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Abstract: Objective: To explore the effects of azithromycinon in treatment of chronic obstructive pulmonary disease 
(COPD) in patients with acute exacerbation (AE) of chronic bronchitis (CB) in the stable phase. Methods: Totally, 
60 COPD patients with AE of CB were divided into control group (CG, 30 cases) and experimental group (EG, 30 
cases) using the random number residue method. The CG was administered 250 mg salmeterol-fluticasone powder 
inhalation twice a day combined with 18 µg tiotropium bromide inhalation once a day. The EG was treated with 
250 mg azithromycin tablets once a day in addition to the treatment of the CG. We compared the clinical effect, 
pulmonary function, and fractional exhaled nitric oxide index between two groups after treated for three-months. 
Results: Compared with the CG, the EG showed a better clinical effect with a total effective rate at 86.67% after 
treatment (P<0.05). The EG exhibited better FEV1 and FEV1% than the CG (P<0.05). We also observed the dif-
ference between clinically FeNO-invalid patients before and after treatment was significant (P<0.05). After treat-
ment, this difference among groups was statistically significant (P<0.05). Conclusions: Azithromycin combined with 
salmeterol-fluticasone powder inhalation and tiotropium bromide inhalation have good effects for treating COPD 
patients with AE of CB in the stable stage and can improve the pulmonary function. When COPD with AE of CB was 
exacerbated, the FeNO index increased significantly, indicating a potential increase in the mucosal inflammatory 
cells and eosinophils of the airway.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
is one of the most common respiratory diseas-
es in clinical practice characterized by a high 
recurrence rate, morbidity, and mortality [1-3]. 
Its long disease course warrants long-term 
therapy, which brings about a great financial 
burden on patients, their families, and society 
[4]. The Spanish guidelines for management of 
COPD (GesEPOC) [5] in 2017 recommended 
phenotypic typing only for patients with high-
risk COPD, which can be classified into four 
subtypes: (1) non-acute exacerbation pheno-
type; (2) ACO; (3) acute exacerbation of emphy-
sema; (4) acute exacerbation of chronic bron-
chitis (CB). CB [6] presents with symptoms such 
as cough and sputum, which lasts for more 
than 2 years; the symptoms in each year typi-

cally last more than 3 months. High-resolution 
computed tomography (HRCT) is recommended 
to determine bronchiectasis in patients. A spu-
tum culture should be performed during the 
stable phase especially when it appears yellow 
or gray. Repeated positive results of sputum 
culture indicate CB in patients. In terms of frac-
tional exhaled nitric oxide (FeNO), the eosino-
philic inflammation of the airway is the main 
reason for the increase of FeNO in patients  
with asthma [7] who show a positive correla-
tion. Since COPD was accompanied by eosino-
philia, different changes are expected in FeNO 
COPD. It has been reported that COPD patients 
displayed many clinical symptoms even if they 
were in stable stage. For example, there were 
still sputum symptoms in the morning and 
night. When the expectoration of sputum 
becomes difficult, the risk of suffocation 
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increases and can seriously affect the quality 
of life and pose significant danger to the pa- 
tient [1, 2]. Treatment using salmeterol-flutica-
sone combined with tiotropium bromide pre-
sented poor clinical efficacy and the occurrence 
of acute exacerbation and hospitalization 
increased greatly [8, 9]. Thus, in this study, 
azithromycin combined with salmeterol-flutica-
sone and tiotropium bromide was used to treat 
COPD patients with acute exacerbation of CB in 
the stable stage.

Information and methods

General information

60 patients with COPD who were admitted in 
the hospital between January 2018 and May 
2019 were enrolled in the study. The inclusion 
criteria were as follows: patients 40-85 years  
of age who had suffered at least two acute 
exacerbations or one hospitalization in the 
most recent year; patients whose clinical mani-
festations were consistent with the CB pheno-
type defined in the GesEPOC guidelines of 
2017; and patients without an acute exacerba-
tion in the recent 4 weeks. The exclusion crite-
ria were as follows: The inclusion criteria  
were as follows: Combined with other lung dis-
eases that affect the patient’s airflow, com-
bined with other diseases that affect sleep 
quality such as narcolepsy, severe myocardial 
infarction, arrhythmia, tumors (need to take 
analgesics), severe liver and kidney dysfunction 
and other serious diseases; Patients with 
severe mental illness and cognitive communi-
cation impairment, unable to complete the 
questionnaire; taking drugs that affect sleep, 
such as sedative hypnotics, etc. All patients vol-
untarily participated in the research. Signed 
informed consent was obtained from each 
patient and approved by the ethics committee 
of The First People’s Hospital of Fuyang 
Hangzhou. 

Using the random number residue method, 
patients were divided into control group (CG) 
and experimental group (EG) with 30 patients 
in each group. There were 25 male and 5 
female patients in the control group, with the 
mean age being 65.7 ± 12.5 years. In the EG, 
there were 21 male and 9 female patients, with 
the mean age being 64.0 ± 12.1 years. The 
general conditions of the two groups were com-
pared using statistical methods and the differ-
ence was not found to be significant (P>0.05) 
with comparable comparison (Table 1). 

Treatment

The control group was treated with 250 mg 
salmeterol-fluticasone powder inhalation twice 
a day and 18 µg tiotropium bromide inhalation 
once a day; the treatment period was 3 months. 

The EG was treated with 250 mg azithromycin 
tablets once a day on the basis of the treat-
ment of the CG; the treatment period was 3 
months.

Observation indicators

Clinical effect evaluation standard: (1) Clinical 
effect. 1. Obvious clinical effects: after treat-
ment, the clinical manifestations and signs 
basically disappeared, which were examined 
using doctor’s auscultation; the patient’s pul-
monary rales disappeared and chest CT show- 
ed obvious absorption. 2. General clinical 
effects: after treatment, the patient’s clinical 
performance and signs improved and the  
pulmonary rales decreased, but did not disap-
pear; chest CT showed a little absorption. 3. 
Ineffective clinical effect: after treatment, the 
clinical manifestations and signs of patients 
did not improve; chest CT showed no absorp-
tion or aggravation. (2) Pulmonary function and 
other indicators, including FEV1, FVC, FEV1%, 
FEV1/FVC, and FeNO.

Statistical analysis and discussion on statisti-
cal processing

The data were analyzed using SPSS22.0  
statistical software and are expressed as x ±  
s. The evaluation on the curative effect before 
and after treatment was performed using 
paired chi-square test and P<0.05 was consid-
ered as statistically significant.

Table 1. Gender and age differences between 
two groups

Group Number 
of cases Male (%) Age  

(mean ± SD)
control group 30 25 (83.33%) 65.7 ± 12.5
Experience group 30 21 (70%) 64.9 ± 12.1
T (x2) value - 1.4907 0.2581
P value - 0.2221 0.8021
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Results

Baseline information show no significant dif-
ference

Tables 1 and 2 show that there was no statisti-
cal difference in the gender, age, FEV1, FEV1%, 
FEV1/FVC, FVC, and FeNO indices between the 
control and experiment groups (P>0.05), indi-
cating that the two groups were comparable. 

The clinical effects in the experiment group 
were better than those of the CG

Table 3 shows that the clinical effects in the 
experiment group were better than those of the 
CG with a total efficacy rate of 86.67%, which 
was higher than that of the CG (60%). This dif-
ference was statistically significant (P<0.05). 
After treatment, the comparison among FEV1/
FVC, FVC, and FeNO presented no statistical 
difference (P>0.05) (Table 4).

The paired pulmonary function parameters 
including FEV1, FEV1%, FEV1/FVC, and FVC in 
the two groups before and after treatment

Table 5 shows that the paired pulmonary func-
tion parameters including FEV1, FEV1%, FEV1/

FVC, and FVC revealed no statistical difference 
(P>0.05) before and after treatment in the CG. 
Additionally, there was no statistical significant 
difference between the two groups. Table 5 
indicates that the comparison of pulmonary 
function indicators such as FEV1, FEV1%, and 
FEV1/FVC in the experiment group before and 
after treatment were statistically significant 
(P<0.05), while the comparison of FVC showed 
no statistical significance (P>0.05). 

Comparison of FeNO levels in clinical inef-
ficiency patients before and after treatment 
presented a statistical significance

Data in Table 6 suggests that the comparison 
of FeNO levels in clinical inefficiency patients 
before and after treatment presented a sta- 
tistical significance (P<0.05), while the compar-
ison between the other two groups did show 
statistical significance (P>0.05). Before treat-
ment, the comparison of FeNO levels in three 
clinical effect group exhibited no statistical sig-
nificance (P>0.05). However, after treatment, a 
significant difference was observed when the 
clinical inefficiency was compared in patients 
between the remaining two groups (P<0.05).

Table 2. Comparison of COPD parameters before treatment
Group Number of cases FEV1 FEV1% FEV1/FVC FeNO FVC
Control group 30 1.3 ± 0.6 51.1 ± 18.6 58.3 ± 10.5 24.3 ± 10.7 2.3 ± 0.80
Experiment group 30 1.5 ± 0.6 59.9 ± 22.5 57.8 ± 10.1 26.8 ± 11.9 2.5 ± 0.82
T value - 1.05 1.647 0.211 0.857 1.089
P value - 0.297 0.105 0.834 0.395 0.281

Table 3. Comparison of the clinical effects of two groups after treatment
Group n Significant effect General effect Ineffective Total efficiency rate**
control group 30 8 (26.67%) 10 (33.33%) 12 (40%) 60.00%
Experiment group 30 17 (56.67%) 9 (30.00%) 4 (13.33%) 86.67%
X2 7.293
P 0.026*
*P<0.05 indicated statistical difference, **total effective rate = significant effect + general effect.

Table 4. Comparison of pulmonary function and FeNO of the two groups after treatment
Group n FEV1/FVC FEV1 FEV1% FeNO FVC
Control group 30 59.3 ± 10.7 1.30 ± 0.5 54.1 ± 17.6 38.2 ± 43.0 2.3 ± 1.0
Experiment group 30 61.2 ± 14.9 1.6 ± 0.6 64.8 ± 20.7 25.5 ± 16.6 2.5 ± 0.7
t - 0.574 2.013 2.164 1.569 0.882
P - 0.568 0.049* 0.035* 0.222 0.381
Note: *P<0.05 indicated statistical significance.
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Discussion

COPD is a complex and heterogeneous dis-
ease. Its complexity lies in that COPD contains 
many intrapulmonary and extrapulmonary 
mechanisms and their interactions are differ-
ent and vary between time and regions [10, 
11]. The heterogeneity referred to the fact that 
not all mechanisms would occur in patients at 
the same time [12]. FEV1 cannot objectively 
reflect the complexity and heterogeneity of 
COPD nor reflect its pathophysiological mecha-
nisms [13]. For example, CB, emphysema, or 
their co-existence can cause a decrease in 
FEV1 [14]. Therefore, some scholars propose 
categorizing phenotypes and its subtypes. 
Phenotype [5] is a description of the disease 
attributes (single or multiple) among COPD 
patients, which is closely related to clinical 
prognosis (symptoms, acute exacerbation, 
response to treatment, and disease progres-
sion rate, or death). This definition has two 
interpretations: (1) Unlike pulmonary function 
indicators (such as FEV1) that are ubiquitous 
among individuals. (2) It is closely related to  
the clinical prognosis in the future. The clinical 
phenotype of COPD cannot reflect the intrinsic 
pathophysiological mechanism of the disease, 
nor can it indicate the response to potential 
therapeutic regimens. As a result, the concept 
of a subtype corresponding to phenotype has 

been considered. A subtype [15] is defined as  
a disease pattern based on different functions 
or pathophysiological mechanisms. The rela-
tionship between subtypes and phenotypes is 
that subtypes can produce one or more clinical 
phenotypes, while the clinical phenotype is  
the comprehensive result of multiple subtypes. 
The occurrence of clinical symptoms had its 
own mechanism. Understanding the patho-
physiology of the mechanism can help in fur-
ther enhancing and increasing the precision  
of treatment in COPD patients [16, 17]. 
Additionally, giving due consideration to sub-
types and phenotypes can help maximize the 
ratio of benefit to risk.

It can be concluded from this study that azi- 
thromycin was effective in the treatment of 
COPD in patients with acute exacerbation of 
CB. As a macrolide antibiotic, azithromycin 
inhibits bacterial protein synthesis and dis- 
plays potent antibacterial effect in gram-posi-
tive and -negative bacteria [18]. Studies have 
shown that [19, 20] 14-16-membered macro-
lides can exert immunomodulatory and anti-
inflammatory roles. Azithromycin is structur- 
ally a 15-membered macrolide ring exhibiting 
these properties. In addition, studies have also 
shown that azithromycin can be used in con-
junction with glucocorticoids to achieve anti-
inflammatory effects [21, 22]. The specific 

Table 6. Comparison of FeNO indices of the two groups before and after treatment
Group Significant effect General effect Ineffective F P
n 25 19 16 - -
FeNO before treatment 28.8 ± 10.9 20.1 ± 10.4 27.1 ± 11.0 0.424 0.656
FeNO after treatment 20 ± 8.8 23.3 ± 15.2 58.3 ± 96.9 9.085 0.0004*
t 3.08 1.43 2.60 - -
P 0.051 0.17 0.02* - -
*Note: P<0.05 indicated statistical significance.

Table 5. Comparison of pulmonary function indices, before and after treatment in the control group 
and experiment group

n FEV1/FVC FEV1 FEV1% FVC
Control group d + Sd 30 0.16 ± 10.85 0.01 ± 0.26 3.86 ± 10.76 0.79 ± 0.62

t - 0.080 0.298 1.964 0.692
P - 0.937 0.768 0.059 0.494

Experiment group d + Sd 30 3.97 ± 8.72 0.12 ± 0.24 4.76 ± 10.08 0.05 ± 0.23
t - 2.495 2.834 2.585 1.256
P - 0.002* 0.008* 0.015* 0.219

*Note: P<0.05 indicated statistical significance.
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mechanisms by which these effects are 
achieved are: 1. By affecting inflammatory fac-
tors, controlling neutrophil activity, and reliev-
ing airway inflammation in patients. 2. By con-
trolling neutrophil adhesion and oxidative burst 
and accelerating the apoptosis of neutrophils. 
Inflammation has always been the primary 
pathogenesis for the occurrence and develop-
ment of COPD. Chronic inflammation in the pul-
monary parenchyma and vessels is regarded 
as a characteristic change brought about by 
COPD. The number of neutrophils and T lym-
phocytes in COPD patients increases signifi-
cantly and inflammatory mediators such as 
IL-8, LTB4, and TNF-α are generated. Under the 
chemotaxis of these mediators, more inflam-
matory cells are activated and inflammatory 
cell networks appear, which not only damage 
the lung structure, but also accelerate the neu-
trophil inflammatory response [23]. Based on 
the mechanism of action of azithromycin, it is 
suggested that the mechanism of acute exac-
erbation of CB may be due to the existence of 
multiple neutrophil subtypes.

It was found that FeNO index was significantly 
elevated in COPD patients with acute exacer-
bation of CB at the stable stage, when the 
treatment was ineffective or if acute exacerba-
tion occurred. COPD was considered a disea- 
se characterized by inflammation that was 
accompanied by a predominant infiltration of 
neutrophils. However, several studies have 
confirmed the involvement of eosinophils [24] 
in addition to neutrophils. Eosinophils in the 
airway increase significantly, particularly during 
acute exacerbation. There was a positive cor-
relation between FeNO and eosinophils in the 
airway mucosa. Therefore, the mechanism of 
acute attack of CB was probably due to the 
eosinophil type.

Our study revealed that salmeterol-fluticasone 
combined with tiotropium bromide to treat 
COPD with acute exacerbation CB could allevi-
ate clinical symptoms without improving the 
indicators relating to pulmonary functions. This 
finding was inconsistent with the traditional 
knowledge that the combination of salmeterol-
fluticasone and tiotropium bromide effectively 
improves pulmonary function. On the contrary, 
a regimen involving azithromycin was effective 
in improving clinical symptoms and imaging 
parameters, and also effectively improved indi-
cators relating to pulmonary function. 

The plausible reasons for these findings could 
be explained as follows: 1. The object selection 
in this study was different and it focused only 
on COPD patients with acute exacerbation  
of CB in the stable stage instead of COPD 
patients in the exacerbation stage. 2. The sam-
ple size of this study was small, which probably 
led to biased results. 3. Azithromycin could 
indeed improve the level of pulmonary function 
in COPD patients with CB in the stable stage. A 
further investigation with larger sample size 
and a more deliberate design may be needed 
to gather sufficient evidence in terms of using 
azithromycin in different phenotypes of COPD 
and obtain effective treatment for COPD. 
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