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Abstract: Background: Chronic obstructive pulmonary disease (COPD) is a prevalent condition with
fewer treatments available as the severity increases. Previous systematic reviews have demonstrated
the benefits of long-term macrolide use. However, the therapeutic differences between different
macrolides and the optimal duration of use remain unclear. Methods: A systematic review and
meta-analysis were conducted to assess the effectiveness of long-term macrolide use in reducing
COPD exacerbations, compare the therapeutic differences among macrolides, and determine the
appropriate treatment duration. Four databases (PubMed, Cochrane Library, Web of Science, and
ICHU-SHI) were searched until 20 March 2023, and a random-effects model was used to calculate
the pooled effect. Results: The meta-analysis included nine randomized controlled trials involving
1965 patients. The analysis revealed an odds ratio (OR) of 0.34 (95% confidence interval [CI] 0.19, 0.59,
p < 0.001) for the reduction in exacerbation frequency. Notably, only azithromycin or erythromycin
showed suppression of COPD exacerbations. The ORs for reducing exacerbation frequency per year
and preventing hospitalizations were −0.50 (95% CI: −0.81, −0.19; p = 0.001) and 0.60 (95% CI: 0.3,
0.97; p = 0.04), respectively. Statistical analyses showed no significant differences between three-
and six-month macrolide prescriptions. However, studies involving a twelve-month prescription
showed an OR of 0.27 (95% CI: 0.11, 0.68; p = 0.005; I2 = 81%). Although a significant improvement
in St George’s Respiratory Questionnaire (SGRQ) total scores was observed with a mean difference
of −4.42 (95% CI: −9.0, 0.16; p = 0.06; I2 = 94%), the minimal clinically important difference was
not reached. While no adverse effects were observed between the two groups, several studies
have reported an increase in bacterial resistance. Conclusions: Long-term use of azithromycin or
erythromycin suppresses COPD exacerbations, and previous studies have supported the advantages
of a 12-month macrolide prescription over a placebo.

Keywords: COPD; exacerbation; macrolide; azithromycin; erythromycin

1. Background

Chronic obstructive pulmonary disease (COPD) is a prevalent global ailment, with
an estimated prevalence exceeding 10%. Data from the Global Burden of Disease Study
2017 indicated a COPD-attributed death rate of 42 per 100,000 (accounting for 4.72% of
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all-cause deaths) [1], furthermore making it one of the top three worldwide causes of death,
with 90% of these fatalities occurring in low- and middle-income countries [2]. Individuals
with COPD typically report dyspnea, activity limitations, and coughing with or without
sputum production. They may also face acute respiratory events such as exacerbations,
characterized by intensified respiratory symptoms that necessitate specific preventive and
therapeutic interventions. COPD presents a significant public health challenge. It is not
curable, but can be improved by adopting smoke-free lifestyles, minimizing exposure to
air pollutants, and receiving vaccinations in a timely manner. Treatment options include
medications, oxygen therapy, and pulmonary rehabilitation. Previous literature reviews
have indicated that the economic impact on healthcare systems has escalated with the
number of COPD exacerbations and the gravity of the disease [3]. The severity of COPD
in elderly individuals is recognized as a risk factor for treatment failure during acute
exacerbations, with recurring exacerbations heightening the risk of readmission [4,5]. Thus,
reducing COPD exacerbations is imperative.

Pharmacological therapy for COPD aims to alleviate symptoms, decrease the fre-
quency and severity of exacerbations, and enhance exercise tolerance and overall health.
According to the GOLD 2023 guidelines, for patients whose condition worsens despite
inhaled corticosteroids, long-acting β2-adrenergic agonists, and long-acting muscarinic
antagonists, the addition of a macrolide, particularly azithromycin, is a consideration [6].
Studies have shown that azithromycin (250 mg/day or 500 mg three times per week)
or erythromycin (250 mg two times per day) over a year can lower the risk of exacer-
bations in patients prone to acute exacerbations, when compared to standard care [7,8].
Non-pharmacological approaches including smoking cessation, pulmonary rehabilitation,
and bronchoscopic interventions have also demonstrated efficacy in reducing mortality or
preventing exacerbations. For individuals facing frequent exacerbations, interventions such
as targeted lung denervation or bronchoscopic lung volume reduction could be considered
to alleviate symptoms and ameliorate dyspnea. However, these interventions may be re-
stricted due to factors such as pulmonary hypertension, frequent pneumonia, hypercapnia,
and the absence of emphysematous COPD or collateral ventilation [9]. Therefore, less
invasive medical interventions with fewer contraindications could offer a viable treatment
path for COPD patients facing limited treatment options.

Macrolide drugs available on the market encompass immune-suppressive and antibi-
otic agents. Some of the latter have displayed anti-inflammatory effects, primarily due to
their direct impact on inflammatory cells and processes during respiratory infections [10].
Recent research suggests that macrolide therapy represents an additional treatment option
for moderate to severe COPD, particularly in preventing recurrent exacerbations that ne-
cessitate steroids and antibiotics [11]. Previous systematic reviews have also supported
the utility of macrolides in preventing exacerbations and hospitalizations [12,13]. The fre-
quency of exacerbations is closely linked to a rapid decline in lung function, compromised
quality of life (QOL), and elevated mortality rates [14]. Given the ongoing progress in this
field, further investigation is warranted to assess the impact of long-term macrolide therapy
on the QOL of COPD patients. As a result, a systematic review was undertaken to investi-
gate the potential advantages of sustained macrolide therapy in preventing exacerbations
and hospitalizations while enhancing the QOL of individuals living with COPD.

2. Methods
2.1. Database Search Strategy

This study adhered to the guidelines of The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement [15], and the study protocol
was registered with the University Hospital Medical Information Network (study ID:
UMIN000050691) [16]. A comprehensive search was conducted across four databases,
namely PubMed, Cochrane Library, Web of Science, and ICHU-SHI, with data collection
completed on 20 March 2023. Previous meta-analysis was conducted to identify the effect
of macrolides, and the database search concluded in March 2019. The results of previous
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studies were used [12,17,18], and new studies in the database were searched from March
2019. The search strategy employed the following formula: (“Pulmonary Disease, Chronic
Obstructive” OR “COPD” OR “Chronic obstructive pulmonary disease” OR “Emphysema”
OR “Chronic bronchitis”) AND (“Azithromycin” OR “Erythromycin” OR “Clarithromycin”
OR “Macrolide”).

Two review authors (K.N. and Y.F.) independently extracted relevant data regarding
long-term macrolide therapy, the number of patients, and stable COPD. Initially, titles and
abstracts were screened, followed by a thorough assessment of the full text. In cases where
there were discrepancies in evaluations between the two reviewers, a third reviewer (H.C.)
participated in the discussion.

2.2. Inclusion and Exclusion Criteria

This review was limited to articles published in English. The inclusion criteria for this
review were as follows: (1) patients diagnosed with COPD; (2) a long duration of macrolide
prescription in the trial group; (3) participants over 18 years old; and (4) macrolide use
described during stable COPD status. The following exclusion criteria were applied:
(1) studies that were not randomized controlled trials; and (2) studies from which data on
the designated outcomes could not be extracted.

2.3. Definitions

The term “long-term duration” in this study refers to a period exceeding three months.
The analysis in this study specifically focuses on three types of macrolides: azithromycin,
erythromycin, and clarithromycin. This selection aims to accurately represent the con-
ditions; only these three types of macrolides were available in Japan. As all the articles
included in this study were published before 2023, the GOLD 2022 guideline was used to
define moderate exacerbation, characterized by respiratory symptoms requiring additional
treatment like antimicrobials or systemic steroids, without necessitating hospitalization.
Severe exacerbation was defined as the occurrence of respiratory symptoms more severe
than those observed in moderate exacerbation, resulting in hospitalization [19]. While the
severity of COPD varied among the analyzed studies, the classification of COPD severity
was based on the calculated post-bronchodilator value of forced expiratory volume in 1 s
(FEV1) (% reference) in accordance with the GOLD guideline.

2.4. Outcomes

Both moderate and severe exacerbations of COPD were included in the analysis. The
primary objective was to evaluate the effectiveness of interventions in preventing exacerba-
tions of COPD. The secondary objectives included assessing the impact on hospitalization
rates, the frequency of exacerbations per year, the St George’s Respiratory Questionnaire
(SGRQ) scores [20], and the occurrence of adverse effects. Adverse effects were defined
as the development of new symptoms that necessitated discontinuation of the prescribed
treatment, regardless of their nature.

2.5. Statistics

The Endnote software, version 20.4 (Clarivate Analytics, London, UK), was utilized
to manage the extracted data from the searched studies. The Review Manager software,
version 5.3 (Cochrane Collaboration, Oxford, UK), was employed to conduct all the analyses
in this study. Each outcome was estimated using the mean and standard error. To account
for heterogeneity, a random-effects model was applied to calculate the pooled effect along
with a 95% confidence interval (CI). The figures presented in the analysis were adjusted
as necessary using the Review Manager software. Heterogeneity was assessed using I2

statistics, and the interpretation was as follows: I2 = 0%, indicating no heterogeneity;
I2 > 0% but <25%, indicating minimal heterogeneity; I2 ≥ 25% but <50%, indicating mild
heterogeneity; I2 ≥ 50% but <75%, indicating moderate heterogeneity; and I2 ≥ 75%,
indicating strong heterogeneity [21]. A p value < 0.05 indicated statistical significance.
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3. Results
3.1. Study Searching

The databases were searched from 1 March 2019, to 20 March 2023, yielding a total of
498 articles, with an additional manually searched study (Figure 1). Seventy-four articles
were removed due to duplication, as identified by EndNote. In the initial screening,
286 articles were excluded either due to duplication or their lack of relevance to this review.
Subsequently, 63 articles were eliminated during the second screening phase. Ultimately,
after combining with previous studies, 11 articles were considered for data analysis; among
these, 2 articles were excluded as their data could not be utilized. Consequently, a total of
9 articles were selected for the final analysis.
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The characteristics of the included studies are presented in Table 1, encompassing
references [7,8,22–28]. Among them, two studies were conducted in the UK and the
Netherlands, while the rest were carried out in Australia, Belgium, China, Japan, and the
USA. A total of 1965 patients were enrolled in these studies, with 976 patients undergoing
macrolide therapy as part of this review. The FEV1 (% predicted) ranged from 37.2% to
53.7%, with most enrolled patients diagnosed with GOLD 3 severity of COPD. The duration
of macrolide treatment varied across the studies: four studies adopted a 3-month regimen,
one study opted for a 6-month course, and four studies employed a 12-month treatment
period. All the included studies were randomized controlled trials (RCTs) that compared
macrolide therapy to a placebo among patients with stable moderate or severe COPD. A
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predominant number of the studies demonstrated a low risk of bias, except for one study
that indicated a high risk of performance bias and detection bias (Figure S1).

Table 1. Characteristics of included studies.

Author and Year Country Design Medicine Usage Severity Treatment Control Duration

Albert 2011 [8] USA RCT Azithromycin 250 mg once daily ≥moderate 570 572 12 months
Banerjee 2005 [26] UK RCT Clarithromycin 500 mg once daily ≥moderate 31 36 3 months

Berkhof 2013 [22] Netherlands RCT Azithromycin 250 mg once
3 days/week ≥moderate 42 42 3 months

He 2010 [24] China RCT Erythromycin 125 mg
3 times daily ≥moderate 16 15 6 months

Seemungal 2008 [7] UK RCT Erythromycin 250 mg twice daily ≥moderate 53 56 12 months
Simpson 2014 [25] Australia RCT Azithromycin 250 mg once daily ≥moderate 15 15 3 months

Suzuki 2001 [27] Japan RCT Erythromycin 200–400 mg
once daily ≥moderate 55 54 12 months

Uzun 2014 [23] † Netherlands RCT Azithromycin 500 mg once
3 days/week ≥moderate 47 45 12 months

Vermeersch 2019 [28] Belgium RCT Azithromycin 250 mg every
2 days ≥moderate 147 154 3 months

RCT: randomized controlled trial; †: three cases of mild severity.

3.2. Preventing Exacerbations in COPD

Nine articles were analyzed to evaluate the prevention of exacerbation numbers com-
pared to a placebo. The analysis showed that macrolides, when compared with placebo,
had an odds ratio (OR) of 0.34 (95% CI: 0.19, 0.59, p < 0.001, I2 = 72%) quantified based
on the number of patients with exacerbations (Figure 2). Subgroup analysis focusing
on the differences between individual macrolide groups revealed significant variation.
Both azithromycin and arythromycin were effective in inhibiting exacerbation, with ORs
of 0.35 (95% CI: 0.16, 0.64, p < 0.991; I2 = 65%) and 0.20 (95% CI: 0.09, 0.45, p < 0.001;
I2 = 40%), respectively. However, clarithromycin, according to one study, did not demon-
strate effectiveness in preventing exacerbations.
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Figure 2. The effect of different macrolides in prevention of exacerbation [7,8,22–28].

Three studies were analyzed to evaluate the suppression of exacerbations per patient-
year compared to a placebo. The meta-analysis revealed an odds ratio (OR) of 0.50
(95% CI: −0.81, −0.19; p = 0.001; I2 = 62%) (Figure S2). Subgroup analysis indicated a poten-
tial inclination towards the use of azithromycin in inhibiting exacerbations per patient-year,
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with an OR of −0.72 (95% CI: −1.61, 0.17, p = 0.12; I2 = 78%); however, no significant
statistical difference was observed. On the other hand, an erythromycin study consisting of
31 patients demonstrated effectiveness, reporting an OR of −0.50 (95% CI: −0.84, −0.16;
p = 0.004).

3.3. Optimal Prescription Duration

Four studies were conducted to assess the effectiveness of macrolides over a three-
month period, and an additional four studies investigated their efficacy over a twelve-
month period. Only one study specifically examined the effects of macrolide prescription
after six months (Figure 3). No statistically significant differences were observed in the
studies examining macrolide prescriptions at three months and six months. However,
studies involving a twelve-month prescription showed an OR of 0.27 (95% CI: 0.11, 0.68;
p = 0.005; I2 = 81%), indicating a significant reduction in the measured outcome. Subgroup
analysis suggested a potential inclination towards the benefits of macrolide utilization,
even within a three-month duration.
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3.4. SGRQ

Three studies were included in the analysis to evaluate the effects of SGRQ compared to
a placebo. The meta-analysis revealed a change from pretreatment of −4.42 (95% CI: −9.0,
0.16, p = 0.06, I2 = 94%) (Figure 4A). Based on empirical data and patient interviews, a mean
change score of 4 units indicates a slightly effective treatment, 8 units for a moderately
effective change, and 12 units for a highly effective treatment [29]. Despite the absence
of a statistically significant difference between macrolide treatment and the placebo, the
meta-analysis suggests a potential tendency towards the benefits of macrolide prescription
in improving quality of life (QOL). Subgroup analysis was conducted based on SQRG
symptom, impact, and activity scores, revealing a mean difference of −3.63 (95% CI: −5.73,
1.53; p < 0.01), −3.06 (95%CI: −8.26, 2.14; p = 0.25), and −2.24 (95% CI: 3.98, −0.51; p = 0.01),
respectively (Figure S3).
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3.5. Hospitalization Prevention

Four studies were included in the analysis about the prevention of hospitalization
compared to a placebo. The meta-analysis revealed an OR of 0.60 (95% CI: 0.37–0.97;
p = 0.04, I2 = 42%) (Figure 4B), indicating a significant effect. Subgroup analyses were
conducted for macrolide groups and treatment duration, but no statistical differences were
observed.

3.6. Adverse Events

Three studies were included in the analysis of adverse effects leading to discontinu-
ation in comparison to a placebo. The meta-analysis revealed an OR of 1.29 (95% CI: 1.0,
1.66; p = 0.05; I2 = 0%) (Figure S4). Although there is a slight inclination towards a higher
number of cases of medication continuation in the placebo group, it is not deemed clini-
cally significant.

4. Discussion

This study presents compelling evidence that supports the long-term efficacy of
using macrolides in patients with stable COPD. Macrolides effectively reduce the risk of
exacerbations and hospitalizations without causing obvious adverse effects. Given the
patient profile in the enrolled studies, a substantial portion experienced hospitalizations and
frequent exacerbations per patient-year. Patients categorized under GOLD group E could
potentially derive benefits from macrolide prescriptions. When comparing the duration
of macrolide treatment for 3 or 6 months with a 12-month prescription, various treatment
durations displayed a potential inclination towards the benefits of macrolide use. However,
only the 12-month duration showed a statistically significant difference in preventing
COPD exacerbations. Different macrolides exhibited varied effects in preventing COPD
exacerbations. Azithromycin and erythromycin were identified as effective macrolides in
averting COPD exacerbations, while there were insufficient data to substantiate the utility
of clarithromycin in reducing COPD exacerbations. The impact of macrolides on improving
the QOL for patients remained uncertain. Although statistically significant differences were
observed in SGRQ scores compared to the placebo group, the minimal clinically important
difference (MCID) was not achieved.

COPD is characterized by an increased presence of macrophages in the outer airways,
lung tissue, and pulmonary blood vessels. Additionally, there are higher numbers of
activated neutrophils and lymphocytes [30]. These inflammatory cells, alongside epithelial
cells, and other structural components, release various inflammatory substances. The in-
flammation observed in the lungs of patients with COPD seems to be a modified version of
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the typical inflammatory response to persistent irritants, such as cigarette smoke [31]. Three
studies identified the ratio of current smokers, ranging from 21% to 45% [8,25,26]. However,
there were no subgroup analyses comparing the different effects of macrolides in former
and current smokers. The different effects of macrolides in current and former smokers
remain unclear. Lung inflammation can continue to persist even after individuals have
stopped smoking, and the precise reasons for this phenomenon remain unclear. The specific
mechanisms underlying this heightened inflammation have not been comprehensively
elucidated. Network analysis and GWAS studies have identified multiple mechanisms of
intracellular processes and genetic factors associated with COPD [32,33].

Exacerbations of respiratory symptoms in individuals with COPD can arise from
numerous factors, either independently or in combination. These factors encompass
respiratory infections triggered by bacteria or viruses, which might concurrently exist, as
well as environmental pollutants or unidentified triggers [34]. During these exacerbation
episodes, there is observable evidence of heightened inflammation within the airways and
throughout the body. This escalation in inflammation leads to a greater retention of gases
and an excessive inflation of the lungs, consequently resulting in diminished airflow during
exhalation. Currently, it is understood that specific macrolide antibiotics exhibit multiple
effects on inflammation. These effects encompass direct modulatory actions, both inhibitory
and stimulatory, on leukocytes over time. These effects are attributed to their persistent
intracellular accumulation, as particularly seen with azithromycin, leading to inhibitory
effects on neutrophils, eosinophils, and macrophages [10]. Elevated levels of neutrophil-
induced inflammation are associated with an increased risk of COPD exacerbations [35].
Macrolides encompass an array of direct effects on neutrophil function, spanning from an
acute enhancement of degranulation and the release of reactive oxygen species (ROS) and
certain cytokines, to a subsequent inhibition of neutrophil infiltration and the release of
mediators [36].

Given that viral infections play a significant role as underlying factors in some in-
stances of exacerbations in COPD, it is likely that the positive outcomes observed with the
use of azithromycin in these patients could also be attributed to the direct antiviral effects of
this macrolide antibiotic [37]. In vitro studies have demonstrated that azithromycin, unlike
erythromycin or telithromycin, has the capability to enhance the expression of interferons
induced by rhinovirus and promote the production of corresponding proteins [38]. Further-
more, it has been shown to diminish the replication of rhinovirus in bronchial epithelial
cells. Beyond this, azithromycin has shown potential in inhibiting the replication of various
viruses in vitro, including but not limited to influenza A, Zika, Ebola, coronaviruses, and
enteroviruses. Notably, it was also associated with a decrease in viral load among children
in Niger infected with α- or β-coronaviruses [37]. Moreover, azithromycin exhibited the
ability to impede endocytosis by host cells of newly formed viral progeny, a property not
shared by other anti-influenza medications.

In the realm of respiratory disorders, it is crucial to consider azithromycin’s ability
to hinder mucus secretion. The excessive production of mucus is a hallmark of various
inflammatory airway conditions. In COPD patients, increased mucus secretion is linked to
a negative impact on their QOL [39]. The severity of phlegm production and productive
cough is associated with more frequent COPD exacerbations, increased breathlessness,
and a further decline in patient-reported QOL [40]. Azithromycin’s potential to reduce
the expression and release of mucin 5AC (MUC5AC) from airway epithelial goblet cells,
triggered by lipopolysaccharides (LPS) or tumor necrosis factor alpha (TNFα), has been
recognized [41]. The inhibition of MUC5AC gene expression involves the suppression of
ERK1/2 and JNK phosphorylation, leading to a decrease in the activities of NFκB and AP-1
pathways. These pathways are also involved in the secretion of MMP-9 and IL-8 [42].

In this meta-analysis, both azithromycin and erythromycin demonstrated the ability
to control the exacerbation of COPD in subgroup analysis. Macrolides possess not only
antimicrobial activity but also other beneficial functions for COPD, such as immunomodu-
lation, inhibition of mucous secretion, and enhancement of airway barrier functions [36].
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In fact, the use of macrolides has been based more on their potential anti-inflammatory and
immunoregulatory effects, which have been demonstrated in both in vitro experimental
models and other inflammatory lung diseases. As immunomodulators, they play a role
in regulating cytokines such as interleukin (IL)-Iβ, IL-6, IL-10, and TNF-α [43]. Particu-
larly, erythromycin and clarithromycin have been shown to suppress the production of
IL-8 and IL-33 during RS virus infection [43]. Azithromycin inhibits the production of
proinflammatory cytokines, reduces neutrophil infiltration, and promotes macrophage
accumulation [44]. Previous studies have indicated that the number of neutrophils and
cytokines, such as TNF-α and IL-8, increase during COPD exacerbation [45]. A crucial
macrophage-mediated action is the ability of macrolides to promote macrophage phenotype
conversion from M1 to M2-like macrophages, which generate inflammation-dampening
mediators, such as IL-10, and exhibit enhanced phagocytic capacity, thereby promoting
resolution of inflammation [46]. Macrolides may contribute to the inhibition of exacerbation
by suppressing these cytokines and impeding neutrophil migration.

It is possible that systemic inflammation is present, which could contribute to the
additional health conditions often observed in COPD patients. Dysregulation of the im-
mune system at this critical site is associated with a range of chronic inflammatory COPD
conditions [47]. In patients with COPD who undergo frequent exacerbations, the available
treatment options are restricted due to low pulmonary function, intolerance to invasive
interventions, and other factors. Preventing exacerbations is a crucial consideration in
managing the condition. As per the GOLD 2023 guidelines, one potential approach is the
utilization of macrolides for patients who continue to experience exacerbations despite re-
ceiving appropriate treatment [6]. However, there is insufficient robust evidence to support
this recommendation, and the optimal duration of macrolide treatment remains unclear.
Our study indicated that a 12-month macrolide course effectively suppressed COPD exac-
erbations. Unfortunately, there were limited randomized controlled trials exploring the
usage of macrolides for more than 12 months in COPD patients. A recent retrospective
cohort study, following the COLUMBUS study, found no statistically significant difference
between the group that received macrolides for 24 months and the group that received
macrolides for 12 months before discontinuation [48]. Nevertheless, other retrospective
studies have shown that the use of azithromycin 500 mg three times a week for 36 months
reduced hospitalizations by 39% in COPD patients experiencing frequent exacerbations [49].
Further randomized controlled trials investigating the use of macrolides beyond one year
are necessary.

The macrolide group demonstrated statistically significant enhancements in total,
symptom, and activity scores as evaluated through the SGRQ assessment. The SGRQ score
serves as a valuable tool for the assessment of chronic airflow limitation [50], representing
one of the most extensively documented comprehensive measures. Scores below 25 are
infrequent among diagnosed COPD patients, while scores equal to or greater than 25 are
highly unusual in healthy individuals [51,52]. Previous systematic reviews have indicated
a correlation between improvements in the SGRQ score and a decreased risk of COPD
exacerbations [53]. A recent study brought to light that COPD patients participating in the
STATCOPE or MACRO studies but not receiving macrolide prescriptions experienced a
short-term decline in symptom scores that were severely impaired [54,55]. Nonetheless, the
implementation of long-term macrolide therapy did not exhibit a noteworthy enhancement
in the SGRQ score beyond the MCID. Further research is imperative to explore the potential
benefits of macrolide usage among individuals with COPD who grapple with inadequately
managed symptoms.

While macrolide therapy undoubtedly offers benefits in reducing exacerbations of
COPD and asthma, these advantages must be carefully considered, given the potential
adverse effects, which include the development of antimicrobial resistance. Several clinical
trials have examined the impact of macrolides on antibiotic resistance in patients with
COPD. One study, called the MACRO study, involved the collection of nasopharyngeal
swabs. Among participants who initially did not carry specific respiratory pathogens
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but later became colonized during the study, cultures from 68% of the individuals in
the azithromycin group and 70% in the placebo group were available for susceptibility
testing. The incidence of macrolide resistance was discovered to be 81% in the azithromycin
group and 41% in the placebo group (p < 0.001) [8]. In the AZISAST study, a subgroup
underwent oropharyngeal swab testing to evaluate macrolide resistance. At the study’s
commencement, 47.8% of patients on azithromycin and 39.1% on placebo were colonized
with erythromycin-resistant streptococci. By the conclusion of the treatment period, the
proportions of erythromycin-resistant streptococci had risen to 87% among those taking
azithromycin and 35% among those taking placebo [28]. Within a subset of the AMAZES
trial, where paired sputum samples were examined from 34 patients on placebo and 27
on azithromycin, significant increases were noted in five macrolide resistance genes and
two tetracycline resistance genes among patients treated with azithromycin [56]. The
long-term use of macrolides is recommended by the British Thoracic Society and GOLD for
COPD patients. However, there are limited data verifying the effectiveness of long-term
macrolides in real-world settings. Despite the concerning development of antimicrobial
resistance, constraints within the insurance system may also hinder the widespread use
of macrolides.

Limitation

This study has several limitations. Firstly, moderate-to-strong heterogeneity was
observed in this meta-analysis, which may undermine the robustness of the conclusion.
Secondly, bacterial outcomes, such as antibiotic resistance analysis, were not conducted
due to variations in the results’ presentation across different papers, and the wide range
of detected bacteria and standardized outcomes not being available. Thirdly, only one
study identified the effects of clarithromycin, which may render the conclusion regarding
clarithromycin not sufficiently reliable. Fourthly, it is worth noting that other variables,
such race and blood eosinophil counts, may potentially affect the efficacy of macrolide
therapy in long-term use for COPD patients. However, there is a scarcity of data from RCTs
that can robustly support a comprehensive subgroup analysis.

5. Conclusions

Long-term use of azithromycin or erythromycin suppresses exacerbation of COPD,
and previous studies have supported the superiority of a 12-month macrolide prescription
over a placebo.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/diseases11040152/s1, Figure S1: Risk of bias graph of included studies;
Figure S2: Suppression of exacerbations per patient-year; Figure S3: SGRQ of symptom, impact, and
activity scores; Figure S4: Adverse effects.

Author Contributions: K.N. and Y.F. were involved in data acquisition, data analysis, and drafting
of the manuscript. K.N., Y.F., H.C. and K.S. contributed to the study conception. N.H., Y.H., F.K.,
H.K., K.T., S.M. and T.K. revised the manuscript. All authors were involved in interpretation and
critical revision. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is available from the corresponding authors on request.

Acknowledgments: We would like to express our gratitude to An Phuc Ta, Jared Zhou, and Megan
Hsu for their effort in correcting this manuscript.

Conflicts of Interest: The authors declare that no competing interest exist.

https://www.mdpi.com/article/10.3390/diseases11040152/s1
https://www.mdpi.com/article/10.3390/diseases11040152/s1


Diseases 2023, 11, 152 11 of 13

Abbreviations

COPD: Chronic obstructive pulmonary disease; GOLD: Global Initiative for Chronic Obstructive
Lung Disease; QOL: quality of life; FEV1: forced expiratory volume in 1 s; SGRQ: St George’s Res-
piratory Questionnaire; RCT: randomized controlled trial; CI: confidence interval; OR: odds ratio;
IL: interleukin; mucin 5AC: MUC5AC; TNF-α: tumor necrosis factor -α; MILD: the minimal clinically
important difference.

References
1. GBD Chronic Respiratory Disease Collaborators. Prevalence and attributable health burden of chronic respiratory diseases,

1990–2017: A systematic analysis for the Global Burden of Disease Study 2017. Lancet Respir. Med. 2020, 8, 585–596. [CrossRef]
2. Halpin, D.M.G.; Celli, B.R.; Criner, G.J.; Frith, P.; López Varela, M.V.; Salvi, S.; Vogelmeier, C.F.; Chen, R.; Mortimer, K.; Montes de

Oca, M.; et al. The GOLD Summit on chronic obstructive pulmonary disease in low- and middle-income countries. Int. J. Tuberc.
Lung Dis. 2019, 23, 1131–1141. [CrossRef]

3. Iheanacho, I.; Zhang, S.; King, D.; Rizzo, M.; Ismaila, A.S. Economic Burden of Chronic Obstructive Pulmonary Disease (COPD):
A Systematic Literature Review. Int. J. Chronic Obstr. Pulm. Dis. 2020, 15, 439–460. [CrossRef]

4. Wilson, R.; Anzueto, A.; Miravitlles, M.; Arvis, P.; Haverstock, D.; Trajanovic, M.; Sethi, S. Prognostic factors for clinical failure of
exacerbations in elderly outpatients with moderate-to-severe COPD. Int. J. Chronic Obstr. Pulm. Dis. 2015, 10, 985–993. [CrossRef]
[PubMed]

5. Hartl, S.; Lopez-Campos, J.L.; Pozo-Rodriguez, F.; Castro-Acosta, A.; Studnicka, M.; Kaiser, B.; Roberts, C.M. Risk of death and
readmission of hospital-admitted COPD exacerbations: European COPD Audit. Eur. Respir. J. 2016, 47, 113–121. [CrossRef]
[PubMed]

6. Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global Strategy for Prevention, Diagnosis and Management of
Copd: 2023 Report. Available online: https://goldcopd.org/2023-gold-report-2/ (accessed on 12 July 2023).

7. Seemungal, T.A.; Wilkinson, T.M.; Hurst, J.R.; Perera, W.R.; Sapsford, R.J.; Wedzicha, J.A. Long-term erythromycin therapy
is associated with decreased chronic obstructive pulmonary disease exacerbations. Am. J. Respir. Crit. Care Med. 2008, 178,
1139–1147. [CrossRef]

8. Albert, R.K.; Connett, J.; Bailey, W.C.; Casaburi, R.; Cooper, J.A., Jr.; Criner, G.J.; Curtis, J.L.; Dransfield, M.T.; Han, M.K.; Lazarus,
S.C.; et al. Azithromycin for prevention of exacerbations of COPD. N. Engl. J. Med. 2011, 365, 689–698. [CrossRef] [PubMed]

9. Abia-Trujillo, D.; Johnson, M.M.; Patel, N.M.; Hazelett, B.; Edell, E.S.; Kern, R.M.; Midthun, D.; Reisenauer, J.; Nelson, D.; Mullon,
J.J.; et al. Bronchoscopic Lung Volume Reduction: A New Hope for Patients With Severe Emphysema and Air Trapping. Mayo
Clin. Proc. 2021, 96, 464–472. [CrossRef]

10. Parnham, M.J.; Norris, V.; Kricker, J.A.; Gudjonsson, T.; Page, C.P. Prospects for macrolide therapy of asthma and COPD. Adv.
Pharmacol. 2023, 98, 83–110. [CrossRef]

11. Han, M.K.; Tayob, N.; Murray, S.; Dransfield, M.T.; Washko, G.; Scanlon, P.D.; Criner, G.J.; Casaburi, R.; Connett, J.; Lazarus, S.C.;
et al. Predictors of chronic obstructive pulmonary disease exacerbation reduction in response to daily azithromycin therapy. Am.
J. Respir. Crit. Care Med. 2014, 189, 1503–1508. [CrossRef]

12. Cao, Y.; Xuan, S.; Wu, Y.; Yao, X. Effects of long-term macrolide therapy at low doses in stable COPD. Int. J. Chronic Obstr. Pulm.
Dis. 2019, 14, 1289–1298. [CrossRef]

13. Herath, S.C.; Normansell, R.; Maisey, S.; Poole, P. Prophylactic antibiotic therapy for chronic obstructive pulmonary disease
(COPD). Cochrane Database Syst. Rev. 2018, 10, Cd009764. [CrossRef]

14. Ritchie, A.I.; Wedzicha, J.A. Definition, Causes, Pathogenesis, and Consequences of Chronic Obstructive Pulmonary Disease
Exacerbations. Clin. Chest Med. 2020, 41, 421–438. [CrossRef] [PubMed]

15. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. Bmj 2021, 372, n71.
[CrossRef]

16. University Hospital Medical Information (UMIN). Available online: https://rctportal.niph.go.jp/s/detail/um?trial_id=UMIN0
00050691 (accessed on 23 June 2023).

17. Janjua, S.; Mathioudakis, A.G.; Fortescue, R.; Walker, R.A.; Sharif, S.; Threapleton, C.J.; Dias, S. Prophylactic antibiotics for adults
with chronic obstructive pulmonary disease: A network meta-analysis. Cochrane Database Syst. Rev. 2021, 1, Cd013198. [CrossRef]

18. Adams, S.G.; Peters, J.I. In COPD, prophylactic macrolides, but not tetracyclines or quinolones, reduce exacerbations, with fewer
serious adverse events. Ann. Intern. Med. 2021, 174, Jc66. [CrossRef]

19. Global Initiative for Chronic Obstructive Lung Disease (GOLD). Global Strategy for the Diagnosis, Management, and Prevention
of Chronic Obstructive Pulmonary Disease Report: 2022 Report. Available online: https://goldcopd.org/2022-gold-reports/
(accessed on 12 June 2023).

20. Jones, P.W.; Quirk, F.H.; Baveystock, C.M. The St George’s Respiratory Questionnaire. Respir. Med. 1991, 85 (Suppl. B), 25–31,
discussion 33–27. [CrossRef]

https://doi.org/10.1016/S2213-2600(20)30105-3
https://doi.org/10.5588/ijtld.19.0397
https://doi.org/10.2147/COPD.S234942
https://doi.org/10.2147/COPD.S80926
https://www.ncbi.nlm.nih.gov/pubmed/26082623
https://doi.org/10.1183/13993003.01391-2014
https://www.ncbi.nlm.nih.gov/pubmed/26493806
https://goldcopd.org/2023-gold-report-2/
https://doi.org/10.1164/rccm.200801-145OC
https://doi.org/10.1056/NEJMoa1104623
https://www.ncbi.nlm.nih.gov/pubmed/21864166
https://doi.org/10.1016/j.mayocp.2020.03.027
https://doi.org/10.1016/bs.apha.2023.03.002
https://doi.org/10.1164/rccm.201402-0207OC
https://doi.org/10.2147/COPD.S205075
https://doi.org/10.1002/14651858.CD009764.pub3
https://doi.org/10.1016/j.ccm.2020.06.007
https://www.ncbi.nlm.nih.gov/pubmed/32800196
https://doi.org/10.1136/bmj.n71
https://rctportal.niph.go.jp/s/detail/um?trial_id=UMIN000050691
https://rctportal.niph.go.jp/s/detail/um?trial_id=UMIN000050691
https://doi.org/10.1002/14651858.CD013198
https://doi.org/10.7326/ACPJ202106150-066
https://goldcopd.org/2022-gold-reports/
https://doi.org/10.1016/S0954-6111(06)80166-6


Diseases 2023, 11, 152 12 of 13

21. Higgins, J.P.T.; Thomas, J.; Chandler, J.; Cumpston, M.; Li, T.; Page, M.J.; Welch, V.A. (Eds.) Cochrane Handbook for Systematic
Reviews of Interventions Version 6.3 (Updated February 2022); Cochrane Library: London, UK, 2022.

22. Berkhof, F.F.; Doornewaard-ten Hertog, N.E.; Uil, S.M.; Kerstjens, H.A.; van den Berg, J.W. Azithromycin and cough-specific
health status in patients with chronic obstructive pulmonary disease and chronic cough: A randomised controlled trial. Respir.
Res. 2013, 14, 125. [CrossRef]

23. Uzun, S.; Djamin, R.S.; Kluytmans, J.A.; Mulder, P.G.; van’t Veer, N.E.; Ermens, A.A.; Pelle, A.J.; Hoogsteden, H.C.; Aerts, J.G.; van
der Eerden, M.M. Azithromycin maintenance treatment in patients with frequent exacerbations of chronic obstructive pulmonary
disease (COLUMBUS): A randomised, double-blind, placebo-controlled trial. Lancet Respir. Med. 2014, 2, 361–368. [CrossRef]
[PubMed]

24. He, Z.Y.; Ou, L.M.; Zhang, J.Q.; Bai, J.; Liu, G.N.; Li, M.H.; Deng, J.M.; MacNee, W.; Zhong, X.N. Effect of 6 months of erythromycin
treatment on inflammatory cells in induced sputum and exacerbations in chronic obstructive pulmonary disease. Respiration 2010,
80, 445–452. [CrossRef] [PubMed]

25. Simpson, J.L.; Powell, H.; Baines, K.J.; Milne, D.; Coxson, H.O.; Hansbro, P.M.; Gibson, P.G. The effect of azithromycin in adults
with stable neutrophilic COPD: A double blind randomised, placebo controlled trial. PLoS ONE 2014, 9, e105609. [CrossRef]
[PubMed]

26. Banerjee, D.; Khair, O.A.; Honeybourne, D. The effect of oral clarithromycin on health status and sputum bacteriology in stable
COPD. Respir. Med. 2005, 99, 208–215. [CrossRef]

27. Suzuki, T.; Yanai, M.; Yamaya, M.; Satoh-Nakagawa, T.; Sekizawa, K.; Ishida, S.; Sasaki, H. Erythromycin and common cold in
COPD. Chest 2001, 120, 730–733. [CrossRef] [PubMed]

28. Vermeersch, K.; Belmans, A.; Bogaerts, K.; Gyselinck, I.; Cardinaels, N.; Gabrovska, M.; Aumann, J.; Demedts, I.K.; Corhay, J.L.;
Marchand, E.; et al. Treatment failure and hospital readmissions in severe COPD exacerbations treated with azithromycin versus
placebo—A post-hoc analysis of the BACE randomized controlled trial. Respir. Res. 2019, 20, 1–12. [CrossRef]

29. Jones, P.W. Quality of life, symptoms and pulmonary function in asthma: Long-term treatment with nedocromil sodium examined
in a controlled multicentre trial. Nedocromil Sodium Quality of Life Study Group. Eur. Respir. J. 1994, 7, 55–62. [CrossRef]

30. Cazzola, M.; Hanania, N.A.; Page, C.P.; Matera, M.G. Novel Anti-Inflammatory Approaches to COPD. Int. J. Chronic Obstr. Pulm.
Dis. 2023, 18, 1333–1352. [CrossRef]

31. Cha, S.R.; Jang, J.; Park, S.M.; Ryu, S.M.; Cho, S.J.; Yang, S.R. Cigarette Smoke-Induced Respiratory Response: Insights into
Cellular Processes and Biomarkers. Antioxidants 2023, 12, 1210. [CrossRef]

32. Boue, S.; Fields, B.; Hoeng, J.; Park, J.; Peitsch, M.C.; Schlage, W.K.; Talikka, M.; Binenbaum, I.; Bondarenko, V.; Bulgakov, O.V.;
et al. Enhancement of COPD biological networks using a web-based collaboration interface. F1000Research 2015, 4, 32. [CrossRef]

33. Silverman, E.K. Genetics of COPD. Annu. Rev. Physiol. 2020, 82, 413–431. [CrossRef]
34. Choi, J.; Shim, J.J.; Lee, M.G.; Rhee, C.K.; Joo, H.; Lee, J.H.; Park, H.Y.; Kim, W.J.; Um, S.J.; Kim, D.K.; et al. Association Between

Air Pollution and Viral Infection in Severe Acute Exacerbation of Chronic Obstructive Pulmonary Disease. J. Korean Med. Sci.
2023, 38, e68. [CrossRef]

35. Yang, H.; Wen, X.; Wu, F.; Zheng, Y.; Dai, C.; Zhao, N.; Deng, Z.; Wang, Z.; Peng, J.; Xiao, S.; et al. Inter-relationships among
neutrophilic inflammation, air trapping and future exacerbation in COPD: An analysis of ECOPD study. BMJ Open Respir. Res.
2023, 10, e001597. [CrossRef]

36. Kricker, J.A.; Page, C.P.; Gardarsson, F.R.; Baldursson, O.; Gudjonsson, T.; Parnham, M.J. Nonantimicrobial Actions of Macrolides:
Overview and Perspectives for Future Development. Pharmacol. Rev. 2021, 73, 233–262. [CrossRef]

37. Oliver, M.E.; Hinks, T.S.C. Azithromycin in viral infections. Rev. Med. Virol. 2021, 31, e2163. [CrossRef] [PubMed]
38. Porter, J.D.; Watson, J.; Roberts, L.R.; Gill, S.K.; Groves, H.; Dhariwal, J.; Almond, M.H.; Wong, E.; Walton, R.P.; Jones, L.H.; et al.

Identification of novel macrolides with antibacterial, anti-inflammatory and type I and III IFN-augmenting activity in airway
epithelium. J. Antimicrob. Chemother. 2016, 71, 2767–2781. [CrossRef] [PubMed]

39. Cook, N.; Gey, J.; Oezel, B.; Mackay, A.J.; Kumari, C.; Kaur, V.P.; Larkin, N.; Harte, J.; Vergara-Muro, S.; Gutzwiller, F.S. Impact of
cough and mucus on COPD patients: Primary insights from an exploratory study with an Online Patient Community. Int. J.
Chronic Obstr. Pulm. Dis. 2019, 14, 1365–1376. [CrossRef]

40. Choate, R.; Pasquale, C.B.; Parada, N.A.; Prieto-Centurion, V.; Mularski, R.A.; Yawn, B.P. The Burden of Cough and Phlegm in
People With COPD: A COPD Patient-Powered Research Network Study. Chronic Obstr. Pulm. Dis. 2020, 7, 49–59. [CrossRef]

41. Kanoh, S.; Rubin, B.K. Mechanisms of action and clinical application of macrolides as immunomodulatory medications. Clin.
Microbiol. Rev. 2010, 23, 590–615. [CrossRef] [PubMed]

42. Yang, J. Mechanism of azithromycin in airway diseases. J. Int. Med. Res. 2020, 48, 300060520932104. [CrossRef]
43. Yamaya, M.; Kikuchi, A.; Sugawara, M.; Nishimura, H. Anti-inflammatory effects of medications used for viral infection-induced

respiratory diseases. Respir. Investig. 2023, 61, 270–283. [CrossRef] [PubMed]
44. Heidary, M.; Samangani, A.E.; Kargari, A.; Nejad, A.K.; Yashmi, I.; Motahar, M.; Taki, E.; Khoshnood, S. Mechanism of action,

resistance, synergism, and clinical implications of azithromycin. J. Clin. Lab. Anal. 2022, 36, e24427. [CrossRef]
45. Celli, B.R.; Barnes, P.J. Exacerbations of chronic obstructive pulmonary disease. Eur. Respir. J. 2007, 29, 1224–1238. [CrossRef]

[PubMed]
46. Reijnders, T.D.Y.; Saris, A.; Schultz, M.J.; van der Poll, T. Immunomodulation by macrolides: Therapeutic potential for critical

care. Lancet Respir. Med. 2020, 8, 619–630. [CrossRef] [PubMed]

https://doi.org/10.1186/1465-9921-14-125
https://doi.org/10.1016/S2213-2600(14)70019-0
https://www.ncbi.nlm.nih.gov/pubmed/24746000
https://doi.org/10.1159/000321374
https://www.ncbi.nlm.nih.gov/pubmed/20881376
https://doi.org/10.1371/journal.pone.0105609
https://www.ncbi.nlm.nih.gov/pubmed/25148049
https://doi.org/10.1016/j.rmed.2004.06.009
https://doi.org/10.1378/chest.120.3.730
https://www.ncbi.nlm.nih.gov/pubmed/11555501
https://doi.org/10.1186/s12931-019-1208-6
https://doi.org/10.1183/09031936.94.07010055
https://doi.org/10.2147/COPD.S419056
https://doi.org/10.3390/antiox12061210
https://doi.org/10.12688/f1000research.5984.2
https://doi.org/10.1146/annurev-physiol-021317-121224
https://doi.org/10.3346/jkms.2023.38.e68
https://doi.org/10.1136/bmjresp-2022-001597
https://doi.org/10.1124/pharmrev.121.000300
https://doi.org/10.1002/rmv.2163
https://www.ncbi.nlm.nih.gov/pubmed/32969125
https://doi.org/10.1093/jac/dkw222
https://www.ncbi.nlm.nih.gov/pubmed/27494903
https://doi.org/10.2147/COPD.S202580
https://doi.org/10.15326/jcopdf.7.1.2019.0146
https://doi.org/10.1128/CMR.00078-09
https://www.ncbi.nlm.nih.gov/pubmed/20610825
https://doi.org/10.1177/0300060520932104
https://doi.org/10.1016/j.resinv.2022.11.002
https://www.ncbi.nlm.nih.gov/pubmed/36543714
https://doi.org/10.1002/jcla.24427
https://doi.org/10.1183/09031936.00109906
https://www.ncbi.nlm.nih.gov/pubmed/17540785
https://doi.org/10.1016/S2213-2600(20)30080-1
https://www.ncbi.nlm.nih.gov/pubmed/32526189


Diseases 2023, 11, 152 13 of 13

47. Colombo, S.A.P.; Brown, S.L.; Hepworth, M.R.; Hankinson, J.; Granato, F.; Kitchen, S.J.; Hussell, T.; Simpson, A.; Cook, P.C.;
MacDonald, A.S. Comparative phenotype of circulating versus tissue immune cells in human lung and blood compartments
during health and disease. Discov. Immunol. 2023, 2, kyad009. [CrossRef] [PubMed]

48. Talman, S.; Uzun, S.; Djannin, R.S.; Baart, S.J.; Grootenboers, M.; Aerts, J.; van der Eerden, M. Long-Term Azithromycin
Maintenance Treatment in Patients with Frequent Exacerbations of Chronic Obstructive Pulmonary Disease. Int. J. Chronic Obstr.
Pulm. Dis. 2021, 16, 495–498. [CrossRef]

49. Pomares, X.; Montón, C.; Bullich, M.; Cuevas, O.; Oliva, J.C.; Gallego, M.; Monsó, E. Clinical and Safety Outcomes of Long-Term
Azithromycin Therapy in Severe COPD Beyond the First Year of Treatment. Chest 2018, 153, 1125–1133. [CrossRef] [PubMed]

50. Jones, P.W.; Quirk, F.H.; Baveystock, C.M.; Littlejohns, P. A self-complete measure of health status for chronic airflow limitation.
The St. George’s Respiratory Questionnaire. Am. Rev. Respir. Dis. 1992, 145, 1321–1327. [CrossRef]

51. Agusti, A.; Calverley, P.M.; Celli, B.; Coxson, H.O.; Edwards, L.D.; Lomas, D.A.; MacNee, W.; Miller, B.E.; Rennard, S.; Silverman,
E.K.; et al. Characterisation of COPD heterogeneity in the ECLIPSE cohort. Respir. Res. 2010, 11, 122. [CrossRef]

52. Nishimura, K.; Mitsuma, S.; Kobayashi, A.; Yanagida, M.; Nakayasu, K.; Hasegawa, Y.; Jones, P.W. COPD and disease-specific
health status in a working population. Respir. Res. 2013, 14, 61. [CrossRef]

53. Martin, A.L.; Marvel, J.; Fahrbach, K.; Cadarette, S.M.; Wilcox, T.K.; Donohue, J.F. The association of lung function and St.
George’s respiratory questionnaire with exacerbations in COPD: A systematic literature review and regression analysis. Respir.
Res. 2016, 17, 40. [CrossRef]

54. Camac, E.R.; Stumpf, N.A.; Voelker, H.K.; Criner, G.J. Short-Term Impact of the Frequency of COPD Exacerbations on Quality of
Life. Chronic Obstr. Pulm. Dis. 2022, 9, 298–308. [CrossRef]

55. Criner, G.J.; Connett, J.E.; Aaron, S.D.; Albert, R.K.; Bailey, W.C.; Casaburi, R.; Cooper, J.A., Jr.; Curtis, J.L.; Dransfield, M.T.; Han,
M.K.; et al. Simvastatin for the prevention of exacerbations in moderate-to-severe COPD. N. Engl. J. Med. 2014, 370, 2201–2210.
[CrossRef] [PubMed]

56. Taylor, S.L.; Leong, L.E.X.; Mobegi, F.M.; Choo, J.M.; Wesselingh, S.; Yang, I.A.; Upham, J.W.; Reynolds, P.N.; Hodge, S.; James,
A.L.; et al. Long-Term Azithromycin Reduces Haemophilus influenzae and Increases Antibiotic Resistance in Severe Asthma. Am.
J. Respir. Crit. Care Med. 2019, 200, 309–317. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/discim/kyad009
https://www.ncbi.nlm.nih.gov/pubmed/37545765
https://doi.org/10.2147/COPD.S284397
https://doi.org/10.1016/j.chest.2018.01.044
https://www.ncbi.nlm.nih.gov/pubmed/29427576
https://doi.org/10.1164/ajrccm/145.6.1321
https://doi.org/10.1186/1465-9921-11-122
https://doi.org/10.1186/1465-9921-14-61
https://doi.org/10.1186/s12931-016-0356-1
https://doi.org/10.15326/jcopdf.2021.0280
https://doi.org/10.1056/NEJMoa1403086
https://www.ncbi.nlm.nih.gov/pubmed/24836125
https://doi.org/10.1164/rccm.201809-1739OC
https://www.ncbi.nlm.nih.gov/pubmed/30875247

	Background 
	Methods 
	Database Search Strategy 
	Inclusion and Exclusion Criteria 
	Definitions 
	Outcomes 
	Statistics 

	Results 
	Study Searching 
	Preventing Exacerbations in COPD 
	Optimal Prescription Duration 
	SGRQ 
	Hospitalization Prevention 
	Adverse Events 

	Discussion 
	Conclusions 
	References

