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Abstract. – OBJECTIVE: Standard treatment for 
chronic obstructive pulmonary disease (COPD) 
includes inhalation therapy along with mucoact-
ive drugs. The aim of this study was to assess 
the efficacy and safety of orally administered mu-
colytic N-acetylcysteine and propolis (NACp) in 
COPD patients. 

PATIENTS AND METHODS: A randomized, dou-
ble-blind, prospective, interventional, 6 months 
study was conducted at the Institute for Pulmo-
nary Diseases of Vojvodina, Sremska Kameni-
ca, Serbia. Effects of daily NACp administration 
(600 mg, 1200 mg or placebo) on exacerbation, 
life quality (St. George’s Respiratory Question-
naire-SGRQ), symptoms (COPD assessment test-
CAT; Visual analogue cough scale-VAS; Leicester 
Cough Questionnaire-LCQ; Medical Research 
Council Dyspnoea scale-mMRC) and spirometric 
parameters in 120 COPD patients were assessed. 
Tests were conducted at three-time points: base-
line, after three months and after 6 months of 
NACp treatment. 

RESULTS: Repeated measures ANOVA showed 
that pulmonary function parameters, 6-minute 
walk test and mMRC score did not significant-
ly change during the study. Cough VAS and 
CAT scores were significantly different between 
groups as within experimental groups. LCQ and 
SGRQ scores did not differ between placebo, and 
both examined groups, but within each examined 
group statistically significant difference was con-
firmed in observed parameters during therapy. 
Factorial analysis and subsequent binary logistic 
regression revealed “Symptoms related factor” 
as the strongest predictor of exacerbation for 
supplemented groups (p<0.01). 

CONCLUSIONS: Treatment with high NACp 
for 6 months is safe and beneficial for cough and 

expectoration symptoms and improves the life 
quality. NACp significantly reduces acute exacer-
bation frequency in COPD patients by controlling 
COPD related symptoms.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
is a common, preventable, and treatable disease that 
is characterized by persistent respiratory symptoms 
and airflow limitation1. The Global Initiative for 
COPD (GOLD) highlights the importance of muco-
lytics in the treatment and control of COPD, besides 
the standard therapy1,2. It was shown that mucolytic 
agents can modulate the production and reduce the 
viscosity of mucus, leading to easier expectoration 
of secretions, which subsequently decreases the pos-
sibility of infection3,4 and improve health status1.

Nowadays, few different mucolytic agents 
have been formulated5, although evidence of their 
effects in prevention of acute exacerbation and 
improvement of life quality are diverse6. New 
studies showed that N-acetylcysteine has antiox-
idant and anti-inflammatory effects which could 
significantly decrease the risk of acute exacer-
bations and improve life quality in patients with 
moderate and severe COPD6-10.

Scientific progress in pharmaceutical in-
dustry has enabled mucolytic agents, which in 
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addition to N-acetylcysteine, contain propolis. 
Antimicrobial, antioxidant, antiviral, antifungal 
and anti-inflammatory effects of propolis have 
been shown, as well as its beneficial effects on 
tissue regeneration11,12. Previous research has 
shown that 13% aqueous propolis extract can 
reduce nighttime breathlessness and ameliorate 
lung function in patients with mild to severe 
asthma13 by reduction of oxidative stress and de-
creased production of pro-inflammatory agents. 
Altogether, due to the crucial part that oxidative 
stress and chronic inflammation of the airways 
have in COPD pathogenesis, the aim of this 
study was to assess the efficacy and safety of 
orally administered N-acetylcysteine and propo-
lis in patients suffering from chronic obstructive 
pulmonary disease.

Patients and Methods

Patients	
A randomized, double-blind, prospective, in-

tervention study was conducted at the Institute 
for Pulmonary Diseases of Vojvodina in Sremska 
Kamenica, Serbia, from January 2019 to Janu-
ary 2020. A total of 120 patients diagnosed with 
COPD were enrolled in the study. Four of them 
withdrew on their personal initiative, while 116 
patients fulfilled the whole study protocol. The 
Ethical Board of Institute for Pulmonary Diseas-
es of Vojvodina gave permission for performing 
this study, permission number 80-VIII/13. Before 
enrollment, patients were obliged to read import-
ant information about research and sign their in-
formed consent according to the Good Clinical 
Practice (GCP).

Study included outpatients of both sexes, aged 
from 40 to 70 years, with confirmed COPD di-
agnosis and disease history of at least two years, 
not allergic to N-acetylcysteine and/or propolis. 
The disease stage was evaluated spirometrically, 
according to the GOLD recommendations, corre-
sponding to stage I-IV.

Exclusion criteria were participation in other 
ongoing clinical study and confirmed diagnosis of 
asthma or bronchial hyperreactivity.

Methods
Patients were divided into three groups: Group 

I (37 patients) received N-acetylcysteine and 
propolis combination (NACp) in the form of pow-
der, dosage of 600 mg, once daily; group II (37 

patients) received NACp 1200 mg (2x600 mg); 
group III (42 patients) placebo. 

In regard to patients’ maintenance therapy for 
COPD, each group was divided into subgroups. Sub-
groups Ia, IIa and IIIa consisted of patients receiving 
dual bronchodilator maintenance therapy (long last-
ing β2 agonist-LABA and long-lasting muscarinic 
antagonist- LAMA). Subgroups Ib, IIb and IIIb con-
sisted of patients receiving triple therapy (long last-
ing β2 agonist-LABA, long lasting muscarinic an-
tagonist-LAMA and inhaled corticosteroid-ICS). All 
patients used NACp during study period (6 months) 
and then were monitored for 6 months.

At the beginning of the study, patients were 
questioned about their demographics, complete 
medical history, information concerning the 
course of the disease, associated diseases, mainte-
nance therapy and exacerbations during the previ-
ous year before the study beginning.

Each patient underwent the following tests: 
COPD Assessment Test-CAT consisting of eight 
questions which can be scored from 0-40. A higher 
score indicated more abundant respiratory symp-
toms14. Each patient went through a 6-minute walk 
test in order to determine their aerobic capacity and 
endurance15. Subjective cough score was gained us-
ing Visual Analog Scale-VAS with the score rang-
ing from 0 to 10, wherein a higher score represents 
a higher intensity of cough16. In addition, Leicester 
Cough Questionnaire-LCQ was used, consisting 
of 19 questions which can be scored from 1 to 7, 
giving the estimation of cough symptoms, as well 
as estimation of physical, psychological and social 
influence of cough on life17. Degree of dyspnoea 
was evaluated using a modified Medical Research 
Council Dyspnoea scale-mMRC with the scoring 
system from 0 to 4, wherein a higher score corre-
sponds to a higher degree of dyspnea18. Life quality 
was assessed using St. George’s Respiratory Ques-
tionnaire-SGRQ wich consists of 50 questions, 
scored from 0 to 100, where higher scores corre-
spond to greater limitation19.

Tests were conducted at three-time points: base-
line (measurement performed at the beginning of 
the study), second visit (medical visit after three 
months of NACp treatment), third visit (medical 
visit after 6 months of NACp treatment). 

During the study period, outpatient and hospital 
cases of COPD exacerbations were recorded, either 
through medical visits or through telephone calls 
with patients. Exacerbations were recorded during 
the treatment period and in the 6-months follow-up 
period. Safety assessment was conducted by record-
ing every side effect throughout the one-year period.
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Statistical Analysis
Results are presented as count (%) or means ± 

standard deviation depending on data type. Groups 
are compared using parametric (ANOVA and re-
peated measures ANOVA) and nonparametric (Chi-
square, Mann-Whitney U test, Cochrane Q, Fried-
man) tests. Principal component analysis-PCA on 
variables at the second visit with varimax rotation, 
eigenvalues >1 and variables with factor loadings 
larger than 0.5 were selected for factors construc-
tion. Scores were calculated from PCA extracted 
factors and used in subsequent univariate binary 
logistic regression analysis. All p-values less than 
0.05 were considered significant. 

All data were analyzed using SPSS 20.0 (IBM 
Corp. Released 2011. IBM SPSS Statistics for 
Windows, Version 20.0. Armonk, NY, USA). Re-
sults were displayed as tables and graphics.

Randomization was carried out in relation to 
disease severity and maintenance therapy by ran-
dom selection method through softer “Random 
number generated”. 

Results

116 patients completed the whole proto-
col. Active smokers represented 34.48% (40), 
non-smokers 12.93% (15) and subjects who quit 
smoking 52.59% (61). Comorbidities in Group I 
were present in 29.7% (11), in Group II 43.2% 
(16) and in Group III in 28.6% (12) patients. Val-

ues between groups did not show significant sta-
tistical difference (p>0.05). There were no sta-
tistically significant differences between groups 
(p>0.05) when comparing sex, age, smoking 
habit, GOLD stage, COPD duration and number 
of comorbidities (Table I).

The comparison of pulmonary function param-
eters at three-time points showed no statistically 
significant differences between and within groups 
(p>0.05). Respiratory symptoms (expectorations 
and cough VAS) during treatment with NACp were 
statistically significantly different between groups 
(p<0.05). By comparing expectoration, significant 
changes were noted at the start of the study and in 
the second and third measurements within groups 
I and II (Cochran’s Q=19.600; p<0.001) but not in 
the placebo group. Results of VAS score showed 
differences between the first and second, as well as 
between the first and third measurement in group 
I as in group II (Friedman χ2=15.525; p<0.001). 
In group III there was no significant difference 
between all three measurements. Comparison of 
the overall CAT score showed a statistically sig-
nificant difference between groups (p<0,05), as 
within group I and II between baseline and sec-
ond measurement, as between baseline and third 
measurement (p<0,05). The subjective degree 
of dyspnea (mMRC scale) was compared using 
Friedman test; no statistically significant differ-
ences between groups have been found (Group I 
- Friedman χ2=0.383; p=0.826; Group II - Fried-
man χ2=2.811; p=0.245; Group III - Friedman 

Parameters Group I
n=37

Group II
n=37

Placebo
n=42 p-value

Age 69.11 ± 7.37 69.78 ± 6.15 65.31 ± 7.72 p>0.05
Sex 
♂
♀

54.1% (20) 70.3% (26) 57.1% (24)
p>0.05

45.9% (17) 29.7% (11) 42.9% (18)
Smoking habit
yes
no
quitted

40.54% (15) 43.24% (16) 21.43% (9)
p>0.0516.22% (6) 13.51% (5) 9.52% (4)

43.24% (16) 43.25% (16) 69.05% (29)
GOLD stage
I      
II
III
IV

2.7% (1) 0% (0) 2.4% (1)

p>0.05
43.2% (16) 51.4% (19) 42.9% (18)

2.7% (1) 5.4% (2) 9.5% (4)
51.4% (19) 43.2 (16) 45.2% (19)

Duration of COPD (years) 7.47 ± 6.76 10.59 ± 9.03 7.87 ± 6.70 p>0.05
Comorbidities n (%) 11 (29.7) 16 (43.2) 12 (28.6) p>0.05
LABAs/LAMAs 51.35% (19) 59.46% (22) 52.38% (22) p>0.05
LAMAs/LABAs/ICS 48.65% (18) 40.54% (15) 47.62% (20) p>0.05

Table I. Basic socio-demographic and clinical data for patients with COPD.
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χ2=4.536; p=0.104). Analysis of 6-minute walk 
test results revealed a statistically significant dif-
ference between initial measurement values and 
measurement values after six months of NACp 
treatment, unrelated to the used dosage of NACp 
(F=5.562; p=0.007; Etapart

2=0.047) (Table II).
Variance analysis of repeated measurements 

determined a statistically significant difference be-
tween overall LCQ score during treatment within 
each group (F=35.915; p<0.001; Etapart

2=0.241). 
However, no statistically significant difference 
between groups has been established (F=2.133; 
p=0.095; Etapart

2=0.036) (Figure 1). Variance anal-
ysis of repeated measurements showed the exis-
tence of a statistically significant difference of 
the overall score on SGRQ questionnaire within 
each group (F=15.906; p<0.001; Etapart

2=0.123), 
which is not the case when SGRQ score values 
between groups are compared between tested 
groups (F=1.370; p=0.251; Etapart

2=0.024) (Figure 
1A and 1B).

Table III shows the total number of exacerba-
tions during NACp treatment and 6 months after 
the end of treatment LAMAs/LABAs/ICS or LA-
MAs/LABAs. A statistically significant difference 
in the number of exacerbations corresponds to the 
usage of ICS in NACp 1200 group (p<0.05). Sub-
sequent comparison among NACp 1200 group 
regarding drugs combination (dual vs. triple ther-
apy) showed significantly less exacerbations The 
principal component analysis involved symptoms, 
clinical data and pulmonary function parameters 
performed at the end of this study, after the NACp 
treatment. Total variability explained by select-
ed parameters and grouped in 3 factors is 63.2%. 

Factors with the largest percentage of variability 
are “symptoms related factor”, then “pulmonary 
function related factor” and “clinical status relat-
ed factor” as the least significant (Table IV). 

Scores calculated from significant factors 
produced in PCA analysis were used as inde-
pendent variables in logistic regression analysis 
for exacerbation status prediction. Univariate lo-
gistic regression analysis showed that the stron-
gest predictor of exacerbation status was Factor 
1 (symptoms related factor) for supplemented 
group of patients (p<0.05) compared to placebo. 
The same analysis showed that Factor 2 (pulmo-
nary function related factor) was also a signifi-
cant predictor of total exacerbation status for the 
treatment group (Table V). 

Discussion

Previous studies12 have not sufficiently es-
tablished quality standards for pharmacological 
products that contain propolis, which should de-
pend on their biochemical characteristics. Many 
studies20,21 suggest multiple beneficial activities 
of combined NACp treatment. Due to the recog-
nized mucolytic, antibacterial and anti-inflamma-
tory properties, we chose to investigate the effect 
of NACp on respiratory symptoms, lung function, 
exacerbations and life quality of COPD patients.

Examination of dyspnoea, using mMRC and 
6-minute walk test showed no statistically sig-
nificant difference between and within placebo, 
groups I and II. These results are in accordance 
with the findings of HIACE study22. A possible 

Parameters
Group I Group II Placebo

Baseline Second visit Third visit Baseline Second visit Third visit Baseline Second visit Third visit

Expectoration 89.2% (33) 62.2% (23)
aa

45.9% (17)
aaa,bb 83.8% (31) 64.9% (24)

aa
45.9% (17)

aaa,b 95.2% (40) 88.6% (33) 87.6% (20)

Cough VAS 4.51 ± 1.77 4.30 ± 2.04
a

3.27±1.97
aaa,bb 4.78 ± 2.15 4.14 ± 2.00

aa
3.30±2.17

aaa,bb 5.10 ± 2.00 5.07 ± 2.05 5.24 ± 1.92

Dyspnoea     
mMRC 2.30 ± 0.94 2.24 ± 0.83 2.43 ± 0.87 2.22±1.40 2.11 ± 1.13 2.03 ± 1.55 2.12 ± 1.11 2.14 ± 1.05 2.07 ± 1.00

CAT score 23.54 ± 7.83 19.78 ± 7.40
aaa

19.35 ± 7.22
aaa 18.62 ± 7.91 16.30 ± 7.24

aaa
15.49 ± 7.53

aaa 22.95 ± 8.42 22.76 ± 8.17 22.64 ± 8.29

6-min 
walk test 423.4 ± 99.3 437.7 ± 100.5 445.6 ± 99.3 428.7 ± 82.9 435.2 ± 87.3 448.5 ± 89.6

a 448.1 ± 91.4 445.6 ± 88.3 455.5 ± 84.0

FVC % 86.35 ± 20.35 84.01 ± 21.15 82.78 ± 19.13 81.22 ± 18.46 84.15 ± 15.69 84.73 ± 14.65 75.53 ± 19.11 78.96 ± 23.71 78.01 ± 26.20
FEV1 % 54.53 ± 19.85 53.37 ± 22.74 52.72 ± 23.03 53.12 ± 19.75 55.55 ± 17.30 55.36 ± 16.72 48.36 ± 19.29 50.99 ± 24.60 48.97 ± 23.72
FEV1/FVC 50.18 ± 15.56 50.95 ± 14.38 50.52 ± 15.19 51.89 ± 12.31 51.99 ± 11.37 52.25 ± 12.25 53.12 ± 17.45 53.32 ± 15.46 53.88 ± 17.41

Statistical significance was tested by repeated measures ANOVA: a, aa, aaa – p<0.05, 0.01, 0.001 vs. baseline, respectively; b, 
bb – p<0.05, 0.01 vs. second visit, respectively.

Table II. Respiratory symptoms, spirometry, results of 6-minute walk test in tested groups during the treatment periods. 
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explanation can be the uniformity of patients re-
garding duration and severity of COPD. Also, dif-
ferences in smoking habits did not exist, further 
increasing the homogeneity of groups and reduc-
ing the impact on research results. CAT scores, 
cough VAS and expectoration showed significant 
differences between examined groups in all three 
measurements as well as within these measure-
ments in groups I and II. These results are based 
on the effect of propolis, which allows the reduc-
tion in neutrophil migration and regulation of the 
inflammatory process by modulating stress sig-
nals, toxins and microbiotics11. This reduces and 
modifies the inflammation, dilutes the secretion, 
and thus facilitates the cleaning of the airways. 
Within the placebo group there was no signifi-
cant difference between the three measurements. 
However, by observing values of LCQ scores we 
noticed a significant difference between overall 
LCQ score during treatment within each group, 
but no statistically significant difference between 
groups has been established.

A statistically significant difference in walk-
ing distance during 6-minute walk test between 
groups has likewise not been found. Furthermore, 
walking distances after 6 months of treatment 
with high dosage of NACp (1200 mg) were sig-
nificantly higher than that at the beginning of the 

study. This leads to conclude that NACp treatment 
during longer period of time reduces fatigue and 
facilitates everyday activities, in accordance with 
the results of HIACE study22.

A statistically significant difference in spirom-
etry parameters has not been found between and 
within the groups. Previous research has shown 
that older COPD patients, which took NAC during 
an extended period, reported a smaller drop in the 
value of FEV1 when compared to placebo. How-
ever, positive effects of NAC on lung function 
were not verified in the latter randomized studies. 
In a substantial three-year-long study BRONCUS, 
Decramer et al23 showed that NAC is ineffective 
at reducing the rate of decay of FEV1 values in 
COPD patients. Poole et al22 conducted a sizeable 
study which led to the conclusion that mucolytic 
agent treatments do not produce any significant 
clinical improvement of pulmonary function24, 
which is in accordance with our results. On the 
other hand, the 1-year, double-blind, randomized, 
placebo-controlled HIANCE trial offered the con-
clusion that NAC in a dose of 1200 mg notably 
improves the function of small airways while hav-
ing no effect on FEV1 value. This improvement 
in ventilator function during NACp usage can 
contribute to overall reduction in the level of the 
pro-inflammatory cytokines such as TNF, IL-1, 

Figure 1. LCQ and SGRQ total scores according to study groups and visits. 
Data are presented as box-plot graphs; a, aa, aaa p<0.05, 0.01, 0.001, respectively vs. baseline; b, bb p<0.05, 0.01, respectively vs. 
second visit. (A) LCQ total scores according to study groups and visits; (B) SGRQ total scores according to study groups and visits.

A B
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IL-6, and the rise of anti-inflammatory ones (IL-
4, IL-10)13.

By observing values of total SGRQ scores 
and scores of each individual domain of this 
questionnaire, we noticed that no significant dif-
ferences have been found between placebo and 
treated groups. However, statistically significant 
differences in life quality within each group were 
found, leading to conclude that the life quali-
ty of the patients considerably improved due to 
the NACp treatment. Given that within the pla-
cebo group a statistically significant difference in 
SGRQ scores has been observed, we can assume 
that the psychological component has a vital role 
in subjective assessment of symptoms. 

In 1994, Hansen et al25 conducted a dou-
ble-blind, placebo-controlled trial that included 
129 COPD patients and stated that oral administra-
tion of NAC in a dose of 300 mg twice daily during 
winter considerably enhances general health condi-
tion of patients, even though statistically significant 
difference between placebo and treatment groups 
has not been noted. Just five years after, in 1999, 
Pela et al26 obtained different results for the same 
doses of NAC, proving the reduction of COPD ex-
acerbations (41%) and improvement of pulmonary 

function. Further studies like BRONCUS showed 
that the overall score of SGRQ does not fluctu-
ate when NAC is taken daily in a dose of 600 mg 
during a period of three years. In contrast, the PAN-
THEON study8 pointed out that daily use of NAC 
in a dose of 1200 mg for one year’s period drasti-
cally improves score of SGRQ domain concerned 
with disease symptoms in COPD patients, which is 
in congruence with our results.

In our study the mean number of exacerbations 
was in group I 1.51 ± 2.05, group II 0.54 ± 0.90 and 
in group III 3.43 ± 1.50, respectively. By analysis 
of outpatient and hospital exacerbations during out 
trial, we noticed statistically significant difference 
between placebo and both groups that received 
doses of 600 mg or 1200 mg NACp during treat-
ment, but also 6 months after treatment. That is in 
accordance with recommendations from Australia 
and New Zealand 27 and results from meta-analysis 
done by Cazzola et al10 in 2015.

Examination of the total number of exacer-
bations during treatment and follow-up period 
regarding dual and triple maintenance therapy re-
vealed statistically significant difference between 
groups treated with the highest dose of NACp 
(1200 mg). 

In 2010 Burgel et al28 performed PCA analysis 
to get new COPD classification based on multiple 
clinical variables. That study got similar percent 
of variability (61%) explained by selected vari-
ables, as in this current study. Subsequent cluster 
analysis revealed 3 main factors among which the 
most important included dyspnea score, SGRQ 
score, exacerbation/year, anxiety and depression 
scores, which is similar to our PCA conception 
(Table IV). Similar findings were noticed in oth-
er papers29,30 that some of the variables represent 
the main determinant of extracted factors as in our 
study (CAT, FEV% and FVC%). But also, there 
are some differences which could be explained by 
supplementation implemented in our study.

NACp 600
Total number of exacerbations

p
LAMA/LABA LAMA/LABA/ICS

During treatment 0.479 ± 0.273 0.267 ± 0.205 0.115
After treatment 0.436 ± 0.905 0.436 ± 0.556 0.920
Total 0.915 ± 1.938 0.603 ± 1.121 0.068
NACp 1200
During treatment 0.227 ± 0.583 0.053 ± 0.042 0.019
After treatment 0.173 ± 0.250 0.100 ± 0.214 0.667
Total 0.400 ± 0.539 0.153 ± 0.133 0.016

Table III. Total number of exacerbations during and after the treatment with N-acetylcysteine and propolis regarding mainte-
nance therapy.

Factors Included variables 
with loadings

Factor 
Variability

1. Symptoms 
    related factor

 Cough VAS 3 (0.837) 
 CAT 3 (0.797)
 Expectoration 3 (0.727)         

33.2%

2. Pulmonary 
    function 
    related factor 

FVC (%) 3 (0.883)
 FEV1 (%) 3 (0.869)
 6-min walk test (0.519)

17.0%

3. Clinical status 
    related factor

Comorbidities (0.773) 
Duration of COPD  
(years) (0.691)

13.0%

Total variability 63.2%

Table IV. Principal component analysis (PCA) and extract-
ed factors in a whole group of COPD patients.
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Logistic regression analysis performed with 
factors extracted by PCA showed significant pre-
dictive capability towards exacerbation of Factor 
1 only in supplemented group. This could explain 
potential NACp influence on several COPD char-
acteristics like coughing, expectoration and those 
characteristics measured by CAT score. This may 
be explained by mucolytic and anti-inflammatory 
effects properties of NACp combination. Previous 
literature reports a very low incidence of side ef-
fects. During our trial, no side effects of NACp 
have been reported.

Limitations

We recognize and acknowledge the study lim-
itations with a relatively small sample and a short 
study duration, as well as a follow-up period. Expla-
nation is that the epidemiological situation caused 
by the SARS CoV-2 disabled a longer duration of 
the study as well as the inclusion of a larger number 
of patients. Perhaps the most important limitation 
of the study was that patients used NACp at home, 
so we could not with certainty comprehend or ver-
ify whether they used it regularly, or whether the 
compliance was satisfactory.

Conclusions

We can conclude that multiple aspect approach 
to each individual COPD patient is of greatest im-
portance in disease control and treatment. Peroral 
administration of NACp in high doses is safe, im-
proves life quality and reduces severity of symp-
toms such as cough and expectoration. Due to its 
mucolytic, anti-inflammatory and antioxidant ef-
fect, NACp combined with standard inhaled ther-
apy, can reduce frequency of acute exacerbations 
in patients suffering from moderate to severe 
COPD. However, previous literature highlights 
the importance of awareness of heterogeneity of 

trial population, dosing of therapy, complexity of 
comorbidities and various smoking habits. The 
aforementioned problems prevent precise identi-
fication of the target population of COPD patients 
who would benefit from antioxidant agents. 
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