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Background: Whether N-acetylcysteine (NAC) therapy can promote the improvement of clinical
symptoms and lung function in patients with acute exacerbation of chronic obstructive pulmonary disease
(AECOPD) has not been verified by large-scale randomized controlled trials, only a few small sample studies.
Methods: English databases were searched using a combination of the following terms: “chronic obstructive
pulmonary disease”, “acute exacerbation of chronic obstructive pulmonary disease”, and “N-acetylcysteine”.
Studies examining NAC in the treatment of AECOPD were screened, so as to be a reference for the
experimental group. Meta-analysis was performed using RevMan 5.3 software (Cochrane, Northern Europe),
with a total of 15 included literatures.

Results: The heterogeneity test of improvement rate showed Chi’=1.89, df=7, ’'=0% <50%, and P=0.97
(>0.01); the risk rate was 1.09, the 95% confidence interval (CI) was (1.04-1.14), Z=3.93, and P<0.0001.
The heterogeneity test of forced expiratory volume in the first second (FEV1) showed that Tau’=63.39,
Chi’=118.66, df=9, ’=92% >50%, and P=0.88 (<0.0001); the mean difference was 30.63 (95% CI: 25.48—
35.78), Z=11.65, and P<0.0001. The results of the heterogeneity test of forced expiratory volume in the first
second/forced vital capacity (FEV1/FVC) showed that Tau’=60.03, Chi’=74.09, df=5, '=93% >50%, and
P<0.0001; the mean difference was 30.42 (95% CI: 24.00-36.85), Z=9.28, and P<0.0001. The heterogeneity
test for glutathione sulfur transferase (GSH-ST) activity showed that Tau’=4.12, Chi’=58.12, df=5, I’=91%
>50%, and P<0.0001; the mean difference was 3.10 (95% CI: 1.38-4.82), Z=3.63, and P=0.0004.
Conclusions: Our meta-analysis confirmed that NAC could promote the symptom improvement rate
of patients with AECOPD, improve lung function in FEV1 and FEV1/FVC, and enhance the body’s
antioxidant capacity.
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Introduction

Chronic obstructive pulmonary disease (COPD)
is a general term for chronic obstructive airway
diseases, which are clinically characterized by airflow
limitation (1). At present, the specific pathogenesis
of the cytology and molecular biology of COPD has
not been clear, and the harmful gases and particles
inhaled by long-term smoking as well as patients with
chronic inflammatory diseases in respiratory tract will
have an impact on the clinical treatment of COPD (2).
COPD is the third most common cause of mortality
worldwide (3). In 2012, more than 3 million patients died of
COPD, accounting for 6% of all deaths globally.

A survey of 20,245 adults in seven regions in China has
found that the prevalence of COPD among people over
40 years old is as high as 8.2%. Patients with COPD
develop acute exacerbations between 0.5 and 3.5 times per
year (4). AECOPD has four main clinical manifestations as
follows: (I) the number of coughs increases obviously, which
affects night sleep; (II) the sputum in the acute exacerbation
period will becomes yellow and sticky sputum, the phlegm
is yellow, and the amount of expectoration increases
considerably; (III) dyspnea increases markedly; and (IV)
obvious swelling (5). AECOPD promotes an increased
hospitalization rate, increases medical expenses, seriously
affects the labor capacity and quality of life of patients, and
can even lead to death (6). Rosa ez /. [2018] (7) pointed out
that long-term inhalation of smoke and harmful particles
can cause AECOPD and aggravate the condition. Airflow
limitation in patients with AECOPD progresses for over an
extended period, the onset is generally gradual and occurs
over decades, and is common in middle-aged and elderly
patients (8).

The main pathogenesis of AECOPD is oxidative
stress, and antioxidant therapy can inhibit the decline of
lung function in patients. N-acetylcysteine (NAC) is an
antioxidant mucus dissolving agent, which can not only
dissolve sputum, but also inhibit the production of oxides
and improve antioxidant level (9). In recent years, with the
extensive clinical use of NAC, more and more research
results have shown that NAC has good efficacy in the
treatment of respiratory interstitial pulmonary fibrosis,
acute lung injury, and chronic obstructive pulmonary
disease. Ansari et /. [2019] (10) pointed out that NAC
could significantly reduce the incidence of AECOPD. In
China, Guidelines for the Diagnosis and Treatment of Chronic
Obstructive Pulmonary Disease in the Acute Exacerbation Period
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in 2007 pointed out that NAC can not only reduce the
incidence of AECOPD, but also significantly reduce the
severity of AECOPD. Glutathione sulfur transferase (GSH-
ST) has a variety of biological functions, including repairing
membrane phospholipid damage caused by free radicals,
inhibiting the occurrence of microsomal peroxidation, and
determining the activity of GSH-ST, so as to reflect the
state of oxidative stress (11).

However, long-term multi-center randomized controlled
trials are needed to determine whether the use of NAC
treatment can significantly improve the lung function of
patients with AECOPD. Currently, there is a lack of large-
scale multicenter randomized controlled trials in China.
The innovation of this study was to include a small sample
of cases to quantitatively explain the efficacy of NAC in
the treatment of AECOPD, so as to confirm that NAC
could significantly improve the lung function and clinical
symptoms of AKCOPD patients. Relevant studies regarding
NAC treatment of AECOPD (as the experimental group)
were collected in this study, and were evaluated using the
Cochrane system. Meta-analysis was then performed in
terms of the following outcome indicators: improvement
rate, forced expiratory volume in the first second (FEV1),
FEV1/forced vital capacity (FVC), GSH-ST activity,
hydroxyl radical inhibition ability, and superoxide anion
radical resistance ability. Through this, a reliable theoretical
basis could be provided for the clinical treatment of
AECOPD.

We present the following article in accordance with the
PRISMA reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-1138).

Methods
Literature search

We performed an electronic literature search of the
PubMed, Medline, Cochrane Library, Chinese Biomedical
Literature Database, China National Knowledge
Infrastructure (CNKI), Wanfang, Weipu, Google Scholar,
and other databases from the date of initiation of the
database to November 25, 2020. The Boolean logic and
compound logic search methods were adopted to select the
relevant documents. The databases were searched using
a combination of the following search terms: “chronic
obstructive pulmonary disease”, “acute exacerbation of
chronic obstructive pulmonary disease”, and “NAC”. The

quality of the literature was evaluated using RevMan 5.3
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software (Cochrane, Northern Europe) provided by the
Cochrane system. In each database, a joint search strategy
of free words and subject words was adopted. After multiple
searches to confirm the documents, a search engine was
used to track the confirmed documents, and the latest
research progress was obtained after contacting experts and
researchers in the field.

Literature inclusion and exclusion criteria

The inclusion criteria were defined as follows: (I) literature
related to NAC treatment of AECOPD; (II) randomized
controlled trials; (III) studies with a pathological control
analysis and an index comparison that was reliable within
a 95% confidence interval (CI); (IV) studies written in
Chinese and English; (V) literature that included diagnosis
of AECOPD according to the guidelines for its diagnosis and
treatment formulated in China; and (VI) studies published
from the date of initiation of the database to November 25,
2020.

The exclusion criteria were as follows: (I) literature that
was irrelevant to this study; (II) research that did not include
a control group; (III) repeatedly published articles; (IV)
non-randomized controlled trials; (V) literature reviews,
literature abstracts, case reports, and animal experiments;
(VI) complete data could not be obtained by contacting the
original author; and (VII) studies published in languages
other than Chinese or English.

Outcome indicators

Six outcome indicators were evaluated in this study,
including improvement rate, FEV1, FEV1/FVC, GSH-
ST activity, hydroxyl radical inhibition ability (U/mL), and
superoxide anion radical resistance ability (U/L).

Data extraction

The data were extracted independently by two experts
through a unified Microsoft Excel table, and three
pre-experiments were performed prior to extraction.
Disagreements were resolved through discussion and
consensus, or a third expert would be invited to arbitrate.
The following data were extracted and included in this
study: title of the research, name of the first author, date/
year of publication, name of the publisher, basic information
of the research objects (such as average age, gender,
treatment plan, and drug dosage), grouping and statistical
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methods of the experimental and control groups, and the
source of the cases, sample size, and outcome indicators.

Bias risk assessment

Two researchers simultaneously conducted a risk of
bias assessment. Disagreements were resolved through
discussion, or a third expert would be invited to arbitrate.
In this study, the Cochrane Collaboration was used as a
tool for “bias risk assessment” of randomized controlled
experiments. The evaluation criteria were as follows:
random allocation method, blind method, allocation plan
concealment, completeness of data results, and research
results. Judgments of “low risk of bias”, “unclear”, and
“high risk of bias” were made according to each of the
aforementioned five aspects.

Quality evaluation

"Two researchers simultaneously conducted a risk assessment
of bias, and disagreements were resolved through
discussion, or a third expert could be asked to arbitrate. The
scoring standards of the Oxford scoring system (JADAD
score) were as follows: (I) whether the random allocation
method was used correctly; (II) whether the allocation was
hidden; (III) whether the blind method was adopted; (IV)
the number of patients lost to follow-up or dropped out (as
well as the reasons); and (V) whether the research results
were fully explained. Studies were scored between 0 and
5 points. Documents scored 1-2 points were considered
low quality (i.e., these studies had a high risk bias), and
documents scored 3-5 points were considered high quality
(i.e. low risk bias).

Statistical methods

Stata SE12.0 software (Stata, China) was used for statistical
analysis. The risk rate was applied to evaluate the rate of
improvement of NAC in the treatment of AECOPD, and
the mean difference was employed to assess the FEV1,
FEV1/FVC, GSH-ST activity, the ability to inhibit
hydroxyl radicals, and the ability to resist superoxide anion
free radicals. Also, the RevMan 5.3 (Cochrane, Northern
Europe) software bias risk assessment chart was adopted to
evaluate the risk bias of the included documents. Each effect
was represented by a 95% CI. When P>0.1 and I’<50%,
the fixed effects model was used for meta-analysis, whereas
when P<0.1 and I’>50%, the random effects model was
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Figure 2 Literature quality classification results.

employed.

Results
Search results and basic information of included documents

A total of 1,281 documents were initially obtained. Of
these, 1,241 documents were eliminated by reading the
abstracts and titles, 25 documents were eliminated after
reading the full text, and 15 documents were finally
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included in the meta-analysis. The main reasons for the
exclusion of documents included duplicate research subjects
(645 documents), document type that was not a case-
control analysis (287 documents), research objects without
chronic obstructive pulmonary disease (307 documents),
and research related information that could not be extracted
(25 documents) (Figure 1).

Figure 2 shows the quality grading results, demonstrating
that there were nine documents with a score of 3-5
points, and six documents with a score of 1-2 points. Of
the 15 documents that satisfied the inclusion criteria,
12 were retrospective analyses, and three were randomized
controlled trials. In total, 1,605 patients were included. The
15 included studies were small sample studies, with sample
sizes ranging from 72 to 146. The number of cases, ages,
medication methods, and dosages of all documents were
counted, and the general data of the research objects are
presented in Table 1.

Risk of bias assessment

The results of multiple risk of bias assessments of the
included literature (drawn using the Review Manager 5.3
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Table 1 General information on the research objects included in the selected studies
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Number of cases

Author Year of publication Age (years) Medication method and dosage of NAC
Experimental group Control group

Zheng JP (1) 2014 36 36 48.6+15.4 200 mg for oral administration (3 times a day)
Rogliani P (2) 2019 58 56 52.5+17.3 200 mg for oral administration (3 times a day)
Blasi F (3) 2016 45 45 53.7£12.4 600 mg for oral administration (once a day)
Tian H (4) 2020 37 35 43.7£19.2 300 mg for oral administration (twice a day)
Black PN (5) 2004 59 59 55.3+18.2 200 mg for oral administration (3 times a day)
Tesfaigzi Y (6) 2006 42 40 59.6+17.1 200 mg for oral administration (3 times a day)
Rosa F (7) 2018 68 68 49.6+18.4 200 mg for oral administration (3 times a day)
Han MK (8) 2011 46 48 59.5+18.3 200 mg for oral administration (3 times a day)
lkeda A (9) 1998 54 55 46.6+18.4 100 mg for oral administration (6 times a day)
Liao JP (11) 2010 68 68 55.9+17.9 200 mg for oral administration (3 times a day)
Sadowska AM (12) 2007 38 40 49.7+16.7 200 mg for oral administration (3 times a day)
Cottin V (13) 2013 44 44 52.5+18.6 300 mg for oral administration (twice a day)
Torres-Sanchez | (14) 2018 72 74 52.6+14.3 200 mg for oral administration (3 times a day)
Cao YQ (15) 2018 65 65 51.3+16.8 300 mg for oral administration (twice a day)
Lin YH (16) 2019 70 70 47.8+14.9 200 mg for oral administration (3 times a day)

NAC, N-acetylcysteine.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0%

25%

50% 75%  100%

. Low risk of bias D Unclear risk of bias

B High risk of bias

Figure 3 Risk of bias assessment results.

software) are shown in Figures 3 and 4. Among the 15
studies included in this meta-analysis, two randomized
controlled trials (12,13) described the correct random
allocation method and also described the concealment of the
allocation plan in detail. The measurement indicators in this
study were laboratory indicators determined by a computer,
and thus it could be considered that all documents were
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blinded correctly.

Comparison of improvement rate

The improvement rate was analyzed in eight randomized

controlled experiments. In these studies, the total number

of cases was 905, with 451 and 454 cases in the experimental
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Figure 4 The included literature corresponded to multiple risk

bias evaluation results. Note: +: low risk; —: high risk; ?: unclear.

and control groups, respectively. The overall heterogeneity
test was performed [Chi’=1.89, df=7, I’=0% <50%, and
P=0.97 (>0.01)], and the fixed effect model was adopted
to analyze the whole. In almost all of these studies, the
horizontal line of the 95% CI: crossed the right side of the
invalid vertical line. The meta-analysis results revealed that
the risk rate was 1.09 (95% CI: 1.04-1.14), and the difference
was statistically significant (Z=3.93 and P<0.0001) (Figure 5).
RevMan 5.3 was applied to obtain an improvement rate
funnel chart (Figure 6). We found that the documents in
some studies were basically symmetrical with the midline,
suggesting that the research accuracy was high and that
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there was no publication bias.

Comparison of FEV1

FEV1 was analyzed in 10 randomized controlled
experiments. The total number of cases was 1,049, with 525
cases in the experimental group and 524 cases in the control
group. The overall heterogeneity test was carried out
[Tau’=63.39, Chi’=118.66, df=9, ’=92% >50%, and P=0.88
(<0.0001)], and the random effect models were applied to
analyze the whole. The horizontal line of the 95% CI: was
to the right of the invalid vertical line in all of these studies.
The meta-analysis results showed that the FEV1 of the
experimental group was markedly higher than that of the
control group; the mean difference was 30.63 (95% CI:
25.48-35.78), and the difference was statistically significant
(Z=11.65 and P<0.0001) (Figure 7).

RevMan 5.3 was applied to obtain the funnel chart
of FEV1 (Figure 8), which indicated that the circles in
some studies were basically symmetrical with the midline,
suggesting that the research accuracy was high and that
there was no publication bias.

Comparison of FEV1/FVC

Six randomized controlled trials performed an analysis of
the forced expiratory volume in the first second/forced
vital capacity. These studies involved a total of 697 cases,
with 347 cases in the experimental group, and 350 cases
in the control group. The overall heterogeneity test was
carried out (Tau’=60.03, Chi’=74.09, df=5, I’=93% >50%,
and P<0.0001), and the random effect models were used for
analysis on the whole. The horizontal line of the 95% CI:
of all of these studies was to the right of the invalid vertical
line. The meta-analysis results showed that the FEV1I/FVC
of the experimental group increased markedly compared
with the control group; the mean difference was 30.42
(95% CI: 24.00-36.85), and the difference was statistically
significant (Z=9.28 and P<0.0001) (Figure 9).

Figure 10 was the FEV1/FVC funnel chart obtained
using RevMan 5.3. It revealed that the circles in some
studies were basically symmetrical with the midline,
showing that the research accuracy was high and that there
was no publication bias.

Comparison of GSH-ST activity

Six randomized controlled experiments analyzed GSH-
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed. 95% CI M-H, Fixed, 95% CI

Black PN2004 55 59 51 59 13.1% 1.08 [0.95, 1.22] T

Blasi F2016 42 45 38 45 9.8% 1.11[0.95, 1.28] T

Cao YQ2018 62 65 57 65 14.6% 1.09 [0.98, 1.21] T

Cottin V2013 43 44 38 44  9.8% 1.13[1.00, 1.28] -

Han MK2011 44 46 39 48 9.8% 1.18 [1.01, 1.37] -

lkeda A1998 50 54 48 55 12.2% 1.06 [0.94, 1.20] -

Liao JP2010 63 68 59 68 15.1% 1.07 [0.95, 1.20] T

Lin YH2019 65 70 61 70 15.7% 1.07 [0.95, 1.19] T

Total (95% CI) 451 454 100.0% 1.09 [1.04, 1.14] ’

Total events 424 391

Heterogeneity: Chi? = 1.89, df = 7 (P = 0.97); I2 = 0% 6_5 0f7 ; 1f5 2

Test for overall effect: Z =3.93 (P < 0.0001)

Favours [experimental]

Favours [control]

Figure 5 Forest diagram of the comparison of improvement rate of the experimental and control groups.
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Figure 6 Funnel chart of the comparison of the improvement rate of the experimental and control groups.

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight V. Random, 95% Cl IV, Random, 95% CI
Cottin V2013 75.32 12.65 44 36.95 8.35 44 10.1% 38.37 [33.89, 42.85] -
Han MK2011 69.35 16.51 46 46.95 7.95 48  9.8% 22.40[17.13, 27.67] -
Ikeda A1998 68.94 18.52 54 25.69 5.34 55  9.8% 43.25[38.11, 48.39] -
Liao JP2010 72.62 18.63 68 39.52 8.87 68 9.9% 33.10 [28.20, 38.00] -
Lin YH2019 78.69 13.24 70 4521 9.87 70 10.3% 33.48[29.61, 37.35] -
Rogliani P2019 65.39 12.54 58 48.35 7.25 56 10.3% 17.04[13.30, 20.78] -
Rosa F2018 59.68 11.34 68 32.62 842 68 10.4% 27.06[23.70, 30.42] -
Sadowska AM2007 76.51 13.69 38 36.98 9.25 40 9.8% 39.53[34.32, 44.74] -
Tesfaigzi Y2006 71.68 12.54 42 42.36 7.51 40 10.1% 29.32[24.87, 33.77] -
Tian H2020 69.32 15.68 37 46.25 9.54 35 9.5% 23.07[17.11,29.03] -
Total (95% Cl) 525 524 100.0% 30.63 [25.48, 35.78] ’
Heterogeneity: Tau? = 63.39; Chi? = 118.66, df = 9 (P < 0.00001); I2 = 92% _5*0 25 5 2’5 5*0

Test for overall effect: Z =11.65 (P < 0.00001)

Favours [experimental] Favours [control]

Figure 7 Forest diagram of the comparison of FEV1 between the experimental and control groups.
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Figure 8 Funnel chart of the comparison of FEV1 between the experimental and control groups.
Experimental Control Mean Difference Mean Difference
Mean D Total Mean D Total Weight [V, Random, 95% CI 1V, Random, 95% CI
71.62 13.24 65 33.62 9.25 65 16.8% 38.00 [34.07, 41.93] "
75.69 12.54 44 3598 7.51 44 16.6% 39.71[35.39, 44.03] -
65.39 15.68 46 4495 534 48 16.3% 20.44 [15.66, 25.22] "
58.68 11.34 54 23.69 8.87 55 16.8% 34.99[31.16, 38.82] "
74.32 12.65 68 46.21 8.35 68 16.9% 28.11[24.51, 31.71] -
68.35 16.51 70 47.35 7.95 70 16.6% 21.00[16.71, 25.29] "
347 350 100.0% 30.42 [24.00, 36.85] -
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Figure 9 Forest diagram of the comparison of FEV1/FVC between the experimental and control groups.
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Figure 10 Funnel chart of the comparison on forced expiatory volume in the first second/forced vital capacity between the experimental and

control groups.

ST activity, involving a total of 645 cases, with 323 cases in

the experimental group and 322 cases in the control group.
The overall heterogeneity test was performed (Tau’=4.12,
Chi’=58.12, df=5, I'=91% >50%, and P<0.0001), with the

analysis on the whole through the random effect models.
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In most of these studies, the horizontal line of the 95% CI:
was on the right side of the invalid vertical line, whereas in
a few of these studies, the horizontal line of the 95% CI:
intersected the right side of the invalid vertical line. The
meta-analysis results indicated that the GSH-ST activity
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Experimental Control

Study or Subgroup Mean SD Total Mean SD Total Weight
Blasi F2016 25.36 3.65 45 20.14 1.35 45 17.3%
Cottin V2013 2425 4.24 44 19.63 2.64 44  16.4%
Ikeda A1998 22.31 5.62 54 21.25 3.65 55 15.5%
Lin YH2019 23.63 2.68 70 20.69 1.93 70 18.0%
Rosa F2018 21.69 3.69 68 21.69 2.54 68 17.4%
Tesfaigzi Y2006 25.68 5.84 42 20.84 1.56 40 15.4%
Total (95% CI) 323 322 100.0%

Heterogeneity: Tau? = 4.12; Chi? = 58.12, df = 5 (P < 0.00001); I*=91%
Test for overall effect: Z = 3.53 (P = 0.0004)
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Figure 11 Forest diagram of the comparison of GSH-ST activity between the experimental and control groups. GSH-ST, glutathione sulfur

transferase.
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Figure 12 Funnel chart of the comparison of GSH-ST activity between the experimental and control groups. GSH-ST, glutathione sulfur

transferase.

of the experimental group was notably greater than that of
the control group; the mean difference was 3.10 (95% CI:
1.38-4.82), and the difference was statistically significant
(Z=3.63, P=0.0004) (Figure 11).

RevMan 5.3 was used to obtain a funnel chart of GSH-
ST activity (Figure 12). It was found that the circles in
some studies were basically symmetrical with the midline,
signifying that the research accuracy was high and that
there was no publication bias.

Comparison of the ability to inhibit bydroxyl radicals

Four randomized controlled experiments analyzed the
ability to inhibit hydroxyl free radicals. In total, 451 cases
were collected, including 224 cases in the experimental
group and 227 cases in the control group. The overall
heterogeneity test was carried out (Chi’=5.33, df=3, ’=44%
<50%, and P=0.15 >0.01), using the fixed effect model to
analyze the whole. The horizontal line of the 95% CI: of
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all of these studies was to the right of the invalid vertical
line. The meta-analysis results showed that the ability of
the experimental group to inhibit hydroxyl free radicals was
higher than that of the control group; the mean difference
was 77.52 (95% CI: 61.01-94.03), and the difference was
statistically significant (Z=9.20 and P<0.0001) (Figure 13).
The funnel diagram of the ability to inhibit hydroxyl
radicals (Figure 14) was obtained using RevMan 5.3, which
indicated that that the circles in some studies were not
symmetrical to the midline. This meant that the research
accuracy was low and that the publication might be biased.

Comparison of superoxide anion radical resistance ability

Four randomized controlled experiments analyzed the
superoxide anion radical resistance ability, involving a total
of 451 cases, with 224 cases in the experimental group and
227 cases in the control group. The overall heterogeneity
test was carried out [Chi’=4.59, df=3, I’=35% <50%, and
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Figure 15 Forest diagram of the comparison of anti-superoxide anion free radical ability between the experimental and control groups.

P=0.20 (>0.01)], and the fixed effect model was adopted to
analyze the whole. The horizontal line of the 95% CI: of
all of these studies was to the right of the invalid vertical
line. The meta-analysis results revealed that the superoxide
anion radical resistance ability of the experimental group
was greater than the ability of the control group; the mean
difference was 47.75 (95% CI: 36.26-59.25), and the
difference was statistically significant (Z=8.14 and P<0.0001)
(Figure 15).
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RevMan 5.3 was adopted to obtain a funnel diagram of
the ability to resist superoxide anion free radicals (Figure 16).
It indicated that the circles in some studies were not
symmetrical to the midline, suggesting that the research
accuracy was low and that the publication might be biased.

Discussion

NAC is an antioxidant that can improve the symptoms of
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Figure 16 Funnel chart of the comparison of the anti-superoxide anion free radical ability between the experimental and control groups.

patients with AECOPD by reducing oxidative stress (14).
Through this meta-analysis, we found that after taking
NAC, patients with AECOPD could sharply reduce their
symptoms of cough, sputum, and dyspnea compared with
the control group, with an improvement rate of 1.09 times,
which was comparable to the research results of Cao et 4l.
[2018] (15). This indicated that NAC could improve the
clinical performance of patients.

NAC can improve the lung function and symptoms
of patients, possibly by improving the oxidative stress-
induced lung damage, inhibiting the thickening of the
tracheal epithelium, and reducing the lung damage caused
by the immune inflammatory response (16). In addition,
NAC can dilute sputum to make it easier to expel quickly,
hinder the growth of bacteria, and protect lung function.
We performed a heterogeneity test of FEV1 (Tau’=63.39,
Chi’=118.66, df=9, I’=92% >50%, P=0.88 <0.0001). The
whole was analyzed by the random effect model, and the
FEV1 was found to be markedly higher in the experimental
group compared to the control group. The mean difference
was 30.63 (95% CI: 25.48-35.78), and the difference was
statistically significant (Z=11.65 and P<0.0001). However,
Choi et al. [2019] (17) showed that there was no marked
difference in the value of FEV1 during NAC treatment of
AECOPD compared with the control group. In this study,
NAC was taken orally while inhaling salbutamol, and the
application of hormones could inhibit the occurrence of
immune inflammatory reactions, which would have a certain
impact on the results of NAC treatment of AKCOPD.

The measured value of FVC is generally smaller than the
actual value of vital capacity, which refers to the maximum
volume of air that the patient exhales after inhaling (18).
FEV1/FVC is a commonly used clinical indicator of
lung function (19). Moreover, the FEV1/FVC of patients
with chronic obstructive pulmonary diseases showed a
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downward trend. A heterogeneity test of FEV1/FVC was
performed (Tau’=60.03, Chi’=74.09, df=5, I’'=93% >50%,
and P<0.0001). We found that the FEV1/FVC of the
experimental group was markedly higher than that of the
control group; the mean difference was 30.42 (95% CI:
24.00-36.85), and the difference was statistically significant
(Z=9.28 and P<0.0001). This indicates that NAC treatment
of AECOPD could considerably improve the lung function
of patients.

GSH-ST is an anti-oxidative damage enzyme, and
hydroxyl free radicals are the most active oxygen free
radicals in patients. Superoxide anion is the condition for
generating active oxygen. The inhibition ability of hydroxyl
radical and superoxide anion radical is negatively correlated
with the levels of hydroxyl radical and superoxide anion
respectively, which can reflect the degree of promoting
oxidation in vive (20). The heterogeneity test of GSH-ST
activity showed that Tau’=4.12, Chi’=58.12, df=5, I’=91%
>50%, and P<0.0001. GSH-ST activity in the experimental
group was markedly higher than that of the control group;
the mean difference was 3.10 (95% CI: 1.38-4.82), and
the difference was statistically significant (Z=3.63 and
P=0.0004). Also, the heterogeneity test of the ability to
inhibit hydroxyl free radicals showed that Chi’=5.33, df=3,
I’=44% <50%, and P=0.15 >0.01, indicating that the ability
of the experimental group to inhibit hydroxyl free radicals
was higher than that of the control group (mean difference
=77.52,95% CI: 61.01-94.03), and the difference was
statistically significant (Z=9.20 and P<0.0001). The
heterogeneity test of superoxide anion radical resistance
ability showed that Chi’=4.59, df=3, I’=35% <50%, and
P=0.20 >0.01), revealing that the superoxide anion radical
resistance ability of the experimental group was higher
than that of the control group (mean difference =47.75, the
95% CI: 36.26-59.25), and the difference was statistically
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significant (Z=8.14 and P<0.0001). Thus, it is suggested that
NAC has obvious antioxidant capacity, which is beneficial
to enhance the patient’s antioxidant capacity and promote
their recovery.

Conclusions

Our meta-analysis confirmed that NAC can promote the
symptom improvement rate of patients with AECOPD,
improve lung function in FEV1 and FEV1/FVC, and
enhance the body’s antioxidant capacity. The key limitation
of this study is that the patient’s own condition, infection
control, and nutritional support will have a certain impact
on the improvement rate of lung function. In addition, the
sample size of the literature included in this study was small.
The sample size should be expanded in future randomized
controlled trials to verify our findings. All in all, the results
of this study can provide a reliable theoretical basis for the
clinical treatment of AECOPD, so that patients can benefit
from NAC treatment.
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