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A B S T R A C T   

Background: Detection of oxidative stress level may lead us to understand the pathogenesis of 
COPD better and to search for new treatments. Oxidative stress levels have also been shown to be 
elevated in stable COPD patients. We aimed to investigate whether the stage of COPD affects the 
severity of inflammation-induced oxidative stress in patients with stable COPD. 
Methods: Between June 2019 and March 2020, all consecutive patients admitted to COPD-specific 
outpatient clinics were included. Patients were classified A, B, and E according to the GOLD 
guideline. 
Results: The median age of 98 patients (Male: 92 (93.9 %)) was 65 (min-max: 49–86). A statis-
tically significant difference was found between the groups in FEV1, FVC, and FEV1/FVC (p <
0.001). age, and thiols (r = − 0.168, p = 0.049; r = − 0.184, p = 0.035) and DS (r = − 0.209, p =
0.019) were found to be negatively correlated at a low level. When adjusted for age, oxidative 
stress parameters were similar between stages. 
Conclusion: No difference between stages and oxidative stress parameters according to GOLD 
classification in stable COPD patients. Our results may be a guide for not using anti-inflammatory 
therapy except for attacks.   

1. Introduction 

Chronic obstructive pulmonary disease (COPD) is defined by Global Strategy for the Diagnosis, Management, and Prevention of 
Chronic Obstructive Lung Disease (GOLD) as" a common, preventable, and treatable disease characterized by persistent airflow 
limitation and respiratory symptoms due to airway and/or alveolar disruption, caused by severe exposure to harmful particles or gases 
and host factors, including abnormal lung development" [1]. The pathogenesis of COPD occurs due to the body’s exposure to inhaled 
harmful particles and gases. Although exposure to tobacco smoke is the leading risk factor in genetically susceptible individuals, 
exposures due to environmental, occupational, and indoor air pollution are important risk factors contributing to the development of 
COPD. The abnormal inflammatory response that develops due to exposure to cigarette smoke and harmful particles, which are the 
leading causes of COPD pathogenesis, disrupts all mechanisms. Therefore, the developing inflammation causes damage to the lung 
tissue and airways [2]. 
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Reactive oxygen species (ROS) is a collective term that includes a wide variety of free oxygen radicals such as superoxide anion (O2- 
) and hydroxyl radical (OH-), as well as unpaired electron-free oxygen derivatives such as hydrogen peroxide (H2O2). During normal 
metabolic processes, ROS formation takes place continuously in every cell. Increased ROS levels are associated with inflammatory 
reactions such as transcriptional alteration, signal transduction, or gene expression of pro-inflammatory mediators [3]. In the respi-
ratory system, ROS may be exogenous, originating from inhaled gaseous or particulate agents such as air pollutants, cigarette smoke, 
high altitude hypoxia, and certain occupational dusts in the environment. Alternatively, ROS may be endogenously generated in the 
context of defence mechanisms against infectious agents such as bacteria, viruses, or pathogens. Thiols are organic compounds that 
plays a pivotal role in preventing the formation of any oxidative stress state in cells. Thiols and disulfides have roles in stabilizing the 
structures of proteins, regulating their functions, enzyme functions, receptors, transporters, Na–K channels, and transcription. It is 
involved in dynamic thiol/disulfide equilibrium state, antioxidant defense, detoxification, apoptosis, regulation of enzyme activities, 
transcription, and cellular signal transduction mechanisms [4]. 

Detection of oxidative stress level in patients with COPD may guide us to understand COPD’s pathogenesis better and seek new 
treatments oxidative stress parameters are known to increase in COPD exacerbation compared to the stable period. Since oxidative 
stress is an ongoing systemic response with autoimmunity, it has been shown to be higher in stable COPD patients than in the control 
group. However, oxidative stress parameters between stages have not been studied in stable COPD patients [5]. We aimed to inves-
tigate whether the stage of COPD affects the severity of inflammation-induced oxidative stress in patients with stable COPD. 

2. Material and method 

The study was conducted between June 2019 and March 2020 at the Department of Chest Diseases of University hospital. Approval 
was obtained from the university’s interventional ethics committee for this randomized, prospective, interventional study (approval 
local ethical number: 2019/106). Prior to the procedure, patients were provided with comprehensive information and were required to 
sign a consent form. 

3. Patient population 

Consecutive patients who applied to COPD specific outpatient clinic with COPD and agreed to participate in the study were 
included. Exclusion criteria; COPD exacerbation, non-COPD respiratory disease, asthma-COPD overlap syndrome (ACOS), malignancy, 
kidney disease, patients who received steroid treatment, previous surgery in the last month. 

The diagnosis and classification of COPD were made according to the GOLD criteria. Patients were classified according to GOLD 
combined assessment as A, B, and E [1]. The definition of stable COPD is that the patient’s cough, expectoration, and shortness of 
breath are in stable condition or just show mild symptoms, or the condition is basically restored to the state before acute exacerbation 
[6]. 

4. Study design 

Whole blood, biochemistry, C-reactive protein, and chest X-rays were examined in routine outpatient evaluations. Medication 
arrangements were made for the examined patients by taking their anamnesis. A pulmonary function test (PFT) was performed with a 

Table 1 
Demographic features of the participants.  

Age (median) 65 (min-max: 49–86) 

BMI (kg/m2) mean ± SD 25.36 ± 4.13 
PFT 
FEV1 (ml) 1376.33 ± 676.17 
FVC (ml) 2423.47 ± 845.30 
FEV1/FVC 54.73 ± 12.83 
GOLD Stages n (%) 
A 14 (14.3) 
B 31 (31.6) 
E 53 (54.1) 
GENDER 
Female 6 (6.1) 
Male 92 (93.9) 
MMRC 
1 19 (19.4) 
2 48 (49.0) 
3 16 (16.3) 
4 15 (15.3) 
Total 98 

BMI: Body Mass Index; PFT: Pulmonary Function Test; GOLD: Global 
Initiative for Chronic Obstructive Lung Disease; mMRC: modified Med-
ical Research Dyspnea Questionnaire. 
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Vmax (Viasys-Healthcare-2007 GmbH, Höchberg, Germany) brand device. In addition to these evaluations, four ccs of blood were 
taken into an EDTA tube to determine oxidative stress levels. These samples were centrifuged at 4000 rpm for 10 min (Hettichzen-
trifugen, Rotina 380, Germany). plasma was stored at − 80 ◦C and they were sent to Biochemistry laboratory (Yıldırım Beyazıt Uni-
versity) with dry ice. Dynamic thiol/Disulfide balance was evaluated (an automated clinical chemistry analyzer – Roche-Cobas 501, 
Mannheim, Germany). An increase in Native thiol (NT), Total thiol (TT) values, and a decrease in Disulfide (DS)value were assessed as 
a decrease for oxidative stress level [7]. 

5. Statistical analysis 

The variables employed in the study were tabulated according to the following parameters: median (interquartile range), fre-
quency, and percentage, according to measurement levels. The assumption of normal distribution for numerical variables was eval-
uated using the Shapiro-Wilk test. Kruskal-Wallis H test was used for comparisons between groups in terms of quantitative variables 
and Pearson chi-square tests were used for qualitative variables. Conover test was used for multiple comparisons after Kruskal-Wallis H 
test. The correlation between quantitative variables was analyzed with Spearman’s rho correlation coefficient. p ≤ 0.05 was accepted 
as statistical significance level. IBM SPSS Statistics 27 program was used in the analysis. 

6. Results 

The median age of 98 patients (F/M: 6 (6.1 %)/92 (93.9 %)) included in the study was 65 (min-max: 49–86). Demographic values 
are presented in Table 1. 

Oxidative stress parameters and physiological parameters were compared according to GOLD stages. Among the oxidative stress 
parameters, only the disulfide level was significantly lower in group E compared to the other groups (p = 0.03811). Considering the 
physiological parameters, a statistically significant difference was found between the groups in forced expiratory volume in 1 s (FEV1), 
forced vital capacity (FVC), and FEV1/FVC ratio (p < 0.001), and respiratory capacity decreased as the GOLD stage increased 
(Table 2). Smoking was similar across GOLD stages (p = 0.304) (Table 3). 

The correlation of oxidative stress parameters with body mass index (BMI), age, GOLD stages, and PFT values was analyzed 
(Table 4). There was a moderate negative correlation between the GOLD stage and TT (r = − 0.169, p = 0.048) and a low negative 
correlation between DS (r = − 0.234, p = 0.010). The correlation between PFT values and indices, FEV1 and FVC were low (FEV1: r =
0.293, p = 0.002, FVC: r = 0.193, p = 0.028), FEV1/FVC was moderate (r = 0.333, p < 0.001), FVC was found to be associated with DS 
at a low level (r = 0.174, p = 0.043), age, thiols (r = − 0.168, p = 0.049; r = − 0.184, p = 0.035) and DS (r = − 0.209, p = 0.019) were 
found to be negatively correlated at a low level. The correlations between BMI, GOLD stages, pulmonary function tests and oxidative 
stress parameters after excluding the effect of age are shown in Table 5. 

7. Discussion 

It is known that oxidative stress in the pathogenesis of COPD starts with endogenous or exogenous stimuli and continues with 
autoimmunity even if the stimuli are discontinued. However, the level of oxidative stress between the stages is unknown. To our 
knowledge, this study is the first study to investigate oxidative stress levels with thiols according to the stage in stable COPD patients. 
According to GOLD classification in stable COPD patients, our study showed no difference between stages and oxidative stress pa-
rameters. In addition, clinical studies have shown an age-related shift in plasma thiol/disulfide redox couples in some age-related 
diseases such as cardiovascular diseases, diabetes, and rheumatoid arthritis [8,9]. The reason for the age-related change in thio-
l/disulfide balance is not yet fully known. However, in our study, similar to the literature, an age-related change in oxidative stress was 
detected [10]. 

Oxidative stress studies have shown that free oxygen radicals, which arise as a result of defense mechanisms against inhaled toxic 

Table 2 
Comparison of the difference between groups in parameters according to COPD stages.  

Variable* GOLD** p 

A B E 

Age 64.5 ab (8.75) 61a (9.5) 68b (12) 0,00297 
FVC (lt) 3065a (725) 2320a (1020) 2000b (1000) 0,00102 
FEV1 (lt) 2065a (957.5) 1450b (885) 970c(780) <0,001 
FEV1/FVC 63a (11.21) 56 ab (18.76) 49.13b (20.73) 0,01164 
nativethiol 379 (84.75) 354 (120.5) 336 (115) 0,29266 
totalthiol 419 (93.5) 401 (120) 370 (124) 0,2109 
disulfide 20.5a (5) 20.5a (6.75) 17.5b (5.5) 0,03811 
disulfide_nt 5.667 (1.711) 5.159 (1.822) 5.276 (1.701) 0,50057 
disulfide_tt 5.09 (1.366) 4.677 (1.481) 4.773 (1.388) 0,50057 
nt_tt 89.821 (2.732) 90.646 (2.963) 90.455 (2.776) 0,50057 

*: Variables are summarized as ’median (interquartile ranges)’. 
**: There is a statistically significant difference in group categories that do not contain the same letter (APA). 
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particles, cause oxidative stress in smokers [11,12]. However, it is known that smoking cessation slows down the decline in lung 
function and decreases the endogenous mechanisms that cause oxidative stress six months after smoking cessation [13]. Obesity also 
triggers chronic inflammation and increased oxidative stress as a result of excess fat accumulation in individuals [14]. Since smoking 
and BMI were similar between groups in our study, COPD-specific oxidative stress could be evaluated. Gender distribution in COPD 
patients is usually 1.5–2 times in favor of male gender [15]. In our study, the majority of our patients were male. Since consecutive 
patients were recruited in the outpatient clinic, gender distribution was not interfered with. Although gender-related differences in 
sensitivity in disease occurrence have been reported, we do not think that they affect the results of our study since there is no clear 
information on oxidative stress responses. 

A study performed with COPD and healthy controls staged as II, III, and IV according to the GOLD spirometric stage showed that the 
oxidative stress level increased with the progression of COPD [16]. In contrast, a separate study involving 50 patients with COPD and 
33 healthy controls demonstrated that individuals with thiols exhibited lower thiol levels than control group [17]. In another study, no 
significant differences were observed in thiol levels between the groups of patients with asthma, COPD, and ACOS (Asthma-COPD 
overlap syndrome) [18]. In a study conducted with cement workers, it was found that pulmonary function test (PFT) values were 
negatively associated with oxidative stress [19]. 

In our study, pulmonary function values showed a negative correlation with stage in accordance with the literature. Oxidative 
stress parameters showed a negative correlation in the first correlation assessment. When the age factor was excluded, there was no 
difference between the stages. According to these results, we suggest that COPD composite staging may be more valuable than pul-
monary function tests, especially in anti-inflammatory therapy. 

The limitations of our study are that it is single-centered, the stages of COPD are not evenly distributed when divided into sub-
groups, and diets that may affect this are not considered when evaluating oxidative balance. The strength of our study is that it was 
performed in a COPD-specific outpatient clinic, and it was the first study on this subject. 

In conclusion, we found that oxidative stress parameters were not different in stable COPD patients according to gold stages. We 
think that combined staging instead of functional staging may be important in the treatment management of stable patients. In 
addition, increasing antioxidant capacity with external antioxidants (such as vitamins A, C, E) and pulmonary rehabilitation may 
prevent attacks in all stable patients regardless of stage. It also protects from the use of unnecessary treatments and possible side 

Table 3 
Smoking levels according to COPD stages.    

GOLD Total p  

A B E  

Quit_smoking         

never-smoking n 1 1 1 3 0,304 
% 7,10 % 3,20 % 1,90 % 3,10 % 

smoking n 6 7 6 19 
% 42,90 % 22,60 % 11,30 % 19,40 % 

less than 1 year n 1 3 5 9 
% 7,10 % 9,70 % 9,40 % 9,20 % 

1–3 years n 2 7 8 17 
% 14,30 % 22,60 % 15,10 % 17,30 % 

4–6 years n 0 4 7 11 
% 0,00 % 12,90 % 13,20 % 11,20 % 

7–9 years n 0 1 7 8 
% 0,00 % 3,20 % 13,20 % 8,20 % 

10 years and above n 4 8 19 31 
% 28,60 % 25,80 % 35,80 % 31,60 % 

Total n 14 31 53 98 
% 100,00 % 100,00 % 100,00 % 100,00 % 

GOLD: Global Initiative for Chronic Obstructive Lung Disease. 

Table 4 
Correlations of parameters with thiols, disulfide, and indices.   

NT TT DS DS/NT DS/TT NT/TT 

rho p rho p rho p rho p rho p rho p 

GOLD − 0.152 0.068 − 0.169 0.048 − 0.234 0.010 − 0.080 0.218 − 0.080 0.218 0.080 0.218 
FEV1 − 0.126 0.109 − 0.106 0.150 0.164 0.053 0.293 0.002 0.293 0.002 − 0.293 0.002 
FVC − 0.043 0.336 − 0.026 0.399 0.174 0.043 0.193 0.028 0.193 0.028 − 0.193 0.028 
FEV1/FVC − 0.210 0.019 − 0.190 0.030 0.090 0.190 0.333 <0.001 0.333 <0.001 − 0.333 <0.001 
BMI − 0.136 0.091 − 0.135 0.093 − 0.052 0.305 0.061 0.275 0.061 0.275 − 0.061 0.275 
Age − 0.168 0.049 − 0.184 0.035 − 0.209 0.019 − 0.020 0.421 − 0.020 0.421 0.020 0.421 

GOLD: Abbreviations: GOLD: Global strategy for the diagnosis, management, and prevention of Chronic Obstructive Lung Disease, BMI: Body mass 
index, NT: Native thiol, TT: Total thiol, DS: Disulfide, DS/NT: Index I, DS/TT: Index II, NT/TT: Index III. 
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Table 5 
Correlations of parameters with thiols, disulfide, and indices after excluding the age effect.  

Control variable Variables Variables 

NT TT DS DS/NT DS/TT NT/TT 

PCC p PCC p PCC p PCC p PCC p PCC p 

Age BMI 0,043 0,674 0,035 0,734 − 0,063 0,541 − 0,11 0,285 − 0,109 0,29 0,109 0,29 
GOLD − 0,098 0,341 − 0,113 0,271 − 0,214 0,035 − 0,103 0,318 − 0,102 0,322 0,102 0,322 
FVC − 0,053 0,607 − 0,038 0,709 0,123 0,23 0,172 0,093 0,172 0,093 − 0,172 0,093 
FEV1 − 0,145 0,156 − 0,126 0,217 0,114 0,265 0,255 0,012 0,255 0,012 − 0,255 0,012 
FEV1/FVC − 0,29 0,004 − 0,274 0,007 0,003 0,978 0,301 0,003 0,3 0,003 − 0,3 0,003 

Abbreviations: GOLD: Global strategy for the diagnosis, management, and prevention of Chronic Obstructive Lung Disease, BMI: Body mass index, NT: Native thiol, TT: Total thiol, DS: Disulfide, DS/NT: 
Index I, DS/TT: Index II, NT/TT: Index III, PCC: Partial Correlation Coefficient. 
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