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ABSTRACT
Objective: Oxidative Stress (OS) is a pathogenic 
mechanism present in Chronic Obstructive Pulmo-
nary Disease (COPD), with a systemic effect and 
which can alter the quality of life of patients. The aim 
of this study is to study the relationship between OE 
and quality of life in patients with stable COPD. 

Methods: Seventy-six subjects were studied, 54 with 
COPD and 22 controls. The amount of malondialde-
hyde (MDA) in serum (nmol/mL) and induced sputum 
(nmol/mg protein) were measured as markers of sys-
temic and bronchial OE, respectively. In addition, qual-
ity of life was measured using the St. George’s ques-
tionnaire, which is specific for COPD patients. 

Results: Patients with COPD presented higher serum 
MDA levels than controls (2.98 ± 0.03 nmol/mL vs. 
1.2 ± 0.03 nmol/mL, p<0.001 respectively). An inverse 
association was observed between Forced Expirato-
ry Volume (FEV1)%, MDA levels in sputum (r=-0.499, 

p=0.018) and serum (r=-0.29, p=0.029). Finally, con-
trolling for degree of bronchial obstruction, a direct 
association was observed between serum MDA lev-
els and Total Quality of Life domains (r=0.48, p=0.04), 
on impact (r=0.57, p<0.001) and on activity (r=0.38, 
p=0.028). 

Conclusion: Systemic oxidative stress is increased in 
stable phase COPD patients. In addition, increased 
bronchial obstruction increases both systemic and 
bronchial oxidative stress. Finally, regardless of the 
degree of bronchial obstruction, systemic oxidative 
stress decreases patients’ quality of life. 
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INTRODUCTION
Chronic Obstructive Pulmonary Disease (COPD) is a disease 
characterized by a limitation to airflow that is not totally revers-
ible, usually progressive and related to an abnormal inflamma-
tory response, secondary to the inhalation of harmful particles or 
gases, especially tobacco (Pauwels RA, et al., 2001). 
Oxidative Stress (OS) is understood to be that situation of a 
pathological process, derived from exposure to oxidative factors 
or secondary to an imbalance between systems and an adequate 
antioxidant capacity (especially when the latter is diminished) 
(Fischer BM, et al., 2015). 
Today it is accepted that OS is part of the pathogenesis of COPD. 
Oxidizing substances can react and damage various cellular com-
ponents such as cell membrane lipids, proteins (such as Alpha 
1 Antitrypsin), DNA, enzymes and certain components of the 
extracellular matrix such as collagen (Repine JE, et al., 1997). OS 
in COPD begins with the inhalation of harmful substances such 
as tobacco. Subsequently, in the inflammatory cells “recruited” in 
the airways (especially polynuclear neutrophils), oxidative sub-
stances are generated that will induce cell damage and increase 
the inflammatory phenomenon, thus generating a “vicious circle”, 
which would constitute the pathogenesis of COPD (Haugen TS, et 
al., 1999). In COPD there is a relationship between the degree of 
bronchial obstruction and various OS markers derived from cel-
lular lipid peroxidation (malondialdehyde-MDA, 8-isoprostane), 
Nitric Oxide (NO) and hydrogen peroxide (H2O2) among others, 
measured both in blood as in exhaled air. These substances are 
elevated both in active smoking (especially when associated with 
chronic airflow obstruction) and in COPD and especially during 

acute exacerbations (McGuinness AJ, Sapey E, 2017; Zinellu E, et 
al., 2017; Sahin U, et al., 2001; Oga T, et al., 2002). 
When the disease progresses, the degree of bronchial obstruction 
increase, patients experience an impairment in their quality of life 
that aggravates their ability to carry out physical activities (such as 
walking), work (including those of a domestic nature) and even 
social activities. Apart from the degree of obstruction and dysp-
nea, one of the factors that can affect the quality of life and exer-
cise capacity in these patients is the skeletal muscle dysfunction 
present in COPD (Gea J, et al., 2015). OS is one of the causes of 
skeletal muscle dysfunction in COPD patients and therefore ca-
pable of contributing to the impairment (decrease) in the quality 
of life of these patients (Couillard A, et al., 2022). On the other 
hand, the exercise itself, especially when it is exhaustive, can in-
duce a pathological OS in patients with COPD, higher than in a 
healthy population. Apparently, the source of the pathological OS 
is the COPD patient’s own myocyte, which under stress and espe-
cially in certain circumstances such as hypoxia, generates oxidant 
radicals (Davies KJ, et al., 1982; Heunks LM, et al., 1982; Traval-
ine JM, et al., 1997). Likewise, the OS itself present in COPD can 
cause functional muscle damage and early muscle fatigue with 
exertion, and may contribute to an alteration in the quality of life 
of these patients. 
Due to these antecedents of OS involvement in COPD, we pro-
pose to carry out this study with the aim of seeing if there is a 
relationship between OS and quality of life in COPD patients.

MATERIALS AND METHODS
76 subjects were included, 54 patients diagnosed with COPD 
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(GOLD stage III) in stable phase without exacerbations or using systemic 
steroids during the previous six weeks and less than two moderate exacer-
bations or one severe exacerbation in the previous year and 22 healthy con-
trols nonsmokers. All patients had a non-reversible obstruction, defined 
by a post-salbutamol FEV1 less than 12% of the baseline value. All patients 
were treated according to the Spanish Guidelines for Chronic Obstructive 
Pulmonary Disease (GesPOC) receiving two bronchodilators-a combina-
tion of an inhaled betamimetic and a long-acting anticholinergic. All study 
subjects were on a similar standard diet, with no added vitamin supple-
ments or antioxidants. Spirometry was performed on each of the studied 
subjects using a Datospir type pneumotachograph (Sibel Med. Barcelona), 
according to SEPAR regulations (Aldás JS, et al., 1998). 
The quantification of systemic (blood) and local (bronchial) oxidative stress 
was obtained by determining the levels of Malondialdehyde (MDA) in 
blood (COPD patients and control group) and induced sputum (34 COPD 
patients), through the reaction of thiobarbituric acid (TBARS), according 
to the method described by Djukanović R, et al., 2002 and Kikugawa K, et 
al., 1992. MDA values were expressed in blood in nmol/ml of serum and 
in sputum in nmol/mg of proteins. Induced sputum determinations were 
not performed in the control group, due to the impossibility of obtaining 
adequate and analyzable samples according to current standards. 
The different comorbidity variables that could modify the EO values will 
be controlled using the Charlson test. The St. George questionnaire was 
self-administered to each of the COPD patients to measure quality of life, 
which is specific for COPD patients. In case of difficulty in reading it, it was 
administered by one of the researchers in a supervised manner and avoid-
ing influencing the responses of the subjects. The questionnaire contains 
50 items divided into a total score and three subscales: Symptoms, activity 
and the impact of the disease. The symptom scale refers to the frequency 
and intensity of symptoms; the activity scale determines the limitation of 
the various physical activities due to dyspnea and impact; it contains as-
pects related to psychological and social alterations, produced by the res-
piratory disease itself. Scores range from 0 to 100 and are calculated separ-
ately for each of the scales as well as a total score, the sum of all responses 
to all articles. A score of 0 indicates no deterioration in quality of life, while 
a score of 100 identifies the maximum deterioration. The questionnaire 
translated and validated into Spanish was used (Jones PW, 2001; Jones PW, 
et al., 1992; Ferrer M, et al., 1996). The study was approved by the Ethics 
Committee of the hospital. 

Statistical analysis 
The results of the quantitative variables are expressed with means and 
standard deviations. For the comparisons of means, the Student’s T-test 
was used, the correlations between MDA levels and quality of life were 
estimated with Pearson’s correlation coefficient. The relationship between 
MDA levels and quality of life, controlling for the degree of bronchial ob-
struction (FEV1) was modeled using linear regression. Values of p<0.05 
were considered significant. Data were analyzed with the SPSS/PC statis-
tical package, version 8.0 (Chicago, IL). 

RESULTS AND DISCUSSION
The baseline characteristics of the subjects are shown in Table 1. MDA 
blood levels in COPD patients were higher (2.98 ± 0.03 nmol/ml) than in 
controls (1.2 ± 0.03 nmol/ml); p<0.001 (Figure 1). Likewise, MDA levels 
both in sputum (r=0.499; p=0.018) and serum (r=0.29; p=0.029) increased 
with the degree of bronchial obstruction (Figure 2). Finally, the relation-
ship between MDA levels in blood and quality of life was analyzed by 
controlling the degree of bronchial obstruction. The relationship between 
MDA in blood and the deterioration of quality of life was positive both 
globally (r=0.48; p=0.04) (Figure 3) and in the impact subscales (r=0.57; 
p<0.001) and activity (r=0.38; p=0.028) (Figure 4), not finding a relation-
ship with symptoms. 

Table 1: Clinical and demographic characteristics of patients and 
controls

Age (in years) COPD (n=78) Controls (n=22) p
Gender 

(males)-no. (%)
66 ±1  68 ± 18 NS

68 (87) 18 (82) NS
FEV1 (%) 38.9 ± 1.7 97 p<0.001

Severity score 
(Charlson)

3.6 ± 0.1 3.2 ± 0.3 NS

BMI (Kg/m2) 32.1 ± 3 33.5 ± 4 NS
FEV1 (litres) 1.07 2.96 ± 2.3 p<0.001

FEV1% 38.9 ± 1.7 86 ± 2 p<0.001
FVC (litres) 2.2 ± 0.9 3.2 ± 1.2 p<0.001

FVC (%) 53 ± 2.3 89 ± 3.8 p<0.001
FEV1/FVC (%) 48.6 75.8 p<0.001

Figure 1: Malondialdehyde (MDA) levels in blood in COPD patients 
and controls

Figure 2: Regression analysis between malondialdehyde levels in se-
rum (A) and sputum (B) and FEV1% (percentage of forced expira-
tory volume in the first second)
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Figure 3: Regression analysis between malondialdehyde levels and 
quality of life (total score), controlling for FEV1%

Figure 4: Regression analysis between malondialdehyde levels and 
quality of life (impact and activity scores) controlling for FEV1%
In our study, we found an increase in systemic oxidative stress in severe 
COPD patients in stable phase, an inverse relationship between the level 
of systemic and bronchial oxidative stress with the degree of obstruction 
and a direct and independent relationship of the degree of bronchial ob-
struction between systemic OS and quality of life, especially in the impact 
and activity scales. 
The increase in blood OS in stable phase COPD patients found in our study 
is a fact confirmed by other authors (Fischer BM, et al., 2015; Repine JE, et 
al., 1997; Zinellu E, et al., 2016). This is due to the fact that although initial-
ly exposure to tobacco smoke and later local inflammation induce OS at 
the bronchial level (sputum and expired air can be detected), it would later 
spread to the systemic level, being able to be detected in the blood, as well 
as in various tissues (such as striated muscle) (Jaitovich A and Barreiro E, 
2018; Rahman I, et al., 1996). 
Regarding the direct relationship between systemic/bronchial OS and de-
gree of bronchial obstruction, there are several studies that confirm this 
finding (Kluchová Z, et al., 2007). 
In our study, we found an indirect relationship between MDA in sputum 
and FEV1. Up to now, the usual quantification of bronchial OS was car-
ried out by means of the direct detection and quantification of oxidative 
reactive substances (such as H2O2) or of biological derivatives of oxidative 

impact, especially lipids (lipid peroxidation), in exhaled or condensed air 
(Zeng M, et al., 2013). In our work, this relationship was carried out direct-
ly in induced sputum, by quantifying the MDA. This relationship is due to 
the fact that the greater the degree of inflammation and therefore the bron-
chial OS, the lower the FEV1 will be and the greater the degree of bronchial 
obstruction. This quantification of MDA in sputum could be used as an 
alternative to that carried out in exhaled air. The determination of MDA in 
other biological fluids, apart from sputum, has shown high stability, even 
in ambient air, with a high acceptable intra-class correlation coefficient, a 
fact that could make it a quantitative and safe determination of OS at the 
bronchial level (Paredi P, et al., 2000; Lee KH and Kang D, 2008). 
In this study, a direct relationship was also found between systemic oxida-
tive stress (MDA in blood) and quality of life in COPD patients, especially 
in the impact and activity scales. The quality of life of COPD patients, es-
pecially in severe patients, is related to dyspnea, degree of bronchial ob-
struction, number of exacerbations, body mass index, and degree of basic 
physical activity (de Miguel Díez J, et al., 2004). On the other hand, the 
degree of bronchial obstruction is related, not only to the local (bronchial) 
level of OS, but also to the systemic one (Tsukagoshi H, et al., 2000; Kos-
tikas K, et al., 2003; Montuschi P, et al., 2000; Clini E, et al., 1998; Agusti A, 
et al., 2003; Barbaro MF, et al., 2007; Serviddio G, et al., 2006; Fermoselle C, 
et al., 2012). Therefore, it seems logical that there is a relationship between 
OS in blood and the impact and activity scales of the St. George QoL test. 
Likewise, we found a direct and independent relationship between the de-
gree of bronchial obstruction between levels of MDA in blood (systemic 
OS) and quality of life, both in the impact and activity scale. The relation-
ship with the activity scale could be explained through a possible effect of 
the OS on muscle function (muscle dysfunction), which would contribute 
to the physical limitation that these patients have and its impact on their 
quality of life. Muscle dysfunction in COPD patients is multifactorial. Tis-
sue hypoxia, malnutrition and OS constitute the pathophysiological basis 
of this dysfunction. 
Various authors have found a relationship between OS and muscle dys-
function in COPD (Fermoselle C, et al., 2012). Koechlin et al, observed 
that there was an inverse relationship between local (muscular) and sys-
temic (blood) OS and muscular endurance of the quadriceps in patients 
with COPD. Likewise, these same authors observed that intense exercise 
increased muscle and blood OS (systemic) in these patients (Koechlin C, 
et al., 2004). Similarly, Couillard A, et al., 2003, obtained similar results to 
the previous ones, where bronchial OS (local) was associated with muscle 
dysfunction in patients with COPD (Couillard A, et al., 2003). One of 
the mechanisms by which OS can produce muscle dysfunction in COPD 
patients is by stimulating cellular proteolysis at this level and leading to a 
loss of muscle mass (Mitch WE and Goldberg AL, 1996). On the other 
hand, the OS present in COPD patients can induce a peroxidation of lipids 
present in various cell membranes, including mitochondrial membranes, 
which would lead to a decrease in muscle energy production and the ap-
pearance of skeletal muscle dysfunction (Taivassalo T, Hussain SN, 2016; 
Berton E, et al., 2001; Barreiro E, et al., 2008; Haji G, et al., 2020; Gifford 
JR, et al., 2018). 

CONCLUSION
In our study, although a relationship was found between MDA levels 
in sputum and symptom scales, it did not reach statistical significance 
(p<0.07) (data not shown in results). There is an increase in systemic oxi-
dative stress in COPD patients in stable phase. Similarly, there is an inverse 
relationship between the degree of bronchial obstruction and systemic 
(blood) and local (bronchial) oxidative stress in COPD patients. Further, 
there is a direct relationship between systemic oxidative stress (blood) and 
quality of life in COPD patients. 
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