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The adverse effects of azithromycin on the treatment of patients with chronic lung diseases (CLD) were evaluated in the present
study. MEDLINE and other databases were searched for relevant articles published until August 2013. Randomized controlled
trials that enrolled patients with chronic lung diseases who received long-term azithromycin treatment were selected, and data
on microbiological studies and azithromycin-related adverse events were abstracted from articles and analyzed. Six studies were
included in the meta-analysis. The risk of bacterial resistance in patients receiving long-term azithromycin treatment was in-
creased 2.7-fold (risk ratio [RR], 2.69 [95% confidence interval {95% CI}, 1.249, 5.211]) compared with the risk in patients receiv-
ing placebo treatment. On the other hand, the risk of bacterial colonization decreased in patients receiving azithromycin treat-
ment (RR, 0.551 [95% CI, 0.460, 0.658]). Patients receiving long-term azithromycin therapy were at risk of increased impairment
of hearing (RR, 1.168 [95% CI, 1.030, 1.325]). This analysis provides evidence supporting the idea that bacterial resistance can
develop with long-term azithromycin treatment. Besides the increasingly recognized anti-inflammatory role of azithromycin
used in treating chronic lung diseases, we should be aware of the potential for adverse events with its long-term use.

Recently, two reports analyzed leading causes of death and in-
dicated that, in the United States and China in 2010, chronic

obstructive pulmonary disease (COPD) ranked as the top 4th and
3rd, respectively, in terms of years of life lost and that lung cancer,
which is closely related to chronic lung inflammatory diseases,
ranked 2nd and 5th. Furthermore, compared with the declining
numbers for death in patients with ischemic heart disease and
stroke, the number of patients that died of COPD and lung cancer
increased (1, 2). Hence, controlling the development of chronic
inflammatory lung diseases, including COPD, asthma, interstitial
lung diseases, bronchiectasis, and cystic fibrosis, has been increas-
ingly recognized as a challenging but necessary task. However, we
are still far from knowing how to control those diseases, and mil-
lions of lives will be lost to them in the future. Chronic lung dis-
eases (CLD) produce a tendency for acute episodes. For instance,
patients with COPD tend to have episodes of acute exacerbations
which incur decreased lung function and increased morbidity and
mortality. Each exacerbation needs upgraded medications which
have tremendous health and economic costs. Despite endeavors to
relieve patients by using various strategies, patients may still have
as many as 1.4 acute exacerbations per year, on average (3). There-
fore, any effort that results in improving the outcome of patients
with CLD will be a great step forward.

Azithromycin, containing a macrocyclic 15-membered lactone
ring with excellent tissue penetration and antimicrobial activity
against a broad range of Gram-positive and Gram-negative bac-
teria (4), is widely used in the clinical setting. Besides its antibac-
terial activity, its anti-inflammatory roles have been increasingly
recognized (3, 4). In recent years, macrolide antibiotics have been
explored in several clinical trials for their effects on patients with
CLD, including COPD, asthma, cystic fibrosis (CF), and non CF-
bronchiectasis (3, 5–13). Recently, several meta-analyses collected
the data and confirmed that the long-term use of macrolides im-
proves the quality of life of CLD patients by improving lung func-

tion and decreasing the frequency of acute exacerbations (14, 15).
However, no study has focused on their detrimental effects, espe-
cially on microbiological aspects. To evaluate the safety of long-
term azithromycin use in CLD patients, we collected randomized
controlled trials evaluating the microbiological changes and azi-
thromycin-related adverse events among patients receiving long-
term therapy.

MATERIALS AND METHODS
Search strategy. We sought to identify all potentially relevant clinical
trials using searches of Web-based databases (MEDLINE [1996 to 2013],
ISI Web of Knowledge [1996 to 2013], The Cochrane Central Register of
Controlled Trials [1996 to 2013], and EMBASE). The search was per-
formed in August 2013. The search terms were “azithromycin,” “(chronic
lung diseases OR asthma OR COPD OR cystic fibrosis OR bronchiecta-
sis),” and “randomized controlled trials.” Potentially relevant studies
were retrieved and reviewed by two reviewers.

Selection criteria. Studies were included in our analysis if they met the
following criteria: (i) their design was a prospective, randomized con-
trolled trial (RCT); (ii) they included patients with chronic lung diseases,
including COPD, asthma, cystic fibrosis, and bronchiectasis; (iii) they
randomized patients to a strategy of azithromycin therapy for at least 3
months or a parallel control group; and (iv) they reported microbiological
studies of either new colonization of bacteria in the upper and lower
respiratory tract or isolation of resistant bacteria during the study.
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Data extraction. Two reviewers (H.L. and D.-H.L.) independently
extracted the following data from each study: first author, year of publi-
cation, study design, number of individuals initially enrolled, number of
participants evaluated, details of azithromycin use, and number of pa-
tients managed with versus without azithromycin therapy. Data on mi-
crobiological studies, including new colonization of bacteria and isolation
of macrolide-resistant or overall-resistant bacteria during the study, mor-
tality, hospitalization and antibiotic use during the study period, and azi-
thromycin-related side effects, including gastrointestinal and hearing im-
pairments, were also extracted from the articles. Regarding the assessment
of the methodological quality for the RCTs included in the meta-analysis,
we followed the recommendations in the Cochrane handbook for system-
atic reviews of interventions and summarized in a domain-based evalua-
tion the following components: randomization, allocation concealment,
blinding, incomplete outcome data, selective outcome reporting, and
other sources of bias.

Outcomes. Our primary outcomes were changes in microbiological
patterns and the resistance of isolates from the respiratory tract between
enrollment and the termination of the study. Our secondary outcomes
were use of antibiotics and adverse events, including hearing impairment
and gastrointestinal reactions.

Statistical analysis. We assessed the heterogeneity between trials us-
ing the �2 and I2 tests. The I2 statistic approximates the proportion of total
variation in the effect size estimates that is due to heterogeneity rather
than sampling error. I2 values above 25%, 50%, and 75% were taken as
indicators of mild, modest, and high heterogeneity, respectively, and a P
value lower than 0.10 to be statistically significant. We calculated pooled
risk ratios (RR) and 95% confidence intervals (CI) for all primary and
secondary outcomes using the Mantel-Haenszel fixed effects and random
effects models. For all analyses, the results from the fixed effects model are
presented only when there was no heterogeneity between trials; otherwise,
the results from the random effects model are presented. Sensitivity anal-
yses were undertaken when high heterogeneity appeared.

RESULTS
Selected studies. The process of identifying eligible studies is pre-
sented in Fig. 1. The search criteria identified 91 potentially rele-
vant articles. Of these 91 articles, 73 were excluded from this meta-
analysis due to unrelated contents, non-English text, or other
reasons (shown in Fig. 1). In addition, 2 studies that did not eval-
uate the relevant side effects, 1 RCT in which azithromycin was
administered for less than 12 weeks, 2 RCTs which had no placebo

control, 1 study that analyzed the long-term effect of azithromycin
for chronic rhinosinusitis, and 2 RCTs for transplanted patients
were excluded from this analysis. Overall, 10 articles reporting on
RCTs were retained for further screening. However, 4 of these did
not collect the microbiological data of interest (10–13). Thus, we
ruled out these 4 studies for our analysis, since we were interested
in the underlying adverse effects of long-term azithromycin use on
microbiological changes in the treated patients. Therefore, 6 RCTs
were retained for this analysis (3, 5–9).

Study methodology and quality. All 6 clinical trials were iden-
tified by our research strategy as prospective randomized con-
trolled trials (Table 1). All of the studies randomized patients on a
1:1 basis to either an azithromycin treatment group or a placebo
control group. All 6 studies used intention-to-treat analysis to
analyze their endpoint during their statistical procedure. Of these,
Altenburg’s study used a modified intention-to-treat method, i.e.,
they removed the data for six patients, including two patients in
the azithromycin group and four patients in the placebo group,
for the final statistical analysis because these patients did not re-
ceive the related treatment at the beginning (9). Five studies used
the double-blind method for blinding treated patients, and Al-
bert’s study was unblinded (5–9). Two of the 6 studies used azi-
thromycin according to the weight of patients, because they en-
rolled children in their studies (5, 6). Another 3 of the 6 studies
administered azithromycin at a dose of 250 mg for different time
periods (3, 8, 9). Another study used 500 mg of azithromycin for
their experimental groups (7). The patients in 2 studies took azi-
thromycin for 1 year (3, 9), and the other 4 studies administered
azithromycin for approximately 6 months (5–8). All trials treated
their control group by using a placebo with the same appearance,
according to the current published guidelines. Only two studies
set up a run-up time period free of exacerbations to ensure the
stability of the patients for at least 2 weeks before enrollment (8,
9). To exclude the influence of antibiotic therapy, 5 of the 6 studies
set up exclusion criteria for patients treated with antibiotics, in-
cluding macrolides and quinolones, for at least 14 days before
enrollment (5–9). Albert et al. did not mentioned exclusion crite-
ria of antibiotic use before enrollment, but patients in their study
were at a stable stage of COPD which had not exhibited an acute
exacerbation of COPD for at least 4 weeks before enrollment (3).
Only 2 studies set up a washout time period to exclude or investi-
gate the influence of prolonged effect of the treatment (3, 8).

Patient population. A total of 1,929 patients were randomized
to either azithromycin groups or placebo/control groups. Of
these, 1,731 patients completed the full-course investigation. All
studies declared that there were no significant differences between
both study groups at baseline with respect to age, lung function, or
smoking history. The details of population characteristics regard-
ing the different studies are shown in Table 1. Two of the 6 trials
enrolled patients, including children older than 6 years for their
investigations because they investigated the long-term effect of
azithromycin for patients with cystic fibrosis, which is a common,
lethal, inherited disease among Caucasians that develops from
early childhood (5, 6). Of these 6 trials, 1 trial studied patients with
COPD (3) and 1 studied patients with asthma (8). In addition, 2
trials investigated patients with non-cystic fibrosis bronchiectasis
(7, 9), and the last 2 focused on cystic fibrosis (5, 6). For COPD
patients, the parameter of percentage of forced expiratory volume
in 1 s (FEV1) of the predicted value indicated that patients with
severity from the moderate to severe stage were enrolled. The

FIG 1 Flow chart depicting the number of studies included at each stage of the
selection process. RCT, randomized controlled trial.
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other trials enrolled patients with mild to moderate impairment of
lung function.

Effects of long-term azithromycin use on the changes in mi-
crobiological patterns. All of the studies performed bacterial re-
sistance analyses. Of these, 4 studies determined the macrolide
susceptibility of related bacteria isolated during the investigation,
and the other 2 studies listed not only macrolide-resistant bacteria
but also methicillin-resistant Staphylococcus aureus. We collected
the data regardless of different species or resistance to different
antibiotics. Significant heterogeneity was found among the trials
analyzed (�2 � 50.47, P � 0.001, I2 � 90.1%). By using the Man-
tel-Haenszel random effects model, patients in azithromycin
groups were at a risk of a higher rate of bacterial resistance com-
pared with patients in placebo groups during the study period
(pooled RR, 2.597 [95% CI, 1.294, 5.211], z � 2.69, P � 0.007)
(Fig. 2A). For the sensitivity analysis, we excluded the Saiman et al.
study from 2010 (6) because they reported the results as bacterial
colony counts rather than as the number of patients that carried
resistant bacteria. With a decreased heterogeneity to some degree
(�2 � 26.93, P � 0.001, I2 � 85.1%), the results remained stable
and exhibited the same trend regarding bacterial resistance during
the study period for the azithromycin-treated patients (pooled
RR, 2.927 [95% CI, 1.282, 6.683], z � 2.55, P � 0.011) (Fig. 2B).

Four studies observed newly colonized bacteria from different
sites or samples, including nasopharyngeal, sputum, and throat
cultures. Significant heterogeneity was found among the trials an-
alyzed (�2 � 64.95, P � 0.001, I2 � 95.4%). Then, a random effect
analyzer was used for further evaluation and indicated that there
was no significant difference between azithromycin groups and
placebo groups for newly detected colonization (pooled RR, 0.747

[95% CI, 0.404, 1.381], z � 0.93, P � 0.352) (Fig. 3A). As the study
of Saiman et al. from 2010 used a different method to count new
colonizations (newly detected bacteria rather than patients with
new colonization), it might have led to the high heterogeneity and
could have affected the result. We therefore excluded this study for
the analysis and found that decreased heterogeneity existed
among the studies (�2 � 2.25, P � 0.325, I2 � 10.9%). The further
analysis indicated that, compared with placebo groups, patients in
azithromycin groups had a lower risk of new colonization by bac-
teria during the investigations (pooled RR, 0.551 [95% CI, 0.460,
0.658], z � 6.54, P � 0.001) (Fig. 3B).

Since it seemed that patients in azithromycin groups had a
trend toward carrying resistant bacteria, we speculated that the
antibiotic prescription might have been increased for these pa-
tients. Only two trials recorded information regarding antibiotic
treatment of patients. In patients that received intravenous anti-
biotics, we found that there were no significant differences be-
tween patients in the azithromycin and placebo groups (pooled
RR, 0.784 [95% CI, 0.579, 1.060], z � 1.58, P � 0.114) (Fig. 4A).
However, patients in azithromycin groups showed a reduction in
oral antibiotic use, with a pooled RR value of 0.555 and a 95% CI
of 0.465 to 0.664 (Fig. 4B). Then, we pooled the data for the num-
bers of patients that used intravenous antibiotics and oral antibi-
otics to see whether there was a difference in overall antibiotic use
between patients in azithromycin groups and placebo groups.
This analysis indicated that the overall antibiotic use for patients
in azithromycin groups was still significantly reduced compared
with that of patients in placebo groups (pooled RR, 0.628 [95% CI,
0.537, 0.735], z � 5.81, P � 0.001) (Fig. 4C).

Comparison of azithromycin-related side effects. To analyze
azithromycin-related side effects, we extracted the numbers of
patients with gastrointestinal side effects, including vomiting, ab-
dominal pain, diarrhea, and decreased appetite, from the original
articles. Overall, this analysis exhibited a high degree of heteroge-
neity among these trials (�2 � 31.68, P � 0.001, I2 � 84.2%).
Therefore, we conducted an analysis using the random effects
model. This indicated that there were no significant differences
between the patients in azithromycin groups and the patients in
placebo groups for gastrointestinal side effects during the study

FIG 2 Forest plots for risk ratio (RR) of bacterial resistance during the inves-
tigations in azithromycin-treated patients and placebo patients. (A) Plot in-
cludes all six RCTs used in the meta-analysis. (B) For the sensitivity analysis of
bacterial resistance, the 2010 study of Saimen et al. (6) was excluded. Albert, 3;
Saiman 2003, 5; Saiman 2010, 6; Wong, 7; Brusselle, 8; Altenburg, 9. % weight
represents the weight of each study among the included studies. RR represents
the risk ratio. Horizontal lines represent the 95% CI. The pooled RR and its
95% CI are indicated by the unshaded diamond. The black dot indicates the
RR in each study, with a gray square indicating the weight of this study.

FIG 3 Forest plots for risk ratio of new detection of bacterial colonization in
azithromycin-treated patients and placebo patients. (A) Plot includes four of
the RCTs. (B) For the sensitivity analysis of new colonization, the 2010 study of
Saimen et al. (6) was excluded.
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periods (pooled RR, 1.187 [95% CI, 0.761, 1.849], z � 0.76, P �
0.450) (Fig. 5).

Then, we compared the data for another reported side effect,
hearing impairment. Three articles reported the relevant data, and
the heterogeneity test showed that there was no difference among
these data. The pooled RR was 1.168, with a 95% CI of 1.030 to
1.325, which indicated that, compared to placebo groups, patients
in azithromycin groups showed a trend toward hearing impair-
ment after receiving long-term azithromycin therapy (z � 2.42,
P � 0.015) (Fig. 6).

DISCUSSION

Long-term use of macrolides has been found to be effective for
patients with diffuse panbronchiolitis since the late 1980s (16).
More recently, its advantages have been investigated among pa-
tients with chronic lung diseases, including cystic fibrosis, COPD,
asthma, and non-cystic fibrosis bronchiectasis (3, 5–13). The
mechanisms for the benefits of macrolides in the treatment of
these diseases remain unexplained but may be due to their anti-
bacterial and/or anti-inflammatory actions (4), which include re-
duction in proinflammatory cytokine production (9–11) and has-
tening of the phagocytosis ability of macrophages (17, 18). In

addition, macrolides have potentially beneficial properties, in-
cluding antiviral actions (19). However, recent research has been
done on underlying adverse events of long-term macrolide ther-
apy for patients with chronic lung diseases, and it has been found
that patients treated with long-term macrolides could be at risk of
increased infection with nontuberculous mycobacteria (20, 21).
Furthermore, some macrolides may have underlying severe side
effects, such as increased cardiovascular events (22).

In this analysis, we focused on the side effects of long-term use
of azithromycin for patients with chronic lung diseases enrolled in
randomized controlled trials. We found that long-term use of azi-
thromycin (i) may lead to increased bacterial resistance in isolates
from treated patients, (ii) might decrease colonization of bacteria
and antibiotic use to some extent, and (iii) potentially results in
hearing impairments. Hence, long-term use of azithromycin for
patients with chronic lung diseases should be considered carefully
in spite of its advantages of improving lung function and decreas-
ing exacerbations of diseases.

We noticed that, in our analysis, the results for bacterial colo-
nization exhibited some degree of variation and seemed unstable.
After eliminating the 2010 study of Saiman et al. (6) from this
analysis, the results showed decreased heterogeneity and indicated
that bacterial colonization was reduced among patients treated
with azithromycin. Presumably, the following explanations could
account for the heterogeneity and variability. (i) Different meth-
ods were used for analyzing the bacterial colonization. In the 2010
study of Saiman et al. (6), the number of positive species was
counted rather than the number of patients colonized with bacte-
ria. As the lower respiratory tract in CF patients is rarely sterile, the
difference in the numbers of patients colonized with bacteria in
the two treatment groups could be insignificant. (ii) We also no-
ticed that the increased rate of colonization in this study (6) was
due to the increased numbers of resistant bacteria isolated from
the azithromycin-treated patients, which is in accordance with the
patterns of bacterial resistance analyzed for these patients. Indeed,
species other than resistant bacteria did not show differences be-
tween the both groups. (iii) Pseudomonas aeruginosa itself is not
killed by macrolides. However, macrolides are detrimental to P.
aeruginosa’s colonization by inhibiting the formation of biofilm
which is produced by the strain (23). Hence, CF patients infected
with P. aeruginosa might be benefiting from long-term azithromy-
cin use because long-term azithromycin use could be reducing the
suitability of the niche in the lung of CF patients infected with P.
aeruginosa, whereas long-term azithromycin use in CF patients
uninfected with P. aeruginosa might mediate bacterial resistance.
This could be an interpretation of why the two studies of Saiman et
al. (5, 6) had different microbiological results.

FIG 4 Forest plots for risk ratio of antibiotic use in azithromycin-treated
patients and placebo patients. (A) Intravenous antibiotic use. (B) Oral antibi-
otic use. (C) Overall antibiotic use.

FIG 5 Forest plot for risk ratio of gastrointestinal impairment in azithromy-
cin-treated patients and placebo patients.

FIG 6 Forest plot for risk ratio of hearing impairment in azithromycin-treated
patients and placebo patients.
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Our analysis indicates that long-term azithromycin use might
lead to increased bacterial resistance. In accordance with the most
recent literature (24), patients with bronchiectasis who use azi-
thromycin are at risk of higher macrolide resistance than those
with less exposure. Meanwhile, in that report (24), azithromycin
use was correlated with significantly reduced carriage of Strepto-
coccus pneumoniae (carried by about 60% of patients), Haemophi-
lus influenzae, and Moraxella catarrhalis; however, it increased the
carriage of S. aureus and macrolide-resistant strains of S. pneu-
moniae and S. aureus in a cumulative, dose-dependent manner.
This report may partly explain the results of our analysis, showing
decreased bacterial colonization and increased bacterial resis-
tance. As colonization of resistant bacteria in the respiratory tract
may not require escalation of the current therapy, the reduced
antibiotic use in the patients treated with azithromycin might be
due to the decreased frequency of exacerbation. However, resis-
tance genes for azithromycin can be transferred between different
pathogens (25). The increased colonization of resistant bacteria
may facilitate the dissemination of bacterial resistance and, poten-
tially, cause further therapy to fail.

As this is a meta-analysis, we must be concerned with the fol-
lowing limitations: (i) there was a small number of available trials,
as only 6 randomized controlled trials were available for this anal-
ysis; (ii) there was potential publication bias in the studies in-
cluded, since positive results are more likely to be published than
negative results; and (iii) there may be an increase of type I error
after many calculations.

In conclusion, long-term azithromycin use in chronic lung dis-
eases should be carefully considered, and multicenter RCTs with a
stricter and longer investigation weighing the adverse effects on
bacteriological changes should be explored in the future.
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