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ABSTRACT: Increased oxidative stress has been implicated in the pathogenesis of chronic

obstructive pulmonary disease (COPD). This study investigated the risk of COPD and the

substitution of alanine 16 with valine (Ala16Val) polymorphism of manganese-superoxide

dismutase (Mn-SOD) and the cytosine to thymidine transition of nucleotide -262 (-262C.T)

polymorphism of the catalase gene, and the activity of erythrocyte SOD and catalase.

The subjects were stable COPD patient ever smokers (n5165) and healthy controls, matched

for age and cigarette consumption. Genotyping of Mn-SOD at Ala16Val and the catalase gene at

-262C.T was performed, and the functional activity of SOD and catalase in erythrocytes

determined.

There were no significant differences in the distribution of the different genotypes or allele

frequencies between patients and controls for both the Mn-SOD and catalase genes. Among

healthy controls or COPD patients, no differences were observed in erythrocyte SOD and catalase

activity, irrespective of genotype. Significantly higher erythrocyte catalase activity was found in

COPD patients than in healthy controls. The T/T catalase genotype and Ala/Ala Mn-SOD genotype

were uncommon in the present Chinese population.

The increase in erythrocyte catalase activity in Chinese patients with chronic obstructive

pulmonary disease probably indicates dysfunction of the oxidant/antioxidant defence system, but

it is unclear whether this increase is compensatory or a pathogenic factor.

KEYWORDS: Catalase, chronic obstructive pulmonary disease, genetic polymorphisms, manga-

nese superoxide dismutase

C
igarette smoking is the most important
aetiological factor for the development of
chronic obstructive pulmonary disease

(COPD). There is a dose-dependent relationship
between the cumulative amount of smoking and
the incidence of this disease [1]. Cigarette smoke
contains massive amounts of oxidants, in both
the gas phase and particulate matter (,161014

free radicals?puff-1) [2]. It is known that cell
damage induced by the superoxide radical (O2̇

-)
and related oxygen species is involved in the
pathogenesis of many diseases, including COPD
[3]. In humans, a complex defence antioxidative
system is available to protect against the toxicity
of active oxygen species [4]. It consists of
antioxidant enzymes and some nonenzymatic
free radical scavengers. The specific enzymes
catalysing the breakdown of O2̇

- and hydrogen
peroxide include superoxide dismutase (SOD),
catalase and glutathione peroxidase (GPx). The

main task of these enzymes is to neutralise free
radicals and prevent the transformation of O2̇

-

into hydroxyl radicals [5]. The major defence
against the toxicity of O2̇

- is conferred by SOD,
which catalyses the dismutation of O2̇

- to H2O2.
The SOD family is composed of three metalloen-
zymes, copper–zinc-SOD (SOD1), manganese-
SOD (Mn-SOD; SOD2) and extracellular SOD
(SOD3). Catalase, the main enzyme scavenging
H2O2, decomposes H2O2 to water and therefore
acts in concert with SOD. The H2O2 is also
deactivated to water by GPx, which uses reduced
glutathione (GSH) as a hydrogen donor, whereby
GSH is oxidised.

In 2006, the risk of developing COPD among
continuous smokers was estimated to be o25%
[6], suggesting that there must be risk factors
contributing to the susceptibility to this disease.
Interindividual variation in antioxidant capacity
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may exist as a result of polymorphisms of genes regulating
antioxidant enzymes. Mn-SOD is encoded by a single gene,
containing five exons and located on chromosome 6q25 [7].
One of the polymorphisms of Mn-SOD results in the replace-
ment of alanine 16 (GCT) with a valine (GTT; the Ala16Val
polymorphism), and affects the import of Mn-SOD into
mitochondria by altering the conformation of its leader signal
[8]. The Ala variant of Mn-SOD has been associated with an
increased risk of lung cancer but not of COPD [9, 10].

The catalase gene contains 13 exons and is located on
chromosome 11p13 [11]. Several polymorphisms in the catalase
gene, characterised by erythrocyte catalase levels 0.2–4% of
normal, have been reported. A point guanosine to adenine
transition (G.A) mutation in intron 4 results in abnormal
splicing and, in addition, a thymidine deletion in exon 4 has
been reported in a case of acatalasia in Japan [12]. The common
cytosine to thymidine transition of nucleotide -262 (-262C.T)
polymorphism is associated with both basal catalase expres-
sion and the level of this enzyme in erythrocytes [13]. The
catalase gene polymorphism -21A.T has recently been
reported not to be associated with the risk of developing
COPD [10], but the role of the functional polymorphism
-262C.T has not yet been studied.

Since interindividual variation in antioxidant capacity may
occur as a result of functional polymorphisms of genes
regulating antioxidant enzyme activity, it was hypothesised
that such polymorphisms of the Mn-SOD and catalase genes
might be related to the development of COPD. In the present
study, the prevalence of the Ala16Val Mn-SOD and 262C.T
catalase gene polymorphisms, and the functional enzyme
activities of SOD and catalase, were compared in Chinese
patients with COPD and healthy controls.

METHODS
Subjects
Consecutive patients (n5165) with stable COPD were recruited
from the outpatient clinics of five hospitals (Queen Mary
Hospital (University of Hong Kong), Princess Margaret
Hospital, North District Hospital, United Christian Hospital
and Grantham Hospital) in Hong Kong SAR, China. The
patients were current or ex-smokers and satisfied the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
clinical criteria for COPD [14], i.e. post-bronchodilator forced
expiratory volume in one second (FEV1) ,80% of the predicted
value, FEV1/forced vital capacity (FVC) ,70%, and FEV1

bronchodilator response ,12% or ,200 mL with or without
symptoms of cough, phlegm and shortness of breath on
exertion. Each patient was matched for age (¡5 yrs) and
cumulative cigarette consumption (¡5 pack-yrs) with a
healthy subject without respiratory symptoms and normal
lung function (FEV1 o80% pred; FEV1/FVC o70%) as a
control. The predicted values were based on reference values
obtained from the local population [15]. The controls were
recruited from the general population, as described in a
previous communication [15]. Other sources were community
centres and churches for the elderly in different parts of Hong
Kong. In addition to lung function testing, these subjects were
interviewed using a detailed questionnaire to obtain informa-
tion on smoking habits, respiratory symptoms and other
illnesses. Ex-smokers were defined as those who had not

smoked within the previous 12 months. Patients and controls
provided a 10-mL venous blood sample. All subjects were
ethnically Chinese and originated from Hong Kong or the
Guangdong province of Southern China. The Ethics
Committee of the University of Hong Kong approved the
study protocol and all of the participants provided written
informed consent.

Blood collection and storage
Smoking patients and controls were told to refrain from
smoking for o12 h before blood was taken. Whole blood was
collected from each subject in lithium heparin and centrifuged
for 10 min at 1,6006g. Red blood cells were separated and
stored at -70uC until biochemical measurements were per-
formed. Red blood cell lysates were prepared by washing
packed red blood cells three times with cold normal saline via
centrifugation for 10 min at 3,0006g and then lysed in four
volumes of cold deionised water. Haemoglobin concentrations
were assayed using a commercially available kit (Sigma, St
Louis, MO, USA).

Genotyping
Genomic DNA was extracted from peripheral white cells using
the commercially available QIAamp DNA Blood Mini Kit
(QIAGEN, Hilden, Germany). PCR-based restriction fragment
length polymorphism analysis was used to examine the single
nucleotide polymorphisms of interest. Genotyping of Mn-SOD
and catalase were carried out using standard methods, as
described previously [16]. The genotype of DNA samples was
identified blindly and controls (blank (without DNA template),
positive and negative) were prepared and set up in association
with each PCR operation. A random 10% of samples were re-
genotyped. Analyses were repeated at least once for any
samples for which amplification or digestion failed.

Measurement of specific antioxidant enzyme activities
Superoxide dismutase
SOD activity in red blood cell lysate was determined from the
rate of reduction of cytochrome c, as described previously [16],
with one unit of SOD activity defined as the amount of SOD
required to inhibit the rate of cytochrome c reduction by 50%.
Xanthine oxidase (Sigma) was added at a concentration
sufficient to induce a 0.020 change in absorbance per minute
at 550 nm. SOD activity is expressed in units per gram of
haemoglobin.

Catalase
The quantification of catalase activity in the red blood cell lysate
was based on the reaction with H2O2, as described previously
[16]. In brief, the initial rate of disappearance of H2O2 (0–60 s)
was recorded spectrophotometrically at a wavelength of
240 nm. One unit of catalase activity was defined as the rate
constant of the first-order reaction. Catalase activity is expressed
in milliunits per gram of haemoglobin.

Statistical analysis
Antioxidant enzyme activities were normally distributed
(when tested using the Kolmogorov–Smirnov test) and are
expressed as mean¡SD. Demographic data were compared
between groups using Chi-squared analysis or an unpaired
t-test, as appropriate. Differences in genotype and allele
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frequencies between patients and controls were tested using
Chi-squared analyses in a 262 table or Fisher’s exact test.
Unconditional logistic regression models were applied to
estimate the odds ratio and 95% confidence interval of genetic
risk in COPD patients. As the patients and controls were well
matched, no adjustment for age and smoking was necessary.
Comparison of antioxidant enzyme activities between groups
was carried out using an unpaired t-test. The influence of Mn-
SOD and catalase gene polymorphisms on erythrocyte SOD
and catalase activity among different genotype groups was
tested by ANOVA. Post hoc multiple comparisons using
Bonferroni correction were performed where appropriate.
The Hardy–Weinberg equilibrium was estimated using the
SNPAnalyzer program (Istech, Inc., Goyang-si, Gyeonggi-do,
Korea) [17]. A p-value ,0.05 was considered significant.

RESULTS
The characteristics of the COPD patients and healthy controls,
matched for age and cumulative cigarette consumption, are
shown in table 1. Only 15 of the 165 COPD patients and four of
the 165 healthy controls were female. COPD patients and
controls did not differ in mean age and smoking history. There
was, however, a significantly higher proportion of current
smokers among healthy controls than among COPD patients.
COPD patients had significantly lower lung function than
healthy controls.

The Val allele of Mn-SOD (found in 89.6% of healthy controls
and 86% of COPD patients) and the C allele of the catalase gene
(found in 96.6% of healthy controls and 94.8% of COPD
patients) were present in the majority of subjects and did not
differ between patients and controls (table 2). The prevalences
of the Mn-SOD Val/Val, Val/Ala and Ala/Ala genotypes were
79.9, 19.5 and 0.6%, respectively, in healthy controls, and did
not differ from those found in COPD patients, 72.6, 26.8 and
0.6%, respectively. The catalase C/C, C/T and T/T genotypes
were present in 93.3, 6.7 and 0% of the controls, and 90.9, 7.9
and 1.2% of the patients, respectively. The frequency distribu-
tions of the Mn-SOD and catalase genotypes were in
Hardy–Weinberg equilibrium in healthy controls and patients.

The Ala/Ala genotype was combined with the Val/Ala
genotype, and the T/T genotype with C/T genotype, in the
analysis assessing risk of COPD, due to the low prevalence or
complete absence of the Ala/Ala Mn-SOD polymorphism
genotype and the T/T catalase polymorphism genotype. There
were also no significant differences in the genotype frequencies
of the Mn-SOD and catalase polymorphisms between healthy
controls and COPD patients classified according to severity on
the basis of lung function (table 3).

Erythrocyte SOD activity did not differ between COPD
patients and healthy controls, irrespective of genotype
(table 4). Erythrocyte catalase activity was higher in COPD
patients with the C/C genotype, and with the combined C/T
and T/T genotypes, than in healthy controls of similar
genotypes. There were no significant differences in SOD and
catalase activities between different genotypes among COPD
patients and healthy controls.

No differences were found in erythrocyte SOD activity
between healthy controls and COPD patients, irrespective of
their smoking status (fig. 1a). Conversely, erythrocyte catalase
activity was significantly higher in ex-smokers than in current
smokers among healthy controls but not among COPD
patients. However, COPD patients showed significantly higher
erythrocyte catalase activity than healthy controls, irrespective
of their smoking status (fig. 1b). No differences existed for
erythrocyte SOD activity between patients of different COPD
severity, classified according to FEV1 (% pred), and healthy

TABLE 1 Characteristics of study subjects

Control COPD p-value#

Subjects n 165 165

Males 161 (97.6) 150 (90.9) ,0.05

Age yrs 65.6¡9.8 66.8¡8.2 0.251

Smoking status

Current smoker 80 (48.5) 44 (26.7) ,0.001

Ex-smoker 85 (51.5) 121 (73.3)

Smoking history pack-yrs 33.1¡18.5 33.6¡18.1 0.797

FEV1 % pred 101.8¡12.7 34.5¡12.9 ,0.001

FVC % pred 101.3¡11.6 63.7¡18.3 ,0.001

FEV1/FVC % 76.1¡5.0 41.2¡10.9 ,0.001

Data are presented as mean¡SD or n (%), unless otherwise stated. COPD:

chronic obstructive pulmonary disease; FEV1: forced expiratory volume in one

second; % pred: % predicted; FVC: forced vital capacity. #: Chi-squared test or

unpaired t-test, as appropriate.

TABLE 2 Genotype distribution, allele frequency and risk
associated with the two polymorphisms in
healthy controls and chronic obstructive
pulmonary disease patients

Controls n (%) Patients n (%) OR (95% CI)

Mn-SOD Ala16Val

Genotype

Val/Val 131 (79.9) 119 (72.6) 1

Val/Ala 32 (19.5) 44 (26.8) 1.51 (0.90–2.54)

Ala/Ala 1 (0.6) 1 (0.6) 1.10 (0.07–17.7)

Val/Ala+Ala/Ala 33 (20.1) 45 (27.4) 1.50 (0.90–2.51)

Allele

Val 294 (89.6) 282 (86.0) 1

Ala 34 (10.4) 46 (14.0) 1.41 (0.88–2.26)

Catalase -262C.T

Genotype

CC 153 (93.3) 149 (90.9) 1

CT 11 (6.7) 13 (7.9) 1.21 (0.53–2.79)

TT 0 2 (1.2)

CT+TT 11 (6.7) 15 (9.1) 1.40 (0.63–3.14)

Allele

C 317 (96.6) 311 (94.8) 1

T 11 (3.4) 17 (5.2) 1.57 (0.73–3.42)

No results were obtained on genotyping for one patient. OR: odds ratio; CI:

confidence interval; Mn-SOD: manganese-superoxide dismutase; Ala16Val:

substitution of alanine 16 with valine; -262C.T: cytosine to thymidine transition

of nucleotide -262.
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controls (fig. 2a). Although there were no significant differ-
ences in erythrocyte catalase activity between patients of
different COPD severity, significantly higher erythrocyte
catalase activity was found in patients of each severity of
COPD compared with the healthy controls (fig. 2b).

DISCUSSION
Since only ,25% of continuous smokers develop clinically
significant airflow obstruction [6], it has been suggested that

individual susceptibility is crucial in the pathogenesis of
COPD. In the present study, no significant differences were
found in the distribution of polymorphisms of Mn-SOD and
catalase genes in COPD patients and healthy controls, nor were
significant differences found in total SOD and catalase activity
between different Mn-SOD and catalase genotypes. However,
it was found that the frequencies of the Val allele of the Mn-
SOD gene [18] and C allele of the catalase gene [13] were much
higher than those reported for Caucasian populations.

There is now considerable evidence that oxidative stress arising
from cigarette smoking plays an important role in the
pathogenesis of COPD [1]. Free radicals and oxidants are present
at high concentrations in cigarette smoke. In the lungs, cigarette
smoke condensate, which is formed in the epithelial lining fluid,
may continue to produce reactive oxygen species [2]. H2O2 was
detected at 20-fold higher levels in breath condensates from
COPD patients than from normal subjects [19]. The oxidative
burden of cigarette smoke can be further enhanced in smokers’
lungs by the release of oxygen radicals from inflammatory
leukocytes found in the airway of smokers [20].

Enzymatic defence against activated oxygen species involves
the cooperative action of several antioxidant enzymes. SOD is
one of the key enzymes that detoxifies O2̇

- and generates H2O2

and which, in turn, is detoxified by GPx and catalase [4]. The
results of studies of antioxidant enzyme activities in smokers
have been controversial. The activities of SOD and catalase
have been reported to be increased in human alveolar
macrophages [21]. However, some studies observed that the
induction of Mn-SOD was transient and that antioxidant
enzymes may even be downregulated during severe or chronic
oxidant exposure in animal models [21, 22]. The failure to
demonstrate significant differences in erythrocyte SOD activity
between current smokers and ex-smokers in the present study,
and between life-long nonsmokers and ever smokers in a
previous study [16], are consistent with another published
report [23]. The present findings suggest that COPD patients
do not show altered erythrocyte SOD activity, contrary to the

TABLE 3 Genotype frequency of manganese-superoxide dismutase (Mn-SOD) and catalase polymorphisms in healthy controls
and chronic obstructive pulmonary disease patients classified according to severity on the basis of lung function

Controls# Patients p-value

FEV1 o50–79% pred FEV1 o30-49% pred FEV1 ,30% pred

Mn-SOD Ala16Val

Val/Val 131 (79.9) 16 (66.7) 53 (71.6) 50 (75.8) 0.183

Val/Ala 32 (19.5) 7 (29.2) 21 (28.4) 16 (24.2)

Ala/Ala 1 (0.6) 1 (4.2) 0 (0) 0 (0)

Val/Ala+Ala/Ala 33 (20.1) 8 (33.3) 21 (28.4) 16 (24.2) 0.349

Catalase -262C.T

C/C 153 (93.3) 23 (95.8) 67 (90.5) 59 (89.4) 0.123

C/T 11 (6.7) 0 (0) 7 (9.5) 6 (9.1)

T/T 0 (0) 1 (4.2) 0 (0) 1 (1.5)

C/T+T/T 11 (6.7) 1 (4.2) 7 (9.5) 7 (10.6) 0.640

Data are presented as n (%). No results were obstained on genotyping for one patient. FEV1: forced expiratory volume in one second; % pred: % predicted; Ala16Val:

substitution of alanine 16 with valine; -262C.T: cytosine to thymidine transition of nucleotide -262. #: FEV1 .80% pred.

TABLE 4 Antioxidant enzyme activity in healthy controls
and chronic obstructive pulmonary disease
patients according to genotype

Controls Patients p-value#

Subjects

n

Activity

U?g-1 Hb

Subjects

n

Activity

U?g-1 Hb

Mn-SOD Ala16Val

Total 165 72.0¡39.3 161 70.0¡34.8 0.638

Val/Val 131 72.0¡40.1 116 71.0¡34.0 0.795

Val/Ala 32 73.0¡37.5 43 69.0¡37.5 0.682

Ala/Ala 1 48.0 1 44.0

Val/Ala+Ala/Ala 33 72.0¡37.1 44 69.0¡37.3 0.690

Catalase -262C.T

Total 165 0.034¡0.016 160 0.049¡0.031 ,0.001

C/C 153 0.034¡0.016 144 0.048¡0.030 0.001

C/T 11 0.032¡0.019 13 0.058¡0.039 0.056

T/T 0 0 2 0.077¡0.005

C/T+T/T 11 0.032¡0.019 15 0.061¡0.037 0.028

Data are presented as mean¡ SD, unless otherwise stated. No results were

obtained on genotyping for one patient. Hb: haemoglobin; Mn-SOD:

manganese-superoxide dismutase; Ala16Val: substitution of alanine 16 with

valine; -262C.T: cytosine to thymidine transition of nucleotide -262.
#: unpaired t-test.
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findings of previous studies [23, 24] but in agreement with
more recent reports [25, 26].

It was found that erythrocyte catalase activity was increased in
COPD patients compared with healthy controls, irrespective of
smoking habits. This may indicate a compensatory–adaptive
response to excessive accumulation of oxygen free radicals due
to cigarette smoking in COPD patients, as the H2O2 produced
may be scavenged by the increased catalase activity. Among
the present controls, catalase activity was significantly higher
in ex-smokers than in current smokers. Although healthy
smoking controls may also be subjected to oxidative stress,
they do not have COPD and might not exhibit the compensatory
increase in erythrocyte catalase activity, which is supported by
previous reports [27, 28].

In the present study, the functional polymorphisms of the Mn-
SOD and catalase genes studied may not be responsible for the
changes in erythrocyte SOD and catalase activity. Mn-SOD
activity was not specifically measured since Mn-SOD activity
accounts for ,90% of total SOD activity. The Ala16 allele of the
mitochondrial targeting sequence of the Mn-SOD gene has an
a-helical structure, whereas the Val16 allele does not [8]. As an
amphiphilic helical structure is an essential requirement for

efficient mitochondrial transport, the Mn-SOD precursor
protein with the Ala16-type signal peptide may be more easily
transported into mitochondria than the precursor with the
Val16-type signal peptide. Accordingly, the activity of Mn-SOD
tetramers in the mitochondrial matrix was ,40% higher after
mitochondrial import of the Ala16 Mn-SOD precursor than
after import of the Val16 Mn-SOD precursor [29]. The
functional polymorphism of the SOD3 gene, +760C.G (sub-
stitution of arginine 213 with glycine), has been reported to
confer a degree of resistance to the development of COPD in
smokers [10]. Thus further studies are needed in order to
detect functional polymorphisms of the two other isoforms of
SOD in the present population.

The -262C.T polymorphism of the promoter region of the
human catalase gene has been shown to influence transcription
factor binding and correlate with blood catalase levels [13].
Unfortunately, in the Chinese population, the homozygous T/
T genotype is rare, occurring in none of the present healthy
controls and two out of the 164 COPD patients. It is impossible
to adequately assess the functional activity of those with the
T/T genotype. It is notable that increased catalase activity was
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FIGURE 1. Erythrocyte antioxidant enzyme activity in current (h) and ex-

smokers (&) among healthy controls (n580 and 85, respectively) and chronic

obstructive pulmonary disease patients (n544 and 117, respectively): a) superoxide

dismutase (SOD); and b) catalase. Data are presented as mean¡SD. Hb:

haemoglobin. *: p,0.05; and **: p,0.01 versus healthy control current smokers;

***: p,0.001 versus healthy control ex-smokers.
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FIGURE 2. Erythrocyte antioxidant enzyme activity in chronic obstructive

pulmonary disease patients (&) and healthy controls (forced expiratory volume in

one second (FEV1) o80% predicted; h; n5165) by severity of airflow obstruction

(n523 for o50–79% pred; n571 for o30–49% pred; n567 for ,30% pred): a)

superoxide dismutase (SOD); and b) catalase. Data are presented as mean¡SD.

Hb: haemoglobin. *: p,0.05; ***: p,0.001 versus FEV1 o80% pred.
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found in COPD patients compared with the healthy controls,
irrespective of genotype. One previous report found significant
racial differences in free radical-scavenging enzyme activity in
children [30]. Exclusively Chinese subjects from the same area,
i.e. Hong Kong or the Guangdong province of Southern China,
were studied in order to minimise the internal heterogeneity of
the population.

Although there was a failure to provide any evidence of the
functional polymorphic Mn-SOD and catalase gene alleles of
interest conferring genetic COPD susceptibility, the potential
impact of enhanced catalase activity in COPD patients in the
present cohort remains unclear. It is important to remember
that catalase is not the only enzyme responsible for the
detoxification of H2O2. GPx is also capable of eliminating
H2O2. Moreover, most antioxidant systems are interrelated and
interconnected.

The strengths of the present study are that the COPD patients
and healthy controls were well matched according to age and
smoking history, and that the functional activity of SOD and
catalase were measured in addition to determining the different
Mn-SOD and catalase genotypes. However, it has limitations.
First, the patients were not properly matched to controls by sex
or smoking status (ex-smokers/current smokers). The numbers
of males and females were not balanced, because the majority
of COPD patients and chronic smokers in Hong Kong are male.
Although a large pool of COPD patients was recruited from five
hospitals in different parts of Hong Kong, the sample size was
still relatively small due to the limited numbers of healthy
smoking controls with normal lung function in the general
population study. Secondly, the dietary intake of antioxidants,
which is mainly responsible for SOD and catalase activity, was
not quantified. Thirdly, measurements of antioxidant enzyme
activity were carried out only on erythrocytes, which might not
reflect local levels in the lungs. In addition, measurements of
SOD and catalase activity were taken at one random point in
time, which ignores any variability in these parameters over
time. Fourthly, as the present study is a cross-sectional study, it
is not possible to determine whether lung function impairment
or respiratory symptoms are the result or the cause of the
higher catalase activity. The present study should be consid-
ered preliminary and further studies should be performed on a
larger population.

In conclusion, the findings of the present study do not support
the notion that functional polymorphisms of these two key
antioxidant enzymes, manganese-superoxide dismutase and
catalase, confer genetic susceptibility to chronic obstructive
pulmonary disease in the Hong Kong Chinese population. The
increase in erythrocyte catalase activity of chronic obstructive
pulmonary disease patients may be indicative of a dysfunction
of the oxidant/antioxidant defence system. Other, as yet
unidentified, antioxidative processes may be more relevant
as determinants of the development of chronic obstructive
pulmonary disease in the Chinese population.
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