:10.1007/s11357-022-00685-2

International Journal of Chronic Obstructive Pulmonary Disease                                                       Dovepress 

Publish your work in this journal 
The International Journal of COPD is an international, peer-reviewed journal of therapeutics and pharmacology focusing on concise rapid reporting 
of clinical studies and reviews in COPD. Special focus is given to the pathophysiological processes underlying the disease, intervention programs, 
patient focused education, and self management protocols. This journal is indexed on PubMed Central, MedLine and CAS. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-chronic-obstructive-pulmonary-disease-journal

DovePress                                                           International Journal of Chronic Obstructive Pulmonary Disease 2024:19 2688

Fekete et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2147/COPD.S173472
https://doi.org/10.2147/COPD.S130482
https://doi.org/10.11005/jbm.2019.26.2.65
https://doi.org/10.2147/COPD.S334228
https://doi.org/10.21037/apm-20-1783
https://doi.org/10.1007/s11357-023-00796-4
https://doi.org/10.1007/s11357-021-00428-9
https://doi.org/10.1007/s11357-023-00827-0
https://doi.org/10.1007/s11357-023-00740-6
https://doi.org/10.1007/s11357-022-00709-x
https://doi.org/10.1007/s11357-023-00928-w
https://doi.org/10.1007/s11357-022-00685-2
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methods
	Study Design and Population
	Objective of the Study
	Inclusion Criteria
	Measurements
	Examination of Respiratory Function
	Quality of Life Examination
	Modified Medical Research Council Dyspnea Questionnaire (mMRC)
	Definition of Exacerbation
	Definition of COVID-19 Infection
	Body Mass Index (BMI)
	Statistical Analysis

	Results
	Demographic and Clinical Characteristics of COPD Patients
	Comparison of Clinical Characteristics Between Non-Smoking and Smoking COPD Patients
	Impact of COVID-19 Vaccination and Infection Rates on Smokers and Non-Smokers
	Inhaler Medication Use Among Patients and Hospital Visits

	Discussion
	Limitations
	Conclusions
	Abbreviations
	Data Sharing Statement
	Ethical Statement
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

