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Objective: This study aimed to assess whether the short-term use of macrolide antibiotics during hospitalization can reduce 
in-hospital all-cause mortality compared to non-macrolide treatment in patients with acute exacerbation of chronic obstructive 
pulmonary disease (AECOPD).
Methods: A propensity score (PS) matching analysis was performed using retrospective data from the admission records of AECOPD 
patients in the medical general ward and medical intensive care unit of a tertiary care center between October 2015 and 
September 2018. The multivariable Cox proportional hazard model was performed to eliminate residual confounding after the PS 
analysis.
Results: The mortality rate was 11.1% of 1528 admissions in the PS matching cohort. Approximately 70% of patients had respiratory 
failure requiring intubation on initial admission, and 34% had pneumonia. Macrolide treatment significantly reduced in-hospital 
mortality among AECOPD patients (adjusted hazard ratio, 0.55; 95% confidence interval 0.32–0.96; P=0.034). Clarithromycin was the 
most commonly prescribed macrolide (80%).
Conclusion: Macrolide antibiotics reduced in-hospital mortality in hospitalized AECOPD patients. The combination of antimicrobial 
and immunomodulatory effects of macrolide treatment could play an essential role.
Keywords: macrolides, AECOPD, mortality, propensity score-matched

Introduction
An acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is defined as an acute worsening of 
respiratory symptoms that may cause a progressive decline in lung function.1 The infectious agent in exacerbation can 
be viral or bacterial.2 The international guidelines3,4 recommend considering empiric antibiotic therapy for AECOPD 
patients who are most likely to have a bacterial infection and for the most ill patients who require hospitalization.5–7 In 
addition, many randomized controlled trials (RCTs) and cohort studies demonstrated that prompt, appropriate antibiotic 
treatment could improve clinical outcomes that reduced in-hospital mortality,8,9 all-cause mortality,10 and the composite 
outcome of treatment failure11 in selected patients with AECOPD.

However, the initial choice of empiric antibiotic therapy is not standardized and should be guided by prior antibiotic 
use, AECOPD severity, local bacterial resistance, and the likelihood that Pseudomonas species are present.3 The 
commonly used initial empirical antibiotics are aminopenicillin with clavulanic acid and macrolides.3 However, in 
patients with frequent exacerbations, severe airflow limitation,12 or mechanical ventilation is required,6 a culture from 
sputum or tracheal suction should be performed to detect resistant organisms, especially gram-negative bacteria.

Macrolides are antibiotics that are effective against gram-positive and some gram-negative bacteria. They are also 
active against atypical bacteria such as Mycoplasma pneumoniae and Chlamydophila pneumoniae. Although a viral 
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infection can be involved in AECOPD, there is no significant evidence that macrolides might have a direct benefit in viral 
infections. However, a recent extensive literature review proposed that macrolides may improve the clinical course of 
viral respiratory infections through anti-inflammatory and immunomodulatory effects.13 The immunomodulatory effect 
of long-term use of macrolide antibiotics can decrease the rate of AECOPD recurrence.14 Long-term use of macrolides 
was reported in a meta-analysis to significantly reduce exacerbations due to immunomodulatory properties. The latest 
GOLD 2021 recommends using macrolide antibiotics in patients who continue to have exacerbations while optimizing 
inhaled therapy.3

A published RCT compared azithromycin to placebo taken daily for one year. Azithromycin was shown to decrease 
the frequency of exacerbations and improve the quality of life,15 especially in those who were not current smokers.16 

However, the benefit of macrolides in the short-term mortality of AECOPD patients is still controversial. Furthermore, in 
a propensity score (PS)-matched study in the United States among critically ill patients with AECOPD, macrolide 
treatment within the first 48 hours of admission reduced 30-day hospital readmissions and time to readmission but did not 
reduce hospital mortality.17 Therefore, we aimed to investigate the impact of macrolide treatment at initial admission on 
in-hospital mortality in AECOPD patients.

Methods
Study Design and Setting
We conducted a therapeutic study based on a retrospective cohort of hospitalized AECOPD patients in Suratthani 
Hospital, which is a university-affiliated tertiary care and referral center located in southern Thailand. The Institutional 
Review Board and the Ethics Committee of Suratthani Hospital approved the study protocol (Approval ID. 87/2564, 
December 23, 2021). The study was performed in accordance with the declaration of Helsinki. Patient informed consent 
was not required because neither direct patient contact nor primary collection of individual patient data occurred.

Study Population
We included all consecutive AECOPD patients admitted to the medical general ward and medical intensive care unit 
(ICU) between October 2015 and September 2018. The diagnosis of AECOPD was based on the International Statistical 
Classification of Diseases and Related Health Problems 10 (ICD-10) codes J44.0, J44.1, and J44.9 as the principal 
diagnoses in the admission records. The exclusion criteria were: (1) patients aged <40 years and (2) spirometry results 
not consistent with COPD (FEV1/FVC ratio <0.7). Patients were separated into two groups based on whether they were 
treated with macrolide antibiotics (clarithromycin, erythromycin, or azithromycin) or non-macrolide antibiotics. 
Treatment with antibiotics and systemic steroids was defined as prescribing the medications within the first 24 hours 
of hospitalization and continued for at least two consecutive days. The primary outcome was all-cause in-hospital 
mortality.

Data Collection
Patient demographic data included age, gender, body mass index, smoking status, comorbidities, spirometry results, 
history of emergency department (ED) visits or hospitalization within the past year, the year of hospitalization, and 
COPD controller medications. We also collected data on the initial (within the first 24 hours) clinical data that included 
vital signs (body temperature, heart rate, respiratory rate, systolic blood pressure [SBP], diastolic blood pressure [DBP], 
and the presence of respiratory failure requiring intubation), initial investigations (eg, complete blood count, blood 
chemistries, and chest radiography), point of care glucose testing, sputum and tracheal aspiration cultures, initial 
antibiotic and systemic steroid prescriptions, hospital length of stay, and mortality.

Statistical Analysis
Clinical characteristics of the macrolide and non-macrolide groups were compared using Fisher’s exact test for 
categorical data. Continuous variables are presented as mean ± SD and compared using an independent sample t-test. 
Non-parametric continuous variables are presented as median with interquartile range (IQR) and compared using the 
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Wilcoxon-Mann–Whitney rank sum test. All proportions and P values were calculated based on variables with no 
missing data.

PS matching was used to address the problems of selection bias and imbalanced prognostic determinants between 
patients who did and did not receive macrolides. The independent covariates to develop the models were the admission year 
and the potential variables that might affect the prescribing of antibiotics by physicians. The variables included the history 
of admission or ED visit in the previous year, the presence of respiratory failure (intubation), and pneumonia demonstrated 
by consolidation on chest radiography on initial admission. A multivariable logistic regression model was used to compute 
the PS values, which were split into different blocks with a similar probability of receiving macrolides. Then, we matched 
the patients who did and did not receive macrolides within each block with a 1:1 ratio.

A standardized difference of the entire cohort and PS-matched cohorts was performed. The absolute standardized 
difference value of more than 10% was considered a significant difference between the clinical characteristics, 
prognostic factors, and potential confounders of the macrolide and non-macrolide groups.18 Therefore, those variables 
in the matched cohort with a standardized difference of more than 10% were included in the final multivariable Cox 
proportional hazard model to eliminate the residual confounders. The impact on in-hospital mortality of macrolide 
treatment was demonstrated in a Kaplan–Meier survival curve and expressed as adjusted hazard ratio (aHR) with 95% 
confidence interval (CI). P values <0.05 were considered statistically significant in all analyses. In all analysis 
modeling, the clustering method adjusted the standard errors for the same patient correlation due to readmission. All 
statistical analyses were performed using Stata Statistical Software Release 16 (StataCorp LLC, College Station, 
TX, USA).

Results
Patient Characteristics
A total of 1919 admissions of AECOPD patients were screened. Thirty-seven admissions were excluded due to age <40 
years, FEV1/FVC ratio ≥0.7, or the lack of a mortality outcome report (Figure 1). Finally, the entire cohort had 1882 
admissions (948 patients). Of the original cohort, 1035 admissions (55%) were treated with macrolides, and 847 (45%) 
did not receive macrolides. Comparisons of baseline characteristics, admission parameters, years of hospitalization, 
antibiotic co-administrations and systemic steroids between the macrolide and non-macrolide groups by the original and 
PS-matched cohort are shown in Tables 1 and 2.

Propensity-Matched Cohort
The logistic modeling results to derive the confounding scores are presented in Table 3. After PS matching (1:1), the PS-matched 
cohort had 1528 admissions (842 patients). The mortality rate of the PS-matched cohort (11.1%) was similar to the original 
cohort (11.6%). In the PS-matched cohort, the patients were predominantly male (86.2%) with a mean ± SD age of 75 ± 11.1 
years. Eighty-five percent of this cohort had other comorbidities of which 47.7% had hypertension. The mean ± SD ratios of 
FEV1/FVC and the % predicted FEV1 were 0.50 ± 0.10 and 66.4 ± 19.6%, respectively. Before the current admission, 72.3% of 
patients used inhaled controller medications, 54.7% had ED visits in the previous 1 year, and 43.3% were hospitalized in the 
previous 1 year. Approximately 70% of patients had respiratory failure requiring intubation on initial admission, and 34% had 
pneumonia demonstrated by radiographic consolidation. Macrolide and antibiotic co-administration treatments are shown in 
Table 2. Eighty-eight percent of patients received one or more antibiotics. The most common macrolide given was clarithromycin 
(80%). Significant differences were observed in the proportions of all other antibiotic and systemic steroid treatments between the 
macrolide and non-macrolide groups. Compared to the non-macrolide group, patients in the macrolide group were more likely to 
receive ceftriaxone (77% vs 25%) and systemic steroids (73% vs 55%). On the other hand, the macrolide group was less likely to 
receive other antibiotics except for ceftriaxone. Of the 1171 admissions that had sputum or tracheal aspiration culture performed, 
1092 were accepted as suitable for culture (Table 4). Almost 50% of these cultures were positive for bacteria: gram-negative 
40.7% and gram-positive 9.7%.
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In-Hospital Mortality Outcome
Finally, after PS matching, the residual variables with a standardized difference of more than 10% were bronchiectasis, 
SBP, DBP, blood urea nitrogen, serum creatinine, serum albumin, and hemoglobin level (Table 1). All of these variables 
and the post-treatment covariates, which included antibiotic co-administration and systemic steroids, were included in the 
final multivariable Cox’s proportional hazard regression model. Macrolide treatment significantly reduced in-hospital 
mortality of AECOPD (aHR, 0.55; 95% CI, 0.32–0.96; P=0.034). The Kaplan–Meier survival curve shows the impact on 
in-hospital mortality of macrolide treatment (Figure 2). A sensitivity analysis was performed. The multivariable logistic 
regression model using the PS as a covariate yielded a similar result (adjusted odds ratio, 0.58; 95% CI, 0.35–0.98; 
P=0.043).

Discussion
Patients with AECOPD initially treated with macrolide antibiotics in addition to standard treatment showed 
a significantly lower rate of in-hospital mortality compared to the non-macrolide group. The patients were treated at 
a tertiary care and referral center, which included ICU and non-ICU settings. The presentations on admission were quite 
severe. Respiratory failure that required invasive mechanical ventilation was found in 70% of patients, and 33% of 
patients also had pneumonia. This study demonstrated the in-hospital mortality outcome of up to 11% of hospitalized 

Figure 1 Study flow chart of all AECOPD patients admitted to the medical general ward and medical intensive care unit. 
Notes: The diagnosis of AECOPD was based on ICD-10 codes J44.0, J44.1, and J44.9 as the principal diagnoses in the admission records. 
Abbreviations: AECOPD, acute exacerbation of chronic obstructive pulmonary disease; FEV1, forced expiratory volume-one second; FVC, forced vital capacity; ED, 
emergency department; PS, propensity score.
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Table 1 Comparison of Baseline Characteristics, Admission Parameters, and Year of Hospitalization Between Macrolide and Non- 
Macrolide Groups: Original Cohort (n = 1882) and Propensity-Matched Cohort (n = 1528). All Admission Records of AECOPD 
Patients Between October 2015 and September 2018

Variables Original Cohort Propensity-Matched Cohort

Macrolide Non-Macrolide P value STD Macrolide Non-Macrolide P value STD

(n=1035) (n=847) (n=764) (n=764)

n (%) n (%) (%) n (%) n (%) (%)

Baseline characteristics

Age, years, mean ± SD 74.4 ± 11.5 75.4 ± 11.0 0.041 9.51 74.5 ± 11.3 75.2 ± 10.9 0.220 6.28

Male 897 (86.7) 725 (85.6) 0.500 −3.10 659 (86.3) 658 (86.1) 1.000 −0.38

BMI, kg/m2, mean ± SD 18.0 ± 6.5 17.6 ± 7.2 0.360 −4.94 18.0 ± 6.7 17.8 ± 7.2 0.630 −2.91

Current smoking 162 (16.2) 100 (12.2) 0.016 −11.45 113 (15.1) 98 (13.2) 0.300 −5.46

Underlying diseases

Hypertension 496 (47.9) 409 (48.3) 0.890 0.73 358 (46.9) 371 (48.6) 0.540 3.41

Diabetes mellitus 166 (16.0) 143 (16.9) 0.660 2.28 126 (16.5) 129 (16.9) 0.890 1.05

Ischemic heart disease 110 (10.6) 110 (13.0) 0.130 7.32 86 (11.3) 98 (12.8) 0.390 4.83

Left ventricular dysfunction 14 (1.4) 19 (2.2) 0.160 6.71 12 (1.6) 14 (1.8) 0.840 2.02

Atrial fibrillation 82 (7.9) 86 (10.2) 0.100 7.79 60 (7.9) 75 (9.8) 0.210 6.92

Chronic kidney disease 129 (12.5) 109 (12.9) 0.830 1.22 88 (11.5) 96 (12.6) 0.580 3.22

Cerebrovascular disease 100 (9.7) 90 (10.6) 0.490 3.23 76 (9.9) 82 (10.7) 0.620 2.63

Old pulmonary tuberculosis 154 (14.9) 130 (15.3) 0.800 1.31 124 (16.2) 115 (15.1) 0.570 −3.24

Bronchiectasis 31 (3.0) 50 (5.9) 0.003 14.14 27 (3.5) 44 (5.8) 0.051 10.59

COPD severity

Spirometry done 276 (26.7) 175 (20.7) 0.002 204 (26.7) 164 (21.5) 0.020

FEV1, % predicted, mean ± SD 44.0 ± 18.1 43.1 ± 18.6 0.600 −5.06 44.9 ± 18.7 43.2 ± 18.9 0.380 −9.12

FEV1/FVC ratio, mean ± SD 0.50 ± 0.10 0.51 ± 0.10 0.340 9.18 0.50 ± 0.11 0.51 ± 0.10 0.500 7.04

Inhaled controller medications 738 (71.3) 612 (72.3) 0.680 2.11 558 (73.0) 547 (71.6) 0.570 −3.22

Salmeterol/fluticasone 634 (61.3) 531 (62.7) 0.540 2.96 474 (62.0) 477 (62.4) 0.920 0.81

Formoterol/budesonide 37 (3.6) 25 (3.0) 0.520 −3.51 31 (4.1) 23 (3.0) 0.330 −5.67

Tiotropium 227 (21.9) 218 (25.7) 0.056 8.94 185 (24.2) 186 (24.3) 0.000 0.31

Budesonide 36 (4.3) 47 (4.5) 0.820 1.42 38 (5.0) 32 (4.2) 0.540 −3.76

Hospitalization in previous 1 year 381 (36.8) 395 (46.6) <0.001 20.02 338 (44.2) 323 (42.3) 0.470 −3.96

ED visits in previous 1 year 493 (47.6) 492 (58.1) <0.001 21.06 424 (55.5) 411 (53.8) 0.540 −3.42

Admission parameters

Initial vital signs, mean ± SD

Body temperature, °C 37.2 ± 0.8 37.3 ± 0.9 0.330 4.47 37.3 ± 0.8 37.3 ± 0.9 0.480 3.63

Heart rate, per minute 106.2 ± 21.4 105.8 ± 23.6 0.690 −2.90 106.9 ± 21.8 105.6 ± 23.4 0.280 −5.58

Systolic BP, mmHg 139.5 ± 27.1 134.3 ± 27.9 <0.001 −20.05 139.0 ± 26.1 134.5 ± 28.7 0.001 −16.46

Diastolic BP, mmHg 83.2 ± 15.9 79.9 ± 16.0 <0.001 −21.24 82.6 ± 15.6 80.2 ± 16.5 0.003 −15.00

Respiratory rate, per minute 29.8 ± 7.9 29.6 ± 8.1 0.540 −3.66 29.9 ± 7.9 29.5 ± 8.4 0.390 −4.44

Respiratory failure on admission 

(Intubation)

777 (75.1) 572 (67.5) <0.001 −16.73 533 (69.8) 530 (69.4) 0.910 −0.85

Radiographic consolidation 275 (26.6) 331 (39.1) <0.001 26.92 253 (33.1) 266 (34.8) 0.520 3.59

Length of stay, day, median (IQR) 3 (2, 6) 4 (2, 8) 0.078 8.23 3 (2, 7) 4 (2, 8) 0.250 4.85

In-hospital mortality 87 (8.4) 123 (14.5) <0.001 19.3 63 (8.2) 107 (14.0) < 0.001 18.4

Laboratory investigations, mean ± SD

pH 7.36 ± 0.13 7.36 ± 0.16 0.900 −1.12 7.36 ± 0.14 7.36 ± 0.15 0.730 3.43

PaO2, mmHg 189.2 ± 112.1 180.6 ± 104.1 0.380 −7.99 183.1 ± 106.1 181.8 ± 106.6 0.900 −1.23

PaCO2, mmHg 43.4 ± 16.9 43.6 ± 19.2 0.930 0.80 43.7 ± 17.3 43.6 ± 19.2 0.960 −0.45

Bicarbonate, mmol/l 23.9 ± 4.7 24.3 ± 5.9 0.084 7.97 24.0 ± 4.8 24.3 ± 5.9 0.280 5.51

Blood urea nitrogen, mg/dl 18.1 ± 12.1 20.4 ± 15.3 <0.001 16.84 18.0 ± 12.3 20.2 ± 14.9 0.002 15.79

Serum creatinine, mg/dl 1.06 ± 0.48 1.13 ± 0.87 0.020 10.51 1.05 ± 0.51 1.13 ± 0.88 0.035 10.81

Serum albumin, g/dl 3.89 ± 0.51 3.61 ± 0.66 <0.001 −47.09 3.87 ± 0.51 3.65 ± 0.66 < 0.001 −38.15

Peak glucose, mg/dl 157.4 ± 57.5 154.5 ± 95.1 0.470 −3.66 156.7 ± 59.3 154.3 ± 95.9 0.600 −2.97

Hemoglobin, g/dl 12.9 ± 1.8 12.4 ± 2.0 <0.001 −21.94 12.8 ± 1.8 12.5 ± 2.0 0.003 −15.05

(Continued)
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Table 1 (Continued). 

Variables Original Cohort Propensity-Matched Cohort

Macrolide Non-Macrolide P value STD Macrolide Non-Macrolide P value STD

White blood cell count, /mm3 13,908 ± 5715 14,041 ± 7384 0.660 2.02 13,856 ± 5836 14,019 ± 7451 0.630 2.45

Neutrophil percent 84.5 ± 13.0 83.1 ± 3.7 0.027 −10.29 84.3 ± 13.2 83.1 ± 13.7 0.075 −9.15

Platelet count, x1000/mm3 261.1 ± 91.7 258.3 ± 104.3 0.540 −2.80 261.9 ± 94.0 257.5 ± 102.7 0.390 −4.45

Year of hospitalization 0.034 13.68 0.570 7.31

2015 261 (25.2) 255 (30.1) 224 (29.3) 218 (28.5)

2016 257 (24.8) 171 (20.2) 144 (18.8) 166 (21.7)

2017 269 (26.0) 225 (26.6) 210 (27.5) 198 (25.9)

2018 248 (24.0) 196 (23.1) 186 (24.3) 182 (23.8)

Notes: Minus values of STD indicate the macrolide group had a higher proportion of mean or median compared to the non-macrolide group. Absolute STD values more 
than 10% were considered significant differences between the groups. 
Abbreviations: STD, standardized difference; SD, standard deviation; BMI, body mass index; ED, emergency department; BP, blood pressure; COPD, chronic obstructive 
pulmonary disease; FEV1, forced expiratory volume-one second; FVC, forced vital capacity; IQR, interquartile range.

Table 2 Macrolides and Other Antibiotic Co-Administrations and Systemic Steroids

Antibiotics Original Cohort Propensity-Matched Cohort

Macrolide Non-Macrolide P value STD Macrolide Non-Macrolide P value STD
n = 1035 n = 847 (%) n = 764 n = 764 (%)

Macrolides
Clarithromycin 826 (79.8) 0 - - 611 (80.0) 0 - -

Azithromycin 176 (17.0) 0 - - 129 (16.9) 0 - -

Roxithromycin 38 (3.7) 0 - - 29 (3.8) 0 - -
Other antibiotics

Ceftriaxone 828 (80.0) 199 (23.5) <0.001 −137.10 588 (77.0) 190 (24.9) <0.001 −122.09

Amoxicillin/Clavulanic acid 8 (0.8) 33 (3.9) <0.001 20.80 8 (1.0) 31 (4.1) <0.001 19.18
Ceftazidime 31 (3.0) 64 (7.6) <0.001 20.51 28 (3.7) 59 (7.7) <0.001 17.58

Piperacillin/Tazobactam 46 (4.4) 303 (35.8) <0.001 84.92 39 (5.1) 256 (33.5) <0.001 77.13

Levofloxacin 4 (0.4) 77 (9.1) <0.001 41.86 4 (0.5) 69 (9.0) <0.001 40.71
Carbapenem* 3 (0.3) 32 (3.8) <0.001 24.89 2 (0.3) 27 (3.5) <0.001 24.14

Systemic steroid 771 (74.5) 448 (52.9) <0.001 −46.07 556 (72.8) 423 (55.4) <0.001 −36.87

Notes: Minus values of STD indicate the macrolide group had a higher proportion of mean or median compared to the non-macrolide group; Absolute STD values more 
than 10% were considered significant differences between the groups. *Meropenem or Imipenem/Cilastatin. 
Abbreviation: STD, standardized difference.

Table 3 Logistic Regression Models for the Derivation of the Propensity Score

Parameters Coefficient Standard Error Odds Ratio (95% CI) P value

Hospitalization in previous 1 year −0.27 0.16 0.77 (0.56–1.05) 0.101

ED visits in previous 1 year −0.19 0.16 0.82 (0.60–1.14) 0.240

Respiratory failure on admission (Intubation) 0.40 0.11 1.49 (1.21–1.85) <0.001
Radiographic consolidation −0.67 0.11 0.51 (0.42–0.63) <0.001

Year of hospitalization

2015 (Reference) − − − −
2016 0.18 0.14 1.20 (0.92–1.58) 0.184

2017 −0.01 0.13 0.99 (0.76–1.28) 0.945

2018 −0.02 0.14 0.98 (0.75–1.28 0.869
Constant 0.31 0.15 1.37 (1.02–1.83) 0.036

Abbreviation: ED, emergency department.
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AECOPD patients. This study also found that macrolides reduced all-cause mortality by 45% using the time to event 
analysis in the PS matching cohort. In previous studies, estimated in-hospital mortality varied from 2.5% to 25%.19–23

In line with a previous study that used PS matching in critically ill AECOPD patients, macrolide treatment on initial 
admission reduced 30-day hospital readmissions and time to subsequent admission but did not reduce hospital 
mortality.17 Our study differed from that study17 in that we recruited more respiratory failure patients who required 
mechanical ventilation (75% vs 20%), and we adjusted for the initial admission clinical and laboratory parameters that 
could affect mortality outcomes. Furthermore, in a small retrospective study in Japan, single-dose 2.0 gm azithromycin 
compared to intravenous antibiotics in hospitalized AECOPD patients resulted in a shorter length of hospital stay.24 

A previous RCT25 demonstrated that azithromycin treatment within the first two days of infectious AECOPD admission 
and extended for three months compared to placebo did not reduce all-cause mortality but only tended to reduce 
mortality by 45% within six days of admission. This observation indicated the potential benefit of macrolide treatment on 
in-hospital mortality during the early admission period. The subsequent post hoc analysis of this trial showed the benefit 
of azithromycin in reducing hospital readmissions, especially in patients who had either high C-reactive protein (CRP) 
(>50 mg/L) or low blood eosinophil count (<300 cells/μL).26 Unfortunately, our study did not have CRP information to 
explore this issue and determine who would benefit from antibiotics.27–29

The biological plausibility of this study was the biological action of macrolides in terms of antimicrobial and 
immunomodulatory properties.14 The macrolide antimicrobial effect on atypical bacteria might explain the benefit in 
mortality reduction. A previous study in China demonstrated the important role of atypical pathogens in hospitalized 
AECOPD patients by the positivity rates of Mycoplasma pneumoniae (20.7%), Chlamydia pneumoniae (29.7%), and 
Legionella pneumophila (10.3%).30 One-third of respiratory specimens from pneumonic exacerbation patients in this 
study had negative culture results and were possibly infected by “atypical” pathogens, which refer to organisms that have 
intrinsic resistance to beta-lactams and are not visualized on gram stain or grown on culture using traditional techniques. 
Furthermore, in the subgroup of organisms with intrinsic macrolide resistance, especially Pseudomonas aeruginosa, the 
effect of macrolides on in-hospital mortality appeared to be less explicit (Figure 3). Immunomodulatory mechanisms of 

Table 4 Microbiological Results Including Sputum 
and Tracheal Aspiration Cultures of Hospitalized 
Acute Exacerbation of COPD Patients in Propensity- 
Matched Cohort (n = 1092 Admissions)

Organisms n (%)

No growth 383 (35.1)
Normal flora 150 (13.7)

Gram-negative 444 (40.7)

Klebsiella pneumoniae 139 (13.0)
Pseudomonas aeruginosa 140 (12.8)

Acinetobacter baumannii 110 (10.1)
Escherichia coli 26 (2.4)

Haemophilus influenzae 29 (2.7)

Enterobacter cloacae 25 (2.3)
Moraxella catarrhalis 15 (1.4)

Stenotrophomonas maltophilia 8 (0.7)

Gram-positive 106 (9.7)
Viridans group streptococci 37 (3.4)

Streptococcus pneumoniae 30 (2.8)

Staphylococcus aureus 26 (2.4)
Staphylococcus epidermidis 8 (0.7)

Candida spp. 18 (1.7)

Abbreviation: COPD, chronic obstructive pulmonary disease.
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macrolides include anti-inflammatory effects by decreasing cytokine levels, inhibiting mucous secretion, inhibiting 
effects on bacterial virulence and biofilms, and inhibiting effects of viral infection, which are involved in several 
pathways of the AECOPD mechanism. The combination of antibiotics and systemic steroids reduced in-hospital 
mortality and lowered the risk of readmission within 30 days.9 The latest GOLD guideline 2022,3 British Thoracic 
Society guideline 2020,31 and several studies32,33 suggest using low-dose macrolide therapy in patients with COPD in the 
following scenarios: (1) patients with more than three exacerbations per year requiring steroid therapy and (2) patients 
who had at least one exacerbation requiring hospital admission per year. Low-dose macrolide therapy can also be 
considered for a minimum duration of six months and up to 12 months to assess the impact on exacerbation rate.15,16,31

The limitations of this study need to be considered. First, due to the nature of a retrospective study, we could not 
collect some data that might affect the results, especially spirometry data, which are predictors of baseline COPD 
severities. Second, several health data that occurred in the primary and secondary care units were not linked to our data 
system. Some patients possibly received treatments during those visits or in the past that resulted in different risks of 
mortality. Third, macrolides have well-known adverse effects like QT prolongation, hearing impairment, bacteria 
developing increased drug resistance, allergic reaction, and drug interaction with many other medications.34 In this 
study, we did not collect data on macrolide adverse effects but assumed that short-term use of macrolides might have 
fewer adverse effects than long-term use. However, repeated courses of macrolide therapy might increase the risk of 
adverse effects, especially azithromycin with a longer elimination half-life. Thus, monitoring after macrolide therapy is 
warranted.35

Figure 2 Kaplan–Meier survival curve shows the impact on in-hospital mortality of macrolide treatment.
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Conclusion
Macrolide treatment at initial admission with usual care for hospitalized AECOPD patients showed promising results in 
reducing all-cause in-hospital mortality. Therefore, the antimicrobial and immunomodulatory effects of macrolide 
treatment can play an essential role.
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