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Introduction 
Chronic obstructive pulmonary disease (COPD) is a 
progressive obstructive lung disease characterized by 
long-term respiratory issues, including shortness of 
breath, coughing, increased mucus production, and 
impaired airflow, which can result in wheezing (1, 2). 
The progressive nature of COPD complicates daily 
activities, such as dressing and walking. The increasing 
rates of smoking and industrialization in recent decades, 
along with the rising average age of the population, have 
contributed to a rise in the incidence of COPD, which 
now affects approximately 320 million people worldwide, 
representing 4.8% of the global population (3, 4). This 
increased incidence has led to COPD becoming the 

fourth leading cause of death worldwide, in addition 
to imposing significant economic burdens, both direct 
(medical expenses) and indirect (costs associated with 
absenteeism from work) (4, 5). Current treatment for 
COPD includes bronchodilators, inhaled corticosteroids, 
and anticholinergics, which are primarily used to manage 
symptoms (6). For hypoxemic patients, oxygen therapy 
and smoking cessation are additional interventions 
that can modify the natural progression of COPD 
and enhance survival (7). However, there is a need for 
supplementary therapies and treatment protocols to 
expedite the treatment process for patients and reduce 
the economic burden associated with COPD (7-9). One 
potential additional therapy is the use of macrolides, a 
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Abstract
Background and aims: Data regarding the use of macrolide antibiotics in patients with chronic obstructive pulmonary disease 
(COPD) are limited and inconsistent. The objective of this study was to evaluate the effectiveness of adding azithromycin to the 
standard treatment regimen for patients with COPD. 
Methods: In this clinical trial, 100 patients with COPD who were referred to the clinic and teaching hospitals of Shahrekord 
were divided into two groups. In addition to standard triple therapy (inhaled anticholinergic, inhaled bronchodilator, and inhaled 
corticosteroids), the experimental group received oral azithromycin at a dosage of 250 mg daily for two months. The control group 
received a placebo in conjunction with standard triple therapy. Both groups were assessed before and after the intervention using 
spirometry, blood oxygen saturation measurements, and the severity of dyspnea based on the Modified Medical Research Council 
(MMRC) criteria, as well as treatment outcomes. The data were analyzed using SPSS 22.0.
Results: Following the intervention, the mean forced expiratory volume in one second (FEV1) increased by 4.28 (95% confidence 
interval [CI]: 3.93 to 4.63) in the intervention group compared to an increase of 3.78 (95% CI: 3.43 to 4.13) in the control group 
(P = 0.004). The mean oxygen saturation improved by 4.88% (95% CI: 4.53 to 5.23) in the intervention group as opposed to an 
increase of 4.28% (95% CI: 3.93 to 4.63) in the control group (P = 0.006). However, the MMRC score decreased by -0.82 (95% CI: 
-0.92 to -0.72) in the intervention group compared to a decrease of -0.54 (95% CI: -0.64 to -0.44) in the control group (P = 0.002). 
Conclusion: The administration of azithromycin in conjunction with standard treatment demonstrated significantly improved 
outcomes compared to standard treatment alone.
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https://orcid.org/0000-0003-4831-9128
https://orcid.org/0000-0002-0763-6285
https://orcid.org/0000-0001-7997-0365
https://orcid.org/0000-0002-5274-2597
https://orcid.org/0000-0002-1588-2136
https://orcid.org/0000-0001-8190-4404
https://fa.wikipedia.org/w/index.php?title=Brisbane&action=edit&redlink=1
https://fa.wikipedia.org/w/index.php?title=Australia&action=edit&redlink=1
mailto:a.soleimani@skums.ac.ir
http://j.skums.ac.ir
https://crossmark.crossref.org/dialog/?doi=10.34172/jsums.974&domain=pdf
https://doi.org/10.34172/jsums.974


Journal of Shahrekord University of Medical Sciences. 2025;27(4) 147

Randomized trial of azithromycin in chronic obstructive pulmonary disease

class of antibiotics characterized by a large macrocyclic 
lactone ring. Macrolides have been shown to contribute 
to clinical improvements in patients with severe and 
chronic pulmonary inflammatory diseases associated 
with recurrent bacterial colonization and chronic 
inflammation, such as diffuse bronchiolitis, asthma, and 
bronchiectasis related to cystic fibrosis and non-cystic 
fibrosis bronchiectasis (10, 11). However, there is limited 
and inconsistent information regarding the effectiveness 
of incorporating macrolide antibiotics into standard 
COPD treatment. Therefore, this study aims to evaluate 
the effectiveness of adding azithromycin, a macrolide, 
to the standard treatment regimen for COPD patients at 
Hajar Hospital in Shahrekord, Iran.

Materials and Methods 
Study Design and Patients
This double-blind randomized controlled trial included 
patients diagnosed with COPD who were referred to 
clinics and teaching hospitals affiliated with Shahrekord 
University of Medical Sciences from January 2022 
to December 2022. Patients underwent a clinical 
examination, during which data regarding their signs 
and symptoms were recorded on a data collection form. 
Additionally, patients underwent spirometry, which 
was conducted by a hospital-trained technician using 
a spirogram. COPD was classified based on a forced 
expiratory volume in one second (FEV1) of less than 80% 
and the patients’ smoking history.

Inclusion and Exclusion Criteria
Regarding the inclusion criteria for this study, participants 
had to be willing to participate in the research, be in the 
age range of 40–70 years old, have a diagnosis of COPD 
established by an internal medicine physician, and have a 
history of hospitalization according to the Global Initiative 
for Chronic Obstructive Lung Disease classification 
system. Additionally, participants were required to 
demonstrate both mental and physical stability. On 
the other hand, the exclusion criteria included patients 
with immunodeficiency, pneumonia, asthma, allergic 
rhinitis, cancer, pulmonary embolism, renal failure, liver 
disease, hearing loss, exacerbated COPD, or an allergy to 
azithromycin.

Sample Size and Allocation
The convenience sampling method was employed in this 
study. Based on the findings of similar research (12) and 
limitations regarding the number of available patients, 
the sample size was determined to be 50 subjects in each 
group, resulting in a total sample size of 100 participants. 
The CONSORT diagram for the study is illustrated in 
Figure 1.

Interventions
The control group received standard triple therapy, which 
included inhaled anticholinergics (both long-acting and 

short-acting), inhaled bronchodilators (both long-acting 
and short-acting), and inhaled corticosteroids for two 
weeks, along with a placebo. Importantly, no patients 
were excluded from conventional treatments. The 
intervention group was administered oral azithromycin 
250 mg (Tehran Shimi Company) daily for two months, 
in addition to the standard triple therapy. To ensure 
compliance with the intervention and monitor for 
potential side effects, the medication was provided to the 
patients for two weeks, with adherence monitored by the 
administrator via telephone every two weeks. Patients 
were also required to return the empty drug shells to 
the pharmacy technician for verification of compliance. 
Following the two-month trial period, all patients 
underwent a comprehensive clinical examination, during 
which their signs, symptoms, and spirometry results were 
recorded in the data collection form. 

Primary Outcomes
The primary outcome of this study was the change 
in FEV1 from baseline to the end of the two-month 
intervention period. This measure was utilized to evaluate 
the effectiveness of the treatment in improving lung 
function.

Secondary Outcomes
Change in Chronic Obstructive Pulmonary Disease Symptoms
This was assessed through patient-reported symptoms, 
including breathlessness and cough severity, which were 
recorded using a standardized questionnaire.

Quality of Life
The COPD assessment test was employed to measure the 
impact of the treatment on patients’ overall quality of life.

Frequency of Chronic Obstructive Pulmonary Disease 
Exacerbations
This was documented as the number of acute exacerbations 
requiring medical intervention during the study period.

Medication Adherence
Adherence to the prescribed treatment regimen was 
monitored through pill counts and patient self-reports.

Randomization
In this study, a block randomization method was 
utilized to assign individuals to groups, ensuring an 
equal number of patients in each group (50 patients per 
group) and maintaining balance between the groups. The 
randomization list was generated using Excel software, 
and each patient was assigned a unique identification 
number upon entry. Subsequently, the patients were 
allocated to either the intervention (case) group or the 
control group according to the randomization list.

Blinding Procedures
In this study, double-blind procedures were implemented 
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for both participants and investigators. The control group 
received a placebo instead of the azithromycin treatment. 
Medication packaging was coded, and an independent 
nurse was responsible for managing the allocation of the 
medications.

Statistical Analysis
The data were analyzed using SPSS software (version 22; 
IBM Corp., Armonk, NY, USA). Descriptive statistics, 
including frequencies and percentages for categorical 
data, as well as means and standard deviations for 
continuous variables, were calculated to summarize 
the data. The chi-squared test was employed to assess 
associations between categorical variables (e.g., the 
frequency of COPD exacerbations across the intervention 
groups). Independent t-tests were utilized to compare 
the mean changes in continuous outcomes (e.g., FEV1 
and the quality of life scores) between the intervention 
and control groups. Statistical significance was defined 
as P < 0.05. This comprehensive statistical approach was 
selected to ensure accurate and meaningful interpretation 
of the study’s results.

Results 
A total of 100 patients with COPD were recruited for 
the study. A comparison of the baseline quantitative 
characteristics of participants, including age, FEV1, 
FEV1/FVC ratio, oxygen saturation, and the Modified 
Medical Research Council (MMRC) scores, between the 
control and intervention groups indicated that there were 
no significant differences (P > 0.05, Table 1). 

Both the control and intervention groups demonstrated 
a statistically significant increase in FEV1 and oxygen 
saturation (P < 0.001), as well as a statistically significant 
decrease in the mean MMRC score (P < 0.001), following 
the intervention (Table 2). 

The changes in FEV1, oxygen saturation, and MMRC 
scores before and after the intervention were significantly 
different between the control and intervention groups. 
The intervention group exhibited a statistically greater 
increase in FEV1 and oxygen saturation compared to the 
control group. Similarly, the change in MMRC scores in 
the intervention group was significantly greater than that 
in the control group (P = 0.002, Table 3). 

The outcomes were not statistically significant between 

Figure 1. CONSORT Diagram for the participant screening
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the control and intervention groups (P = 0.288), although 
a greater percentage of patients in the control group were 
hospitalized or deceased compared to the intervention 
group (Table 4).

The data are presented as numbers (percentages) for 
outcome variables, including death, hospitalization, 
and outpatient visits. In the present study, patients were 
evaluated for side effects during the 2-month intervention 
period, and at the end of the two months, but none 
reported any side effects.

Discussion 
This study evaluated the effectiveness of adding 
azithromycin to standard COPD therapy by comparing 
100 patients divided into two groups: one receiving 
standard triple therapy with a placebo and the other 
receiving azithromycin in addition to standard therapy. 
Over two months, both groups showed significant 
improvements in FEV1, oxygen saturation, and dyspnea, 
with the intervention group demonstrating greater 
improvements. However, the difference between the 
groups was not statistically significant. Several studies 
to date have examined the efficacy of azithromycin in 
improving COPD outcomes and preventing exacerbations 
(13-15).

Bertens et al reported that long-term azithromycin 
treatment significantly reduces COPD exacerbation 
rates and improves patient outcomes (16). Similarly, 
Baalbaki et al found that azithromycin substantially 

lowered exacerbation rates and improved respiratory 
symptoms in COPD patients compared to controls (17). 
Additionally, Cui et al confirmed the beneficial effects of 
long-term azithromycin use in reducing exacerbations 
and enhancing the quality of life in COPD patients (18). 

Likewise, the present study demonstrated a non-
statistically significant reduction in the risk of 
hospitalization and mortality among azithromycin users. 
The lack of statistical significance is likely attributable 
to the small sample size of the study. Therefore, future 
research utilizing larger sample sizes and extended follow-
up periods for patients is necessary. For instance, Baalbaki 
et al examined the effects of azithromycin in patients with 
COPD over one year and observed a non-significant 
reduction in hospitalization rates and mortality. This 
study underscored the need for larger-scale trials to 
confirm the efficacy of azithromycin in reducing these 
outcomes (17).

Moreover, Naderi et al concluded that the long-term 
use of azithromycin (250 mg, three times a week for six 
months) was associated with a reduction in the number 
of exacerbations among patients with severe COPD. 
Furthermore, the study indicated that the benefits 
of azithromycin persisted for over a year after the 
discontinuation of the medication (19).

Studies suggest that the clinical effects of macrolide 
antibiotics, including azithromycin, may be attributed 
to their ability to significantly reduce cytokine and 
chemokine production in COPD patients (20). Long-term, 
low-dose azithromycin treatment has also been associated 
with decreased expression of antigen-presenting genes, 
interferons, T cell responses, and various inflammatory 
pathways in the airways and bloodstream. Further, 
azithromycin has been shown to reduce exacerbations, 
sputum neutrophils, and bacteremia in patients with 
stable COPD and neutrophilic bronchitis (21, 22).

Many studies on the effectiveness of macrolide 

Table 1. Comparison of Baseline Characteristics of Patients in the Control and 
Intervention Groups 

Variable
Control Group

(Mean ± SD)
Intervention Group

(Mean ± SD)
P value

Age (year) 63.42 ± 5.49 63.56 ± 4.83 0.829

FEV1 60.20 ± 7.47 59.5 ± 7.43 0.639

FEV1/FVC 66.78 ± 3.08 66.62 ± 2.42 0.773

Oxygen saturation (%) 80.28 ± 3.11 80.08 ± 2.82 0.737

MMRC 3.22 ± 0.50 3.16 ± 0.54 0.571

Note. SD: Standard deviation; FEV1: Forced expiratory volume in 1 second; 
FVC: Forced vital capacity; MMRC: Modified Medical Research Council.

Table 2. Comparison of Respiratory Function Tests: FEV1, Oxygen Saturation, 
and MMRC Scores Before and After Treatment in Both Control and 
Intervention Groups 

Study Group Variables
Before 

Intervention
(Mean ± SD)

After 
Intervention
(Mean ± SD)

P value

Control group

FEV1 60.20 ± 7.47 63.98 ± 7.73  < 0.001

Oxygen 
saturation

80.28 ± 3.11 84.56 ± 3.01  < 0.001

MMRC 3.22 ± 0.50 2.68 ± 0.62  < 0.001

Intervention 
group

FEV1 59.50 ± 7.43 63.78 ± 7.41  < 0.001

Oxygen 
saturation

80.08 ± 2.82 84.96 ± 2.31  < 0.001

MMRC 3.16 ± 0.54 2.34 ± 0.68  < 0.001

Note. SD: Standard deviation; FEV1: Forced expiratory volume in one 
second; MMRC: The Modified Medical Research Council.

Table 3. Comparison of Mean Changes in FEV1, Oxygen Saturation, and MMRC 
Scores Before and After Treatment in the Intervention and Control Groups

Variable
Control Group 

(Mean ± SD)

Intervention 
Group 

(Mean ± SD)
P value

Changes in FEV1 3.78 ± 0.86 4.28 ± 0.85 0.004

Changes in oxygen saturation 4.28 ± 0.15 4.88 ± 1.20 0.006

Changes in MMRC -0.54 ± 0.50 -0.82 ± 0.38 0.002

Note. SD: Standard deviation; FEV1: Forced expiratory volume in one second; 
MMRC: The Modified Medical Research Council. The data are presented as 
means ± SDs for FEV1, oxygen saturation, and MMRC scores.

Table 4. Comparison of Outcomes in the Intervention and Control Groups 

Variable
Control Group 

n (%)

Intervention 
Group 
n (%)

P value

Outcomes

Outpatient 41 (82) 46 (92)

0.288Hospitalization 3 (6) 2 (4)

Death 6 (12) 2 (4)
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antibiotics for COPD have focused on their impact on 
exacerbations rather than on spirometry parameters. 
Spirometry has been more commonly studied in other 
conditions, such as asthma. Nonetheless, evidence 
suggests that macrolides, with their broad-spectrum 
activity and favorable safety profile, play a crucial role in 
the management of COPD (23, 24).

The data indicate that macrolides offer a therapeutic 
advantage in patients with stable COPD due to their anti-
inflammatory properties rather than their antibacterial 
activity. Consequently, macrolide antibiotics may be 
particularly important in managing chronic inflammatory 
airway disorders because of their pronounced anti-
inflammatory effects. However, prolonged treatment of 
COPD patients with macrolides may lead to potential 
complications. In one study, some COPD patients 
treated with azithromycin for a year developed bacterial 
resistance and hearing loss (25). 

Overall, before recommending macrolide antibiotics 
for COPD patients, it is essential to conduct larger, well-
designed, longitudinal, and placebo-controlled studies. 
These studies should monitor both clinical parameters, 
such as treatment outcomes, laboratory findings, and 
spirometry, as well as side effects, including microbial 
resistance and infections with macrolide-insensitive 
bacteria. ‎

Conclusion 
Our findings demonstrated that the group receiving 
azithromycin in addition to standard treatment 
exhibited significantly better outcomes compared to the 
group receiving standard treatment alone, supporting 
the recommendation of azithromycin as an effective 
adjunct therapy for COPD patients. The findings further 
indicated that azithromycin is effective in improving 
spirometry, oxygen saturation, and dyspnea in COPD 
patients. However, azithromycin treatment did not result 
in statistically significant improvements in key outcomes 
of COPD, such as mortality, hospitalization, or outpatient 
visits; this lack of significance is likely attributable to the 
small sample size and the short follow-up period.
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