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Abstract

Background: Although antibiotic treatment is recommend-
ed for acute exacerbations of chronic obstructive pulmonary
disease (AECOPD), its value in real-world settings is still con-
troversial. Objectives: This study aimed to evaluate the
short- and long-term effects of antibiotic treatment on AE-
COPD outpatients. Methods: A cohort study was conducted
under the PharmLines Initiative. We included participants
with a first recorded diagnosis of COPD who received sys-
temic glucocorticoid treatment for an AECOPD episode. The
exposed and reference groups were defined based on any

antibiotic prescription during the AECOPD treatment. The
short-term outcome was AECOPD treatment failure within
14-30 days after the index date. The long-term outcome was
time to the next exacerbation. Adjustment for confounding
was made using propensity scores. Results: Of the 1,105 AE-
COPD patients, antibiotics were prescribed to 518 patients
(46.9%) while 587 patients (53.1%) received no antibiotics.
The overall antibiotic use was associated with a relative risk
reduction of AECOPD treatment failure by 37% compared
with the reference group (adjusted odds ratio [aOR] 0.63
[95% CI: 0.40-0.99]). Protective effects were similar for doxy-
cycline, macrolides, and co-amoxiclav, although only the ef-
fect of doxycycline was statistically significant (aOR 0.53
[95% Cl: 0.28-0.99]). No protective effect was seen for amox-
icillin (aOR 1.49 [95% Cl: 0.78-2.84]). The risk of and time to
the next exacerbation was similar for both groups. Conclu-
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sion: Overall, antibiotic treatment, notably with doxycycline,
supplementing systemic glucocorticoids reduces short-
term AECOPD treatment failure in real-world outpatient set-
tings. No long-term beneficial effects of antibiotic treatment
on AECOPD were found for the prevention of subsequent

exacerbations. © 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Chronic obstructive pulmonary disease (COPD) char-
acterized by persistent respiratory symptoms and airflow
limitation is one of the leading causes of morbidity and
mortality worldwide [1]. COPD patients frequently expe-
rience acute exacerbations of COPD (AECOPD), defined
as acute worsening of respiratory symptoms, necessitat-
ing additional therapy [2]. AECOPD has major impacts
on patients’ health status, accelerates the disease progres-
sion, and increases health care costs [3]. Therefore, re-
ducing the symptoms of current exacerbations and pre-
venting further exacerbations are essential aspects of
sound pharmaceutical management of AECOPD. AE-
COPD is associated with increased airway inflamma-
tions, and systemic glucocorticoid treatment is recom-
mended to shorten the recovery time, improve lung func-
tion,and promote oxygenation, given its proven beneficial
effects [4, 5].

The majority of AECOPD episodes are caused by re-
spiratory infections, especially bacterial infections, which
account for around 50% of all exacerbations [6]. The most
widely reported bacteria associated with exacerbations
are Streptococcus pneumoniae, Haemophilus influenzae,
Pseudomonas aeruginosa, Moraxella catarrhalis, Acineto-
bacter baumannii, and Streptococcus aureus [7]. Accord-
ingly, antibiotics have been recommended for the man-
agement of AECOPD when signs of bacterial infection
are present [4]. However, the beneficial effects of antibi-
otic treatment in addition to oral glucocorticoid treat-
ment for AECOPD are still uncertain among outpatients.
The pooled results from 5 randomized controlled trials
(RCTs) examined in a Cochrane meta-analysis conduct-
ed in 2012 did not show a significant reduced risk of treat-
ment failure associated with currently prescribed antibi-
otics among outpatients [8]. However, an updated (2018)
version of this Cochrane review that included 2 new RCTs
[9, 10] presented statistically significant beneficial effects
of current prescribed antibiotics among outpatients [11].
The RCT conducted by van Velzen et al. [10] contributed
a large proportion (24%) to the updated pooled results.
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The limited external validity of RCTs, however, prompts
questions about the effects of antibiotic treatment for AE-
COPD in real-world settings.

Primary care of patients with COPD is mostly man-
aged on an outpatient basis. This population in real-world
settings is more heterogeneous than those in RCTs [12].
Additionally, antibiotic treatment for AECOPD is often
not in accordance with current guidelines [13, 14]. There-
fore, the real-world effects of antibiotic treatment for AE-
COPD may differ from those obtained from RCTs and
merit further investigation. So far, only few observational
studies were conducted to evaluate the treatment effects
of antibiotics for AECOPD. Two of these studies focused
exclusively on the long-term effects of antibiotic treat-
ment for AECOPD and lacked any adjustment for poten-
tial differences in lung function and smoking history [15,
16]. Two other cohort studies were conducted among in-
patients [17, 18]. The PharmLines Initiative presented a
unique opportunity to retrieve more information on
many previously unmeasured confounders. Using an in-
ception cohort design, we assessed the short- and long-
term effects of antibiotic in addition to systemic glucocor-
ticoids for AECOPD treatment in outpatients.

Materials and Methods

Study Setting and Data Sources

This retrospective cohort study was conducted under the
PharmLines Initiative [19], which linked the Lifelines (https://
www.lifelines.nl) and the InterActionDataBase (IADB) databases
(http://www.iadb.nl). Individuals included in these 2 databases are
representative of the population in the northern Netherlands [20,
21]. Lifelines is a multidisciplinary prospective cohort study in-
volving 167,729 participants across 3 generations from 2006 to
2017. A broad range of investigative procedures were used to assess
the biomedical, sociodemographic, behavioral, physical, and psy-
chological factors of the general population [21]. Following base-
line assessments, participants underwent physical examinations at
the Lifelines location every 5 years and completed extensive fol-
low-up information collection every 1.5 years. IADB.nl is an evolv-
ing drug prescription database that currently covers prescription
data for 730,000 participants from 72 community pharmacies [20].
Each patient is individually tracked throughout the database’s op-
erational period, and their prescription records contain informa-
tion on the date of dispensing, the quantity of medication dis-
pensed, the dose regimen, the number of days for which the pre-
scription is valid, the prescribing physician, and the anatomical
therapeutic chemical code. Each patient, whose date of birth and
gender are recorded, is assigned a unique anonymous identifier.
Due to the strong patient-pharmacy commitment in the Nether-
lands, the medication records for each patient are virtually com-
plete, except for over-the-counter drugs and medication dispensed
during hospitalization.
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Fig. 1. Observational cohort study design.

Study Population

From the initial cohort, patients with a clinical diagnosis of
COPD who took systemic glucocorticoids for AECOPD were se-
lected for this study according to the following inclusion criteria:
(1) patients were entered in both the Lifelines and IADB.nl data-
bases. (2) Patients had spirometrically confirmed COPD with a
forced expiratory volume in 1 s/forced volume capacity <70% ac-
cording to the lung function test or had general practitioner (GP)-
confirmed COPD according to the record in the Lifelines. The date
of the first recorded COPD diagnosis was set as the enrollment
date of this study. (3) Patients had the first recorded AECOPD af-
ter the enrollment date, which was indicated by the prescription of
prednisone or prednisolone treatments (a daily dose of 30-40 mg
for 3-7 days with a maximum extension of 14 days) recorded in
the IADB.nl database in line with the Dutch College of GPs guide-
line for COPD management [22]. The date of the first prescription
for AECOPD therapy was set as the index date. Of note, according
to the key criterion of global initiative for chronic obstructive lung
disease (GOLD) to define AECOPD by the need for additional
therapy, the AECOPD identified in this study can be classified as
moderate AECOPD in which therapy with a systemic course of
corticosteroids with or without antibiotics was required. Consid-
ering all COPD patients in this study were identified by clinical
diagnostic information, we did not set age or other limitations at
the stage of study design, but verified the robustness of our results
by further substratification of patients.

Exposures and Outcomes

During the treatment for the first recorded AECOPD with sys-
temic corticosteroid, patients who also received antibiotics within
3 days before and 7 days after the index date were defined as the
exposed group. Those who were not prescribed any antibiotic dur-
ing the same period were defined as the reference group. The
short-term outcome was treatment failure defined as any new pre-
scription of prednisolone, prednisone, or antibiotics between 14
and 30 days after the index date. The long-term outcome was the
time to next exacerbation defined as a new prescription of predni-
sone or prednisolone within a 1-year follow-up period. As the first
exacerbation may last for a long time, to avoid counting its follow-
ing treatment as a second exacerbation, we restricted the mini-
mum time from the first to the second exacerbation to 21 days [23].
The study design for the exposure and outcome measurements is
described in Figure 1.

Antibiotic Treatment for AECOPD in
Outpatients

Data Collection and Covariates

Age was calculated based on the date of birth and the index
date. On the enrollment date, the following information was ex-
tracted as covariates from the Lifelines cohort Biobank to describe
the characteristics of cohort members with AECOPD: smoking
history, GOLD stages of COPD, lung function parameters, and
related comorbidities including cardiovascular diseases, diabetes,
depression, and other disorders. If information concerning the
chronic risk status of AECOPD was not documented on the enroll-
ment date, we used information from the closest follow-up assess-
ment in the Lifelines, if available. Additionally, information on
gender, the frequency of AECOPD, and maintenance drugs for
COPD in the previous year before the index date was retrieved
from the IADB.nl database.

Subgroup and Sensitivity Analyses

Given that different antibiotics may have different effects on
AECOPD, we conducted a subgroup analysis to explore the effects
of 4 specific antibiotic classes (doxycycline, macrolides, co-amox-
iclav, and amoxicillin) that are most frequently used due to the
recommendation by GOLD or Dutch guidelines. We also further
explored the effects of antibiotics for AECOPD therapy among
patients with mild COPD and those with more severe COPD. Con-
sidering the possible influence of some factors on outcome, we
conducted several sensitivity analyses by limiting patients to those
with only spirometry-based COPD diagnosis, those with smoking
history, those aged 40 or above, and those without asthma-COPD
overlap syndrome, respectively, to verify the robust of our results.

Statistical Analysis

Continuous variables were presented as means with standard
deviations or median with interquartile ranges, and Student’s ¢
test or Mann-Whitney U test was performed, as appropriate, to
examine their difference between the 2 groups. Categorical vari-
ables were presented as percentages with 95% confidence inter-
vals (95% CI) and compared using a x* test or Fisher’s exact test,
as appropriate. Binary logistic regression analysis was performed
to estimate the odds ratio (OR) with a 95% CI for treatment fail-
ure and adjusted for the related covariates that are known risk
factors (e.g., age and GOLD stages) and that are unevenly distrib-
uted between the exposure groups. This analysis is referred to as
covariate adjustment. To better adjust for the differences be-
tween groups, propensity score (PS) analysis was also conducted
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Fig. 2. Flowchart of study subjects selection. COPD, chronic obstructive pulmonary disease; GP, general practi-
tioner; IADB, InterActionDataBase; DDD, defined daily dose.

in 2 steps: the first step was to get the PS by using a backward
logistic regression model from all the available data to predict the
probability of a patient’s exposure to an antibiotic and the second
step was to estimate the actual treatment effect by including the
PS as a single covariate in the binary logistic regression model.
This analysis is referred to as PS adjustment. A Kaplan-Meier
survival analysis and log-rank test were conducted to compare
the times to the next exacerbations between exposure and refer-
ence groups. A Cox proportional hazards regression was per-
formed to estimate the hazard ratio (HR) and 95% CI for the risk
of the next exacerbation. A p value <0.05 was considered statisti-
cally significant. All analyses were performed using the IBM SPSS
statistics version 22.
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Results

Baseline Characteristics

The PharmLines Initiative provided information
about 7,760 adults who were prescribed a prednisone or
prednisolone treatment (Fig. 2). Of these adults, 2,614
(34%) had a diagnosis of COPD. Of these COPD patients,
1,105 with a first AECOPD recorded after their enroll-
ment dates were finally eligible for our study. In all, 518
patients were enrolled in the exposed group, receiving
both systemic glucocorticoids and an antibiotic. 587 pa-
tients were enrolled in the reference group, only receiving
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Table 1. Characteristics of outpatients with

AECOPD in antibiotic and reference groups Patient characteristics Antibiotics Reference p value
(N= 1,105) (N=518),n(%) (N=587),n(%)
Age, years
Median 55(18) 54 (18) 0.24
<50 185(35.7) 222 (37.8) 0.77
50-65 189 (36.5) 208 (35.4)
>65 144 (27.8) 157 (26.7)
Gender
Male 211 (40.7) 232(39.5)
Female 307 (59.3) 355 (60.5) 0.68
BMI, kg/m?
Median 26.9 (6.5) 26.4(5.9) 0.24
<249 171 (33.0) 203 (34.6) 0.35
25.0-29.9 195 (37.6) 239 (40.7)
>30 152 (29.3) 145 (24.7)
Lung function
FEV,, L 2.59(1.0) 2.68(1.0) 0.24
FVC, L 3.86(1.0) 3.96 (1.0) 0.13
FEV, to FVC ratio 0.68(0.11) 0.67 (0.09) 0.77
GOLD stage
I: mild 266 (59.1) 307 (59.4)
Il: moderate 160 (35.6) 193 (37.3) 0.43
Il and IV: severe/very severe 24 (5.4) 17 (3.3)
Smoking status
Current smoker 169 (35.6) 167 (30.8)
Former smoker 190 (40.0) 227 (41.9) 0.25
Nonsmoker* 116 (24.4) 148 (27.3)
AECOPD in previous year, n
0 472 (91.1) 557 (94.9)
1 17 (3.3) 17 (2.9) 0.01
2 or more 29 (5.6) 13(2.2)
Antibiotics prescription in previous year, n
0 20(3.9) 322 (54.9)
1 228 (44.0) 139 (23.7) <0.01
2 or more 270(52.1) 126 (21.5)

Comorbidities
Cardiovascular diseases

Heart failure 22 (4.2) 12(2.0) 0.03
Heart attack 23 (4.4) 18(3.1) 0.23
Stroke <10 11(1.9) 0.87
Arrhythmia 74 (14.4) 78(13.3) 0.63
Hypertension 165 (31.9) 180 (30.7) 0.67
Other major disorders
Asthma 169 (32.6) 200 (34.1) 0.62
Pulmonary fibrosis <10 <10 0.99
Diabetes 28 (5.4) 34(5.8) 0.78
Cancer <10 <10 0.79
Osteoporosis 27 (5.2) 21(3.6) 0.18
Renal impairment 16 (3.1) 22 (3.7) 0.55
Depression 83 (16.0) 87 (14.8) 0.58
Anxiety <10 <10 0.26
Anemia 72(13.9) 78 (13.3) 0.77
Other minor disorders
Ulcerative colitis <10 <10 0.03
Stomach ulcer 24 (4.6) 23 (3.9) 0.56
Irritable bowel syndrome 61(11.8) 62 (10.6) 0.52
Hepatic impairment 13(2.5) 10(1.7) 0.35
Antibiotic Treatment for AECOPD in Respiration 2022;101:553-564 557
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Table 1 (continued)

Patient characteristics Antibiotics Reference p value
(N=518), n (%) (N'=587), n (%)

COPD maintenance medications in previous year
SABA 169 (32.6) 183 (31.2) 0.61
LABA 22(4.2) 31(5.3) 0.42
SAMA 12(2.3) 14 (2.4) 0.94
LAMA 72(13.9) 61(10.4) 0.07
ICS 67 (12.9) 70(11.9) 0.61
LABA/ICS 190 (36.7) 194 (33) 0.21
Theophylline <10 <10 0.67

Data are presented as mean (SD) or median with IQR or numbers with percentage. Due
to privacy protection of patients according to contract, the number below 10 was not per-
mitted to present. AECOPD, acute exacerbation of chronic obstructive pulmonary disease;
BMI, body mass index; SABA, short-acting 3 agonist; SAMA, short-acting muscarinic antag-
onist; LABA, long-acting {3 agonist; LAMA, long-acting muscarinic antagonist; ICS, inhaled
corticosteroid; GOLD, global initiative for chronic obstructive lung disease; FEV1, forced
expiratory volumein 1s; FVC, forced vital capacity; SD, standard deviation; IQR, interquartile
range. * Identified by those who are neither current smoker nor former smoker based on

the record in

Lifelines.

Table 2. Odds ratio for treatment failure of index exacerbation among COPD outpatients

Treatment groups (n) Treatment failure,  Crude OR Adjusted OR PS adjusted OR
n (%) (95% Cl) (95% CI) (95% Cl)°

Reference (587) 62(10.6) 1 1 1

All antibiotics (518) 56 (10.8) 1.03 (0.70-1.50) 0.67 (0.43-1.05) 0.63 (0.40-0.99)*
Doxycycline (214) 9(8.9) 0.83 (0.48-1.42) 0.50 (0.26-0.95)* 0.53 (0.28-0.99)*
Macrolides (102) 11 (10.8) 1.02 (0.52-2.02) 0.50(0.22-1.15) 0.58 (0.26-1.29)
Amoxicillin (100) 18(18.0) 1.86 (1.05-3.30) 1.56 (0.81-3.02) 1.49 (0.78-2.84)
Co-amoxiclav (87) <10 0.74 (0.33-1.68) 0.48 (0.18-1.29) 0.46 (0.17-1.24)

OR, odds ratio; Cl, confidence interval; PS, propensity score. 2 Result based on logistic regression with covariate adjustment of age, gen-
der, GOLD stage, smoking status, LAMA prescription, number of antibiotics prescription in previous year, number of AECOPD in previous
year, heart failure, and ulcerative colitis. ® Result based on logistic regression with propensity score adjustment that PS as a single covariate

in the binary logistic regression model. * p < 0.05.

systemic glucocorticoids. Participant characteristics by
treatment groups are described in Table 1. Overall, the
measured covariates were very similar between antibiotic
and reference groups. The number of previous exacerba-
tions and antibiotic prescriptions as well as the prevalence
of heart failures was higher in the exposure group com-
pared with the reference group.

Short-Term Outcome

Within 14-30 days after treatment of the indexed AE-
COPD, 56 (10.8%) patients in the antibiotic exposed
group versus 62 (10.6%) patients in the reference group
experienced treatment failure (crude OR: 1.03 [95% CI:

558 Respiration 2022;101:553-564
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0.70-1.50], Table 2). After adjustment for potential con-
founders (see footnotes in Table 2), the OR decreased in
the direction of a beneficial effect of antibiotics, and the
adjusted OR (aOR) was 0.67 (95% CI: 0.43-1.05) and aOR
0.63 (95% CI: 0.40-0.99) for covariate adjustment and PS
adjustment, respectively.

Long-Term Outcome

Within a year of follow-up after the index date, 153
(29.5%) patients in the exposure group and 147 (25.0%)
patients in the reference group experienced a next exac-
erbation (crude HR: 1.14 [95% CI: 0.87-1.50], see Ta-
ble 3). After adjustment for confounders (see footnotes in

Wang/Pera/Boezen/Alffenaar/Wilffert/
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Table 3. Hazard ratio for next exacerbation up to 1 year of follow-up after index exacerbation among COPD

outpatients

Follow-up time, Antibiotics Reference Crude HR Adjusted HR?

months group group (95% Cl) (95% Cl)?

3 57 (11.0) 60 (10.2) 1.12(0.73,1.74) 1.11(0.71,1.71)
109 (21.0) 119 (20.3) 1.05(0.77,1.43) 1.05(0.77, 1.42)

12 153 (29.5) 147 (25.0) 1.14 (0.87, 1.50) 1.14 (0.87, 1.49)

HR, hazard ratio; Cl, confidence interval. 2 Adjusted baseline characteristics including age, gender, GOLD stage,
smoking status, LAMA prescription, number of antibiotics prescription in previous year, number of AECOPD in pre-
vious year, heart failure, and ulcerative colitis by using Cox proportional hazards analysis.
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Fig. 3. Kaplan-Meier curves showing the proportion of patients free of next exacerbation in COPD outpatients
up to a follow-up of 1 year. COPD, chronic obstructive pulmonary disease.

Table 3), the point estimate of the HR for subsequent ex-
acerbation did not change substantially (covariate adjust-
ed HR 1.14 [95% CI: 0.87-1.49]). There was also no dif-
ference between the 2 comparison groups for the time to
the next exacerbation (Fig. 3), which applied to the short
follow-up period of 3 and 6 months.

Subgroup and Sensitivity Results
Among all the antibiotics used for AECOPD treat-
ments in this study for COPD outpatients (Table 2, 518

Antibiotic Treatment for AECOPD in
Outpatients

cases), doxycycline (41.3%) was the most frequently used
antibiotic, followed by macrolides (19.7%), amoxicillin
(19.3%), and co-amoxiclav (16.8%), and only 15 cases
used other antibiotics (2.9%). Subgroup analysis indicat-
ed that doxycycline significantly reduced the risk of treat-
ment failure by 47-50% compared to no antibiotic treat-
ment (aOR 0.50 [95% CI: 0.26-0.95] and 0.53 [95% CI:
0.28-0.99] for covariate adjustment and PS adjustment,
respectively, Table 2). Although not statistically signifi-
cant, similar beneficial effects were observed for macro-

Respiration 2022;101:553-564 559
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Table 4. Sensitivity analyses: odds ratio for treatment failure of index exacerbation among COPD outpatients

Limited COPD patients (n) Treatment failure, n (%) Crude OR Adjusted OR? PS adjusted ORP
S (95% Cl) (95% Cl) (95% ClI)
antibiotics reference
With spirometrically confirmed COPD (707) 30(9.4) 43(11.1) 0.83(0.51,1.36) 0.56(0.32,0.99)*  0.52(0.29, 0.90)*
With smoking history (753) 47 (11.9) 34 (9.5) 0.77(0.48,1.23)  0.49(0.29,0.84)*  0.47 (0.28,0.80)*
Aged 40 and over (1,003) 57 (10.8) 53(11.1) 1.03(0.70,1.54)  0.68 (0.43, 1.08) 0.64 (0.40, 1.01)*
Without COPD-asthma overlap (736) 36 (10.3) 39(10.1) 1.03(0.64,1.66) 0.57(0.31,1.04) 0.57 (0.32,1.02)

OR, odds ratio; Cl, confidence interval; PS, propensity score. ? Results based on logistic regression with covariate adjustment of age,
gender, GOLD stage, smoking status, LAMA prescription, number of antibiotics prescription in previous year, number of AECOPD in previ-
ous year, heart failure, and ulcerative colitis. ® Result based on logistic regression with propensity score adjustment that PS as a single co-

variate in the binary logistic regression model. * p < 0.05. #p = 0.07.

lides (aOR 0.50 [95% CI: 0.22-1.15] and 0.58 [95% CI:
0.26-1.29] for covariate adjustment and PS adjustment,
respectively) and co-amoxiclav (aOR 0.48 [95% CI: 0.18-
1.29] and 0.46 [95% CI: 0.17-1.24] for covariate adjust-
ment and PS adjustment, respectively) compared to no
antibiotic treatment. No statistically significant differ-
ence was observed between the amoxicillin exposed group
and the reference group (aOR 1.56 [95% CI: 0.81-3.02]
and 1.49 [95% CI: 0.78-2.84] for covariate adjustment
and PS adjustment, respectively). There was no difference
in the observed treatment effects of overall and specific
antibiotics in population with mild COPD and popula-
tion with more severe COPD (online suppl. Table 1; see
www.karger.com/doi/10.1159/000520884 for all online
suppl. material).

When subjects were further limited to those with spi-
rometrically confirmed COPD, the protective effect of all
antibiotics on treatment failure was seen after being ad-
justed by covariate and PS (aOR 0.56 [95% CI: 0.32-0.99]
and 0.52 [95% CI: 0.29-0.90], respectively, Table 4). Sim-
ilar results were found, when limiting the population to
those who were former or current smokers (aOR 0.49
[0.29,0.84] and 0.47 [0.28, 0.80] for covariate adjustment
and PS adjustment, respectively), when limiting the pop-
ulation to those aged 40 and over (aOR 0.68 [0.43, 1.08]
and 0.64 [0.40, 1.01] for covariate adjustment and PS ad-
justment, respectively), and when limiting the popula-
tion to those without COPD-asthma overlap (aOR 0.57
[95% CI: 0.31-1.04] and 0.57 [0.32, 1.02] for covariate
adjustment and PS adjustment, respectively). The sensi-
tivity analysis for specific antibiotics in restricted popula-
tions among older age and smokers is shown in online
supplementary Tables 2 and 3, and results were similar
compared with the original study population except for
macrolides, which showed statistically significant pro-
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tective effects for treatment failure in population with
smoking history (aOR 0.27 [0.09, 0.82] and 0.30 [0.11,
0.85] for covariate adjustment and PS adjustment, re-
spectively).

Discussion

Primary Findings

In this study of COPD outpatients with mostly mild to
moderate GOLD stages, antibiotic prescription, in addi-
tion to systemic glucocorticoids therapy, appeared to re-
duce the treatment failure of AECOPD after adjusting
confounders by PS. Of note, only doxycycline showed sta-
tistically significant treatment benefits on AECOPD
among the 4 frequently prescribed antibiotics. The sup-
plementation of antibiotic treatment to systemic gluco-
corticoids did not prolong the time to the next exacerba-
tion for up to 1 follow-up year compared with treatment
by only glucocorticoids. Our results, after limiting the
COPD patients to those who had spirometrically con-
firmed COPD, those who were current and previous
smokers were still of statistical significance after adjusting
by both covariates and PS. However, when limiting the
COPD patients to those who aged 40 and over and those
without COPD-asthma overlap, although the trends of
benefits still existed after adjusting related confounders,
the results did not reach statistical significance or just get
a boundary significance.

The beneficial effects of antibiotic treatment for AE-
COPD observed in this study were consistent with the
updated pooled results by Vollenweider et al. [11] for out-
patients. The finding that additional antibiotic treatment
for AECOPD did not produce long-term beneficial ef-
fects is also consistent with results of a previous RCT con-
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ducted in COPD outpatients [10]. Conversely, 2 observa-
tional studies reported that antibiotic treatment is associ-
ated with a reduced risk of a subsequent exacerbation [15,
16]. However, insufficient information in these studies
on, for example, lung function, smoking history, and re-
lated comorbidities, which are important risk factors as-
sociated with AECOPD, could have accounted for these
discrepancies [24]. Another difference between our study
and the above 2 studies is that we focused on the first re-
corded AECOPD after diagnosis of COPD in the Lifelines
cohort; therefore, only a small proportion of patients had
previous AECOPD, and the frequent exacerbator pheno-
type is likely very uncommon based on our baseline in-
formation. Besides, a large part of patients in our study
belong to mild COPD with relatively healthy lung func-
tions as is common in Dutch general practice; this may
also contribute to the inconsistency of findings between
ours and their studies.

GOLD guidelines recommend co-amoxiclav, macro-
lide, and tetracycline as the first-line antibiotic treatment
for AECOPD [4]. The Dutch primary care guidelines rec-
ommend amoxicillin or doxycycline as the first-line anti-
biotics in AECOPD treatment [22]. The combined results
of 7 RCTs examined in the updated Cochrane review
showed that the antibiotics were generally effective in
treating AECOPD in outpatients [11]. However, 3 of
these RCTs examined combined antibiotics [9, 25, 26]
and only 4 focused on the specific antibiotics recom-
mended in the abovementioned guidelines: 1 on doxycy-
cline, 2 on co-amoxiclav, and 1 on amoxicillin [10, 27—
29]. Therefore, no clear conclusion could be drawn about
the effects of these specific antibiotics used for AECOPD.
Regarding specific antibiotics in our study, doxycycline
had significant beneficial treatment effects on AECOPD,
which is consistent with 2 guidelines and a recent study
[30]. The resistance of common pathogens for AECOPD
like H. influenzae and S. pneumoniae to doxycycline is
reported to be rare in the Netherlands [31], and this may
contribute to its successful short-term treatment effects.
We observed similar trends toward beneficial effects for
macrolides and co-amoxiclav, but nonsignificant, which
may be due to the limited sample size to detect effects in
subgroup analysis, or due to the bacterial resistance to
these antibiotics [32]. However, prescription of amoxicil-
lin that is recommended by the Dutch guideline but not
by GOLD guideline did not result into positive effects on
AECOPD in both our general and sensitivity analyses.
Compared with tetracycline and macrolides, amoxicillin
as a narrow-spectrum antibiotic is not effective for all
bacterial infections, which makes it not advisable in em-

Antibiotic Treatment for AECOPD in
Outpatients

pirical antibiotic prescription without a laboratory test.
Besides, bacteria often develop resistance to amoxicillin
by synthesizing enzymes of B-lactamase, which could at-
tack the B-lactam ring to make amoxicillin less effective.
In contrast, co-amoxiclav, another penicillin, is a broad-
spectrum antibiotic, and its ingredient clavulanic acid
could inhibit the formation of f-lactamase and thus help
treat infections caused by antibiotic-resistant bacteria
[33].

There is a general consensus that exacerbation fre-
quency increases with COPD severity [34]. Because the
COPD severity of patients in our study was generally
mild (around 60%) compared with that of patients in
previous studies (10-20%) [10, 11], the rate of next exac-
erbation in our study was relatively low. About 30% of
patients experienced re-exacerbation after index exacer-
bation within 1-year follow-up. After adjusting for pos-
sible confounders, we observed similar rates of next ex-
acerbation between antibiotic users and nonantibiotic
users, which is consistent with a previous RCT report
[10]. Because the most recommended antibiotics (e.g.,
macrolides and tetracycline) belong to bacteriostatic that
could stop the bacteria from growing or reproduction,
but could not totally kill the bacteria, it is understandable
that short-term use of an antibiotic may not have long-
term effects to prevent another AECOPD, which could
be induced by any infection in the future. Although pen-
icillin (e.g., amoxicillin and co-amoxiclav) kills bacteria
directly as a bactericidal, they cannot prevent episodes
caused by viral infections, which cannot be treated by
antibiotics. Of note, if antibiotics were prophylactically
used among COPD patients in either continuous or in-
termittent way, 18% of subsequent exacerbations could
be prevented effectively [35].

Although the presence of purulent sputum is widely
deemed to be the sole determinant of antibiotic treatment
of AECOPD [4], its accuracy and reproducibility as an
indicator of bacterial infection is limited [36], especially
for outpatients. Consequently, guidelines on antibiotics
prescriptions are not stringently adhered to for treating
AECOPD [14]. Inappropriate prescription of antibiotics
in general practice is most prominent among adult pa-
tients [13, 37]. Accordingly, we could not exclude the pos-
sibility that antibiotic treatment for some patients was in-
correctly prescribed due to the empirical antibiotic pre-
scriptions in a real-world setting. Therefore, the effects of
antibiotics on AECOPD could be underestimated in the
abovementioned real-world setting compared with an
ideal situation in which guidelines are fully adhered to in
antibiotic prescribing practice.
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Clinical Implications

Although improper use of antibiotics may occur in a
real-world outpatient setting, our findings support the
beneficial effect of antibiotics used for AECOPD. Of note,
valid and accurate antibiotic prescriptions could not only
improve the effects of antibiotic treatments on AECOPD
but also reduce antibacterial resistance problems. Ac-
cording to the latest GOLD guideline, the sputum color
can be used to avoid unnecessary antibiotic therapy safe-
ly with cream, white, or clear sputum indicating very low
probability of bacterial infections [4, 12]. If applicable,
although not always feasible, a procalcitonin-guided al-
gorithm or C-reactive protein test can also be considered
before making decisions for GP to reduce the unnecessary
use of antibiotics [38]. Of note, antibiotics should be pre-
scribed if there is consolidation on a chest radiograph or
clinical signs of pneumonia, even without purulent spu-
tum. Moreover, as COPD outpatients are mostly elderly
and have lots of comorbidities, the polypharmacy may be
very often and could lead to the antibiotic-related drug-
drug interactions, which should be noticed while clini-
cians use antibiotics for AECOPD treatment [39].

Given the significant variability between GP practices
of prescribing antibiotics to patients experiencing AE-
COPD [40], we should keep doxycycline as the first-line
antibiotic for AECOPD among Dutch population consid-
ering that it is recommended by both GOLD and Dutch
guidelines for AECOPD treatment and its beneficial ef-
fect was also seen in this real-world study [4, 22]. If nar-
row-spectrum antibiotics were considered with valid in-
dicators or results from laboratory tests for specific bacte-
rial infections, co-amoxiclav rather than amoxicillin
should be considered first. Although estimates indicate
similar beneficial effects for some specific antibiotics,
larger studies of high quality with extensive control for
potential confounders are needed to explore their role in
AECOPD management. Importantly, the final antibiotic
choice should also be based on the local bacterial resis-
tance patterns, and sputum cultures of high-risk patients
with frequent exacerbations and severe airflow limita-
tions should be performed, given the possible presence of
resistant pathogens [4].

Strengths and Limitations

Our study has several strengths. First, the population
in this study was representative of COPD outpatients.
Hence, our findings reflect the real-world effects of anti-
biotic treatment for AECOPD. Second, properly diag-
nosed COPD patients and their complete background in-
formation (e.g., lung function, smoking status, and re-
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lated comorbidities) that were lacking in previous
observational studies were included in this study [30].
Moreover, the outcomes were adjusted for possible con-
founders using both logistic regression and PS analyses.
Sensitivity analyses by further narrowing study popula-
tion by excluding different sources of uncertainty were
also conducted to test the robustness of the results.

There are, however, several potential limitations. First,
an acute exacerbation was defined by the prescriptions of
prednisone or prednisolone treatment as a proxy accord-
ing to the Dutch guideline for AECOPD, and this may
have led to some misclassifications. Accordingly, this
study focused on the effects of antibiotics use in combina-
tion with glucocorticosteroids on AECOPD compared
with glucocorticosteroids use only; thus, the effects of an-
tibiotics without oral corticosteroids for AECOPD were
not covered by this study, which limits our results to be
further extrapolated to other types of AECOPD that does
not need systemic corticosteroid treatments. Second, dif-
ferent from RCTs, empirical antibiotic prescription in re-
al-world outpatients is common, and incorrect prescrip-
tion in the absence of confirmed bacterial infections may
happen and could lead to an underestimated effect of an-
tibiotics on AECOPD. Third, the relatively low statistical
power of subgroup analyses hindered us in making a de-
finitive conclusion regarding the effects of some specific
antibiotics on AECOPD. Fourth, clinical events such as
hospitalization or death were not available in our data-
bases and therefore were not used as part of the definition
of treatment failure, which could bias our results. How-
ever, given the relatively mild COPD outpatients with
moderate AECOPD severity in both exposure and refer-
ence groups, we expect only few patients to have such se-
rious outcomes of hospitalization or death in our study.
Finally, there could be differences between countries in
the way of managing outpatient AECOPD and use of an-
tibiotics, and thus the results of this study may only be
generalizable to those countries who have similar pat-
terns in antibiotic treatment for AECOPD.

Conclusions

The results of this study support the use of antibiotic
therapy, notably doxycycline, for AECOPD in addition to
systematic glucocorticoid treatment among outpatients.
Treatment effects of other antibiotics for AECOPD need
to be explored further in real-world settings. No long-
term beneficial effects of antibiotic treatment on AECO-
PD were found for subsequent exacerbations.
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