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Abstract
Aim:Effects of azithromycin on asthma reported in clinical trials are less consistent. We aimed to further clarify the efficacy and safety
of azithromycin in treatment of asthma.

Methods: The protocol registration number was CRD42017074318 (http://www.crd.york.ac.uk/Prospero). We searched
PubMed, EMBASE, Cochrane databases, China National Knowledge Internet (CNKI), and Wanfang databases for the randomized
controlled trials (RCTs) with prolonged treatment of azithromycin for more than 3 weeks. Random-effects or fixed-effects model was
applied to calculate risk ratio (RR) and mean difference (MD) for dichotomous and continuous data respectively.

Results:A total of eight studies were included for analysis. The pooled result of adjunctive azithromycin therapy in asthma showed a
small, but statistically significant increase in forced expiratory volume in one second (FEV1) (MD=0.06, 95% confidence interval [CI]:
0.01–0.12, P= .02), but no significant differences in exacerbation frequency (MD=�0.42, 95%CI: �1.13 to 0.30, P= .25) and peak
expiratory flow (PEF) (MD=0.20, 95%CI:�0.05 to 0.44, P= .12), fractional exhaled nitric oxide (FeNO) (MD=4.12, 95%CI:�2.06 to
10.30, P= .19), asthma quality of life questionnaire (AQLQ) (MD: 0.05, 95% CI:�0.17 to 0.28, P= .65), asthma control questionnaire
(ACQ) (MD:�0.03, 95% CI:�0.21 to 0.15, P= .75). The subgroup analysis revealed that azithromycin could decrease FeNO among
Asian asthma (MD=15.04, 95% CI: 6.18–23.90, P= .0009).

Conclusions: Add-on therapy of azithromycin in asthma patients could improve the FEV1, but failed to improve asthma
exacerbations, PEF, ACQ, AQLQ, and FeNO. Subgroup analysis indicated that azithromycin could improve FeNO in Asian group
asthmatics.

Abbreviations: ACQ = Asthma Control Questionnaire, AQLQ = asthma quality of life questionnaire, CI = confidence interval,
COPD = chronic obstructive pulmonary disease, FeNO = fractional exhaled nitric oxide, FEV1 = forced expiratory volume in one
second, ICS = inhaled corticosteroid, Ig = immunoglobulin, IL = interleukin, MD =mean difference, PEF = peak expiratory flow, QOL
= quality-of-life, RCT = randomized controlled trial, RR = risk ratio.
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1. Introduction

Asthma is a common chronic airway disease that affectsmore than
300 million people worldwide. It is reported that major asthma-
related morbidity, mortality, and health care costs are caused by
acute exacerbations.[1] Asthma exacerbations can occur during the
maintenance treatment with inhaled corticosteroids and long-
acting bronchodilators, which suggests the patients with uncon-
trolled persistent asthma might need additional treatment
options.[2] When monoclonal antibodies such as anti-immuno-
globulin(Ig)E and anti-interleukin(IL)5 have been demonstrated to
be efficacious in eosinophilic asthma, there is still no effective
treatment for neutrophil asthma.[3,4] Besides, the high costs of
monoclonal antibodies also preclude widespread use in many
asthmatics. Therefore, effective, economical, and safe add-on
therapies in patients with poorly controlled asthma are needed.
Azithromycin, a second-generation macrolide, is a commonly

used antibiotic with a broad antibacterial spectrum and has
received increasing attention in recent years because of its
additional effects on host-defense reactions and human chronic
diseases.[5] For patients with asthma, azithromycin has been
investigated in several clinical trials. However, their effects on
asthma are less consistent. Hence, we conducted a meta-analysis
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of randomized controlled trials (RCTs) to assess the efficacy and
safety of azithromycin in patients with persistent asthma.

2. Materials and methods

We prepared this article according to the PRISMA guidelines for
systematic reviews and meta-analysis.[6] The protocol was
registered in an international database of prospectively registered
systematic reviews named as PROSPERO (http://www.crd.york.
ac.uk/PROSPERO, registration number: CRD42017074318)
before the search of eligible trials. A pilot of the study was
previously carried out to adjust the search strategy.

2.1. Search strategy and sources

We conducted a comprehensive search in PubMed, Embase, the
Cochrane Central Register of Controlled Trials, China National
Knowledge Internet, and Wanfang databases using “azithromy-
cin or macrolide” and “asthma or bronchial asthma” and
covered all articles published until November 2018. In addition,
we screened the reference lists of the papers identified through the
databases to avoid missing any potential studies.

2.2. Inclusion and exclusion criteria

Original studies were eligible for inclusion if they met the
following criteria:
1.
 randomized controlled studies;

2.
 prolonged treatment (three or more weeks) with azithromycin

or placebo in adult patients (age > 18 years) with asthma;

3.
 data extractable for systematic review and meta-analysis

regardless of the publication type.

4.
 We excluded non-randomized clinical trials with ineligible

interventions or outcomes.

2.3. Data extraction and quality assessment

Two authors (Xiaohu Wang and Dan Wang) independently
extracted related data in a blinded fashion from eligible studies
basedon thepredefinedcriteria,which included the characteristics of
the trials, interventions, and outcomes. No language and time
restriction were imposed in this meta-analysis. Any disagreements
were resolved by consensuswith a third author (Chuntao Liu) when
necessary. Figure 1 summarized the study selection process. The
main outcomes were rates of asthma exacerbation, lung function
(forced expiratory volume in one second [FEV1], peak expiratory
flow[PEF]), fractional exhalednitric oxide (FeNO),AsthmaControl
Questionnaire (ACQ), asthmaquality of life questionnaire (AQLQ),
resistance to azithromycin, and side effects. The risk of bias was
assessed using Cochrane-recommended tools,[7] including:
1.
 adequate sequence generation;

2.
 allocation concealment;

3.
 blinding;

4.
 incomplete outcome data addressed;

5.
 free of selective reporting; and

6.
 free of other bias.

2.4. Statistical analyses

All analyses were performed with Review Manager (Version 5.3,
The Cochrane Collaboration). P< .05 was considered statistically
2

significant. Risk ratio (RR) and95%confidence interval (CIs)were
used to analyze dichotomous data, and mean difference (MD)
and 95% CI were used for continuous data. We assessed the
statistical heterogeneity among trials,whichwas defined asP� .1
and I2 ≥ 50% in x2 and I2 test, respectively.[8] Fixed-effects
models were used when no statistical heterogeneity was detected.
Otherwise, random-effectsmodels were used.[9] Additionally, we
performed a subgroup analysis to evaluate the ethnicity-specific
effects.
3. Results

3.1. Study description

A total of 608 studies were initially identified. among which 279
were from PubMed, 59 were from EMBASE, 71 were from
Cochrane Library, 56 were from CNKI and 143 were from
Wanfang databases. After removal of duplicates, from them, 21
potentially eligible RCTs were identified. Then, 13 studies were
excluded for multiple publications, no outcomes of interest
reported and unqualified intervention. Finally, eight studies[10–17]

were included in themeta-analysis. A total of 855 asthma patients
were recruited to these eight trials: 452 were randomized to the
azithromycin group and 403 to the control group. The mean age
ranged from 18 to 60 years old, the proportion of male subject
varied from 32% to 80%, and the treatment duration was
between 6 weeks to 12 months. Patients were permitted to take
standard asthma medications including inhaled corticosteroids
plus a long-acting bronchodilator, and the use of salbutamol if
necessary. Baseline characteristics of the patients enrolled were
described in Table 1. Details of patients’ characteristics,
intervention strategies, and outcomes were summarized in
Table 2, and A summary of the ‘Risk of bias’ assessment was
presented in Figure 2.

3.2. Clinical outcomes
3.2.1. Exacerbation frequency. Three trials[10,12,13] reported
asthma exacerbations after treatment of azithromycin, but only
two trials[10,12] with 529 patients could be included in our meta-
analysis. The random-effects model was used due to significant
heterogeneity across studies (I2=87%, P= .005). The pooled
result did not show any benefit of azithromycin over placebo on
exacerbation frequency (MD=�0.42, 95%CI: �1.13 to 0.30,
P= .25, Fig. 3). Another trial[13] reported no significant differ-
ences in the rate of exacerbation between azithromycin group and
control group, however, data were not proper for extraction.

3.2.2. FEV1. Five trials
[10,11,15–17] with 364 subjects were pooled

in our meta-analysis, and fixed-effects model was used based on
the low heterogeneity across studies (I2=39%, P= .16). We
found that the addition of azithromycin in asthma patients
slightly increased FEV1 (MD: 0.06, 95% CI: 0.01–0.12, P= .02,
Fig. 4).

3.2.3. PEF. Significant heterogeneity was detected across
studies[10,11,16,17] (I2=53%, P= .09), and the random-effects
model showed no significant difference in PEF between
azithromycin and placebo treatment (MD=0.20; 95% CI:
�0.05 to 0.44, P= .12, Fig. 5). Similarly, the ethnicity subgroup
analysis also demonstrated that azithromycin therapy could not
improve PEF in Caucasian (MD=0.05; 95% CI: �0.21 to 0.32,
P= .70) or Asian (MD=0.45, 95% CI: �0.26 to 1.15, P= .22)
patients.
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Figure 1. Flow chart of study identification, inclusion, and exclusion.

Table 1

Characteristics of included studies in the present study.

Age (year, SD) Sample size

Author (year) Country Ethnicity Treatment Control Male (%) Treatment Control

Hahn 2006[14] USA, Canada Caucasian 50±14 45±12 48.9 19 17
Hahn 2012[13] USA Caucasian 45.7±15.5 47.4±14.2 64 38 37
Brusselle 2013[10] Belgium Caucasian 53 53 38.5 55 54
Cameron 2013[11] England Caucasian 46.4±8.8 42.8±9.4 48.1 38 39
Gibson 2017[12] Australia Caucasian 61 60 39.3 213 207
He 2009[15] China Asian 35.10±2.70 34.90±4.30 42.5 20 20
Wang 2014[16] China Asian 28.44±15.98 29.56±14.21 44.8 29 29
Han 2015[17] China Asian 46.3±8.7 42.9±9.3 80 40 40

SD= standard derivation.
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Table 2

Details of each enrolled study.
Author (year) Asthma severity Smoking history Interventions Duration of therapy Outcomes

Hahn 2006[14] Mild, moderate,
and severe

No special requirement AZI 600mg QD�3D
+600mg QW�5WKs

6 WKs AQLQ

Hahn 2012[13] Mild–moderate No special requirement AZI 600mg QD�3D
+600mg QW�11WKs

12 WKs Exacerbations, AQLQ,
ACQ, Side effects

Brusselle 2013[10] Severe Never-smokers or ex-smokers with a
smoking history of �10 pack-years

AZI 250mg QD�5D
+250 mg TIW�25WKs

26 WKs Exacerbations, FEV1, PEF, AQLQ,
ACQ, FeNO, Side effects

Cameron 2013[11] NM current smokers (>5 pack-years history) AZI 250 mg QD 12 WKs FEV1, PEF, AQLQ, ACQ, FeNO
Gibson 2017[12] NM Non-smokers AZI 500mg, TIW 48 WKs Exacerbations, AQLQ, ACQ, Side effects
He 2009[15] Moderate Non-smokers AZI 250mg, BIW 12 WKs FEV1, Side effects
Wang 2014[16] Moderate Non-smokers AZI 250mg, BIW 12 Ms FEV1, PEF, FeNO
Han 2015[17] NM current smokers (>5 pack-years history) AZI 250mg, QD 12 WKs FEV1, PEF, FeNO, Side effects

ACQ=Asthma Control Questionnaire, AQLQ= asthma quality of life questionnaire, AZI= azithromycin, D=day, FeNO= fractional exhaled nitric oxide, FEV1= forced expiratory volume in one second, M=month,
NM=not mentioned, PEF=peak expiratory flow, WK=week.

Wang et al. Medicine (2019) 98:38 Medicine
Figure 2. Risk of bias assessment summary.
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3.2.4. FeNO. Four trials[10,11,15,17] reported FeNO, but signifi-
cant heterogeneity was noticed across studies (I2=80%,
P= .002), which resulted in the use of random-effects model.
No significant difference was found between azithromycin and
control group (MD=4.12, 95% CI: �2.06 to 10.30, P= .19,
Fig. 6), however, the ethnicity subgroup analysis showed a
significant decrease of FeNO after long-term azithromycin
therapy in Asian patients (MD=15.04, 95% CI: 6.18–23.90,
P= .0009) rather than Caucasian patients (MD=�1.20, 95%CI:
�3.08 to 0.67, P= .21).

3.2.5. ACQ and AQLQ. Both ACQ and AQLQ can be used for
evaluating asthma symptom. Four trials[10–13] were included for
evaluating ACQ. Due to significant heterogeneity across studies
(I2=51%, P= .10), the random-effects model was used.
Generally, the pooled result showed that azithromycin adminis-
tration had no impact on ACQ (MD=�0.03; 95% CI: �0.21 to
0.15, P= .75, Fig. 7). Figure 8 present five studies[10–14] included
in the analysis of the effects of azithromycin on AQLQ in asthma
patients. The random-effects model was used due to heterogene-
ity across studies (I2=57%, P= .06). The overall result indicated
the addition of azithromycin therapy in asthma patients had no
statistical significance on AQLQ (MD=0.05, 95% CI: �0.17 to
0.28, P= .65, Fig. 8).

3.2.6. Resistance to azithromycin. Two studies[10,12] reported
azithromycin related antimicrobial resistance, but data was
insufficient for pooled analysis. Brusselle et al[10] reported long-
term treatment with azithromycin was associated with an
increased proportion of macrolide-resistant oropharyngeal
Streptococci, while Gibson et al[12] did not detect any significant
difference between the two treatment groups.

3.2.7. Side-effects.Gastrointestinal side-effects such as nausea,
diarrhoea, and abdominal pain were the main reported adverse
events, and the related data extracted from three studies[10,12,13]

showed no differences between azithromycin and placebo treatment
(RR=1.42; 95% CI: 0.97–2.09, P= .07, Fig. 9). Other side effects,
such as rash, allergic reaction, vertigo, and headache were also
reported similarly between the two groups, but it was not feasible to
conduct ameta-analysis. Additionally, Gibson et al[12] and Brusselle
et al[10] foundahigher incidence of ‘QTcprolongation’and ‘elevated
liver function tests’ in azithromycin group, respectively.

4. Discussion

Asthma exacerbation is a major cause of disease morbidity,
increase in health care costs, and, in some patients, greater



Figure 3. Effects of azithromycin on asthma exacerbations.

Figure 4. Effects of azithromycin on FEV1 (L).
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progressive loss of lung function.[18] Asthma exacerbations
always can be controlled by inhaled corticosteroid (ICS) or ICS
combined with long-acting b2-adrenergic agonists, but in some
cases, which correspond to severe asthma or refractory asthma,
the symptoms are refractory to these standard treatments, and
often lead to emergency visit or hospitalization. Given the
important role of airway inflammation in asthma, the prompt
initiation of an anti-inflammatory agent is the mainstay of
therapy.[19] Moreover, it has been reported that chronic infection
Figure 5. Effects of azithro
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of the lower respiratory tract with Mycoplasma pneumonia and/
or Chlamydia pneumonia may also be an important contributor
to the pathophysiology of acute exacerbations.[20] Therefore,
novel drugs that contain both anti-inflammatory and anti-
infective effects are warranted and may be an alternative option
in treating refractory asthma.
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
mycin on PEF (L/min).

http://www.md-journal.com


Figure 6. Effects of azithromycin on FeNO (ppb).

Figure 7. Effects of azithromycin on ACQ.
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bacteria,[21] is widely used in clinical settings. During recent
years, besides the antimicrobial effects, its anti-inflammatory and
immunomodulatory effects have been increasingly recognized.
These effects including but not limited to inhibition of pro-
inflammatory pathways, modulation of macrophages and
monocyte function and phenotype, anti-neutrophilic inflamma-
tion effects, potential inhibition of Th2 immune response and
potential direct and indirect antiviral properties.[22] The mouse
model has demonstrated the potential value of azithromycin in
the treatment of chronic respiratory diseases due to the non-anti-
infection effects,[23] and long-term use of macrolides has also
been found to be effective for patients with diffuse panbron-
chiolitis,[24] bronchiectasis,[25] cystic fibrosis,[26] and chronic
obstructive pulmonary disease (COPD).[27] Additionally, some
macrolides are reported to be able to alter steroid metabolism,
Figure 8. Effects of azit
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suggesting that these agents might also function as steroid-
sparing agents[28] and may be used to treat steroid-insensitive
asthma. Other possible mechanisms which intrigue the potential
applications of azithromycin in asthma treatment includes:
1.
hro
azithromycin can reduce airway epithelial cell apoptosis by
improving the imbalance of Bax/Bcl-2 ratio and inhibiting
Caspase-3 level in airway epithelium, and therefore restore
epithelium integrity[29];
2.
 azithromycin may be tackle VEGF-mediated remodeling of
bronchial smooth muscles via p38 MAPK pathway[30]; and
3.
 azithromycin dose-dependently augmented viral-induced in-
terferon expression in asthmatic bronchial epithelial cells,
which decreases the viral load and viral-induced asthma
exacerbations.[31]
mycin on AQLQ.



Figure 9. Effects of azithromycin on side effects.
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Although there are systematic reviews about macrolide for
chronic asthma published previously,[32,33] special meta-analysis
for azithromycin in asthma has not been reported. In our meta-
analysis, in terms of lung functions andasthma symptomcontrol, a
similar pattern was found in our study as reported in the 2015
Cochrane Report[33] that add-on therapy of azithromycin
improved FEV1 but not PEF, ACQ, AQLQ in asthma patients.
However, another meta-analysis[32] published in 2013 reported
that prolonged macrolides use could not improve FEV1, but can
improve PEF and quality-of-life (QOL). There are several possible
reasons for the different results between Reiter’s and our study:
1.
 A high-quality RCT[12] published recently and different
ethnicities were included in our meta-analysis, and it was
conducive to close to the real result.
2.
 Different types of macrolides possessed various properties
were included in Reiter's study and maybe differed in their
effects on asthma exacerbations, and hence caused different
outcome.
3.
 The present study did not include children asthmatics because
we were afraid of children's reaction to azithromycin may be
unlike adults.

FeNO is regarded as a simple, non-invasive method for
assessing asthma and it is recommended by the American
Thoracic Society to facilitate asthma diagnosis and monitoring,
as well as identifying steroid responsive individuals whose
chronic respiratory symptoms may be due to asthma.[34]

However, there was no previous meta of macrolides on asthma
concerning this important outcome to our knowledge. For the
first time, our study performed ameta-analysis of azithromycin in
7

FeNO. Although the overall effect showed no significant
improvement in FeNO, the subgroup analysis found that
azithromycin could improve FeNO in Asian patients with
asthma. The previous study[35] showed that higher FeNO values
were found in healthy adults in China compared with other
ethnicities. Hence we speculated that different races maybe have
different reactions to azithromycin. Chinese perhaps more
sensitive to azithromycin. However, the subgroup results should
be interpreted with caution because of the limited sample size and
potential bias inherent to subgroup analysis.
In our study, the safety analysis showed azithromycin did not

significantly increase gastrointestinal side-effects in asthma
patients compared to placebo, which indicates that treatment of
azithromycin in patients with asthma is of good safety and
tolerance.Microbial resistance is aworldwide problemand should
be considered when any antibiotics used. Our systematic review
showed a controversial outcome of azithromycin in microbial
resistance, but the interpretation of our result should be careful due
to the limited data available, thus it seems difficult to draw a
convincing conclusion in whether long-term azithromycin admin-
istration could result in drug-resistant bacteria in asthma patients.
There are several limitations to the present study. First,

significant heterogeneity was found in PEF, AQLQ, ACQ, and
side effects, which might affect the accuracy of our result
although random-effects model was used. Second, asthma
severity and baseline characteristics of the patients varied among
studies, which might impede the generalized use of azithromycin
in all asthma patients. Third, the number of included studies and
patient samples were relatively small, which might weaken the
power of our study and disenable us to assess other risk factors

http://www.md-journal.com
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that may modify the effects of azithromycin such as gender,
environmental exposures, age, dose, and duration of therapy.
5. Conclusions

The present study showed that add-on therapy of azithromycin in
asthma patients could improve the FEV1, but failed to improve
asthma exacerbations, PEF, ACQ, AQLQ, and FeNO.Moreover,
we found the subgroup analysis indicated that azithromycin
could improve FeNO in Asian group asthmatics. Future studies,
especially the multi-centered and well-designed RCTs, are
warranted to further determine the effects of azithromycin in
asthma, and asthma phenotypes can also be taken into account to
figure out the potential azithromycin-sensitive subgroups.
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