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BACKGROUND: There is a lack of data comparing azi-
thromycin to alternative antibiotic choices in managing
COPD exacerbations, making appropriate antibiotic se-
lection controversial.
OBJECTIVE:To compare treatment failure in hospitalized
patients with acute exacerbations of chronic obstructive
pulmonary disease (AECOPD) receiving azithromycin or
beta-lactams.
DESIGN: Retrospective, multicenter cohort study using
logistic regression for multivariable analysis. Patients
were included if they were at least 18 years old, admitted
with AECOPD, and received at least two consecutive days
of either a beta-lactam or azithromycin. Patients were
excluded if they received concomitant azithromycin and
beta-lactam antibiotics during the first 2 days, had a
history of other severe underlying pulmonary diseases,
pregnancy, COVID-19, alpha-1 antitrypsin deficiency, or
received a corticosteroid for a diagnosis other than COPD.
PARTICIPANTS: Five hundred ninety-five patients were
included, of which 428 (72%) received azithromycin and
167 patients (28%) received a beta-lactam.
MAIN MEASURES: The primary endpoint was treatment
failure rate in patients receiving azithromycin versus be-
ta-lactams, which was a composite endpoint defined as
in-hospital mortality, admission to intensive care, initia-
tion of invasive mechanical ventilation, initiation of a new
antibiotic, steroid therapy escalation, or readmission due
to AECOPD within 30 days.
KEY RESULTS: The composite primary outcome oc-
curred in 84 patients (19.6%) in the azithromycin group
and 54 (32.3%) in the beta-lactam group (p<0.01). The
difference in the composite outcomewas a result of higher
rates of new antibiotics during admission (12.6% vs 4.2%;
p<0.01) and higher readmission within 30 days (19.3% vs
12.4%; p=0.032). After controlling for potential confound-
ers, beta-lactams continued to demonstrate a higher risk
for treatment failure (OR, 2.30; 95% CI, 1.46–3.63). There
was no difference in adverse effects between the groups.
CONCLUSION: Azithromycin was associated with less
treatment failure in AECOPD which was driven by lower
readmission rates and prescription of new antimicrobials.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is one of the
leading causes of death globally, with rising mortality and
economic cost.1–3Acute exacerbations of chronic obstructive
pulmonary disease (AECOPD) are associated with significant
morbidity and mortality, as well as a frequent cause of inpa-
tient hospitalizations and healthcare expenditure. Pharmaco-
therapeutic management of AECOPD generally consists of
systemic corticosteroids, bronchodilators, anticholinergics,
and antibiotics.4 The etiology of AECOPD is thought to be
bacterial, viral, and/or environmental in nature. 2 Appropriate
antibiotic therapy is critical, as bacterial infections cause ap-
proximately 50% of AECOPD.5Streptococcus pneumoniae,
Haemophilus influenzae, Moraxella catarrhalis, and atypical
pathogens are the most common bacterial organisms isolated
in AECOPD.6,7

The 2021 Global Initiative for Chronic Obstructive Lung
Disease (GOLD) guidelines recommend treatment with anti-
biotics when patients present with three cardinal symptoms,
also known as the Winnipeg criteria8 (sputum purulence,
sputum production, and dyspnea) or if there is increased
sputum purulence and one other cardinal symptom, or the
patient requires mechanical ventilation.2 The choice of antibi-
otic is more complex. Clinical trials comparing antimicrobial
therapies for AECOPD are limited; hence, current guidelines
recommend a wide range of empirical treatment options such
as penicillins, macrolides, cephalosporins, and tetracyclines.2,5

However, broad spectrum antibiotics spectrum antibiotics for
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AECOPD are not associated with improved clinical outcomes
and may increase the risk for adverse effects. 9

Antibiotic selection is vital in the setting of growing anti-
microbial resistance and should target common organisms in
AECOPD. Azithromycin demonstrates activity against com-
mon respiratory tract pathogens including atypical organ-
isms.10,11 Unfortunately, increasing azithromycin resistance
in Streptococcus pneumoniae has been associated with higher
rates of treatment failure in lower respiratory tract infections.12

Beta-lactams, in contrast, lack activity against atypical bacte-
ria, but display lower rates of resistance for Streptococcus
pneumoniae. One additional factor that may improve treat-
ment success in AECOPD is the anti-inflammatory effect of
azithromycin, which is not observed with beta-lactam thera-
py.10 However, the ideal strategy of targeting anti-
inflammatory effects or resistance patterns is uncertain as the
pathophysiology of AECOPD is not always bacterial in
nature.
Recently our healthcare system order sets for AECOPD

were changed in December of 2019: azithromycin was re-
moved as an option for inpatient treatment, and the new order
set only includes beta-lactams options, hence, conflicting with
guideline recommendations. Currently, there is a lack of data
comparing azithromycin to alternative antibiotic choices in
managing COPD exacerbations, making appropriate antibiotic
selection controversial. The purpose of this study is to com-
pare the effectiveness of azithromycin versus beta-lactams in
the treatment of hospitalized patients with AECOPD.

METHODS

This was a multicenter, retrospective, observational study
conducted across six hospitals in Southeast Michigan be-
tween January 1st, 2015, and October 15th, 2020. A list of
patients with an ICD-10 inpatient diagnosis of COPD
exacerbation (J44.0, J44.1, J44.9) who received azithro-
mycin or beta-lactams (ceftriaxone, cefuroxime, cefepime,
cephalexin, cefazolin, amoxicillin-clavulanic acid, ampi-
cillin-sulbactam, piperacillin-tazobactam) were identified
from an institutional database. Patients were included if
they were at least 18 years old, admitted with AECOPD,
and received at least two consecutive days of either a
beta-lactam or azithromycin. Only the first patient admis-
sion during the study period was included. Patients were
excluded if they received concomitant azithromycin and
beta-lactam antibiotics during the first 2 days, had a
history of other severe underlying pulmonary diseases
(cystic fibrosis, active tuberculosis, lung cancer), pregnan-
cy, COVID-19, directly admitted to the intensive care unit
(ICU), alpha-1 antitrypsin deficiency, or received a corti-
costeroid for a diagnosis other than COPD. Patients who
were initially diagnosed with pneumonia were excluded;
however, patients who were diagnosed with pneumonia
during their hospitalization were included. IRB approval

was obtained from Ascension St. John Hospital IRB prior
to the start of the study.
The primary outcome was proportion of patients who experi-

enced treatment failure. Treatment failure was a composite end-
point defined as in-hospital mortality, admission to the ICU,
initiation of invasive mechanical ventilation (after one dose of
initial antibiotic), initiation of a new antibiotic, steroid therapy
escalation (after 2 days of initial antibiotic), or readmission due to
AECOPDwithin 30 days of discharge.13,14 Secondary endpoints
included each individual component of the composite of treat-
ment failure and hospital length of stay. Safety outcomes includ-
ed antibiotic-associated diarrhea (AAD) and clostridium-difficile-
associated diarrhea (CDAD) were collected. Antibiotic-
associated diarrhea was defined as three or more loose stools
per day for two or more consecutive days. CDADwas defined as
unexplained and new-onset of at least three unformed stools in
24 h and either a stool test positive for C. difficile toxins or
detection of toxigenic C. difficile.15,16

Data was extracted from the electronic medical record. Demo-
graphic data included age, sex, race, and general data collection
included weight, height, smoking history, and body mass index.
Disease state and clinical data included concomitant bacterial
infection, Charlson Weighted Index of Comorbidity, usage of
supplemental oxygen (including invasive and non-invasive sup-
port), home oxygen, and admission serum creatinine. Risk factors
for multidrug-resistant organisms were collected, including
chronic steroid use, failure of outpatient antibiotic therapy spe-
cific to AECOPD, any antibiotics prior to admission, and hospi-
talization in the previous 90 days. Medication-related data in-
cluded usage of short- and long-acting bronchodilators, intranasal
corticosteroids, theophylline, roflumilast, and corticosteroids. Da-
ta on corticosteroid therapy was collected, including steroid
therapy escalation (yes/no), duration of therapy, and cumulative
dose (prednisone equivalents).

Sample Size

Based on previously reported treatment failure rates of 17%
for azithromycin and 9.4% for cephalosporins 10,18 utilizing a
2:1 ratio, 428 azithromycin cases and 214 beta-lactam cases
were needed for a total sample size of 642 patients (al-
pha=0.05, beta=0.2).

Statistical Analysis

Descriptive statistics were utilized to characterize the study
groups. Continuous variables were presented as means with
standard deviation, non-normally distributed variables were
presented as medians with interquartile range, and categorical
variables were expressed as proportions. Differences between
the azithromycin and beta-lactam groups were assessed using
the Student’s t-test for continuous variables and chi-square
tests or Fisher exact tests for categorical variables. Logistic
regression was performed to evaluate the effect of azithromy-
cin or beta-lactams as the primary predictor of interest on
treatment failure. Variables were included in the model if there
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was a difference in baseline characteristics (p < 0.05), with the
exception of variables displaying multicollinearity. Addition-
ally, a sensitivity analysis was performed utilizing propensity
matching score and examining the timer period before and after
order set changes. For the propensity analysis, matching was
performed in a 1:1 ratio within 0.2 of the logit propensity score
standard deviation. Logistic regression was used to estimate
propensity score and included variables which were expected
to be confounders as independent variables with receipt of
treatment as the dependent variable. Propensity score was
assessed after matching by evaluating balancing of groups
and distribution of propensity scores in quintiles, across the
area of common support, and across the entire distribution. All
data were analyzed using SPSS v. 27.0 and a p-value of 0.05 or
less was considered to indicate statistical significance.

RESULTS

Overall, 595 met inclusion criteria. Of those, 428 (72%) were
treated with azithromycin and 167 patients (28%) were treated
with a beta-lactam (Figure 1). The beta-lactams most commonly
prescribed were ceftriaxone (70.7%) followed by cefuroxime
(21.0%). The study population was predominantly female
(60.6%) with an average age of 66 and at least half of the patients
were active smokers. Differences in baseline characteristics be-
tween the two groups were observed (Table 1). Patients in the
azithromycin group were younger and more likely to be active
smokers, and require increased oxygen compared to their base-
line requirements. Additionally, patients treated with azithromy-
cin were more likely to receive long-acting bronchodilators both
during admission and upon discharge (Table 2). Nearly all
patients received a short acting bronchodilator (99.8% in the

azithromycin group vs 99.4% in the beta-lactam group) and
systemic corticosteroids (98.6% in the azithromycin group vs
98.2% in the beta-lactamgroup) during admission. However, less
than 50% of patients in both groups received long-acting bron-
chodilators when discharged from the hospital. Propensity
matching was successful for 160 matched pairs of azithromycin
and beta lactams. Groups were well matched post propensity
matching (standardized mean differences <0.1)
The composite primary outcome of treatment failure oc-

curred in 84 of 428 patients (19.6%) in the azithromycin group
and 54 of 167 (32.3%) in the beta-lactam group (p= 0.001).
After controlling for smoking history, age, failure of outpatient
therapy, and receipt of long-acting bronchodilators and anti-
cholinergics upon discharge, beta-lactam use was associated
with a higher rate of treatment failure (OR, 2.30; 95% CI,
1.46–3.63) (Table 3). In both time periods, beta lactams were
associated with increased risk of treatment failure; before (OR
2.28, 95% CI 1.31 to 3.97) and after (OR 3.23, 95% CI 1.27 to
8.25) order set implementation. Furthermore, in the
propensity-matched analysis beta lactams remained a predic-
tor of higher rates of treatment failure (OR, 2.0; 95% CI 1.2 to
3.3). The difference in the composite outcome of treatment
failure between beta-lactams and azithromycin was driven by
increased likelihood for patients receiving beta-lactams to
require a new antibiotic during admission (12.6% vs 4.2%; p
< 0.001) and higher readmission within 30 days of discharge
due to AECOPD (19.3% vs 12.4%; p = 0.03) (Figure 2).
Similar results were observed in the propensity analysis with
new antibiotics during admission (12.5% vs 5.6%, p<0.01)
and readmission within 30 days (19.5% vs. 11.9%, p=0.07)
driving the composite outcome. Length of stay was signifi-
cantly shorter in the azithromycin group compared to the beta-
lactam group (3.9 vs 5, p < 0.001) and this observation

Figure 1 Flowchart of study participants.
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persisted in the propensity-matched analysis (4.1 vs. 5.2 days,
p<0.01). There were no differences in the rates of AAD (1.4%
in the azithromycin group vs 0.0% in the beta-lactam group, p
= 0.6) nor CDAD among both groups (0.5% in the azithro-
mycin group vs 0.0% in the beta-lactam group, p = 1.00).

DISCUSSION

We observed increased rates of treatment failure with beta-
lactams compared to azithromycin. This occurred despite in-

creasing Streptococcus pneumoniae resistance across the
USA, suggesting that the anti-inflammatory properties of azi-
thromycin may play an important role in management of
AECOPD. Additionally, this is the largest study to date com-
paring the effectiveness of azithromycin to beta-lactams.
Treatment failure differences were driven by increases in
readmission and higher rates of new antimicrobial prescription
with beta-lactams.
Our results contrast with previous research outside of the

ICU, as patients treated with azithromycin and beta-lactams
had similar outcomes. However, previous studies were limited

Table 1 Baseline Characteristics

Variables Azithromycin (n = 428) Beta-lactam (n = 167) p-value

Age, years (mean ± SD) 65 ± 11.0 69 ± 11.9 < 0.001
Body mass index (kg/m2), (mean ± SD) 30 ± 10.2 31 ± 11.8 0.31
Male, n (%) 177 (41.4) 57 (34.1) 0.11
Smoking History, n (%) 0.03
Active 233 (54.4) 75 (44.9)
Non-active 190 (44.4) 86 (51.5)
Unknown 5 (1.2) 6 (3.6)
Comorbidities, n (%)
Myocardial infarction 67 (15.7) 31 (18.6) 0.39
Congestive heart failure 140 (32.7) 53 (31.7) 0.82
Cerebrovascular accident 59 (13.8) 23 (13.8) 0.99
Dementia 13 (3) 9 (5.4) 0.17
Ulcer 104 (24.3) 38 (22.8) 0.69
Acquired immune deficiency syndrome 1 (0.2) 0 (0.0) 0.53
Diabetes 131 (30.6) 60 (35.9) 0.21
Mild liver disease 12 (2.8) 3 (1.8) 0.48
Moderate or severe liver disease 8 (1.9) 5 (3) 0.39
Moderate or severe renal disease 90 (21) 53 (31.7) 0.08
Non-metastatic tumor 46 (10.7) 10 (6) 0.07
Leukemia or lymphoma 3 (0.7) 1 (0.6) 0.89
Metastatic solid tumor 4 (0.9) 1 (0.6) 0.68
Connective tissue 15 (3.5) 4 (2.4) 0.49
Peripheral vascular disease 26 (6.1) 11 (6.6) 0.82
Charlson Weighted Index of Comorbidity (CWIC)
score (mean ± SD)

2.4 ± 1.7 2.4 ± 1.6 0.89

Prior to admission therapies
Antibiotics, n (%) 34 (7.9) 27 (16.2) 0.004
Home oxygen therapy, n (%) 135 (31.6) 52 (31.1) 0.63
Systemic corticosteroids, n (%) 44 (10.3) 24 (14.4) 0.16
Chronic steroids use, n (%) 16 (3.7) 3 (1.8) 0.23
Failed outpatient antibiotic therapy, n (%) 14 (3.3) 20 (12) < 0.001
Hospitalization in past 90 days, n (%) 150 (35) 69 (41.3) 0.15

Table 2 Therapies Received During Admission

Variables Azithromycin (n = 428) Beta-lactam (n = 167) p-value
CI

Respiratory medications during admission
Short acting beta-2 agonist (SABA), n (%) 427 (99.8) 166 (99.4) 0.49
Short acting muscarinic antagonist (SAMA), n (%) 422 (98.6) 167 (100) 0.12
Long acting beta-2 agonist (LABA), n (%) 98 (22.9) 22 (13.2) 0.008
Long acting muscarinic antagonist (LAMA), n (%) 68 (15.9) 7 (4.2) < 0.001
Inhaled corticosteroid (ICS), n (%) 141 (32.9) 63 (37.7) 0.27
Theophylline 4 (0.9) 1 (0.6) 0.69
Roflumilast 0 (0.0) 1 (0.6) 0.11
Corticosteroids, n (%)
IV therapy
PO therapy

422 (98.6)
403 95.5)
322 (76.3)

164 (98.2)
159 (97)
91 (55.5)

0.95
0.56
< 0.001

Duration of therapy (days), (mean ± SD) 4.2 ± 2.9 5.2 ± 2.7 < 0.001
Cumulative equivalent dose of prednisone/day (mg), (mean ± SD) 127 ± 50.6 132 ± 61.3 0.33
Escalation of O2 requirement 252 (58.9) 52 (31.1) < 0.001
Respiratory medications upon discharge
Long-acting beta-agonist, n (%) 255 (59.6) 59 (35.3) < 0.001
Long-acting muscarinic antagonist, n (%) 176 (41.1) 32 (19.2) < 0.001
Bacterial infections during hospital stay, n (%) 8 (1.9) 10 (6) 0.01
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in size and potentially underpowered. One open-label, ran-
domized study published in 1993 compared the efficacy and
safety of azithromycin to cefaclor.10 The authors concluded
that azithromycin was as effective as cefaclor in the treatment
of patients with acute exacerbations of COPD. However, rates
were numerically higher for cure or improvement with azi-
thromycin versus cefaclor (100% vs 92%). Rates of treatment
success may have been influenced by differences in resistance
patterns and/or clinical outcome definitions, which were not
objectively defined. Another small study of 102 patients con-
ducted in 2007 compared azithromycin and amoxicillin and
found similar rates of improvement or cure (85% vs. 78%,
respectively) with no differences in the incidence of adverse
events.17 This study had limitations similar to the previous
study, as clinical outcome definitions were not explicitly de-
fined. Finally, one trial of 106 patients compared four anti-
biotics (azithromycin, ampicillin-sulbactam, ciprofloxacin,
and cefaclor) and found no difference in clinical improvement.
Azithromycin rates of clinical improvement were 93.3% ver-
sus 83.3% with ampicillin-sulbactam and 82.3% with

cefaclor.18 Clinical improvement was defined utilizing the
degree of coughing, sputum production, and dyspnea. The
subjectivity of the outcome may have influenced the study
findings. Interestingly, in ICU patients azithromycin was as-
sociated with a reduction in 30-day readmissions compared to
other antibiotics, which is similar to our findings.19

The main implication of our findings is that azithromycin
should remain a viable treatment option for AECOPD in the
inpatient setting. Macrolides including azithromycin not only
have anti-bacterial activities but also anti-inflammatory activ-
ities which can be advantageous in AECOPD.20 There are
several randomized controlled trials that evaluated the effect
of long-term treatment with azithromycin in decreasing the
frequency of AECOPD. For instance, maintenance therapy
with azithromycin has shown to decrease the frequency of
exacerbations in high-risk patients. Although long-term use of
azithromycin can be beneficial in reducing AECOPD, it is
important to note the adverse effects associated with azithro-
mycin use including bacterial resistance and QTc
prolongation.21,22

These results also highlight the lack of understanding of the
interplay between the inflammatory and infectious pathophys-
iology of AECOPD. Current management of AECOPD is
primarily based on sputum purulence, production, and short-
ness of breath which may be present to varying degrees
irrespective of the underlying cause of AECOPD. More re-
search is necessary to better differentiate between patients with
an infectious versus noninfectious cause of AECOPD, which
may help optimize treatment selection.
Our study has several limitations. First, the study was

observational and thus may be susceptible to information bias.
However, we hypothesize this would be non-differential and
would have made the results more likely to show no differ-
ence. Second, our results may only be applicable to patients
receiving ceftriaxone or cefuroxime, as these were the most
commonly used beta-lactams. Third, we were unable to collect
information about the number of exacerbations, although we
did collect information on hospitalizations in the past 90 days.

Table 3 Logistic Regression of Beta-lactam Versus Azithromycin
and Treatment Failure

Treatment
failure
aOR (95% CI)

Significance

Beta-lactam therapy 2.30
(1.458–3.629)

< 0.01

Variables in model
Smoking history 1.01

(0.667–1.535)
0.96

Age 1.02
(0.997–1.035)

0.09

Long-acting beta-agonist at dis-
charge

1.09
(0.705–1.669)

0.71

Long-acting muscarinic antagonist
at discharge

1.31
(0.843–2.047)

0.23

Failed outpatient therapy 1.33
(0.608–2.902)

0.48

Escalation of O2 1.86 (1.22–2.83) 0.04

Figure 2 Individual components of composite outcome.
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Fourth, there was a higher rate of patients receiving long-
acting inhalers at discharge in the azithromycin group. It is
important to note that using long-acting inhalers at discharge
may have had a major role in the reduction of readmission
rates in patients receiving azithromycin which in turn may
have had an impactful effect in lowering treatment failure rate
since readmission within 30 days of discharge was one of the
driven factors in the rate of treatment failure. However, similar
findings were observed in the propensity analysis. Fifth, many
patients did not receive long-acting bronchodilators at dis-
charge and steroid doses utilized were higher than 40 mg daily
of prednisone equivalent, which conflicts with evidence-based
guidelines. However, this is reflective of the practice patterns
in our community, although may impact external validity.
Fifth, this was not a randomized study, so the possibility of
unmeasured confounding factors and selection bias exists,
although we attempted to collect all theoretically plausible
confounders. Lastly, many patients could not be included as
they received concomitant azithromycin and beta-lactams as
empiric therapy.

CONCLUSION

Our study suggests that azithromycin is associated with less
treatment failure rate compared to beta-lactams in AECOPD.
Azithromycin use was associated with lower readmission rates
within 30 days due to AECOPD and lower rates of subsequent
antibiotics. These findings suggest azithromycin remains a
viable option for the management of AECOPD. However,
azithromycin and beta-lactams were equally tolerable. Ran-
domized clinical trials should be performed to confirm these
findings.
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