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Abstract

:

Current research primarily emphasizes the generalized correlations between airborne pollution and respiratory diseases, seldom considering the differential impacts of particular particulate matter sizes on chronic obstructive pulmonary disease (COPD) exacerbations in distinct Global Initiative for Obstructive Lung Disease (GOLD) categories. This study hypothesizes a critical association between particulate matter sizes (PM 1.0, PM 2.5, and PM 10) and exacerbation frequency in COPD patients categorized under GOLD 3 and GOLD 4, with a potential augmenting role played by proximity to main roads and industrial areas. This research aspires to offer a nuanced perspective on the exacerbation patterns in these groups, setting the stage for targeted intervention strategies. Utilizing a prospective design, this study followed 79 patients divided into GOLD 3 (n = 47) and GOLD 4 (n = 32) categories. The participants were monitored for ten days for daily activity levels, symptoms, living conditions, and airborne particulate matter concentrations, with spirometric evaluations employed to measure lung function. Statistical analyses were used to identify potential risk factors and significant associations. The analysis revealed substantial disparities in airborne particulate matter sizes between the two groups. The mean PM 1.0 concentration was notably higher in GOLD 4 patients (26 µg/m3) compared to GOLD 3 patients (18 µg/m3). Similarly, elevated PM 2.5 levels were observed in the GOLD 4 category (35 µg/m3) in contrast to the GOLD 3 category (24 µg/m3). A vital finding was the increased frequency of exacerbations in individuals residing within 200 m of main roads compared to those living further away (OR = 2.5, 95% CI: 1.5–4.1). Additionally, patients residing in homes smaller than 50 square meters demonstrated a greater frequency of exacerbations. Spirometry results corroborated the exacerbated condition in GOLD 4 patients, indicating a significant decline in lung function parameters compared to the GOLD 3 group. This study substantiates a significant association between airborne particulate matter sizes and exacerbation frequencies in COPD patients, particularly accentuating the increased risk in GOLD 4 patients. Our findings underscore the pivotal role of environmental factors, including the size of living areas and proximity to main roads, in influencing COPD exacerbations. These results suggest the need for personalized healthcare strategies and interventions, which account for environmental risk factors and the distinctions between GOLD 3 and GOLD 4 categories of COPD patients.
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1. Introduction


Chronic obstructive pulmonary disease (COPD), a progressive lung condition characterized by persistent respiratory symptoms and airflow limitation, remains a significant public health concern globally [1,2]. The clinical course of COPD is often punctuated by exacerbations and acute episodes in which symptoms worsen significantly [3]. These exacerbations are primarily attributed to respiratory infections and environmental pollutants, prominently airborne particulate matter (PM) [4,5]. An increasing body of evidence underscores the varying impact of different particle sizes—PM 1.0, PM 2.5, and PM 10—on respiratory health [6]. These fine particles, with diameters of less than 10 μm, are capable of penetrating deep into the respiratory tract, inducing adverse respiratory responses, particularly in individuals with pre-existing pulmonary conditions [7].



The Global Initiative for Chronic Obstructive Lung Disease (GOLD) categorizes COPD patients into four groups: GOLD 1 to GOLD 4, based on the severity of their airflow limitation measured through spirometry [8]. GOLD 3 and GOLD 4, representing the severe and very severe stages of the disease, are characterized by a substantial decrease in forced expiratory volume in one second (FEV1) [9]. This stratification facilitates targeted interventions and management strategies, with a focus on preventing the frequent exacerbations that are common in these advanced stages of COPD.



Understanding the exacerbation patterns within the GOLD 3 and GOLD 4 categories requires comprehensive analytical tools. In this regard, the COPD Assessment Test (CAT) and the Modified British Medical Research Council (mMRC) dyspnea scale serve as pivotal tools [10,11]. The CAT, a patient-completed instrument, provides a measure of the health status of individuals with COPD, allowing for an assessment of the impact of the disease on the patient’s well-being [12,13,14]. On the other hand, the mMRC dyspnea scale facilitates the evaluation of the breathlessness experienced by COPD patients, a significant indicator of exacerbation severity and frequency [15].



Air pollution, particularly the fine and ultrafine particles categorized as PM 1.0, PM 2.5, and PM 10, poses a threat to COPD patients [16]. These particles are principally generated from combustion processes, including motor vehicle emissions, industrial activities, and residential heating [17]. Importantly, the size of these particles dictates their potential to infiltrate the lower respiratory tract. While larger particles (PM 10) generally become trapped in the upper airways, finer particles (PM 1.0 and PM 2.5) possess the capacity to penetrate deeper into the lungs, potentially causing more significant harm and exacerbating COPD symptoms [18,19].



The geographical location of individuals, especially their proximity to main roads and industrial areas, has been observed to correlate with the severity and frequency of COPD exacerbations [20,21,22]. Traffic-related air pollution, characterized by high levels of particulate matter, has been increasingly linked to respiratory morbidity and mortality [23,24,25]. Consequently, investigating the impact of these environmental factors, combined with particle size considerations, is vital in constructing a nuanced understanding of exacerbation patterns among COPD patients, particularly within the GOLD 3 and GOLD 4 categories.



Despite substantial research in this domain, a detailed analysis delineating the influence of specific particle sizes on COPD exacerbations within distinct GOLD categories remains sparse. The existing literature predominantly focuses on general correlations between air pollution and respiratory diseases, with limited studies segregating the effects based on the severity of COPD and the physical properties of PM [26,27]. This research seeks to fill this gap, providing a nuanced view of the interplay between airborne particulate matter size and exacerbation frequencies in GOLD 3 and GOLD 4 COPD patients.



Given this background, the present study hypothesizes that there exists a significant association between airborne particulate matter size (PM 1.0, PM 2.5, and PM 10) and the frequency of exacerbations among COPD patients categorized as GOLD 3 and GOLD 4. Furthermore, it is assumed that proximity to main roads and industrial areas serves as a substantial risk factor for increased exacerbation and severity of respiratory diseases [28]. This study aims to quantitatively analyze these relationships, offering insights into the exacerbation patterns within these specific patient groups, thereby paving the way for targeted intervention strategies. Through a prospective design, the study seeks to evaluate the risk factors contributing to exacerbation severity, focusing on the implications of particle size and COPD assessment scales, facilitating a deeper understanding and refined management strategies for COPD patients.




2. Materials and Methods


2.1. Study Design and Ethics


A systematic observational cohort study was undertaken to examine the potential associations between microparticulate air pollution, atmospheric determinants, and the frequency and severity of exacerbations in COPD patients. This investigation centered on individuals previously diagnosed with COPD, who were under the care of the Pulmonology Clinic at the “Victor Babes” Clinical Hospital located in Timisoara, Romania. This in-depth research was carried out over a span of seven months, specifically from September 2020 to March 2021, a timeframe that allowed for meticulous collection and analysis of relevant data points, while the measurement devices were installed in each patient’s home for a duration of ten days.



In accordance with the ethical guidelines delineated in the Declaration of Helsinki, the study underwent rigorous scrutiny and subsequently gained approval from the Institutional Review Board of the “Victor Babes” Clinical Hospital, documented under reference number 6111 on the date of August 18, 2020. Prior to initiating the study, a comprehensive process was undertaken to obtain informed consent from each participant. The study incorporated a strategy of home visits, where researchers engaged directly with participants in their respective residences. This approach facilitated a deeper understanding of the participants’ living conditions and their potential influence on COPD exacerbations and allowing for home measurements.



Furthermore, to accurately measure the impact of air pollution on COPD exacerbations, sophisticated air-pollution-monitoring equipment was installed at the residences of the participants. This facilitated real-time data acquisition of the various aspects of air quality, notably focusing on microparticulate concentrations. By integrating atmospheric factors into the analysis, the study aspired to uncover nuanced correlations between environmental variables and the exacerbation patterns seen in COPD patients classified as GOLD 3 and GOLD 4 in COPD severity.




2.2. Inclusion and Exclusion Criteria


The study selected a group of individuals diagnosed with severe or very severe COPD (stages 3 and 4 according to the GOLD classification, with an FEV1 < 50%) [29], primarily spending their time indoors and thereby consistently exposed to a stable air quality environment. The inclusion parameters were set as follows: participants aged 45 years or above, having a documented COPD diagnosis for at least a year, and exhibiting no acute exacerbations during the monitoring phase. Moreover, to align with the study’s focus on indoor air pollution, we also included individuals who reside within close proximity to urban areas to measure the distance from major roads or industrial areas, potentially experiencing heightened levels of particulate matter exposure.



The exclusion criteria were set to eliminate individuals who might introduce variability in the study outcome. This included individuals below 45 years of age, those presenting FEV1 values ≥ 50% or FEV1/FVC ratios ≥ 0.7, and those who had acute exacerbations during the monitoring period. Throughout the study, participants were observed to maintain stability in their health status, with adherence to medication regimes prescribed as per the GOLD guidelines, ensuring a homogenous and reliable data set for analysis.




2.3. Data Collection, Definitions, and Procedures


In this study, a structured approach was employed to extract data from patients’ electronic medical records and personal paper records. This process was undertaken meticulously by two researchers utilizing a standardized data collection form to ensure consistency and accuracy in the data compilation process.



To facilitate precise and reliable measurements of atmospheric parameters, the research utilized the state-of-the-art uRADMonitor SMOGGIE-PM, a product engineered by Magnasci SRL, headquartered in Timisoara, Romania. The attributes of this compact device, with dimensions measuring 42 × 43 × 27 mm3, enables comprehensive air quality monitoring, thereby being an integral tool in gauging indoor and outdoor pollution levels at the participants’ residences. Encased within a water-resistant plastic frame, the device boasts effortless installation capabilities, making it a feasible option for both indoor and outdoor settings.



Equipped with an array of high-precision laser sensors, the device is proficient in capturing detailed data on particulate matter concentrations, specifically PM 10, PM 2.5, and PM 1.0. In an effort to provide a holistic view of the atmospheric conditions, the device is further equipped with sensors capable of monitoring humidity, atmospheric pressure, and temperature, factors that could potentially influence air quality and respiratory health. Its power supply is ensured through a standard 5 V micro-USB power cord, facilitating easy setup and usage.



A noteworthy feature of the uRADMonitor SMOGGIE-PM is its connectivity capabilities, leveraging a WiFi connection to facilitate real-time data transmission [30]. These data can be accessed centrally via the uRADMonitor API, providing a centralized data repository, or alternatively, it can be viewed in a decentralized manner through local network connections. With a measurement frequency set at every 60 s, the device offers the advantage of real-time monitoring, calculating the minimum, maximum, and mean values of the recorded parameters during the observation period. This real-time data acquisition capability stands as a pivotal component in dissecting the intricate relationship between airborne particulate matter size and COPD exacerbations, especially when comparing the impacts across the GOLD 3 and GOLD 4 categories. According to the GOLD guidelines [10], COPD exacerbation is defined as an acute worsening of respiratory symptoms that results in additional therapy.




2.4. Study Variables


At the core of our study, a significant emphasis was placed on determining the respiratory symptoms and clinical conditions prevalent in COPD patients. Symptoms such as cough, dyspnea, wheezing, and chest constriction were meticulously documented, alongside a detailed record of comorbidities, including asthma, bronchiectasis, respiratory infections, hypertension, ischemic heart disease, heart failure, diabetes mellitus, cerebrovascular disease, hyperlipidemia, osteoporosis, and renal disease.



Concomitantly, the study also registered several biometric and physiological parameters, such as height, weight, and derived variables like body mass index (BMI) categorized into underweight (BMI < 18.5), normal weight (18.5 < BMI < 25), overweight (25 < BMI < 30), and obese (BMI > 30). Spirometry measurements encompassed parameters like forced vital capacity (FVC(L) and FVC(%)) and forced expiratory volume in the first second (FEV1(L) and FEV1(%)), alongside the GOLD categorization and the FEV1/FVC ratio. Additionally, forced expiratory flow at 25 to 75% (FEF 25/75(L) and FEF 25/75(%)) were noted, providing a detailed overview of the patients’ lung function.



Furthermore, patients were evaluated based on the COPD Assessment Test (CAT) [31], with scores recorded in individual categories (CAT1 to CAT8) and as a total score, supplemented with the Modified Medical Research Council (mMRC) dyspnea scale ratings [32]. A critical aspect of the study was the assessment of air quality and environmental conditions. Air quality parameters, such as PM 1.0, PM 2.5, and PM 10, along with temperature, atmospheric pressure, and humidity levels, were monitored meticulously, recording their maximum, minimum, and mean values over the period of study. These data were complemented by the installation and removal dates of monitoring devices, the number of monitoring days, and the specific device utilized, enhancing the granularity of the data collected.



Regarding demographic data, information on patients’ age, gender, and education levels spanning from elementary school to university degrees was collected. The study also encompassed an analysis of patients’ lifestyle and living conditions. This involved capturing data on smoking status, inclusive of pack years and second-hand smoke exposure, as well as physical activity levels categorized as less than 30 min, between 30 min to one hour, and more than one hour. The living conditions, including the home surface area and energy sources for cooking and heating, were documented. Moreover, residential features like urban or rural settings and proximity to the main road (categorized as <50 m, 50–200 m, and >200 m) were registered, establishing a potential link between residential locale and COPD exacerbations.



Lastly, medical laboratory parameters, such as fasting blood glucose, systolic and diastolic blood pressures, heart rate, and levels of creatinine and urea were recorded to provide a comprehensive view of the patients’ health status, constituting an integral component of the multifaceted analysis envisaged in this study aimed at assessing the dynamics of COPD exacerbations among GOLD 3 and GOLD 4 COPD patients.




2.5. Statistical Analysis


Data management and analysis were conducted utilizing the statistical software SPSS version 26.0 (SPSS Inc., Chicago, IL, USA). For analysis, patients were enrolled into two study groups based on their COPD severity (GOLD 3 and GOLD 4 categories). Continuous variables were represented as mean ± standard deviation (SD), while categorical variables were expressed in terms of frequencies and percentages. To analyze the changes in continuous variables, Student’s t-test was employed, and the Chi-squared test was utilized for the categorical variables. Multivariate analysis was performed to identify the risk factors associated with COPD exacerbations and was adjusted for confounding factors, such as age, smoking status, and the pack-year smoking amount. A p-value threshold of less than 0.05 was set for statistical significance. A Bonferroni correction was performed to account for multiple comparisons and adjust the significance threshold. All results were double-checked to ensure accuracy and reliability.





3. Results


A total of 79 patients were recruited and followed in the current study, stratified as the GOLD 3 category (n = 47), and 32 patients were classified as having GOLD 4 COPD severity. The average age was slightly higher in the GOLD 3 group (66.5 ± 9.1) compared to the GOLD 4 group (62.6 ± 9.4), although this difference was not statistically significant with a p-value of 0.068. The male population was notably higher in the GOLD 4 category at 84.4%, compared to 72.3% in the GOLD 3 category, though this difference was not significant either, with a p-value of 0.210. Education levels and smoking status were comparable between the two groups with no significant disparities noted, as evidenced by the p-values of 0.342 and 0.561, respectively.



An analysis of the daily activity level showed that a larger percentage of individuals in the GOLD 4 category engaged in less than 30 min of daily activity (53.1%) compared to the GOLD 3 group (36.2%), although this difference was not statistically significant with a p-value of 0.301. Similarly, signs and symptoms, such as cough, phlegm production, dyspnea, wheezing, and chest constriction were prevalently noticed in both groups with no statistically significant differences.



However, the analysis did identify significant differences in BMI distributions and certain comorbidities between the two groups. BMI was significantly lower in the GOLD 4 group, with 50% having a BMI between 18.5 and 25, compared to 27.7% in the GOLD 3 group, denoted by a p-value of 0.018. Moreover, the GOLD 4 group exhibited a significant higher incidence of pulmonary comorbidities (excluding COPD) at 59.4%, compared to 27.7% in the GOLD 3 group, a finding that was statistically significant with a p-value of 0.004. Cardiovascular comorbidities were more prevalent in the GOLD 3 group (93.6%) compared to the GOLD 4 group (78.1%), a difference which was statistically significant with a p-value of 0.042, as seen in Table 1. However, after the Bonferroni correction, it was determined that all p-values higher than 0.0029 remained statistically insignificant, such as the BMI difference and the proportions of cardiovascular and pulmonary comorbidities.



Table 2 describes the patients’ living conditions stratified by COPD severity. Regarding the place of residence, it was noted that a considerable proportion of GOLD 3 patients resided in urban areas (83.0%), as opposed to 68.8% in the GOLD 4 group. This difference, however, was not statistically significant as evidenced by a p-value of 0.138. An analysis of living area size illustrated that the mean living area was substantially larger for the GOLD 3 group (79.1 ± 42.4 m2) compared to the GOLD 4 group (61.3 ± 30.4 m2), a difference that was statistically significant (p-value = 0.044), which was rendered insignificant after Bonferroni correction. Moreover, a categorial comparison of living areas revealed a significant variation between the two groups, indicated by a p-value of 0.017, but without statistical significance with the Bonferroni analysis. Notably, a majority of the GOLD 3 group resided in spaces larger than 60 m2 (57.4%), in contrast to only 28.1% in the GOLD 4 group.



The aspect of proximity to the main road was also explored, revealing that the GOLD 3 group had a mean distance of 3823.4 ± 1517.2 m, markedly higher than the GOLD 4 group who resided at an average distance of 800.2 ± 209.5 m from the main road. This variation was highly significant with a p-value of less than 0.001. The categorial comparison, however, did not indicate a significant difference, with a p-value of 0.215. Building heights were comparably similar for both groups, with no significant variation noted (p = 0.598).



Furthermore, the study evaluated different sources used for cooking and heating in the residences of both groups. A large fraction of both groups used gas as a source of cooking, though a slightly higher percentage was observed in the GOLD 3 group (95.7%) compared to the GOLD 4 group (85.7%). The differences in cooking source types, however, were not statistically significant, as indicated by their respective p-values. In terms of heating sources, a significant difference was observed with the utilization of gas in that 83.0% of the GOLD 3 group relied on gas compared to only 42.6% in the GOLD 4 group, a discrepancy that was statistically significant with a p-value of 0.009. The usage of other heating sources, like electric and biomass, did not showcase significant differences between the two groups.



The data presented in Table 3 offer insight into the variations in airborne particulate matter of sizes PM 1.0, PM 2.5, and PM 10 µg/m3. A significant differentiation between the two groups was observed in the maximum and mean values of PM 1.0 concentrations, in which the GOLD 4 group exhibited higher values compared to the GOLD 3 group, with respective p-values of less than 0.001 and 0.006, suggesting a statistically significant difference in the concentration of PM 1.0 particles in the living environments of the two groups. However, the mean values were not significantly different, account by the Bonferroni correction of the p-value.



Similarly, for PM 2.5 concentrations, the mean values were notably different, with the GOLD 4 group having a higher mean concentration (19.6 µg/m3) than the GOLD 3 group (14.9 µg/m3), which was statistically significant with a p-value of 0.001, as seen in Figure 1. The variations in minimum and maximum values, however, were not statistically significant, bearing p-values of 0.168 and 0.493, respectively. A pronounced difference was also noted in the PM 10 measurements, in which the GOLD 4 group demonstrated significantly higher maximum and mean values compared to the GOLD 3 group, with p-values of less than 0.001 in both cases. The minimum values exhibited no significant variation with a p-value of 0.227.



Regarding the environmental parameters within the homes, temperature readings across minimum, maximum, and mean values presented no substantial differences between the two groups, with p-values of 0.116, 0.304, and 0.660, respectively, indicating that temperature did not vary significantly between the two categories. Similarly, humidity levels were relatively consistent between both groups across all measures (minimum, maximum, and mean values), with p-values demonstrating no statistical significance (0.538, 0.092, and 0.274, respectively). Atmospheric pressure measurements within the homes also did not display a significant variation between the two groups in any of the noted parameters, with p-values of 0.319, 0.563, and 0.183 for minimum, maximum, and mean values, respectively.



The analysis of frequent exacerbations indicated a higher percentage of individuals in the GOLD 4 category (57.1%) experiencing recurrent exacerbations compared to the GOLD 3 category (38.3%), although this difference was not statistically significant with a p-value of 0.090. Similarly, the utilization of oxygen supplementation at home was somewhat more prevalent in the GOLD 4 category (62.9%) compared to GOLD 3 (57.4%), yet this disparity did not reach statistical significance as indicated by a p-value of 0.621, as presented in Table 4.



Significant differences were observed in the spirometry parameters between the two groups. Patients categorized under GOLD 4 demonstrated a marked decrease in various spirometry measures, such as FEV1 (both percentage and volume in liters), FVC (both percentage and volume in liters), the ratio of FEV1/FVC, and forced expiratory flow at 25–75% of the pulmonary volume (both in liters and percentage). All of these differences were highly significant with p-values of less than 0.001, illustrating a pronounced decline in lung function among patients in the GOLD 4 category when compared to those in the GOLD 3 category.



Regarding COPD assessment scores, the CAT scores were slightly higher in the GOLD 4 group (25.5 ± 7.4) compared to the GOLD 3 group (22.9 ± 6.5), suggesting a potentially worse quality of life, although the difference was not statistically significant, with a p-value of 0.103. The mMRC scores were also marginally higher in the GOLD 4 group, indicating a higher level of disability, but again, the difference was not statistically significant with a p-value of 0.065.



In evaluating the other studies, the analysis revealed that there were no significant differences in systolic and diastolic blood pressure, creatinine levels, and glucose levels between the two groups, with p-values of 0.512, 0.582, 0.079, and 0.297, respectively. Nevertheless, there was a notable difference in the blood urea nitrogen (BUN) levels between the groups, with the GOLD 3 group presenting higher levels compared to the GOLD 4 group, a difference that was statistically significant with a p-value of 0.024 but insignificant based according to the Bonferroni correction of the p-value at p < 0.0031.



Initially focusing on the GOLD as the dependent variable, the findings depicted a significant association between increasing PM 1.0 (µg/m3) concentrations and COPD exacerbation, illustrated by a β coefficient of 0.025 and an odds ratio (OR) of 1.39 (95% CI: 1.05–2.44, p = 0.002). Furthermore, a notable relationship was also evident with PM 10.0 (µg/m3) concentrations having a β coefficient of 0.016 and an OR of 1.12 (95% CI: 1.01–1.63, p = 0.040). Moreover, a vital correlation was discerned in relation to the distance to the main road, with a β coefficient of 0.033 and an OR of 1.58 (95% CI: 1.24–2.16, p < 0.001), indicating a heightened risk of COPD exacerbation for individuals residing closer to main roads. Conversely, living area size emerged as a protective factor, with an OR of 0.46 (95% CI: 0.29–0.94, p = 0.010), suggesting that larger living areas potentially mitigate the risk of COPD exacerbation, as seen in Figure 2.



In considering the CAT as a dependent variable, a similar trend was observed in which PM 1.0 and PM 10.0 (µg/m3) displayed significant associations with higher CAT scores, indicative of worsened COPD symptoms. Noteworthy was the strong negative association between living area size and CAT scores, with an OR of 0.51 (95% CI: 0.26–0.92, p < 0.001), corroborating the protective effect noted in the GOLD-dependent analysis. Similarly, proximity to the main road was positively correlated with higher CAT scores, implying increased COPD symptoms (OR: 1.30, 95% CI: 1.10–1.85, p < 0.001), as presented in Figure 3.



Lastly, the analysis with mMRC as the dependent variable further substantiated the observed trends, with significant positive associations found between PM 1.0, PM 2.5, and PM 10.0 (µg/m3) concentrations and heightened mMRC scores, denoting exacerbated COPD symptoms. Once again, a larger living area size was inversely associated with mMRC scores, presenting a significant protective effect (OR: 0.38, 95% CI: 0.28–0.71, p < 0.001), as presented in Table 5 and Figure 4.




4. Discussion


4.1. Literature Findings


In the current investigation, a total of 79 patients with varied severity levels of COPD were meticulously examined to uncover potential disparities in demographic factors, daily activities, living conditions, and environmental elements between the GOLD 3 and GOLD 4 categories. Despite the non-significant variations in demographics and daily activities, the study identified pronounced disparities in the presence of certain comorbidities and BMI distributions between the groups. The GOLD 4 group exhibited lower BMI values and a higher incidence of pulmonary comorbidities (excluding COPD) compared to the GOLD 3 group, findings that were statistically significant. This may suggest a greater vulnerability to adverse health outcomes within the GOLD 4 cohort. The divergences in cardiovascular comorbidities, with a higher prevalence noted in the GOLD 3 group, warrants further exploration to understand the underlying causes and potential implications.



A comprehensive examination of living conditions illuminated significant differences between the two groups. The GOLD 3 group predominantly resided in urban areas and had considerably larger living spaces compared to the GOLD 4 group, a factor that emerged as statistically significant. Furthermore, a notable variation in proximity to main roads was uncovered, with the GOLD 3 group residing at a much greater distance compared to the GOLD 4 group, a difference that was highly significant. These findings may insinuate a potential link between living conditions and the severity of COPD, suggesting that individuals in the GOLD 4 category might be exposed to more environmental stressors due to their closer proximity to main roads.



Moreover, differences in airborne particulate matter within the living environments of the two groups were also prominent. The GOLD 4 category demonstrated significantly higher maximum and mean values for PM 1.0 and PM 2.5 concentrations compared to the GOLD 3 group, potentially indicating a higher level of environmental pollution exposure. Noteworthy was the stark contrast in PM 10 concentrations as well, further cementing the notion of heightened exposure to environmental contaminants within the GOLD 4 group. These variations propose a potential avenue of inquiry into the role of airborne particulates in exacerbating COPD symptoms and how they may contribute to the progression of the disease from GOLD 3 to GOLD 4.



Furthermore, the study scrutinized environmental parameters within the homes of both groups, revealing no significant differences in temperature, humidity, and atmospheric pressure measurements. This indicates that the indoor climatic conditions were relatively consistent across both groups. However, an analysis of exacerbations and the use of oxygen supplementation at home exhibited a higher tendency in the GOLD 4 group, although this was not statistically significant. Moreover, significant differences in spirometry parameters were detected between the two groups, with the GOLD 4 category illustrating a pronounced deterioration in lung function, pointing towards a substantial decline in respiratory health in this cohort.



When considering GOLD, CAT, and mMRC as dependent variables, the analysis revealed substantial associations between environmental factors and COPD exacerbations and symptoms. Particularly, increasing concentrations of PM 1.0 and PM 10.0 and proximity to main roads were positively associated with heightened COPD symptoms and exacerbations, while larger living area size emerged as a protective factor.



Recent research in respiratory medicine is steadily highlighting the link between chronic obstructive pulmonary disease (COPD) prevalence and increased exposure to particulate matter, especially PM 2.5 concentrations [33]. A growing body of the scientific literature is gradually uncovering the complex relationship between airborne particles and lung function. Notably, a recent study illustrated that a 7 µg/m3 increase in the 5-year mean particulate matter 10 (PM 10) interquartile range (IQR) correlated with a higher odds ratio (OR) of 1.33 in relation to COPD occurrence [34]. Interestingly, the data showed a close relationship in the odds ratios for PM 2.5 levels between >35 but <75 µg/m3 and PM 10 levels between >50 but <150 µg/m3, indicating a close connection in the negative respiratory effects of these particles. Moreover, it was observed that the odds did not significantly increase for PM 2.5 concentrations exceeding 75 µg/m3 compared to levels between 35 and 75 µg/m3, a finding that requires more detailed investigation.



In a prominent study conducted in Southern China, a significant association was found between exposure to ambient particulate matter, specifically PM 10/2.5, and the prevalence and progression of COPD [35]. The cross-sectional study analyzed data from almost 6000 patients, spanning over seven clusters selected randomly from four cities in Guangdong province. The study revealed considerable variations in COPD prevalence and atmospheric PM concentrations across the clusters, and a discernible correlation was established between heightened PM concentration levels and COPD prevalence, with an adjusted OR of 2.41 for PM 2.5 concentrations between >35 and ≤75 µg/m3 and 2.53 for concentrations exceeding 75 µg/m3, in comparison to levels of ≤35 µg/m3. Similarly, an adjusted OR of 2.44 was observed for PM1 concentrations between >50 and ≤150 µg/m3 compared to levels of ≤50 µg/m3. Moreover, an increase of 10 µg/m3 in PM 2.5 was associated with a 26 mL decrease in FEV1, a 28 mL average reduction in FVC, and a statistically significant 0.09% decline in the FEV1/FVC ratio. While similar associations were found with PM 10 concentrations, the correlations were slightly weaker. Consequently, other studies also concluded that higher levels of PM exposure were notably associated with an increase in COPD prevalence and a decline in respiratory function, emphasizing the critical need to further explore the repercussions of ambient particulate matter on respiratory health [36].



Similarly, several studies have revealed the harmful lung effects of prolonged exposure to vehicular emissions. One significant study showed that an increase of 2 µg/m3 in average PM 2.5 levels was linked to a decline of 13.5 mL in FEV1 and a continuous annual decrease by 2.1 mL [37]. This pattern was also noted in FVC declines, especially following long-term exposure to traffic-related emissions. In children, this increase was associated with decreased FVC values and a higher likelihood of FEV1 values falling below the expected 80% [38].



Furthermore, another study found that a 10 µg/m3 increase in average PM 2.5 levels was associated with a notable decrease in FEV1 percentages predicted, ranging from 0.09 to 1.5 units [39]. In a study focused on elderly men, the Normative Aging Study found that long-term exposure to black carbon—a major component of PM mainly from diesel emissions that was clearly linked with a faster decline in both FEV1 and FVC values [40]. Initially, the study found that the black carbon exposure had a stronger effect on FEV1, indicating a significant obstructive effect on the lungs. However, over time, a more restrictive pattern was seen, with FVC showing a greater decline compared to FEV1.



Adding to this, the ESCAPE meta-analysis investigated the possible obstructive effects associated with long-term PM 10 exposure. While the associations with COPD, identified by an FEV1/FVC ratio below 0.7, were not statistically significant, it pointed to the need for further, more extensive studies to better understand the complex dynamics and potential effects of long-term PM 10 exposure on lung health [41]. This ongoing discussion emphasizes the need for more comprehensive research to fully grasp the extent of ambient particulate matter’s impact on COPD pathophysiology.




4.2. Study Limitations


The study exhibited several limitations that should be noted when interpreting the results. Firstly, the investigation was geographically confined to the Western region of Romania, which might not fully represent the broader population with diverse environmental exposures. Secondly, the study exclusively focused on individuals classified with GOLD 3 and GOLD 4 severity stages of COPD, which might limit the generalizability of the findings to individuals with milder forms of the disease. Furthermore, the seven-month duration of the study might not be sufficiently extensive to fully encapsulate the possible seasonal variations in air pollution and its potential impacts on COPD exacerbations. The study’s reliance on technology for data acquisition, particularly the use of uRADMonitor SMOGGIE-PM, while advanced, may have technological limitations and potential inaccuracies that need to be considered. Moreover, the study took place when the COVID-19 pandemic peaked, from September 2020 to March 2021, which might affect the results somehow since traffic and pollution were much lower during the time of lockdowns [42]. Lastly, the study focused on patients who primarily spent their time indoors, which might not provide a complete picture of the effects of broader environmental variables on COPD exacerbations, including those experienced in outdoor settings or those engaged in different levels of physical activity.





5. Conclusions


This study offers initial insights into potential factors influencing COPD severity in patients categorized under GOLD 3 and GOLD 4. Notably, GOLD 4 individuals appear to be more exposed to higher PM concentrations, suggesting a potential link with worsened symptoms. Living closer to heavy traffic areas might aggravate symptoms, while larger living spaces could be protective. Given our limited sample size, these observations should be approached with caution and seen as preliminary, warranting further studies with larger cohorts.
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Figure 1. Home air measurements stratified by COPD severity. 
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Figure 2. Risk-factor analysis for worsening COPD—GOLD as dependent variable. 
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Figure 3. Risk-factor analysis for worsening COPD—CAT as dependent variable. 
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Figure 4. Risk-factor analysis for worsening COPD—mMRC as dependent variable. 
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Table 1. Background characteristics stratified by COPD severity.






Table 1. Background characteristics stratified by COPD severity.











	Variables *
	GOLD 3 (n = 47)
	GOLD 4 (n = 32)
	p-Value





	Age (mean ± SD)
	66.5 ± 9.1
	62.6 ± 9.4
	0.068



	Sex (male)
	34 (72.3%)
	27 (84.4%)
	0.210



	Education
	
	
	0.342



	Elementary school
	12 (25.5%)
	13 (40.6%)
	



	Junior and high school
	28 (59.6%)
	16 (50.0%)
	



	University degree
	7 (14.9%)
	3 (9.4%)
	



	Smoking status
	
	
	0.561



	Active smoker
	13 (27.7%)
	12 (37.5%)
	



	Former smoker
	32 (68.1%)
	18 (56.3%)
	



	Never smoker
	2 (4.3%)
	n (6.3%)
	



	Secondhand smoker
	22 (46.8%)
	15 (46.9%)
	0.995



	Pack years (mean ± SD)
	39.7 ± 17.3
	37.9 ± 17.1
	0.649



	Level of daily activity
	
	
	0.301



	<30 min
	17 (36.2%)
	17 (53.1%)
	



	30–60 min
	16 (34.0%)
	9 (28.1%)
	



	>60 min
	14 (29.8%)
	6 (18.8%)
	



	Signs and symptoms
	
	
	



	Cough
	38 (80.9%)
	23 (71.9%)
	0.350



	Phlegm
	30 (63.8%)
	19 (59.4%)
	0.689



	Dyspnea
	32 (68.1%)
	27 (84.4%)
	0.102



	Wheezing
	20 (42.6%)
	10 (31.3%)
	0.309



	Chest constriction
	14 (29.8%)
	10 (31.3%)
	0.889



	Number of COPD exacerbations (mean ± SD)
	5.2 ± 2.1
	7.4 ± 2.3
	<0.001



	BMI (kg/m2)
	
	
	0.018



	<18.5
	2 (4.3%)
	4 (12.5%)
	



	18.5–25
	13 (27.7%)
	16 (50.0%)
	



	25–30
	13 (27.7%)
	7 (21.9%)
	



	>30
	19 (40.4%)
	5 (15.6%)
	



	Comorbidities
	
	
	



	Cardiovascular
	44 (93.6%)
	25 (78.1%)
	0.042



	Pulmonary **
	13 (27.7%)
	19 (59.4%)
	0.004



	Diabetes mellitus
	8 (17.0%)
	2 (6.3%)
	0.157



	Cerebrovascular
	3 (6.4%)
	2 (6.3%)
	0.980



	Renal disease
	2 (4.3%)
	2 (6.3%)
	0.691







*, data presented as n (%), unless described differently; **, besides COPD; SD, standard deviation; BMI, body mass index; GOLD—The Global Initiative for COPD; COPD, chronic obstructive lung disease; Bonferroni-adjusted p-value threshold = 0.0029.













 





Table 2. Patients’ living conditions stratified by COPD severity.
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	Variables
	GOLD 3 (n = 47)
	GOLD 4 (n = 32)
	p-Value





	Place of residence (urban)
	39 (83.0%)
	22 (68.8%)
	0.138



	Living area size (mean ± SD)
	79.1 ± 42.4
	61.3 ± 30.4
	0.044



	Living area
	
	
	0.017



	<30 m2
	3 (6.4%)
	7 (21.9%)
	



	30–60 m2
	17 (36.2%)
	16 (50.0%)
	



	>60 m2
	27 (57.4%)
	9 (28.1%)
	



	Distance to main road
	
	
	0.215



	<50 m
	19 (40.4%)
	7 (21.9%)
	



	50–200 m
	10 (21.3%)
	10 (31.3%)
	



	>200 m
	18 (38.3%)
	15 (46.9%)
	



	Distance to main road, meters (mean ± SD)
	3823.4 ± 1517.2
	800.2 ± 209.5
	<0.001



	Building height (mean ± SD)
	10.6 ± 4.9
	10.1 ± 2.6
	0.598



	Cooking source
	
	
	



	Gas
	45 (95.7%)
	30 (85.7%)
	0.107



	Electric
	2 (4.3%)
	1 (2.9%)
	0.738



	Biomass
	2 (4.3%)
	4 (11.4%)
	0.217



	Type of heating
	
	
	



	Gas
	39 (83.0%)
	20 (42.6%)
	0.009



	Electric
	2 (4.3%)
	4 (11.4%)
	0.217



	Biomass
	8 (17.0%)
	11 (31.4%)
	0.126







GOLD, The Global Initiative for COPD; COPD, chronic obstructive lung disease; SD—standard deviation; Bonferroni-adjusted p-value threshold = 0.0038.













 





Table 3. Home air measurements stratified by COPD severity.
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	Variables *
	GOLD 3 (n = 47)
	GOLD 4 (n = 32)
	p-Value





	PM 1.0 (µg/m3)
	
	
	



	Minimum values
	3.2 (6.0)
	1.3 (5.1)
	0.146



	Maximum values
	105.5 (243.5)
	156.7 (273.1)
	<0.001



	Mean values
	15.4 (71.4)
	20.1 (30.6)
	0.006



	PM 2.5 (µg/m3)
	
	
	



	Minimum values
	1.9 (5.8)
	3.6 (6.9)
	0.168



	Maximum values
	147.9 (402.1)
	140.1 (428.8)
	0.493



	Mean values
	14.9 (38.9)
	19.6 (77.2)
	0.001



	PM 10 (µg/m3)
	
	
	



	Minimum values
	1.6 (6.3)
	3.7 (7.3)
	0.227



	Maximum values
	123.8 (350.2)
	199.4 (568.2)
	<0.001



	Mean values
	17.5 (38.0)
	25.5 (63.4)
	<0.001



	Temperature (°C)
	
	
	



	Minimum values
	18.8 (8.2)
	21.9 (7.6)
	0.116



	Maximum values
	28.3 (4.1)
	29.2 (6.3)
	0.304



	Mean values
	24.6 (5.3)
	26.9 (7.6)
	0.660



	Humidity (%)
	
	
	



	Minimum values
	39.5 (5.8)
	38.5 (7.2)
	0.538



	Maximum values
	56.5 (8.9)
	53.5 (9.3)
	0.092



	Mean values
	45.4 (5.8)
	43.9 (8.7)
	0.274



	Pressure (atm)
	
	
	



	Minimum values
	1007.9 (13.1)
	1003.7 (11.6)
	0.319



	Maximum values
	1016.4 (10.3)
	1014.9 (8.3)
	0.563



	Mean values
	1011.6 (13.8)
	1008.9 (9.0)
	0.183







*, data presented as median (IQR); IQR, interquartile range; GOLD, The Global Initiative for COPD; COPD, chronic obstructive lung disease; SD, standard deviation; PM, particulate matter; Bonferroni-adjusted p-value threshold = 0.0028.













 





Table 4. Lung function studies and patients’ investigations stratified by COPD severity.
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	Variables *
	GOLD 3 (n = 47)
	GOLD 4 (n = 32)
	p-Value





	Frequent exacerbations, n (%)
	18 (38.3%)
	20 (57.1%)
	0.090



	Oxygen supplementation at home, n (%)
	27 (57.4%)
	22 (62.9%)
	0.621



	Spirometry
	
	
	



	FEV1 (%)
	40.0 (8.9)
	23.5 (7.2)
	<0.001



	FEV1 (L)
	1.04 (0.40)
	0.65 (0.28)
	<0.001



	FVC (%)
	58.6 (10.5)
	40.1 (12.5)
	<0.001



	FVC (L)
	1.91 (0.69)
	1.38 (0.49)
	<0.001



	FEV1/FVC (%)
	55.1 (10.8)
	44.9 (11.1)
	<0.001



	FEF 25–75 (L)
	0.50 (0.26)
	0.31 (0.16)
	<0.001



	FEF 25–75 (%)
	18.3 (10.0)
	10.2 (4.3)
	<0.001



	COPD assessment
	
	
	



	CAT
	22.9 ± 6.5
	25.5 ± 7.4
	0.103



	mMRC
	2.9 ± 0.7
	3.2 ± 0.7
	0.065



	Other studies
	
	
	



	Systolic BP (mean ± SD)
	130.2 ± 18.9
	132.9 ± 16.2
	0.512



	Diastolic BP (mean ± SD)
	79.9 ± 10.4
	78.6 ± 10.1
	0.582



	Creatinine (mean ± SD)
	0.8 ± 0.2
	0.9 ± 0.3
	0.079



	BUN (mean ± SD)
	41.8 ± 19.2
	32.9 ± 12.9
	0.024



	Glucose (mean ± SD)
	114.8 ± 40.4
	105.5 ± 35.8
	0.297







*, data presented as median (IQR); IQR, interquartile range; GOLD, The Global Initiative for COPD; COPD, chronic obstructive lung disease; SD, standard deviation; CAT, COPD assessment test; mMRC, modified Medical Research Council; FEV1, forced expiratory volume in the first second; FVC, forced vital capacity; FEF25–75%, forced expiratory flow at 25–75% of the pulmonary volume; BP, blood pressure; BUN, blood urea nitrogen; Bonferroni-adjusted p-value threshold = 0.0031.













 





Table 5. Risk-factor analysis for worsening COPD.
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	Variables
	β
	SE
	OR
	95% CI
	p-Value





	GOLD (dependent)
	
	
	
	
	



	PM 1.0 (µg/m3)
	0.025
	0.005
	1.39
	1.05–2.44
	0.002



	PM 2.5 (µg/m3)
	0.009
	0.005
	1.07
	0.96–1.88
	0.195



	PM 10.0 (µg/m3)
	0.016
	0.007
	1.12
	1.01–1.63
	0.040



	Living area size
	0.010
	0.006
	0.46
	0.29–0.94
	0.010



	Distance to main road
	0.033
	0.004
	1.58
	1.24–2.16
	<0.001



	CAT (dependent)
	
	
	
	
	



	PM 1.0 (µg/m3)
	0.012
	0.007
	1.06
	1.01–1.43
	0.038



	PM 2.5 (µg/m3)
	0.004
	0.004
	1.01
	0.87–1.29
	0.206



	PM 10.0 (µg/m3)
	0.008
	0.004
	1.13
	1.06–1.76
	0.009



	Living area size
	0.013
	0.008
	0.51
	0.26–0.92
	<0.001



	Distance to main road
	0.021
	0.007
	1.30
	1.10–1.85
	<0.001



	mMRC (dependent)
	
	
	
	
	



	PM 1.0 (µg/m3)
	0.016
	0.006
	1.28
	1.08–1.92
	0.001



	PM 2.5 (µg/m3)
	0.010
	0.004
	1.10
	1.03–1.48
	0.018



	PM 10.0 (µg/m3)
	0.008
	0.005
	1.16
	1.06–1.59
	0.002



	Living area size
	0.015
	0.007
	0.38
	0.28–0.71
	<0.001



	Distance to main road
	0.019
	0.009
	1.23
	0.99–1.63
	0.092







SE, standard error; OR, odds ratio; CI, confidence interval; PM, particulate matter; CAT, COPD assessment test; mMRC, modified Medical Research Council.
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