
Vol.:(0123456789)

Lung (2024) 202:569–579 
https://doi.org/10.1007/s00408-024-00729-8

RESEARCH

The Effect of Long‑Term Azithromycin on Objective and Subjective 
Cough in Chronic Respiratory Disease: A Systematic 
Review and Meta‑analysis of Randomised Controlled Trials 
and Noncomparative Studies

Dominic L. Sykes1,4 · Pavan Mason2 · Nithusa Rahunathan3 · Simon P. Hart1 · Alyn H. Morice1 · Michael G. Crooks1

Received: 18 April 2024 / Accepted: 3 July 2024 / Published online: 11 July 2024 
© The Author(s) 2024

Abstract
Introduction  Azithromycin is an effective treatment for various respiratory conditions but its effect on cough is poorly 
understood. We synthesised data from randomised controlled trials (RCTs) and noncomparative studies (NCT) examining 
its effect on objective and subjective cough.
Methods  After prospective registration on PROSPERO, we searched MEDLINE, EMBASE, and CENTRAL for both RCTs 
and NCT trials examining the effect azithromycin on cough in respiratory disease.
Results  We identified 1240 studies of which 6 (4 RCTs and 2 NCT studies) were included in the meta-analysis, with a total 
of 275 patients. Azithromycin was associated with significant improvement in Leicester Cough Questionnaire scores at 
follow-up when compared to baseline scores (SMD = 0.62 [95% CI 0.12 to 1.12], p = 0.01). However, when only RCTs were 
synthesised, no significant effect was observed (SMD = 0.12 [95% CI − 0.36 to 0.60], p = 0.62). There was no significant 
reduction in cough severity VAS score (SMD = − 0.39 [95% CI − 0.92 to 0.14], p = 0.15). There was no significant reduction 
in objective cough count (SMD = − 0.41 [95% CI − 1.04 to 0.32], p = 0.09).
Conclusion  Azithromycin therapy improves cough-related quality of life in various chronic respiratory diseases; however, 
there was no significant effect on cough outcomes when only data from RCTs were synthesised. We believe that to accurately 
identify which patients whose cough would benefit from azithromycin a large-scale clinical trial of patients with a broad 
spectrum of respiratory diseases, with sufficiently severe cough, should be undertaken with subgroup analysis of individual 
disease areas.
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Introduction

Chronic respiratory diseases affect one in five people in 
the United Kingdom and now represent the third leading 
cause of death in England [1]. Amongst such patients, 
the symptom of cough is extremely prevalent and often 
accounts for a significant proportion of symptom burden 
and is responsible for up to 10% of clinical contacts in 
primary care [2, 3]. In chronic respiratory diseases such 
as idiopathic pulmonary fibrosis (IPF), chronic obstruc-
tive pulmonary disease (COPD), and asthma, a higher 
burden of cough as measured by both objective and sub-
jective assessment is associated with disease progression 
[4–6]. Despite this, the primary outcomes, and indeed 
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secondary outcomes, of large-scale clinical trials are sel-
dom related to objective or subjective measures of cough.

The use of long-term azithromycin has become com-
monplace in the field of respiratory medicine over the past 
10 years. Although its exact mechanism remains debated, 
it has been shown in various large randomised controlled 
trials to reduce exacerbation frequency in patients with 
COPD, asthma, and bronchiectasis [7–9]. In the light of 
this, the British Thoracic Society (BTS) guideline for the 
use of long-term macrolides recommends their use in 
patients who experience frequent exacerbations in each of 
these diseases [10]. However, this guideline recommends 
against the use of long-term macrolides in unexplained 
chronic cough, moreover, the recent BTS clinical state-
ment of chronic cough recommends only using long-term 
macrolides in those with chronic productive cough and 
recommends against its use in non-productive cough [11].

The exact mechanism by which macrolides work is 
incompletely understood; however, the widely accepted 
theory is of their immunomodulatory properties [12]. 
The most convincing evidence is of the positive effect 
of azithromycin on the ability of airway macrophages to 
phagocytose bacteria, which has been shown in COPD 
patients [13]. There have been many in  vitro studies 
investigating the effect of macrolide on other aspects of 
innate and adaptive immunity, with conflicting results 
[14–17]. A less studied mechanism of azithromycin is 
that of its effect on gastrointestinal motility, through its 
potent effect as an agonist of motilin receptors [18]. Pre-
vious data have shown that up to two-thirds of patients 
with chronic respiratory disease and high cough burden 
have an element of oesophageal dysmotility [19]. This 
oesophageal dysmotility may well cause non-acidic gase-
ous refluxate to cause inflammation in upper and lower 
airways and cause sensitisation of vagal afferents, lead-
ing to increased cough reflex sensitivity, known as cough 
hypersensitivity syndrome [20, 21]. However, the direct 
impact of azithromycin on objective oesophageal function 
and its correlation with objective and subjective assess-
ments of cough severity is something that is yet to be 
studied in sufficient detail.

In this systematic review and meta-analysis of ran-
domised controlled trials (RCTs) and non-randomised 
noncomparative (NCT) studies, we synthesise the cur-
rent evidence for the use of azithromycin in chronic res-
piratory disease. We elected to study azithromycin alone 
rather than assessing all macrolides as it has the largest 
clinical trial evidence base for exacerbation reduction 
in asthma, bronchiectasis, and COPD [10]. We aimed to 
assess the effects of azithromycin on subjective patient-
reported outcomes of cough as well as objective 24-h 
cough counts.

Methods

Protocol Registration

The review protocol was prospectively registered 
with PROSPERO. With the registration number 
CRD42023433530.

Eligibility Criteria

We searched for English language studies of adults (≥ 18 
years old) with a diagnosis of chronic respiratory dis-
ease including Chronic Obstructive Pulmonary Disease 
(COPD), Asthma, Chronic Cough, Interstitial Lung Dis-
ease (including Idiopathic Pulmonary Fibrosis), and non-
cystic fibrosis Bronchiectasis who were being treated with 
long-term azithromycin. Both randomised controlled trials 
(RCTs) and non-randomised noncomparative trials (NCT) 
of efficacy were eligible for inclusion. We excluded trials 
comparing azithromycin with other long-term macrolide 
therapy. All common azithromycin treatment regimens 
including once daily and three times weekly dosing were 
eligible for inclusion.

Search Strategy

We searched electronic literature databases MEDLINE, 
EMBASE, and Cochrane Central Register of Controlled 
Trials in June 2023 using the terms (1) azithromycin AND, 
(2) cough AND, (3) asthma; OR, (4) COPD or chronic 
obstructive pulmonary disease; OR, (5) ILD or interstitial 
lung disease; OR, (6) IPF or idiopathic pulmonary fibrosis; 
OR, (7) Chronic Cough or refractory chronic cough or idi-
opathic chronic cough; OR, (8) Bronchiectasis. Reference 
lists of previous systematic reviews with similar endpoints 
were hand-searched for additional titles. The full search 
strategy, including the results of the searches for each data-
base, can be found in the supplementary materials.

Study Screening and Selection

All titles, abstracts, and full-text articles were uploaded 
to the online review website Covidence (www.​covid​ence.​
org). Title and abstract screening was performed by two 
reviewers independently (D L Sykes and N Rahunathan) 
with discrepancies being resolved by a third reviewer (P 
Mason). Full-text articles of potentially eligible studies 
were again screened by two independent reviewers (D L 
Sykes and P Mason) with discrepancies being resolved 

http://www.covidence.org
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by consensus. Reasons for exclusion of full-text articles 
were recorded.

Outcomes of Interest

To be eligible for inclusion in the analysis, studies had to 
include at least one of the following as either a primary 
or secondary outcome. The first main outcome of interest 
for this review was patient-reported outcome measures of 
cough including Leicester Cough Questionnaire, Hull Air-
way Reflux QuestionnaireM, Cough Visual Analogue Scale 
(VAS), Cough Numerical Rating Scale (NRS), and Cough 
Quality of Life Questionnaire. The second main outcome 
of interest for this review was the measure of objective 
cough counting; studies would be eligible if they used any 
method of cough counting including (but not limited to) 
VitaloJAK™, Leicester Cough Monitor, and Hull Automatic 
Cough Counter.

Data Extraction

All pre-specified study data were extracted from studies 
using the Covidence online data extraction tool. Two authors 
(D L Sykes and N Rahunathan) independently recorded the 
study data including the following:

•	 Study Data: first author, year of publication, geographical 
setting, source of funding

•	 Methods: study design, study setting, duration of study, 
inclusion/exclusion criteria, azithromycin dosing regi-
men, type of cough recorder used, patient-reported out-
come measure used

•	 Results: number of participants, mean age, % male, 
change in patient-reported outcome measures, change in 
objective cough count, adverse events, and mortality

Once all data were extracted by each author, discrepan-
cies were resolved by consensus and the limitations of each 
study were discussed.

Risk‑of‑Bias Assessment

All studies were assessed for risk of bias by two independ-
ent reviewers (D L Sykes and N Rahunathan) using the 
Cochrane Risk-of-Bias Tool on the Covidence online review 
website [22]. This tool assesses each study for sequence gen-
eration, allocation concealment, blinding of participants, 
personnel and outcome assessors, incomplete outcome data, 
selective outcome reporting, and other sources of bias. Stud-
ies were also rated on their method of outcome measure-
ment, analysis of groups, and statistical analysis.

NCT studies were assessed for risk of bias using the 
ROBINS-I risk-of-bias tool. Disagreements in assessment 
were resolved by consensus.

Statistical Analysis

All continuous data from patient-reported outcomes and 
objective cough counts were inputted as raw data in all 
meta-analyses in this review. The reported outcome of all 
meta-analyses was standardised mean difference (SMD). 
Meta-analysis was performed for all studies comparing the 
baseline mean (SD) and post-treatment follow-up mean (SD) 
of each outcome in the azithromycin treatment group.

Separate meta-analyses were performed for RCT data 
where the mean difference (SD) of each outcome between 
placebo and azithromycin groups was available. Where 
standard deviations were not available for a particular out-
come, they were imputed using a correlation coefficient from 
a different study in the review, as per the Cochrane Hand-
book [23].

As there were only a small number of studies included 
in the final review, we decided not to use I2 as a measure of 
heterogeneity as it is biased in small meta-analyses. Due to 
the differences in diseases examined in the included studies 
and methods of assessment between the studies included, 
all meta-analyses were conducted using a random-effects 
model. All data analyses were performed using IBM SPSS 
Statistics 28 (IBM Corp., Armonk, NY, USA).

Results

Systematic Review

Study Selection

The systematic search identified 1240 eligible studies, of 
these 389 were duplicates. A further 4 studies were included 
from citation searching, resulting in 855 studies eligible for 
screening by their title and/or abstract. From these titles, a 
full-text review was carried out on 33 studies, of which 6 
studies met the criteria for inclusion in the final analyses. 
The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) flow diagram can be visualised 
in Fig. 1.

Study Characteristics

A total of 6 studies (n = 275) were included in the final anal-
ysis, including 4 RCTs [24–27] (n = 224) and 2 NCTs [28, 
29] (n = 51); all 4 RCTs were compared long-term azithro-
mycin with placebo. Table 1 illustrates the characteristics 
of all included studies. Amongst the RCTs, the risk of bias 
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was rated as low in all categories. As the same risk-of-bias 
checklist was applied to all studies, the risk of bias was 
significantly higher in the NCT trials as they were both 

open-label and did not have a comparator group. Figure 2 
shows the risk-of-bias assessment for all studies.

The two NCT studies that were included in the review 
were both scored as having a ‘serious’ risk of bias using the 

Fig. 1   PRISMA flow diagram showing quantities of studies excluded at each stage in the review
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ROBINS-I tool. The exact scoring for both Fraser et al. and 
Martin et al. can be seen in the Supplementary Materials.

Of the 4 RCTs included in the analysis, one trial  exam-
ined the use of azithromycin in COPD, asthma, chronic 
cough, and IPF. Of the 2 NCT trials, one trial was conducted 
in sarcoidosis and one in chronic cough.

Randomised Controlled Trials

Berkhof et al.'s study  was the largest study identified in the 
systematic review, examining the role of azithromycin in 84 
COPD patients. It demonstrated a significantly greater mean 
increase in LCQ total score after 12 weeks in the azithro-
mycin group compared with placebo (mean difference 1.3 
[95% CI 0.3–2.3] p = 0.01), meeting the minimally clinical 
important difference for the LCQ. There was also a signifi-
cant improvement in SGRQ total score over 12 weeks with 
azithromycin compared with placebo mean difference -7.4 
[95% CI − 12.5; − 2.5], p = 0.004).

Cameron et al.'s study  was conducted in a group of 71 
smokers with asthma. No effect was seen on mean LCQ fol-
lowing 12 weeks of treatment with azithromycin. The mean 
difference was -1.06 [95% CI − 2.16 to 0.05], p = 0.06.

Hodgson et al.'s study  was a trial of 44 patients with 
chronic cough. There was statistically significant improve-
ment in LCQ score in the azithromycin group from 10.2 to 
12.6 (mean change 2.4; 95% CI 0.5 to 4.2; p = 0.01), which 
was not seen in the placebo group (mean change 0.7; 95% 
CI − 0.6 to 1.9). However, the between-group difference was 
only observed at 4 weeks and not past this point (mean dif-
ference, 1.9 [95% CI 0.1 to 3.8] p = 0.04). There was no 
significant difference between azithromycin and placebo in 
cough severity VAS scores (p = 0.21).

Guler et al. observed the effect of azithromycin in 25 
patients with IPF. This study found no difference in total 
LCQ score (mean difference 0.68 [95% CI − 0.64 to 1.99], 
p = 0.29). There was no difference between cough severity 
VAS scores (mean difference 0.25 [95% CI − 1.12 to 1.63], 
p = 0.70). 24-h cough recording demonstrated no difference 
in coughs per hour between placebo and azithromycin (mean 
difference − 3.9 [95% CI − 10.2 to 2.3], p = 0.19).

Noncomparative Trials

Martin et al. included 30 patients with chronic cough. This 
showed a significant improvement in LCQ at 12 weeks with 
a median improvement of 6.3 (p < 0.001).

Table 1   Characteristics of studies included in the meta-analysis

Study Condition Study design Azithromycin 
Regimen

Outcomes of 
interest

Follow-up Mean Base-
line LCQ 
Score

Number of 
participants

Fraser et al. 
(2020)

Sarcoidosis with 
associated 
cough

NCT pre–post-
clinical trial

250 mg once 
daily

LCQ, cough 
severity VAS, 
24 h cough 
counting

12 weeks 15.96 21

Martin et al. 
(2019)

Chronic Cough of 
various aetiolo-
gies, including 
asthma, GORD, 
and early bron-
chiectasis

NCT pre–post-
clinical trial

250 mg three 
times per week

LCQ 12 weeks 11.5 30

Guler et al. 
(2021)

Idiopathic pulmo-
nary fibrosis

Randomised pla-
cebo-controlled 
crossover trial

500 mg three 
times per week

LCQ, cough 
severity VAS, 
SGRQ, 24-h 
cough counting

12 weeks on both 
placebo and 
azithromycin

11.6 25

Hodgson et al. 
(2016)

Chronic cough Randomised 
placebo-con-
trolled trial

Azithromycin 
500 mg daily 
for 3 days 
followed by 
250 mg 3 times 
a week

LCQ, cough 
severity VAS

12 weeks 10.85 44

Cameron et al. 
(2013)

Asthma Randomised 
placebo-con-
trolled trial

250 mg once 
daily

LCQ 12 weeks 16.61 71

Berkhof et al. 
(2013)

COPD Randomised 
placebo-con-
trolled trial

250 mg three 
times per week

LCQ, SGRQ 12–18 weeks 13.95 84
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Fraser et al. recruited 21 patients with sarcoidosis and 
troublesome cough. This study showed a significant improve-
ment in LCQ at 3 months (median change, 1.85 [− 1.17 to 
12.18], p = 0.006). There was also a significant improve-
ment in Cough VAS (median change, − 9.0 [− 93 to 20], 
p = 0.009). A comparison of 24-h cough counts showed a 
significant reduction from 228 (43–1950) at baseline to 81 
(16–414) at 3 months (p = 0.002).

Meta‑analyses

Leicester Cough Questionnaire

All 6 studies included in the analysis recorded LCQ scores 
at baseline and post-treatment follow-up. The meta-analysis 

found a significant improvement in LCQ scores with azithro-
mycin treatment when compared to baseline scores 
(MD = 2.24 [95% CI 0.28–4.20], p = 0.02, I2 = 0.86). When 
the RCTs were analysed alone, with a comparison of azithro-
mycin vs placebo, there was no significant improvement of 
LCQ scores (MD = 1.0 [95% CI − 0.51 to 2.51], p = 0.19, 
I2 = 0.68). Forest plots for the meta-analyses of all studies 
and for RCTs alone can be seen in Fig. 3.

Cough Severity Visual Analogue Scale

Three studies (n = 85) included in the analysis measured 
cough severity VAS as an outcome, 2 RCTs (n = 64) and 
1 (n = 21) NCT study. When all studies were analysed 
together, there was no effect for reduction of cough severity 

Fig. 2   A Risk-of-bias assessment for all RCTs included in this review. B Risk-of-bias assessment for all NCTs included in this review
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VAS score with azithromycin treatment compared with base-
line score (SMD = -0.39 [95% CI − 0.92 to 0.14], p = 0.15, 
I2 = 0.54). When RCTs were analysed alone, comparing the 
effect on cough severity VAS mean difference in azithromy-
cin and placebo groups, there was no significant difference 
between groups (SMD = − 0.24 [95% CI − 0.67 to 0.20], 
p = 0.28, I2 = 0.00). It is important to note that the cough 
severity VAS that was used in Guler et al. was actually a 
numerical rating scale (NRS); however, due to the similarity 
in the nature of assessment, it has been included in the meta-
analysis. Forest plots for the meta-analyses of all studies and 
for RCTs alone can be seen in Fig. 4.

St George’s Respiratory Questionnaire

Two studies (n = 104) included in the analysis measured 
the SGRQ as an outcome, both were RCTs. There was no 

significant reduction in SGRQ scores after a meta-analy-
sis of the two studies (MD = -4.53 [95% − 10.41–1.35], 
p = 0.13, I2 = 0.98). The forest plot for the meta-analysis of 
these two studies can be seen in Fig. 5.

Objective Cough Counts

Two studies (n = 41) included in the analysis performed 
24-h cough recording at both baseline and follow-up after 
treatment with azithromycin. Fraser et al. utilised the Hull 
Automatic Cough Counter with the Leicester software algo-
rithm for identifying coughs. Guler et al. recorded coughs 
with the NOX T3 device with Noxturnal software. There 
were differences in reporting the objective cough counts, 
with Fraser et al. reporting 24-h cough counts and Guler 
et  al. reporting cough index (i.e. coughs per hour); for 
the meta-analysis, data were converted into cough index. 

Fig. 3   A Forest plot of all study data comparing baseline and follow-up LCQ scores with treatment of azithromycin. B Forest plot of randomised 
controlled trials data comparing LCQ score means changes between both azithromycin with placebo groups
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Fig. 4   A Forest plot of all study data comparing baseline and follow-up cough severity VAS scores with treatment of azithromycin. B Forest plot 
of randomised controlled trials data comparing cough severity VAS score means changes between both azithromycin with placebo groups

Fig. 5   Forest plot of randomised controlled trials data comparing SGRQ score means changes between both azithromycin with placebo groups
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There was no reduction in cough index in the meta-analysis 
(SMD = − 0.41 [95% CI − 1.04 to 0.32], p = 0.09, I2 = 0.00). 
The forest plot for these data can be seen in Fig. 6.

Discussion

In this systematic review, we have pooled data from 4 RCTs 
and 2 NCT studies comprising 275 patients with various 
chronic respiratory diseases. We have shown a significant 
improvement in cough-related quality of life as measured 
by the LCQ when comparing pre-treatment baseline values 
with post-azithromycin treatment follow-up assessments 
(SMD = 0.62 [95% CI 0.12–1.12], p = 0.01). However, 
when placebo-controlled data from the 4 RCTs were pooled 
together, there was no statistically significant improvement 
with treatment over placebo.

The absence of improvement in LCQ scores and objective 
cough counts in the RCT-only meta-analysis compared to the 
improvements observed in the NCT studies are in keeping 
with the large placebo responses that have been observed in 
previous trials in chronic cough patients [30]. However, this 
response has not been seen in recent trials examining cough 
in IPF patients [31, 32]. When analysing the LCQ results 
from studies included in this review individually, there are 
2 RCTs with improvement, 2 RCTs with no difference, and 
2 NCT trials showing improvements. The heterogeneity in 
the findings observed may be attributable to patient selec-
tion, for example, Cameron et al. included asthmatic patients 
with a baseline LCQ of 16.6 in the treatment group and 16.9 
in the placebo group. These values almost reach the cut-off 
for normality, which has previously been reported as 17.68 
[33]. Furthermore, the two RCTs that showed significant 
improvement in LCQ scores had patients with baseline LCQ 
scores of 10.2 and 14.5 (treatment groups), which would 

indicate that patients with more severe cough would have 
a higher chance of responding to azithromycin. We have 
also observed variation in response based on the disease 
studied in each of the studies, as the positive RCTs were in 
groups of chronic cough and COPD patients, whereas the 
negative RCTs were in patients with asthma and IPF, and 
the two positive NCT studies were in patients with chronic 
cough and sarcoidosis. We believe that this review ulti-
mately highlights the lack of certainty around the efficacy 
of azithromycin for the treatment of cough in chronic res-
piratory disease. It is not clear from the studies included in 
this review which cohort of patients are set to benefit from 
long-term treatment.

Of the studies included in our final analysis, only two 
trials with a combined total of 41 patients utilised the tech-
nique of objective cough counting as one of the outcomes of 
their study. Both studies showed a reduction in cough counts 
with the use of azithromycin, and although our analysis did 
not show this to be statistically significant, we believe that 
this is due to a lack of statistical power from the small sam-
ple sizes in the individual studies and therefore in the meta-
analysis. Both studies investigated azithromycin in intersti-
tial lung disease with Sarcoidosis in Fraser et al. and IPF in 
Guler et al. The data from both included studies represent 
a promising signal which warrants further investigation of 
the effect of long-term macrolides on objective cough in dif-
ferent respiratory diseases. Objective assessment of cough 
through 24-h cough counting has been shown to correlate 
with more traditional outcome measures of disease control 
respiratory disease and has been shown to predict improve-
ment in disease control in asthma [34], COPD [35], and IPF 
[36]. Traditionally, clinic trials of novel pharmacological 
interventions for idiopathic/refractory chronic cough have 
used this metric as their primary outcome [30] and it has 
more recently been utilised as a primary outcome for trials 

Fig. 6   Forest plot of studies with data comparing mean difference of coughs per hour on 24-h cough monitoring at baseline and follow-up with 
azithromycin treatment
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of new therapeutics in IPF [31]. Despite its increasing usage, 
the optimal method of objective cough counting remains 
the centre of debate [37, 38]. Indeed, the two trials included 
in this review reported different metrics, with Guler et al. 
reporting cough index (coughs per hour) and Fraser et al. 
reporting 24-h cough count. Other reported cough metrics 
include awake cough frequency, which is more applicable 
in idiopathic/refractory chronic cough as such patients tend 
not to cough as much overnight but is less applicable to 
asthmatic patients who may well cough mostly throughout 
the night. More novel techniques of cough assessment are 
being explored, such as ambulatory and home continuous 
cough monitoring [39, 40].

There are several limitations in this systematic review and 
meta-analysis. Firstly, there is a relative dearth of available 
studies that examine the impact of azithromycin on cough; 
furthermore, the included studies boast only small-moderate 
sample sizes. This review aimed to widen the number of par-
ticipants by including NCT studies as well as RCTs which 
will of course alter the reliability of the results as such stud-
ies are not controlled or blinded which will introduce several 
biases that are not present in reviews of RCTs only. For this 
reason, we performed additional analysis on RCTs separately 
to gain further understanding of the effect of azithromycin 
compared with placebo on subjective measures of cough. 
Another potential limitation of this analysis is the hetero-
geneity of the patient population from which these studies 
were selected, as different respiratory diseases have distinct 
pathophysiology and differential cough burden, which may 
affect the efficacy of azithromycin. Moreover, there was het-
erogeneity in certain aspects of the study protocols, such 
the method of azithromycin dosing and objective cough 
measurement techniques. Despite these limitations, this 
systematic review was prospectively designed, registered, 
conducted, and reported in line with PRISMA guidelines.

In conclusion, we have demonstrated that long-term 
azithromycin therapy improves cough-related quality of life 
in various chronic respiratory diseases; however, the data 
from randomised controlled trials did not support this find-
ing. We believe that to accurately identify which patients 
whose cough would benefit from azithromycin a large-scale 
clinical trial of patients with a broad spectrum of respiratory 
diseases, with sufficiently severe cough, should be under-
taken with subgroup analysis of individual disease areas.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00408-​024-​00729-8.

Author contributions  DS and PM are joint first authors. DLS, NR, 
and PM performed the literature searching and systematic review of 
the data. DLS performed the meta-analysis of the data. DLS, PM, NR, 
AHM, SPH, and MGC co-drafted and amended the manuscript.

Funding  Funding was provided by National Institute for Health and 
Care Research.

Declarations 

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Statistics OFN (2023) Monthly mortality analysis, England and 
Wales: February 2023. https://​www.​ons.​gov.​uk/​peopl​epopu​latio​
nandc​ommun​ity/​birth​sdeat​hsand​marri​ages/​deaths/​bulle​tins/​
month​lymor​talit​yanal​ysise​nglan​dandw​ales/​febru​ary20​23#​leadi​
ng-​causes-​of-​death

	 2.	 Bergmann M, Haasenritter J, Beidatsch D, Schwarm S, Hörner 
K, Bösner S et al (2021) Prevalence, aetiologies and prognosis 
of the symptom cough in primary care: a systematic review and 
meta-analysis. BMC Fam Pract 22:1–19

	 3.	 Hirons B, Rhatigan K, Kesavan H, Turner RD, Birring SS, Cho 
PS (2023) Cough in chronic lung disease: a state of the art review. 
J Thorac Dis 15(10):5823

	 4.	 Çolak Y, Afzal S, Lange P, Laursen LC, Nordestgaard BG, Dahl 
M (2019) Role and impact of chronic cough in individuals with 
asthma from the general population. J Allergy Clin Immunol 
7(6):1783–1792

	 5.	 Burgel P-R, Nesme-Meyer P, Chanez P, Caillaud D, Carré P, Perez 
T et al (2009) Cough and sputum production are associated with 
frequent exacerbations and hospitalizations in COPD subjects. 
Chest 135(4):975–982

	 6.	 Ryerson CJ, Abbritti M, Ley B, Elicker BM, Jones KD, Collard 
HR (2011) Cough predicts prognosis in idiopathic pulmonary 
fibrosis. Respirology 16(6):969–975

	 7.	 Gibson PG, Yang IA, Upham JW, Reynolds PN, Hodge S, James 
AL et al (2017) Effect of azithromycin on asthma exacerbations 
and quality of life in adults with persistent uncontrolled asthma 
(AMAZES): a randomised, double-blind, placebo-controlled trial. 
Lancet 390(10095):659–668

	 8.	 Altenburg J, de Graaff CS, Stienstra Y, Sloos JH, van Haren EH, 
Koppers RJ et al (2013) Effect of azithromycin maintenance treat-
ment on infectious exacerbations among patients with non-cystic 
fibrosis bronchiectasis: the BAT randomized controlled trial. 
JAMA 309(12):1251–1259

	 9.	 Albert RK, Connett J, Bailey WC, Casaburi R, Cooper JAD Jr, 
Criner GJ et al (2011) Azithromycin for prevention of exacerba-
tions of COPD. N Engl J Med 365(8):689–698

	10.	 Smith D, Du Rand IA, Addy C, Collyns T, Hart S, Mitchelmore P 
et al (2020) British Thoracic Society guideline for the use of long-
term macrolides in adults with respiratory disease. BMJ Open 
Respir Res 7(1):e000489

	11.	 Parker SM, Smith JA, Birring SS, Chamberlain-Mitchell S, 
Gruffydd-Jones K, Haines J et al (2023) British Thoracic Society 
Clinical Statement on chronic cough in adults. Thorax 78(Suppl 
6):s3–s19

https://doi.org/10.1007/s00408-024-00729-8
http://creativecommons.org/licenses/by/4.0/
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/monthlymortalityanalysisenglandandwales/february2023#leading-causes-of-death
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/monthlymortalityanalysisenglandandwales/february2023#leading-causes-of-death
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/monthlymortalityanalysisenglandandwales/february2023#leading-causes-of-death
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/deaths/bulletins/monthlymortalityanalysisenglandandwales/february2023#leading-causes-of-death


579Lung (2024) 202:569–579	

	12.	 Pollock J, Chalmers JD (2021) The immunomodulatory effects of 
macrolide antibiotics in respiratory disease. Pulm Pharmacol Ther 
71:102095

	13.	 Hodge S, Reynolds PN (2012) Low-dose azithromycin improves 
phagocytosis of bacteria by both alveolar and monocyte-derived 
macrophagesin chronic obstructive pulmonary disease subjects. 
Respirology 17(5):802–807

	14.	 Čulić O, Eraković V, Čepelak I, Barišić K, Brajša K, Ferenčić 
Ž et al (2002) Azithromycin modulates neutrophil function and 
circulating inflammatory mediators in healthy human subjects. 
Eur J Pharmacol 450(3):277–289

	15.	 Bystrzycka W, Manda-Handzlik A, Sieczkowska S, Moskalik A, 
Demkow U, Ciepiela O (2017) Azithromycin and chlorampheni-
col diminish neutrophil extracellular traps (NETs) release. Int J 
Mol Sci 18(12):2666

	16.	 Ishida Y, Abe Y, Harabuchi Y (2007) Effects of macrolides on 
antigen presentation and cytokine production by dendritic cells 
and T lymphocytes. Int J Pediatr Otorhinolaryngol 71(2):297–305

	17.	 Ratzinger F, Haslacher H, Poeppl W, Hoermann G, Kovarik J, Jutz 
S et al (2014) Azithromycin suppresses CD4+ T-cell activation 
by direct modulation of mTOR activity. Sci Rep 4(1):7438

	18.	 Broad J, Sanger GJ (2013) The antibiotic azithromycin is a motilin 
receptor agonist in human stomach: comparison with erythromy-
cin. Br J Pharmacol 168(8):1859–1867

	19.	 Sykes DL, Crooks MG, Hart SP, Jackson W, Gallagher J, Morice 
AH (2022) Investigating the diagnostic utility of high-resolution 
oesophageal manometry in patients with refractory respiratory 
symptoms. Respir Med 202:106985

	20.	 Morice AH (2013) Airway reflux as a cause of respiratory disease. 
Breathe 9(4):257–266

	21.	 Song W-J, Morice AH (2017) Cough hypersensitivity syn-
drome: a few more steps forward. Allergy Asthma Immunol Res 
9(5):394–402

	22.	 Higgins J, Savović J, Page M, Elbers R, Sterne A (2022) Chap-
ter 8: assessing risk of bias in a randomized trial. Cochrane Hand-
book for Systematic Reviews of Interventions version 6.1 (updated 
September 2020). Cochrane 2020

	23.	 Higgins JP, Li T, Deeks JJ (2019) Choosing effect measures and 
computing estimates of effect. In: Higgins JPT (ed) Cochrane 
handbook for systematic reviews of interventions. Wiley, Hobo-
ken, pp 143–176

	24.	 Berkhof FF, Hertog NED, Uil SM, Kerstjens HAM, van den Berg 
JWK (2013) Azithromycin and cough-specific health status in 
patients with chronic obstructive pulmonary disease and chronic 
cough: a randomised controlled trial. Respir Res 14(1):125

	25.	 Hodgson D, Anderson J, Reynolds C, Oborne J, Meakin G, Bailey 
H et al (2016) The effects of azithromycin in treatment-resistant 
cough: a randomized, double-blind, placebo-controlled trial. 
Chest 149(4):1052–1060

	26.	 Guler SA, Clarenbach C, Brutsche M, Hostettler K, Brill AK, 
Schertel A et al (2021) Azithromycin for the treatment of chronic 
cough in idiopathic pulmonary fibrosis a randomized controlled 
crossover trial. Ann Am Thorac Soc 18(12):2018–2026

	27.	 Cameron EJ, Chaudhuri R, Mair F, McSharry C, Greenlaw N, 
Weir CJ et al (2013) Randomised controlled trial of azithromycin 
in smokers with asthma. Eur Respir J 42(5):1412–1415

	28.	 Fraser SD, Thackray-Nocera S, Shepherd M, Flockton R, Wright 
C, Sheedy W et al (2020) Azithromycin for sarcoidosis cough: an 
open-label exploratory clinical trial. ERJ Open Res 6(4):1–7

	29.	 Martin MJ, Lee H, Clayton C, Pointon K, Soomro I, Shaw DE 
et al (2019) Idiopathic chronic productive cough and response to 
open-label macrolide therapy: an observational study. Respirology 
24(6):558–565

	30.	 McGarvey LP, Birring SS, Morice AH, Dicpinigaitis PV, Pavord 
ID, Schelfhout J et al (2022) Efficacy and safety of gefapixant, a 
P2X3 receptor antagonist, in refractory chronic cough and unex-
plained chronic cough (COUGH-1 and COUGH-2): results from 
two double-blind, randomised, parallel-group, placebo-controlled, 
phase 3 trials. Lancet 399(10328):909–923

	31	 Maher TM, Avram C, Bortey E, Hart SP, Hirani N, Molyneux 
PL et al (2023) Nalbuphine tablets for cough in patients with idi-
opathic pulmonary fibrosis. NEJM Evid 2:EVIDoa2300083

	32	 Wu Z, Spencer LG, Banya W, Westoby J, Tudor VA, Rivera-
Ortega P et al (2024) Morphine for treatment of cough in idi-
opathic pulmonary fibrosis (PACIFY COUGH): a prospective, 
multicentre, randomised, double-blind, placebo-controlled, two-
way crossover trial. Lancet Respir Med 12:273–280

	33.	 Reynolds JE, Jetté ME, Wright ML, Sundar KM, Gillespie AI, 
Slovarp LJ (2023) Normative values for the leicester cough 
questionnaire in healthy individuals. Ann Otol Rhinol Laryngol 
132(6):705–708

	34.	 Faruqi S, Sykes DL, Crooks MG, Brindle K, Thompson J, Morice 
AH (2020) Objective assessment of cough: an early marker of 
response to biological therapies in asthma? Lung 198:767–770

	35.	 Calverley P, Pauwels R, Löfdahl C-G, Svensson K, Higenbot-
tam T, Carlsson L et al (2005) Relationship between respiratory 
symptoms and medical treatment in exacerbations of COPD. Eur 
Respir J 26(3):406–413

	36.	 van Manen MJ, Birring SS, Vancheri C, Vindigni V, Renzoni 
E, Russell A-M et  al (2017) Effect of pirfenidone on cough 
in patients with idiopathic pulmonary fibrosis. Eur Respir J 
50(4):1701157

	37.	 Zhang M, Sykes DL, Brindle K, Sadofsky LR, Morice AH (2022) 
Chronic cough—the limitation and advances in assessment tech-
niques. J Thorac Dis 14(12):5097

	38.	 Cho PS, Birring SS, Fletcher HV, Turner RD (2019) Methods of 
cough assessment. J Allergy Clin Immunol 7(6):1715–1723

	39.	 Lee S-E, Rudd M, Kim T-H, Oh J-Y, Lee J-H, Jover L et al (2023) 
Feasibility and utility of a smartphone application-based longitu-
dinal cough monitoring in chronic cough patients in a real-world 
setting. Lung 201(6):555–564

	40.	 Do W, Russell R, Wheeler C, Javed H, Dogan C, Cunningham G 
et al (2022) Performance of cough monitoring by Albus Home, a 
contactless and automated system for nocturnal respiratory moni-
toring at home. ERJ Open Res 8(4):2022

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The Effect of Long-Term Azithromycin on Objective and Subjective Cough in Chronic Respiratory Disease: A Systematic Review and Meta-analysis of Randomised Controlled Trials and Noncomparative Studies
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Protocol Registration
	Eligibility Criteria
	Search Strategy
	Study Screening and Selection
	Outcomes of Interest
	Data Extraction
	Risk-of-Bias Assessment
	Statistical Analysis

	Results
	Systematic Review
	Study Selection
	Study Characteristics
	Randomised Controlled Trials
	Noncomparative Trials

	Meta-analyses
	Leicester Cough Questionnaire
	Cough Severity Visual Analogue Scale
	St George’s Respiratory Questionnaire
	Objective Cough Counts


	Discussion
	References




