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Background and Objectives: Accumulating evidence suggests that oxidative stress

is involved in the development of chronic obstructive pulmonary disease (COPD)

and its progression. Activity of extracellular superoxide dismutase (ecSOD), the only

extracellular enzyme eliminating superoxide radicals, has been reported to decline in

acute exacerbations of COPD (AECOPD). However, the association between serum

ecSOD activity and 1-year all-cause mortality in AECOPD patients remains unclear. The

objective of our study was to explore the usefulness of ecSOD activity on admission in

AECOPD as an objective predictor for 1-year all-cause mortality.

Methods: We measured serum ecSOD activity in AECOPD patients on admission in a

prospective cohort study. We also recorded their laboratory and clinical data. Multivariate

Cox regression was used to analyze the association between ecSOD activity and the risk

of 1-year all-cause mortality. Restricted cubic spline curves were used to visualize the

relationship between ecSOD activity and the hazard ratio of 1-year all-cause mortality.

Results: A total of 367 patients were followed up for 1 year, and 29 patients died during

a 1-year follow-up period. Compared with survivors, the non-survivors were older (79.52

± 8.39 vs. 74.38 ± 9.34 years old, p = 0.004) and had increased levels of tobacco

consumption (47.07 ± 41.67 vs. 33.83 ± 31.79 pack-years, p = 0.037). Having an

ecSOD activity ≤ 98.8 U/ml was an independent risk factor of 1-year all-cause mortality

after adjustment for baseline differences, clinical variables and comorbidities [hazard ratio

= 5.51, 95% confidence interval (CI): 2.35–12.95, p < 0.001].

Conclusion: Lower serum ecSOD activity was a strong and independent predictor of

1-year all-cause mortality in AECOPD patients.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD), a systemic
inflammatory disease, is the third leading cause of mortality
worldwide (1). Exacerbations of COPD accelerate the decline
in lung function and cause progression of the disease,
reduced physical activity, and an increased risk of death (2–
4). Unfortunately, there is no effective method to identify
those AECOPD patients with poor prognosis. Oxidative stress
plays an important role as an amplifying mechanism of
inflammation in COPD (5). The imbalance between oxidants
and antioxidants persists in stable COPD and is further elevated
during exacerbations (6, 7). Previous studies showed that
increased markers of oxidative stress such as malondialdehyde,
advanced glycation end-products, 8-isoprostane, and 4-hydroxy-
2-nonenal were associated with a poor prognosis in COPD
(8, 9). However, another component of oxidative imbalance,
antioxidants, have not been well explored in the prognosis
of COPD.

Extracellular superoxide dismutase (ecSOD, SOD3) is the
only extracellular scavenger of the superoxide radical and
has been reported to be markedly higher in the lung (10).
EcSOD plays a critical role in the regulation of lung-
related oxidant inflammation (11). Loss of extracellular redox
regulation promotes emphysema development (12). Genome-
wide association studies show that polymorphisms in SOD3 have
been associated with declining lung function in COPD (13)
and that smokers with elevated activity of serum ecSOD have a
substantially lower risk for COPD (14). Thus, ecSOD could be a
potential prognostic marker in COPD.

In COPD patients suffering from exacerbations, it was
found that the antioxidant pathway was downregulated, and
serum ecSOD activity was decreased (15, 16). Increased
oxidative stress correlates positively with the severity
of injury and poor prognosis in acute illness (17) and
ecSOD activity negatively correlate with the severity of
COPD exacerbations (18). We hypothesized that AECOPD
patients with lower serum ecSOD activity has more severe
oxidative stress during exacerbations, which leads to poorer
outcomes. However, to our knowledge, there is no study
that has investigated the prognostic role of serum ecSOD
activity in AECOD patients. Therefore, we performed a
prospective cohort study to ascertain the prognostic role
of serum ecSOD activity for 1-year all-cause mortality
in AECOPD.

METHODS

Study Design and Patients
This prospective observational cohort study recruited
consecutive hospitalized AECOPD patients in the Respiratory
Department of the Third Affiliated Hospital of Guangzhou
Medical University (Guangzhou, People’s Republic of China)
from January 01, 2016–January 10, 2020. Participants were
diagnosed with COPD [with a documented diagnosis of
post-bronchodilator forced expiratory volume in one second
(FEV1)/forced vital capacity (FVC) ratio of <0.7] and AECOPD

[defined as an increase in the severity of one or more respiratory
symptoms (cough, sputum, wheezing, dyspnea, and/or chest
tightness), requiring hospitalization] at admission, defined
according to the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria (19). Other diseases that worsen
respiratory symptoms [pneumonia, pneumothorax, pleural
effusion, pulmonary embolism, and dyspnea because of heart
conditions (congestive heart failure (CHF), ischaemic heart
disease (IHD), and arrhythmias)] were evaluated and ruled
out in the differential diagnosis of COPD exacerbations. The
primary diagnosis was AECOPD, and this diagnosis was made
by respiratory physicians. This study did not exclude patients
with coexisting asthma, obstructive sleep apnea-hypopnea
syndrome, or bronchiectasis. Patients with active tuberculosis,
pulmonary fibrosis, a pulmonary embolism, or a malignancy
were excluded from the study. We also excluded patients who
were unwilling to cooperate. Patients who were hospitalized
for AECOPD multiple times during the study period were only
included in the first hospitalization. Patients were treated by
their attending physicians according to the GOLD guidelines.
After discharge, patients were followed up every 3 months
for 1 year by telephone. Follow-up started on the first day of
discharge. This study was authorized by the Ethics Committee
of Guangzhou’s Third Affiliated Medical Hospital (No. 2016-
004). All participants signed a written informed consent. This
study was conducted in accordance with the Declaration of
Helsinki. This article follows the STROBE reporting checklist
(Supporting Information).

Data Collection and Definitions
We extracted demographic (age, sex, smoking history, and
body-mass index) and clinical (GOLD stage, number of
exacerbations during the preceding year, a history of asthma,
a history of obstructive sleep apnea-hypopnea syndrome, a
history of bronchiectasis, a history of CHF, and a history of
IHD) data from patients’ electronic medical records. Prior to
receiving any medications (except for the use of previously
administered maintenance drugs), blood samples were collected
from recruited hospitalized AECOPD patients, and a complete
blood count, arterial blood gases (pH, partial pressure of O2

and partial pressure of CO2) and serum ecSOD activity were
measured. The serum ecSOD activity was estimated using the
pyrogallol autoxidation colorimetric kit (Ningbo Medicalsystem
Biotechnology Co., Ltd., Ningbo, Zhejiang Province, China). All
tests were performed by the hospital laboratory. A never-smoker
was defined as smoking fewer than 100 cigarettes before the
baseline. A current smoker was defined as smoking at baseline.
A former smoker at baseline was defined as one who had smoked
more than 100 cigarettes but had not smoked for at least 6months
(20). GOLD stage was classified into four groups based on FEV1

(GOLD 1: FEV1 ≥ 80% predicted; GOLD 2: 50% ≤ FEV1 < 80%
predicted; GOLD 3: 30% ≤ FEV1 < 50% predicted; GOLD 4:
FEV1 < 30% predicted) (19).

Statistical Analysis
The primary outcome was 1-year all-cause mortality. Parametric
data were expressed as the mean ± standard deviation.
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FIGURE 1 | Flow chart of study patients.

Categorical variables were expressed as percentages. We
compared groups using the independent samples t-test or chi-
square test, as appropriate. We used the maximally selected log-
rank statistics to obtain an optimal cut-off value of the correlation
between ecSOD activity and 1-year all-cause mortality with the
maxstat R package (21). The entire cohort of patients were
divided into two groups based on the optimal cut-off value. We
used the Kaplan–Meier estimator and log-rank test to determine
the difference in 1-year all-cause mortality between the two
groups. We performed a subgroup analysis to limit the influence
of smoking and cardiovascular diseases (CHF and IHD) on
ecSOD activity. Univariate and multivariate Cox regression were
used for analyses of the relationship between ecSOD activity
and 1-year all-cause mortality. We constructed three models
to clarify the relationship between 1-year all-cause mortality

and ecSOD activity. Model 1 only included ecSOD activity.
Model 2 controlled for baseline covariates (age, sex, body mass
index, smoking status, and pack-years). Model 3 was based on
model 2 with the addition of comorbidities and clinical variables
previously reported, related to COPD mortality [GOLD stage,
exacerbations during the preceding year, and the partial pressure
of CO2 (PaCO2)] (22–24). The proportional hazard assumption
was examined by visual assessment of log-log survival curves
against time, and there was no violation of this assumption.
We used restricted cubic spline to flexibly model and visualize
the relationship between serum ecSOD activity and the hazard
ratio (HR) of 1-year all-cause mortality after adjustment for
clinical variables and comorbidities. Participants lost to follow-
up or with missing data would not be included in the analysis.
The mortality of COPD among the exposed was unavailable, we
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TABLE 1 | Characteristics of the patients according to 1-year all-cause mortality.

Characteristic All patients

(367)

Non-survivors

(n = 29)

Survivors

(n = 338)

P-value

EcSOD 111.13 ± 19.56 94.37 ± 23.70 112.57 ± 18.50 <0.001

Age (yr.) 74.78 ± 9.36 79.52 ± 8.39 74.38 ± 9.34 0.004

Male sex (%) 80.4 72.4 81.1 0.260

Body-mass index (kg/m2 ) 21.42 ± 3.89 21.53 ± 3.53 20.99 ± 3.92 0.876

Smoking status (%) 0.515

Never smoking 22.3 17.2 22.8

Former smoking 55.3 65.5 54.4

Current smoking 22.3 17.2 22.8

Tobacco consumption (pack-yr.) 34.88 ± 32.80 47.07 ± 41.67 33.83 ± 31.79 0.037

GOLD stage (%) 0.631

I 7.4 3.4 7.7

II 36.5 37.9 36.4

III 39.0 34.5 39.3

IV 17.2 24.1 16.6

Plus–minus values are means ± standard deviation.

GOLD, Global Initiative for Chronic Obstructive Lung Disease; EcSOD, extracellular superoxide dismutase.

were unable to estimate the sample size (25). All analyses were
two-sided, and a p-value of <0.05 was considered statistically
significant. Restricted cubic spline curves were performed using
the RMS package in R (version 4.0.4), and other analyses were
performed using SPSS software, version 16 (SPSS Inc., Chicago,
IL, USA).

RESULTS

Patient Characteristics
A total of 396 consecutive patients were recruited and after
screening for inclusion and exclusion criteria, 382 patients were
enrolled, and ecSOD activity data for 11 of these patients were
unavailable. Four patients were lost to follow-up after discharge,
and 367 patients completed a 1-year follow-up and were included
in the study analysis (Figure 1). The mean age of the patient
was 74.78 ± 9.36 years and a total of 80.4% of patients were
males. The demographic and baseline clinical features of patients
between the survivor group and the non-survivor group are
presented in Table 1. The non-survivor group was older (79.52
± 8.39 vs. 74.38 ± 9.34 years old, p = 0.004) and had more
COPD patients with GOLD stage four (24.1 vs. 16.6%) than
did the survivor group. Compared with the survivor group, the
non-survivor group also had more smokers (82.7 vs. 77.2%) and
increased tobacco consumption (47.07± 41.67 vs. 33.83± 31.79
pack-years, p= 0.037).

Survival and Risk Analyses of the
Relationship Between ecSOD Activity and
1-Year All-Cause Mortality
Twenty-nine individuals (7.90%) died in the entire cohort during
follow-up. We first explored the association between 1-year all-
cause mortality and ecSOD activity as a continuous variable

with the use of Cox regression analysis. We found that ecSOD
activity was negatively correlated with the risk of 1-year all-
cause mortality [HR, 0.95; 95% confidence interval (CI): 0.93–
0.97; p < 0.001). We separated the entire cohort into two groups
according to the optimal cut-off value determined by maximally
selected log-rank statistics to analyze differences in prognostic
consequences (Figure 2A). The optimal cut-off value for ecSOD
activity was 98.8 U/ml. The ecSOD activity ≤ 98.8 U/ml group
had 95 patients.

The Kaplan–Meier estimator was used to reveal the difference
in 1-year all-cause mortality between the ecSOD activity > 98.8
U/ml group and ecSOD activity ≤ 98.8 U/ml group (Figure 2B),
and a significant difference was found between these two groups
(p < 0.001). The survival rate in the ecSOD activity ≤98.8 U/ml
group was lower than that in the ecSOD activity > 98.8 U/ml
group (survival rate, 81.1 vs. 96.0, p < 0.001). In subgroup
analysis, there were significant differences in survival curves
between the two groups for both never smokers (survival rate,
75.0 vs. 98.5, p< 0.001, Figure 2D) and former smokers (survival
rate, 79.0 vs. 95.7%, p< 0.001, Figure 2E). In the current smoking
subgroup, the difference in survival curves between two groups
was not significant (survival rate, 94.1 vs. 93.8%, p = 0.978,
Figure 2C). In the CHF and/or IHD subgroup, the difference
in survival curves between two groups was significant (survival
rate, 75.0 vs. 94.2%, p = 0.978, Figure 2F). In the non-CHF and
non-IHD subgroup, the difference in survival curves between
two groups was significant (survival rate, 88.4 vs. 97.0%, p =

0.015, Figure 2G).
We constructed three models to clarify the relationship

between the ecSOD activity and 1-year all-cause mortality
with the use of multivariate Cox proportional hazards analysis
(Table 2). The unadjusted HR (model 1) for 1-year all-cause
mortality in the ecSOD activity ≤ 98.8 U/ml group was 5.09
(95% CI: 2.41-10.78; p < 0.001). After adjusting for baseline
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FIGURE 2 | Selection of optimal cut-off value and Kaplan–Meier survival curves evaluating the time to death in days for patients. (A) standardized log-rank statistics

for ecSOD optimal cut-off value; (B) survival curves of all patients; (C) survival curves of current smokers; (D) survival curves of never-smokers; (E) survival curves of

former smokers; (F) survival curves of patients with CHF and/or IHD; (G) survival curves of patients without CHF and IHD. EcSOD, extracellular superoxide dismutase.
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TABLE 2 | Multivariate Cox proportional hazards analysis of the association between ecSOD activity and 1-year all-cause mortality.

Model 1 Model 2 Model 3

Variable HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value

EcSOD (per increase of 1 U/ml) 0.95 (0.93-0.97) <0.001 - - - -

EcSOD (≤98.8 vs. >98.8 U/ml) 5.09 (2.41-10.78) <0.001 4.11 (1.85-9.12) 0.001 5.51 (2.35-12.95) <0.001

Age (per increase of 10-year) 1.46 (0.86-2.48) 0.160 1.99 (1.05-3.77) 0.036

Sex (male vs. female) 0.37 (0.14-0.98) 0.046 0.32 (0.11-0.87) 0.026

Body-mass index (per increase of 1 point) 1.01 (0.92-1.11) 0.805 1.02 (0.92-1.12) 0.728

Smoking status

Current smoking vs. never smoking 1.15 (0.28-4.77) 0.849 1.15 (0.64-2.04) 0.646

Former smoking vs. never smoking 1.35 (0.4-4.56) 0.629 1.08 (0.98-1.21) 0.131

Tobacco consumption (per increase of 10 pack-yr.) 1.09 (0.99-1.21) 0.067 1.82 (0.96-3.45) 0.066

GOLD stage (per increase to next stage) 0.81 (0.35-1.85) 0.611

Exacerbations during preceding year (yes vs. no) 2.75 (1.09-6.97) 0.033

PaCO2(≥50 vs.<50 mmHg) 2.81 (0.84-9.43) 0.095

Asthma (yes vs. no) 0.54 (0.23-1.28) 0.163

Bronchiectasis (yes vs. no) 1.56 (0.55-4.39) 0.402

OSAHS (yes vs. no) 0.99 (0.41-2.36) 0.978

CHF (yes vs. no) 1.78 (0.81-3.9) 0.154

IHD (yes vs. no) 1.15 (0.64-2.04) 0.646

HR, hazard ratio; CI, confidence interval; ecSOD, extracellular superoxide dismutase; GOLD, Global Initiative for Chronic Obstructive Lung Disease; PaO2, partial pressure of O2; PaCO2,

partial pressure of CO2; OSAHS, obstructive sleep apnea-hypopnea syndrome; CHF, congestive heart failure; IHD, ischaemic heart disease.

characteristics (model 2), the HR was 4.11 (95% CI: 1.85-9.12;
p = 0.001). After further adjustments for clinical variables and
comorbidities (model 3), the relationship between the ecSOD
activity ≤ 98.8 U/ml group and 1-year all-cause mortality
remained significant (HR, 5.51; 95% CI: 2.35-12.95; p < 0.001).
The restricted cubic spline curve (Figure 3), based on model 3
Cox proportional hazards, was used to visualize the association
of 1-year all-cause mortality and ecSOD activity. The risk of 1-
year all-cause mortality was relatively flat until ecSOD activity
was <98.8 U/ml and then began to climb rapidly afterwards (p
for non-linearity < 0.001).

Association Between ecSOD Activity and
Clinically Relevant Outcomes
Table 3 shows the clinical characteristics of the patients in both
the activity ≤ 98.8 U/ml and the activity > 98.8 U/ml groups.
There were significant differences between the two groups
regarding age, a history of asthma, a history of CHF, a history
of IHD, white blood cell count, percent neutrophils, red blood
cell count and hemoglobin. EcSOD activity in COPD patients
at different GOLD stages (I/II/III/IV: 110.13 ± 18.45/110.79 ±

19.77/109.42 ± 20.69/116.18 ± 16.20 U/ml, respectively, p =

0.145) or smoking status (current smoker/former smoker/never
smoker: 113.81 ± 19.31/109.66 ± 20.15/112.09 ± 18.13
U/ml, respectively, p = 0.237) during exacerbations were not
significantly different. For current smoker, the ecSOD activity in
the non-survivor group and the survivor group were 111.80 ±

26.92 U/ml and 113.94 ± 18.95 U/ml (p = 0.812), respectively.
For former smoker, the ecSOD activity in the non-survivor group
and the survivor group were 92.49 ± 20.33 U/ml and 111.44

± 19.33 U/ml (p < 0.001), respectively. For never smoker, the
ecSOD activity in the non-survivor group and the survivor group
were 84.10 ± 28.65 U/ml and 113.91 ± 15.88 U/ml (p < 0.001),
respectively.

DISCUSSION

We investigated the association between serum ecSOD activity
and 1-year all-cause mortality in our prospective cohort study
of AECOPD. We found that lower serum ecSOD activity in
AECOPD patients might be a significant predictor for their 1-
year all-cause mortality. To our knowledge, this is the first study
to highlight the relationship between ecSOD activity and 1-year
all-cause mortality in AECOPD. Exacerbations of COPD were
associated with airway and systemic oxidative stress-induced
inflammation (26). EcSOD had been well-documented to be
involved in the maintenance of extracellular oxidant-antioxidant
balance and play an essential role in protecting the lung under
inflammatory stress conditions (10). COPD was a systemic
inflammatory disease (1), at least in part, serum ecSOD activity
could reflect the oxidative imbalance in the lungs. Previous
studies showed that the ecSOD activity in the serum (16, 27)
or bronchoalveolar lavage fluid (28) of AECOPD patients was
decreased compared with healthy control and stable COPD.
Biologically, the changes in serum ecSOD activity were indicative
of the oxidant/antioxidant imbalance (29). Therefore, we thought
that decreased serum ecSOD activity in AECOPD patients would
result in increased oxidative stress and a poor prognosis. Our
study provided evidence that AECOPD patients with lower
ecSOD activity had an increased risk of 1-year all-causemortality.
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FIGURE 3 | Restricted cubic spline curves of the association between ecSOD activity and 1-year all-cause mortality. EcSOD, extracellular superoxide dismutase.

The restricted cubic spline curve (Figure 3) visualized the
relationship between serum ecSOD activity and the risk of 1-year
all-cause mortality and demonstrated that the risk of 1-year all-
cause mortality increases when ecSOD activity decrease below
98.8 U/ml. We also performed a subgroup analysis to clarify
whether smoking had an influence on the prognostic effect and
found that the difference in survival curves between the two
groups (ecSOD activity ≤ 98.8 U/ml and ecSOD activity > 98.8
U/ml) remained significant for both former and never smokers,
but not in the current smokers. The reason might be that ecSOD
activity > 98.8 U/ml group had more patients with asthma, and
the sample size of the current smoking subgroup was small. A
previous study from Juul et al. (30) found that smokers who were
SOD3 R213G heterozygotes (mutation causes elevated serum
ecSOD levels) had a decreased risk of hospitalization or mortality
from COPD. Furthermore, Singh et al. (18) proposed that
ecSOD activity negatively correlate with the severity of COPD
exacerbations. Previous studies showed that CHF and IHD were
associated with lower ecSOD activity (31, 32). Consistently with
our study, the ecSOD activity ≤ 98.8 U/ml group had more
patients with CHF and IDH. Furthermore, CHF and IHD were
also important mortality risk factors for COPD patients (1).

Therefore, we conducted a subgroup analysis to clarify the
relationship between ecSOD activity and all-cause mortality in
AECOPD patients without CHF and IHD. The relationship
remained significant in the subgroup analysis (unadjusted HR,
5.10; 95% CI: 2.41–10.78; p < 0.001). These studies provided
evidence that serum ecSOD activity had potential as a prognostic
factor in AECOPD patients.

We also found that AECOPD patients with lower ecSOD
activity were older, had less asthma, and had higher white
blood cell counts, and percent neutrophils while their red
blood cell counts, and hemoglobin levels were lower. Previous
studies showed that smokers and stable COPD patients, both
with low FEV1, were associated with decreased ecSOD activity
(18, 33), but our study did not find these correlations. The
main reason for the difference might be that COPD patients
during exacerbations were in an extreme oxidation-antioxidant
imbalance. Supplementing patients with antioxidants has been
shown to be beneficial in preventing disease progression (10,
26). AECOPD patients with lower serum ecSOD activity might
require additional antioxidant treatment. In another clinical trial,
our research team is evaluating the effect of N-acetylcysteine
on FEV1 in mild-to-moderate COPD to evaluate the role of

Frontiers in Medicine | www.frontiersin.org 7 March 2022 | Volume 9 | Article 811975

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Li et al. ecSOD and Mortality

TABLE 3 | Characteristics of patients stratified by ecSOD activity.

Characteristic EcSOD ≤ 98.8

U/ml

(n = 95)

EcSOD > 98.8

U/ml

(n = 272)

P-value

Hospital stay (days) 8.28 ± 2.97 7.73 ± 2.65 0.088

Age (yr.) 79.22 ± 7.04 73.24 ± 9.59 <0.001

Male sex (%) 84.2 79.0 0.275

Body-mass index (kg/m2 ) 21.09 ± 4.07 21.54 ± 3.82 0.330

Smoking status (%) 0.076

Never smoking 16.8 24.3

Former smoking 65.3 51.8

Current smoking 17.9 23.9

Tobacco consumption (pack-yr.) 40.35 ± 36.6 32.96 ± 31.21 0.059

GOLD stage (%) 0.175

I 6.3 7.7

II 34.7 37.1

III 47.4 36.0

IV 11.6 19.1

Exacerbations during preceding

year (%)

47.4 44.5 0.627

The number of exacerbations

during preceding year

1.16 ± 1.79 0.94 ± 1.48 0.238

Asthma (%) 3.2 9.9 0.038

Bronchiectasis (%) 38.9 29.8 0.100

OSAHS (%) 11.6 14.0 0.555

CHF (%) 32.6 21.7 0.033

IHD (%) 35.8 23.5 0.020

White blood cell count (×109/L) 11.34 ± 5.4 9.24 ± 3.6 <0.001

Percent neutrophil (%) 79.14 ± 11.06 73.03 ± 12.22 <0.001

Percent eosinophils (%) 1.63 ± 2.85 2.19 ± 2.7 0.090

Red blood cell count (×1012/L) 4.23 ± 0.65 4.59 ± 0.69 <0.001

Hemoglobin (g/L) 122.65 ± 17.8 134.1 ± 18.37 <0.001

Platelet count (×109/L) 256.8 ± 80.33 246.74 ± 73.7 0.264

pH 7.4 ± 0.04 7.39 ± 0.04 0.062

PaO2 (mmHg) 87.86 ± 26.75 91.17 ± 23.38 0.254

PaCO2 (mmHg) 43.06 ± 9.64 45 ± 10.51 0.115

Plus–minus values are means ± standard deviation.

EcSOD, extracellular superoxide dismutase; GOLD, Global Initiative for Chronic

Obstructive Lung Disease; OSAHS, obstructive sleep apnea-hypopnea syndrome; CHF,

congestive heart failure; IHD, ischaemic heart disease; PaO2, partial pressure of O2;

PaCO2, partial pressure of CO2.

antioxidants in COPD treatment (34). Nonetheless, a previous
study suggested that antioxidants could increase the risk of
tumorigenesis (35), indicating that antioxidant supplementation
had two contrary sides. Notably, our data also demonstrated
that as serum ecSOD activity increased to a certain level, the 1-
year all-cause mortality did not change significantly (Figure 3).
Therefore, finding the balance in oxidative stress could be of great
significance for optimizing treatment.

This study had several limitations. First, this study was
a single-center trial with relatively small died patients, but
this was the largest prospective cohort that we know of that
was used to explore the prognostic role of ecSOD activity in
AECOPD. Regardless, a multicenter study is still needed to verify
the association between ecSOD activity and 1-year all-cause
mortality in AECOPD. Second, we did not exclude patients with

coexisting asthma, bronchiectasis, or obstructive sleep apnea-
hypopnea syndrome. These diseases are common comorbidities
in COPD and their inclusion in the cohort made our study
closer to a real-world study and more conducive to external
validation. Moreover, we conducted multivariate analysis that
included these comorbidities and found that it had minimal
impact on the original model. Third, some factors that could
affect ecSOD activity, such as patients receiving oxygen therapy
at the outpatient or daily taking vitamins and supplements,
were not restricted when collecting blood samples. It was very
difficult to restrict patients from receiving oxygen therapy at
the outpatient before collecting blood samples. In addition, a
correlation analysis was performed to explore the relationship
between PaO2 and ecSOD activity, and there was no correlation
between them (Spearman rho= 0.002, p= 0.971). The influence
of patients taking vitamins and other supplements daily on
ecSOD activity was a long-term effect. We considered that the
ecSOD activity was an antioxidative indicator that reflected
the body’s comprehensive antioxidant capacity. The effect of
taking vitamins could be reflected by ecSOD activity. Our study
aimed to explore the relationship between ecSOD activity during
exacerbations and 1-year all-cause mortality, and lower SOD
activity represented more severe oxidative stress in patients
within exacerbations. Therefore, we did not exclude patients
taking vitamins and other supplements. Fourth, we could not
be certain whether serum ecSOD activity reflected those in the
lungs. There is no direct evidence to show the relationship
between serum ecSOD activity and lung ecSOD activity in
COPD. However, asthma studies have shown that airways as well
as blood monocytes and neutrophils had lower MnSOD activity
in asthma patients than in control subjects (36).
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