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a b  s  t  r a  c t

Introduction:  N-acetylcysteine (NAC)  is  a mucolytic  agent  with  antioxidant  properties. Oxidative  stress
is  a key pathogenic  mechanism  in chronic respiratory conditions  such as  COPD and  chronic bronchitis
(CB).  In  these  meta-analyses we investigated  the  efficacy of NAC  in subjects  with  COPD  or CB, the  latter
being  a potential  pre-COPD condition  (CB/pre-COPD).
Methods:  The  meta-analyses  were  conducted  according  to  PRISMA guidelines.  Exacerbations  were
assessed  using total  number  of exacerbations.  Improvement in patients’  respiratory symptoms  and/or
patients quality  of life (QoL) were  measured  by  validated tools  or assessed  at the  end  of the  study.
Results:  Twenty  studies  were included,  of which  seven  evaluated  NAC  in patients  with symptoms  of
CB/pre-COPD  as  entry criterion.
NAC  treated  patients showed  a significant  reduction  of the  incidence  of exacerbations  as compared  to
placebo  both in COPD (IRR =  0.76;  95%  confidence  interval (CI) 0.59–0.99)  and  CB/pre-COPD (IRR =  0.81;
95%  CI 0.69–0.95).  Sensitivity  analyses  in studies  with  duration  higher than 5 months,  confirmed  the
overall  results.

CB/pre-COPD  patients  treated  with  NAC  were  significantly  more likely to experience  an  improvement
in  symptoms  and/or  QoL compared  to placebo  (odds  ratio (OR) = 3.47; 95%  CI  1.92–6.26).  A  similar trend
was  observed in  the  few COPD studies  evaluable.

Sensitivity  analyses  showed  a significant association  of NAC  with improvement  in symptoms  and/or
QoL  both  in CB/pre-COPD  and  COPD patients.
Conclusions:  These findings  provide novel  data  of NAC  on  the  improvement in symptoms  and QoL  in
addition  to prevention  of exacerbations  in COPD and  CB/pre-COPD.
PROSPERO  registry  no. CRD42023468154.

© 2024  The Authors.  Published by  Elsevier  España, S.L.U.  on behalf of SEPAR.  This is an open  access
article  under  the  CC  BY license  (http://creativecommons.org/licenses/by/4.0/).

Introduction

Chronic obstructive pulmonary disease (COPD) is  a  chronic
lung condition characterized by airflow limitation affecting mil-
lions of people and representing the third leading cause of death
worldwide.1,2

A new personalized medicine strategy based on the identi-
fication of “treatable traits” has been recently proposed for the
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management of patients with chronic pulmonary diseases.3 This
approach allows the identification of core treatable traits asso-
ciated with outcomes for which targeted treatment is available.
Chronic bronchitis (CB) is one of the most prevalent pulmonary
traits in  patients with COPD, together with airflow limitation,
breathlessness, chronic sputum production and frequent chest
infections.4–7 Chronic respiratory symptoms are associated with
respiratory hospitalizations and death even in individuals with nor-
mal spirometry.8 The term pre-COPD has been proposed to identify
subjects with no airflow limitation (post bronchodilator FEV1/FVC
≥0.7) but exposed to  risk factors and presenting with imaging alter-
ations and/or respiratory symptoms (including chronic cough)/and
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or lung function abnormalities.8,9 They experience significant res-
piratory symptom burden and are at greater risk of developing
COPD.8 Identifying pre-COPD patients before airflow obstruction
can be detectable may  enable modification of the course of disease
and prevent the development of irreversible airflow limitation.8

Patients with CB but no airways obstruction on spirometry belong
to the pre-COPD category.

Oxidative stress is  a  key pathogenic mechanism in COPD which
is primarily caused by exposure to  cigarette smoke or other envi-
ronmental pollutants. In the lungs, this can result in  inflammation,
structural changes, and decreased lung function. Oxidative stress
can also impair the immune system’s ability to fight infections, con-
tributing to  making COPD patients more susceptible to respiratory
infections.2 N-acetylcysteine (NAC) is  an antioxidant with multiple
activities: it acts as a  reactive oxygen species scavenger and as a
precursor of reduced glutathione, and it has mucolytic properties.
Treatment with NAC has been primarily evaluated on exacerba-
tion’s prevention, whereas its efficacy in reliving COPD symptoms
has been barely investigated and never considered in meta-analysis
studies.10–12 In addition, the evaluation of the efficacy of NAC  in  dif-
ferent patients (e.g. with or without stablished airflow obstruction)
is still lacking, and no information is  available on tailoring NAC
therapy in  these populations. This missing clinical information is
substantial for a  more personalized approach to therapy.3

We  performed a  systematic review and meta-analysis of the
effects of NAC in  the populations of (a)  symptomatic patients with
CB and no diagnosis of COPD and (b) COPD patients. The outcomes
of interest were exacerbations, respiratory symptoms, and quality
of life.

Materials and Methods

This review was conducted according to Preferred Report-
ing Items of Systematic review and Meta-Analysis (PRISMA)
guidelines.13

Search Strategy and Selection Process

We  performed a systematic literature search on the Cochrane
Central Register of Controlled Trials (CENTRAL), PubMed and Clin-
icalTrials.gov from their inception up to February 05,  2024. No
language restrictions were applied. In addition, we examined cita-
tions of relevant previous published meta-analyses to identify
other pertinent studies.

In this registered systematic review (PROSPERO registry no.
CRD42023468154), all randomized clinical trials (RCT) which
evaluated adult patients with COPD or CB receiving oral N-
acetylcysteine versus placebo for at least two consecutive months
have been included. The search terms “Chronic obstructive pul-
monary disease”, “COPD” and “Chronic Bronchitis” were used to
identify the disease and “N-acetylcysteine”, “acetylcysteine” and
“NAC” for the treatment. Details about the search terms used in
each database are provided in the Appendix Table 1.

COPD inclusion criteria were defined using pulmonary function
tests as per the Global Initiative for Chronic Obstructive Lung Dis-
ease (GOLD) criteria.2 Chronic bronchitis inclusion criteria were
defined using the British Medical Research Council and GOLD14

definition (cough and sputum on most days during at least three
consecutive months for at least two successive years). All doses of
NAC were included.

Data Extraction

From each selected study, we extracted information about year
of publication, study duration, NAC doses, number of patients who

completed study treatment, disease characteristics, age, sex, smok-
ing habits, smoking history, definition of exacerbation, COPD and
CB diagnosis, respiratory symptoms, spirometry measures, radio-
graphic abnormalities and inhaled therapies.

Outcomes

The outcomes assessed in the analyses were: (a) exacerba-
tions of the underlying chronic condition and (b) improvement of
patients’ respiratory symptoms and quality of life  (QoL).

Exacerbations were assessed using total number of  exacerba-
tions in  patients who completed the study and number of patients
with no exacerbations during the study period.

Improvement in  patients’ respiratory symptoms and/or patients
quality of life (QoL), measured as the number of patients who expe-
rienced an improvement in  respiratory symptoms or  quality of life
by either using validated tools, or using the patients’ and physicians’
assessment at the end of the study period.

For all outcome measures, the total number of patients who
completed the study period was  considered.

Data Analysis

We used odds ratios (ORs) for dichotomous data and incidence
rate ratios (IRRs) for count data and reported results with 95%
confidence intervals (CIs). Incidence rate ratios were measured by
dividing the number of events by total number of  person-months
assuming constant underlying risk.

A random-effects model was used to  pool effect sizes
and account for anticipated between-study heterogeneity.15

Knapp–Hartung adjustments16 were used to  calculate the confi-
dence interval around the pooled effect.

The Paule–Mandel procedure17 was used to estimate the
between-study variance.18–20 Between-study variance confidence
intervals have been estimated following the recommendations of
Veroniki and using the Q-Profile method.20

For binary outcomes, the Peto method was  used to calculate
the weights of the studies. Natural logarithms of  the incidence rate
ratios have been combined across studies using the generic inverse-
variance method,21,22 as suggested in Higgins et al.23

All analyses were performed distinctly on two  subgroups of
studies defined a priori:

1. Studies with inclusion criterion of chronic bronchitis and no
diagnosis of COPD: they include CB and pre-COPD subjects:
CB/pre-COPD group.

2. Studies with inclusion criterion of COPD using PFT as defined by
international criteria (GOLD): COPD group.

Sensitivity analyses were planned by considering studies that
were excluded from the original analysis due to  uncertainty in  the
diagnostic of the population. Studies that reported spirometry data
indicating a  mixed population of patients with COPD and patients
with chronic bronchitis/pre-COPD without any way of distinguish-
ing them.

Additional sensitivity analyses were performed distinguishing
studies with duration less or equal to  5 months and studies with
duration higher than 5 months for the following endpoints: total
number of exacerbations in  patients who completed the study and
number of patients without exacerbations during the study period.

In the CB/pre-COPD subgroup, the analysis by  duration was  not
performed because the 6 studies that were included in  the original
analysis have a  duration higher than 5 months.

The primary outcome of interest was improvement in items
related to  symptoms for the CB/pre-COPD subgroup and exacer-
bations for the COPD subgroup.
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Other sensitivity analyses were performed by dose level. Each
dose level was considered separately except for 1200 mg and
1800 mg which were combined. This analysis was performed on the
following endpoints: total number of exacerbations in patients who
completed the study and number of patients without exacerbations
during the study period.

The sensitivity analysis by dose was not performed on the
improvement of patients’ respiratory symptoms and quality of life
(QoL) endpoint, because for the COPD subgroup, all studies have
the same dose (600 mg)  and for the CB/pre-COPD subgroup, each
of the three papers has a  different dose level.

Assessment of Bias and Heterogeneity

We  assessed the risk of bias in  included studies in selection,
allocation, performance, detection, attrition, or reporting according
to the Cochrane Collaboration’s tool trials.24 Each study was  judged
for each of the different tool dimensions either at low or high risk
of bias (Appendix Table 2). If insufficient information was  available,
we reported an unclear risk of bias (Fig. 5).

Contour enhanced funnel plots (with confidence regions at
p = 0.05, p =  0.025 and p =  0.01) were used to explore possible small-
study and publication biases if enough studies were available (i.e.,
more than 10).

Between-study heterogeneity was assessed by  means of Chi-
squared test, I2 statistic25,26 and prediction intervals (PIs),25,26

when applicable.

Results

Study Characteristics

The search results initially identified 465 references, after dupli-
cates removal, we excluded 434 references based on title and
abstract and reviewed the remaining 31 full texts for possible inclu-
sion, and further excluded 12 studies. The reasons of exclusion are
listed in  Fig. 1.

The twenty studies included in  the review represented a total of
4044 patients (2016 treatments/2028 placebo). Appendix Tables
3–5 show the characteristic of each study. Information about
patients is  reported considering data at baseline.

A total of seven studies27–33 evaluated the use of NAC in  patients
with symptoms of CB as entry criterion. When attainable mean
FEV1/FVC ratio was >0.7 in these studies.

Three studies34–36 explored the role of NAC in  patients with
chronic bronchitis and spirometry confirmed COPD. The remain-
ing 10 studies examined the use of NAC in patients with COPD
with documented airflow obstruction with or without symptoms
of chronic bronchitis.37–46 Three studies reported spirometry data
indicating a  mixed population of patients with COPD and patients
with chronic bronchitis/pre-COPD without any way of distinguish-
ing them34–36; these studies have been included in  the sensitivity
analyses. One study was conducted with three arms36 and only the
NAC and placebo arms were used in the review. Study duration
ranged from 2 months40 to  36 months.36,39

The mean age of patients ranged from 45 to  71 years. Babolini34

only reported age groups and included patients older than 55 years.
All studies, except for Boman27 and Babolini,34 reported patient
gender. The proportion of males ranged from 43.1%30 to  93.3%.44

The percentage of current smokers was available for 13 studies and
ranged from 17.8%45 to 92.2%.30

Seven studies28,29,31,34,35,37,42 did not report the percentage or
current smokers. Of these, 3 studies31,34,35 reported the total per-
centage of current and ex-smokers, respectively 64.4%, 88.5% and
100%.

Overall, NAC dosage varied from 400 to 3600 mg  daily and
treatment lasted from two months to  three years. Of the
20 studies, three considered a  total N-acetylcysteine dosage
of 400 mg/day.27,28,34 Twelve studies used a  total dosage of
600 mg/day29,31–33,35–37,39,41–43,46 and three of 1200 mg/day.30,44,45

One study40 used a  dosage of 3600 mg/day and another38 con-
sidered two  intervention groups with NAC dosage of 600 mg/day
and 1200 mg/day, in  combination with propolis. In the COPD sub-
group, five studies used a dose of 600 mg  and four studies a  dose
of 1200 mg/1800 mg  (three studies used a dose of  1200 mg  and one
study a dose of 1800 mg). In the CB/pre-COPD subgroup, one study
used a  dose of 200/300 mg, two  a  dose of 400 mg, two a  dose of
600 mg  and one used a dose of 1200 mg (Appendix Table 5).

Evaluation of NAC Versus Placebo on Exacerbations

Total Number of Exacerbations in Patients who Completed the
Study

Thirteen studies reported results on total number of  exacerba-
tions during the study period.

Seven studies were included in the COPD subgroup38,44–46 rep-
resenting 1709 patients. Definition of exacerbations across selected
references is presented in  the Table 6 of the Appendix.

Results showed a  significant reduction of the incidence of exac-
erbations in  NAC treated patients compared to placebo (IRR = 0.76;
95% confidence interval (CI) 0.59–0.99, patients =  1709). Moder-
ate to substantial heterogeneity between studies was detected
(I2 =  61%; p  =  0.01), Fig. 2A.

Six studies were in the CB/pre-COPD subgroup27–32 repre-
senting 962 patients and showed a  significant effect of NAC in
reducing the incidence of exacerbations compared to placebo
(IRR =  0.81; 95% CI 0.69–0.95). I2 and Chi-squared test suggests low
heterogeneity for this subgroup of studies (I2 = 4%; p  =  0.39), con-
firmed by 95% prediction interval for the pooled IRR (0.67; 0.98),
Fig. 2B.

The sensitivity analyses performed by study duration showed
consistent results in both subgroups (≤5 months of duration vs
>5 months) considering the three additional studies34–36 showed
a substantial increase in  heterogeneity (CB/pre-COPD: I2 =  93%;
p <  0.01, prediction interval 0.31–1.88; COPD: I2 =  93%; p  <  0.01,
prediction interval 0.29–1.93) and resulted in  non-significant dif-
ference between patients treated with NAC and placebo but close
to favoring NAC over placebo (CB/pre-COPD: IRR =  0.76; 95% CI
0.56–1.05, patients =  1656; COPD: IRR = 0.74; 95% CI  0.54–1.03,
patients =  2403). This result was influenced by  the study by Scher-
mer  et al.36 which was  the only trial finding a significantly higher
number of exacerbations in  the NAC group compared with the
placebo group.

The sensitivity analysis performed on both subgroups by  dura-
tion showed consistent results in both subgroups; studies with
duration less or equal to 5 months and studies with duration higher
than 5 months.

An additional sensitivity analysis was performed by study dura-
tion showing consistent results in both subgroups (≤5 months
of duration vs >5 months) by dose (Appendix Table 7) showed
consistent results across different dose levels in  both subgroups
(Fig. 2C for the COPD subgroup and Fig. 2D for the CB/pre-
COPD).

Number of Patients Without Exacerbations During the Study
Period

Overall, seventeen studies reported results on number of
patients without exacerbations during the study period. Of these,
eight studies were in the COPD subgroup37,38,40,42–46 representing
1896 patients. Results showed that COPD patients treated with NAC
were significantly more likely to  be exacerbation-free (OR =  1.88,
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Fig. 1.  Study flow diagram.

95% confidence interval (CI) 1.13–3.15), as shown in Fig. 3A. Mod-
erate to substantial heterogeneity was detected (I2 = 60%; p  =  0.02).
In particular, the point estimate was favoring placebo over NAC
in one study.40 Six studies were in the CB/pre-COPD subgroup27,33

representing 722 patients, and results showed that patients treated
with NAC were significantly more likely to be exacerbation-free
(OR = 1.73, 95% confidence interval (CI) 1.17–2.54), Fig. 3B.

Results did not highlight heterogeneity between studies (I2 =  0%;
p = 0.45).

Sensitivity analyses performed on both subgroups considering
the three additional studies34–36 showed a  moderate increase in
heterogeneity (CB/pre-COPD: I2 = 59%; p = 0.01, prediction interval
0.78–4.23; COPD: I2 = 72%; p < 0.01, prediction interval 0.56–6.09)
and confirmed significant protective effect of NAC on the risk
of experiencing an exacerbation (CB/pre-COPD: OR = 1.81; 95%
CI 1.25–2.64, patients = 1416; COPD: OR = 1.85; 95% CI 1.22–2.81,
patients =  2563).

Additional sensitivity analysis was performed on both sub-
groups by  duration showing consistent results in  both subgroups;
studies with duration less or equal to 5 months and studies with
duration higher than 5 months.

The sensitivity analysis by dose conducted on both subgroups
(Appendix Table 8) showed consistent results across different dose
levels in  both of the subgroups (Fig. 3C for the COPD subgroup and
Fig. 3D for the CB/pre-COPD).

Evaluation of NAC Versus Placebo on Improvements of Respiratory
Symptoms and Quality of Life

Five studies reported respiratory symptoms and quality of life
(Appendix Table 9). Due to  the heterogeneity of available data,
improvement was  assessed by the criteria adopted in the studies
identified, as detailed in Appendix Table 10. Two  studies were con-
ducted in the COPD subgroup43,46 representing 300 patients. Data
were however not  available for 3 subjects in McGavin et al.46 (2 in
NAC group and 1 in  placebo group) and for 8 subjects in Pela et al.43

(4 in NAC group and 4 in placebo group).
Given the heterogeneity of the tools utilized to assess the symp-

tom burden, the pooled odds ratio favored NAC over placebo, but
without reaching significance (OR =  2.26, 95% confidence interval
(CI) 0.63–8.10, patients =  300; Analysis 1.2). Substantial hetero-
geneity was  detected (I2 =  87%; p  <  0.01), Fig. 4A.

Three studies were conducted in the CB/pre-COPD
subgroup28,29,33 representing 209 patients. Patients treated
with NAC were significantly more likely to  experience an improve-
ment in  symptoms and/or quality of life over the study period
compared to placebo (OR = 3.47; 95% confidence interval (CI)
1.92–6.26). Results did not highlight important heterogeneity in
the studies (I2 =  0%; p = 0.61), Fig. 4B.

Sensitivity analysis performed on both subgroups considering
the additional study34 showed no impact on heterogeneity in  the
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Fig. 2. Forest Plot from meta-analysis carried out (A) in studies assessing the incidence of exacerbations in the COPD subgroup; (B) in studies assessing the incidence of
exacerbations in the CB/pre-COPD subgroup; (C) in studies assessing the incidence of exacerbations in the COPD subgroup by  dose level; (D)  in studies assessing the  incidence
of  exacerbations in the CB/pre-COPD subgroup by  dose level.
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Fig. 3. Forest Plot from meta-analysis carried out (A) in studies assessing the number of exacerbation-free patients in the COPD subgroup; (B) in studies assessing the number
of  exacerbation-free patients in the CB/pre-COPD subgroup; (C) in studies assessing the number of exacerbation-free patients in the COPD subgroup by dose level; (D) in
studies  assessing the number of exacerbation-free patients in the CB/pre-COPD subgroup by dose level.
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Fig. 4. Forest Plot from meta-analysis conducted (A) in studies assessing the improvement in symptoms and quality of life in the COPD subgroup; (B) in studies assessing
the  improvement in symptoms and quality of life in the CB/pre-COPD subgroup.

CB/pre-COPD subgroup but confirmed substantial heterogeneity in
the COPD subgroup (CB/pre-COPD: I2 =  0%; p  =  0.75; COPD: I2 = 83%;
p < 0.01). Results confirmed the significant association of NAC
with the likelihood of experiencing an improvement in  symptoms
and/or quality of life (CB/pre-COPD: OR = 3.93; 95% CI 2.97–5.22,
patients = 820; COPD: OR =  2.82; 95% CI  1.25–6.38, patients = 911).

Discussion

Results of the present meta-analysis show that the benefit pro-
vided by NAC, when exacerbations are considered, was similar in
both study subgroups: COPD and CB/pre-COPD. In addition, the
symptom burden is  decreased and the quality of life is improved in
the CB/pre-COPD group, with a numerical trend in the same direc-
tion in COPD patients. Heterogeneity between studies has been
observed in  these analyses as detailed below.

At variance with prior pooled analyses on NAC efficacy in smok-
ing related diseases10,47,48 here we  evaluated the available data
focusing on exacerbations and symptoms and in two different sub-
population COPD and in CB/pre-COPD. The latter is  of particular
clinical interest3 given that, while NAC has been previously inves-
tigated mainly for its effects in exacerbation prevention in COPD,
whereas neither the effects of NAC on symptoms in COPD nor the
efficacy data of NAC in  CB/pre-COPD have ever undergone prior
meta-analysis assessments. When focusing on exacerbations the
benefit provided by NAC treatment has been shown in  both sub-
groups of studies, COPD and CB/pre-COPD which provided similar
results. The former findings are of particular interest and novelty as
the efficacy of treatments on respiratory symptoms in CB patients
(particularly non selected for airflow limitation) has been seldom
carried out, despite the clinical relevance of this information.

It is increasingly clear that patients with a  history of exposure
to cigarette smoke or other environmental pollutants may  have
a substantial disease burden with lung pathology and respiratory
impairment even in the absence of airflow limitation, as detected
by spirometry.49 Not all of these patients will develop airflow limi-
tation, but many will have considerable respiratory morbidity and
a comparable prognosis to those with classical, spirometry defined
COPD.50

In our meta-analysis, benefit in  respiratory symptoms and qual-
ity of life has been shown in  patients with chronic bronchitis with
no documented evidence of airflow limitation. This was  also the

case in the subgroup of COPD patients when considering additional
studies in the sensitivity analysis. However, these results should be
interpreted with caution given the variability of the tools used to
assess the improvement in  respiratory symptoms and quality of life
and the limited number of studies reporting this outcome.

Oxidative stress is increased and contributes to  the inflamma-
tion process in  COPD patients especially during exacerbations.2

Reactive oxygen species generation promotes the release of mucins
from epithelial cells51,52 which can contribute to the clinical
expression of the acute event. NAC with its antioxidant properties
may  therefore counteract the oxidative process and down-regulate
the production of MUC5AC.51–55

Most recent large clinical trials evaluating NAC in COPD suggest
a reduced exacerbation rate in the subgroup of patients treated
with NAC. In the BRONCUS trial,39 although no effect on the rate
of decline of forced expiratory volume in the first second of expi-
ration (FEV 1) was  observed, NAC decreased the number of COPD
exacerbations in  patients not taking inhaled corticosteroids, and
secondary analyses also suggested an effect on hyperinflation.
The PANTHEON study evaluated the effect of NAC in  addition to
existing individual therapy in  1006 patients with stable, moderate-
to-severe COPD.45 Trial results underlined the greater effect of  NAC
in reducing the number of exacerbations especially in  patients with
moderate disease (GOLD II), thus suggesting the use of  NAC at an
earlier stage can help prevent exacerbations and long term conse-
quences.

As for the dose related response of NAC, in line with other
assessments10,12,47 which have used different selection criteria, our
meta-analysis showed no clear dose response on the effect of  NAC
on exacerbations.

The study has limitations. Moderate to substantial heterogene-
ity has also been noted among studies in  the COPD subgroup. These
studies varied substantially in term of duration of  therapy, NAC
dose, demographics, and number of participants; therefore, results
should be interpreted with caution and further analyses are  needed
to  investigate the causes of the heterogeneity. Heterogeneity was
generally lower or  not present in the CB/pre-COPD subgroup of
studies. Older studies are more difficult to evaluate in term of pub-
lication bias, which lead to  a  lower level of confidence in  the overall
treatment effect estimate. One of the limitations is  related to the
fact that in some of the older studies the population was  recruited
based on CB while lung function was not an inclusion criteria. Thus,

275



A. Papi, F. Alfano, T. Bigoni et al. Archivos de Bronconeumología 60 (2024) 269–278

Fig. 5. Risk of bias assessment.

patients from these studies can belong to the CB/pre-COPD or the
COPD+CB subgroups. Finally, available data did not allow to include
in  the analyses two  important markers for exacerbations and symp-
tom management such as inhaled treatment (specifically inhaled
corticosteroids) and eosinophil count.

Conclusion

The findings from this meta-analysis represent additional evi-
dence of NAC potential benefit in the treatment of  COPD and
CB/pre-COPD patients in  preventing occurrence of  exacerbations
and improvement in patients’ symptoms and quality of  life.

Furthermore, it provides additional evidence in the potential
benefit of N-acetylcysteine in CB/pre-COPD patient population.

Funding

Statistical and editorial support was  provided by Zambon S.p.A.

Conflicts of Interest

Cristina Aljama has received speaker fees from FAES farma, Zam-
bon, GSK and CSL Behring.

Marc Miravitlles has received speaker fees from AstraZeneca,
Boehringer Ingelheim, Chiesi, Cipla, GlaxoSmithKline, Menarini,
Kamada, Takeda, Zambon, CSL Behring, Specialty Therapeutics,
Janssen, Grifols and Novartis, consulting fees from AstraZeneca,
Atriva Therapeutics, Boehringer Ingelheim, BEAM Therapeutics,
Chiesi, GlaxoSmithKline, CSL Behring, Ferrer, Inhibrx, Menarini,
Mereo Biopharma, Spin Therapeutics, Specialty Therapeutics, ONO
Pharma, Palobiofarma SL, Takeda, Novartis, Novo Nordisk, Sanofi,
Zambon, Zentiva and Grifols and research grants from Grifols.

Marco Contoli declares research grants from Chiesi and GSK;
personal payments for lectures, presentations or educational
events from Chiesi, Astrazeneca, GSK, Novartis, Zambon, Sanofi,
Alk Abello; personal payments for participation on Advisory Board
from Chiesi, Astrazeneca, Gsk, Alk Abello, Sanofi.

Alberto Papi has received personal fees from AstraZeneca,
Avillion, Chiesi Farmaceutici, Chiesi Italia, Dompé, Galvanize,
Elpen, GSK, Menarini, Moderna, Mundipharma, Novartis, Orient
Europharma, Roche, Sanofi, Zambon, grants for research form
Chiesi, Astrazeneca, GSK, Sanofi.

Amal Mawass, Franco Alfano, Tommaso Bigoni, Lorenzo
Mancini, Federico Baraldi declare to have no conflict of interest
directly or indirectly related to the manuscript contents.

Acknowledgement

The authors thank Elisa Veratelli for the editorial support.

Appendix A. Supplementary Data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.arbres.2024.03.010.

References

1. World Health Organization – chronic obstructive pulmonary disease (COPD).
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-
pulmonary-disease-(copd) [last accessed 20.12.23].

2. Global Initiative for Chronic Obstructive Lung Disease. Global strategy
for the diagnosis, management, and prevention of chronic obstruc-
tive pulmonary disease; 2024. Available from: https://goldcopd.
org/wp-content/uploads/2024/02/GOLD-2024 v1.2-11Jan24 WMV.pdf [last
accessed 26.02.24].

276

http://dx.doi.org/10.1016/j.arbres.2024.03.010
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)
https://www.who.int/news-room/fact-sheets/detail/chronic-obstructive-pulmonary-disease-(copd)
https://goldcopd.org/wp-content/uploads/2024/02/GOLD-2024_v1.2-11Jan24_WMV.pdf
https://goldcopd.org/wp-content/uploads/2024/02/GOLD-2024_v1.2-11Jan24_WMV.pdf


A. Papi, F. Alfano, T. Bigoni et al. Archivos de Bronconeumología 60  (2024) 269–278

3. Papi A, Faner R, Pavord I, Baraldi F, McDonald VM,  Thomas M,  et al. From treat-
able  traits to GETomics in airway disease: moving towards clinical practice. Eur
Respir  Rev. 2024;33, http://dx.doi.org/10.1183/16000617.0143-2023.

4.  Agusti A, Barnes N, Cruz AA, Gibson PG, Heaney LG, Inoue H, et  al.
Moving towards a treatable traits model of care for the manage-
ment of obstructive airways diseases. Respir Med. 2021;187:106572,
http://dx.doi.org/10.1016/j.rmed.2021.106572.

5. Agusti A,  Gibson PG, McDonald VM.  Treatable traits in airway disease:
from theory to practice. J  Allergy Clin Immunol Pract. 2023;11:713–23,
http://dx.doi.org/10.1016/j.jaip.2023.01.011.

6.  Allinson JP, Hardy R, Donaldson GC, Shaheen SO, Kuh D,  Wedzicha JA. The
presence of chronic mucus hypersecretion across adult life in relation to
chronic obstructive pulmonary disease development. Am J Respir Crit  Care Med.
2016;193:662–72, http://dx.doi.org/10.1164/rccm.201511-2210OC.

7.  Cardoso J, Ferreira AJ, Guimaraes M,  Oliveira AS, Simao P, Sucena M. Treat-
able traits in COPD – a  proposed approach. Int J  Chron Obstruct Pulmon Dis.
2021;16:3167–82, http://dx.doi.org/10.2147/COPD.S330817.

8. Han MK,  Agusti A, Celli BR, Criner GJ, Halpin DMG, Roche N, et  al.
From GOLD 0 to Pre-COPD. Am J  Respir Crit Care Med. 2021;203:414–23,
http://dx.doi.org/10.1164/rccm.202008-3328PP.

9. Celli B,  Fabbri L, Criner G, Martinez FJ, Mannino D, Vogelmeier C, et al.
Definition and nomenclature of chronic obstructive pulmonary disease:
time  for its  revision. Am J  Respir Crit  Care Med. 2022;206:1317–25,
http://dx.doi.org/10.1164/rccm.202204-0671PP.

10. Fowdar K, Chen H, He Z, Zhang J, Zhong X, Zhang J, et  al. The effect
of N-acetylcysteine on  exacerbations of chronic obstructive pulmonary dis-
ease: a  meta-analysis and systematic review. Heart Lung. 2017;46:120–8,
http://dx.doi.org/10.1016/j.hrtlng.2016.12.00.

11. Jiang C,  Zou J, Lv Q, Yang Y.  Systematic review and meta-analysis of
the  efficacy of N-acetylcysteine in the treatment of acute exacerbation of
chronic  obstructive pulmonary disease. Ann Palliat Med. 2021;10:6564–76,
http://dx.doi.org/10.21037/apm-21-1138.

12. Shen Y, Cai W, Lei S, Zhang Z.  Effect of high/low dose N-acetylcysteine on chronic
obstructive pulmonary disease: a systematic review and meta-analysis. COPD.
2014;11:351–8, http://dx.doi.org/10.3109/15412555.2013.858315.

13.  Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et  al. The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews.
BMJ. 2021;372:n71, http://dx.doi.org/10.1136/bmj.n71.

14.  Definition and classification of chronic bronchitis for clinical and epidemiolog-
ical  purposes. A report to the Medical Research Council by  their Committee on
the Aetiology of Chronic Bronchitis. Lancet. 1965;1:775–9.

15. Hedges LV, Vevea JL.  Fixed- and random-effects models in meta-analysis. Psy-
chol Methods. 1998;3:486.

16. Knapp G, Hartung J. Improved tests for a  random effects meta-
regression with a single covariate. Stat Med. 2003;22:2693–710,
http://dx.doi.org/10.1002/sim.1482.

17. Paule RC, Mandel J.  Consensus values and weighting factors. J  Res Natl Bur Stand
(1977). 1982;87:377–85, http://dx.doi.org/10.6028/jres.087.022.

18.  Bakbergenuly I,  Hoaglin DC, Kulinskaya E.  Methods for estimating between-
study  variance and overall effect in meta-analysis of odds ratios. Res Synth
Methods. 2020;11:426–42, http://dx.doi.org/10.1002/jrsm.1404.

19. Langan D, Higgins JPT, Jackson D, Bowden J, Veroniki AA, Kontopantelis
E,  et  al. A comparison of heterogeneity variance estimators in simu-
lated random-effects meta-analyses. Res Synth Methods. 2019;10:83–98,
http://dx.doi.org/10.1002/jrsm.1316.

20.  Veroniki AA, Jackson D,  Viechtbauer W,  Bender R, Bowden J, Knapp G, et al. Meth-
ods to  estimate the between-study variance and its uncertainty in meta-analysis.
Res  Synth Methods. 2016;7:55–79, http://dx.doi.org/10.1002/jrsm.1164.

21. Guevara JP, Berlin JA, Wolf FM.  Meta-analytic methods for pooling rates when
follow-up duration varies: a  case study. BMC  Med  Res Methodol. 2004;4:17,
http://dx.doi.org/10.1186/1471-2288-4-17.

22. Hasselblad V, McCrory DC. Meta-analytic tools for medical deci-
sion  making: a practical guide. Med  Decis Making. 1995;15:81–96,
http://dx.doi.org/10.1177/0272989X9501500112.

23. Higgins JPT, Thomas J, Chandler J, Cumpston M,  Li  T, Page MJ, et al.  Cochrane
handbook for systematic reviews of interventions version 6.3: Cochrane; 2022.

24. Higgins JPT, Green S, editors. Cochrane handbook for systematic reviews of
interventions, version 5.1.0. The Cochrane Collaboration; 2011. Available from
www.handbook.cochrane.org [updated March 2011].

25. Higgins JP, Thompson SG, Spiegelhalter DJ. A re-evaluation of random-effects
meta-analysis. J R  Stat Soc Ser A Stat Soc. 2009;172:137–59.

26. IntHout J, Ioannidis JP, Rovers MM,  Goeman JJ. Plea for routinely pre-
senting prediction intervals in meta-analysis. BMJ  Open. 2016;6:e010247,
http://dx.doi.org/10.1136/bmjopen-2015-010247.

27.  Boman G,  Backer U, Larsson S, Melander B, Wahlander L. Oral acetylcysteine
reduces exacerbation rate in chronic bronchitis: report of a trial organized by
the Swedish Society for Pulmonary Diseases. Eur J  Respir Dis. 1983;64:405–15.

28. Borgia M, Sepe N, Ori-Belometti M,  Borgia R.  Confronto tra  acetilcisteina e
placebo nel trattamento a  lungo termine della bronchite cronica. Esperienza
controllata double-blind. Gaz Med  It.  1981;140:467–72.

29. Grassi C,  Morandini GC. A controlled trial of intermittent oral acetylcys-
teine in the long-term treatment of chronic bronchitis. Eur J Clin Pharmacol.
1976;09:393–6, http://dx.doi.org/10.1007/BF00606554.

30. Hansen NC, Skriver A, Brorsen-Riis L,  Balslov S, Evald T, Maltbaek N,
et  al. Orally administered N-acetylcysteine may  improve general well-
being in patients with mild chronic bronchitis. Respir Med. 1994;88:531–5,
http://dx.doi.org/10.1016/s0954-6111(05)80337-3.

31.  Meister R. Langzeittherapie mit  Acetylcystein Ret2 rd-Tab7 alter’ bei Patien-
ten mit  chronischer Bronchitis Eine doppelblinde-placebokontrollierte. Studie
Forum des Praktischen und  Allgemein-Arztes. 1986;25. Nr. 1.

32. Parr  GD, Huitson A. Oral Fabrol (oral N-acetyl-cysteine) in chronic bronchitis. Br
J  Dis Chest. 1987;81:341–8, http://dx.doi.org/10.1016/0007-0971(87)90182-3.

33. Jackson IM, Barnes J, Cooksey P.  Efficacy and tolerability of oral acetylcysteine
(Fabrol) in chronic bronchitis: a  double-blind placebo controlled study. J  Int Med
Res.  1984;12:198–206, http://dx.doi.org/10.1177/030006058401200312.

34. Babolini GAB, Cornia G. Long-term oral acetylcysteine in chronic bronchitis. A
double-blind controlled study. Eur J Respir Dis Suppl. 1980;111:93–108.

35. Rasmussen JB, Glennow C. Reduction in days of illness after long-term treat-
ment with N-acetylcysteine controlled-release tablets in patients with chronic
bronchitis. Eur Respir J.  1988;1:351–5.

36. Schermer T, Chavannes N, Dekhuijzen R, Wouters E, Muris J, Akker-
mans R, et al. Fluticasone and N-acetylcysteine in primary care patients
with  COPD or chronic bronchitis. Respir Med. 2009;103:542–51,
http://dx.doi.org/10.1016/j.rmed.2008.11.003.

37. Bachh AA, Shah NN, Bhargava R. Effect of oral N-acetylcysteine in COPD – a
randomised controlled trial. JK – Practitioner. 2007;14:12–6.

38. Buha I, Miric M,  Agic A, Simic M,  Stjepanovic M,  Milenkovic B,  et  al.  A
randomized, double-blind, placebo-controlled study evaluating the efficacy
of  propolis and N-acetylcysteine in exacerbations of chronic obstruc-
tive  pulmonary disease. Eur Rev Med  Pharmacol Sci. 2022;26:4809–15,
http://dx.doi.org/10.26355/eurrev 202207 29206.

39.  Decramer M, Rutten-van Molken M,  Dekhuijzen PN, Troosters T,  van Her-
waarden C, Pellegrino R, et al. Effects of N-acetylcysteine on outcomes
in chronic obstructive pulmonary disease (Bronchitis Randomized on  NAC
Cost-Utility Study, BRONCUS): a  randomised placebo-controlled trial. Lancet.
2005;365:1552–60, http://dx.doi.org/10.1016/S0140-6736(05)66456-2.

40.  Johnson K,  McEvoy CE, Naqvi S, Wendt C,  Reilkoff RA, Kunisaki KM,  et  al.
High-dose oral N-acetylcysteine fails to  improve respiratory health status in
patients with chronic obstructive pulmonary disease and chronic bronchi-
tis: a randomized, placebo-controlled trial. Int J  Chron Obstruct Pulmon Dis.
2016;11:799–807, http://dx.doi.org/10.2147/COPD.S102375.

41. Kasielski M,  Nowak D. Long-term administration of N-acetylcysteine
decreases hydrogen peroxide exhalation in subjects with chronic
obstructive pulmonary disease. Respir Med. 2001;95:448–56,
http://dx.doi.org/10.1053/rmed.2001.1066.

42. Nowak D,  Carati L, Pirozynski M. Long-term administration of N-acetylcysteine
reduces the number of acute exacerbation episodes in subjects with chronic
obstructive pulmonary disease: report of the Breathe study. Eur Respir J.
1999;381s:P2522.

43. Pela R, Calcagni AM,  Subiaco S, Isidori P, Tubaldi A, Sanguinetti CM. N-
acetylcysteine reduces the exacerbation rate in patients with moderate to  severe
COPD. Respiration. 1999;66:495–500, http://dx.doi.org/10.1159/000029447.

44. Tse HN, Raiteri L, Wong KY, Yee KS,  Ng LY, Wai  KY, et al. High-dose
N-acetylcysteine in stable COPD: the 1-year, double-blind, ran-
domized, placebo-controlled HIACE study. Chest. 2013;144:106–18,
http://dx.doi.org/10.1378/chest.12-2357.

45. Zheng JP, Wen  FQ, Bai CX, Wan  HY, Kang J, Chen P, et al.
Twice  daily N-acetylcysteine 600 mg  for exacerbations of chronic
obstructive pulmonary disease (PANTHEON): a randomised, double-
blind placebo-controlled trial. Lancet Respir Med. 2014;2:187–94,
http://dx.doi.org/10.1016/S2213-2600(13)70286-8.

46.  McGavin CR, Macfarlane JT, Prescott RJ, The British Thoracic Soci-
ety  Research Committee. Oral N-acetylcysteine and exacerbation rates
in  patients with chronic bronchitis and severe airways obstruction.
British Thoracic Society Research Committee. Thorax. 1985;40:832–5,
http://dx.doi.org/10.1136/thx.40.11.832.

47. Cazzola M, Calzetta L, Page C, Jardim J, Chuchalin AG, Rogliani P,
et  al. Influence of N-acetylcysteine on  chronic bronchitis or COPD
exacerbations: a meta-analysis. Eur Respir Rev. 2015;24:451–61,
http://dx.doi.org/10.1183/16000617.00002215.

48. Poole P, Sathananthan K,  Fortescue R. Mucolytic agents versus
placebo for chronic bronchitis or chronic obstructive pul-
monary disease. Cochrane Database Syst Rev. 2019;5:CD001287,
http://dx.doi.org/10.1002/14651858.CD001287.pub6.

49. Woodruff PG, Barr RG, Bleecker E, Christenson SA, Couper D, Curtis JL, et  al. Clin-
ical significance of symptoms in smokers with preserved pulmonary function.
N Engl J Med. 2016;374:1811–21, http://dx.doi.org/10.1056/NEJMoa1505971.

50.  Mkorombindo T, Dransfield MT.  Pre-chronic obstructive pulmonary disease:
a  pathophysiologic process or an opinion term? Curr Opin Pulm Med.
2022;28:109–14, http://dx.doi.org/10.1097/MCP.0000000000000854.

51.  Chi  L,  Shan Y, Cui Z.  N-acetyl-l-cysteine protects airway epithelial cells during
respiratory syncytial virus infection against mucin synthesis, oxidative stress,
and inflammatory response and inhibits HSPA6 expression. Anal Cell Pathol
(Amst). 2022;2022:4846336, http://dx.doi.org/10.1155/2022/4846336.

52. Mata M,  Sarrion I,  Armengot M,  Carda C,  Martinez I,  Melero JA, et al. Respiratory
syncytial virus inhibits ciliagenesis in differentiated normal human bronchial

277

dx.doi.org/10.1183/16000617.0143-2023
dx.doi.org/10.1016/j.rmed.2021.106572
dx.doi.org/10.1016/j.jaip.2023.01.011
dx.doi.org/10.1164/rccm.201511-2210OC
dx.doi.org/10.2147/COPD.S330817
dx.doi.org/10.1164/rccm.202008-3328PP
dx.doi.org/10.1164/rccm.202204-0671PP
dx.doi.org/10.1016/j.hrtlng.2016.12.00
dx.doi.org/10.21037/apm-21-1138
dx.doi.org/10.3109/15412555.2013.858315
dx.doi.org/10.1136/bmj.n71
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0345
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0350
dx.doi.org/10.1002/sim.1482
dx.doi.org/10.6028/jres.087.022
dx.doi.org/10.1002/jrsm.1404
dx.doi.org/10.1002/jrsm.1316
dx.doi.org/10.1002/jrsm.1164
dx.doi.org/10.1186/1471-2288-4-17
dx.doi.org/10.1177/0272989X9501500112
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0390
http://www.handbook.cochrane.org/
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0400
dx.doi.org/10.1136/bmjopen-2015-010247
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0410
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0415
dx.doi.org/10.1007/BF00606554
dx.doi.org/10.1016/s0954-6111(05)80337-3
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0430
dx.doi.org/10.1016/0007-0971(87)90182-3
dx.doi.org/10.1177/030006058401200312
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0445
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0450
dx.doi.org/10.1016/j.rmed.2008.11.003
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0460
dx.doi.org/10.26355/eurrev_202207_29206
dx.doi.org/10.1016/S0140-6736(05)66456-2
dx.doi.org/10.2147/COPD.S102375
dx.doi.org/10.1053/rmed.2001.1066
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
http://refhub.elsevier.com/S0300-2896(24)00069-3/sbref0485
dx.doi.org/10.1159/000029447
dx.doi.org/10.1378/chest.12-2357
dx.doi.org/10.1016/S2213-2600(13)70286-8
dx.doi.org/10.1136/thx.40.11.832
dx.doi.org/10.1183/16000617.00002215
dx.doi.org/10.1002/14651858.CD001287.pub6
dx.doi.org/10.1056/NEJMoa1505971
dx.doi.org/10.1097/MCP.0000000000000854
dx.doi.org/10.1155/2022/4846336


A. Papi, F. Alfano, T. Bigoni et al. Archivos de Bronconeumología 60 (2024) 269–278

epithelial cells: effectiveness of N-acetylcysteine. PLoS One. 2012;7:e48037,
http://dx.doi.org/10.1371/journal.pone.0048037.

53.  Mata M,  Morcillo E, Gimeno C,  Cortijo J. N-acetyl-l-cysteine (NAC)
inhibit mucin synthesis and pro-inflammatory mediators in alveolar type
II  epithelial cells infected with influenza virus A and B and with
respiratory syncytial virus (RSV). Biochem Pharmacol. 2011;82:548–55,
http://dx.doi.org/10.1016/j.bcp.2011.05.014.

54. Mata M,  Ruiz A, Cerda M,  Martinez-Losa M,  Cortijo J, Santangelo F,
et  al. Oral N-acetylcysteine reduces bleomycin-induced lung damage
and  mucin Muc5ac expression in rats. Eur Respir J.  2003;22:900–5,
http://dx.doi.org/10.1183/09031936.03.00018003.

55. Rada B, Gardina P, Myers TG, Leto TL. Reactive oxygen species mediate inflamma-
tory cytokine release and EGFR-dependent mucin secretion in airway epithelial
cells exposed to  Pseudomonas pyocyanin. Mucosal Immunol. 2011;4:158–71,
http://dx.doi.org/10.1038/mi.2010.62.

278

dx.doi.org/10.1371/journal.pone.0048037
dx.doi.org/10.1016/j.bcp.2011.05.014
dx.doi.org/10.1183/09031936.03.00018003
dx.doi.org/10.1038/mi.2010.62

	N-acetylcysteine Treatment in Chronic Obstructive Pulmonary Disease (COPD) and Chronic Bronchitis/Pre-COPD: Distinct Meta-...
	Introduction
	Materials and Methods
	Search Strategy and Selection Process
	Data Extraction
	Outcomes
	Data Analysis
	Assessment of Bias and Heterogeneity

	Results
	Study Characteristics
	Evaluation of NAC Versus Placebo on Exacerbations
	Total Number of Exacerbations in Patients who Completed the Study
	Number of Patients Without Exacerbations During the Study Period

	Evaluation of NAC Versus Placebo on Improvements of Respiratory Symptoms and Quality of Life

	Discussion
	Conclusion
	Funding
	Conflicts of Interest
	Acknowledgement
	Appendix A Supplementary Data
	References


