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OBJECTIVE: To determine the association between outpa-
tient use of oral antibiotics and 30-day all-cause mortality
following hospitalization in a group of elderly chronic ob-
structive pulmonary disease (COPD) patients.
DESIGN: A population-based retrospective cohort study.
SETTING: Ontario, Canada.
POPULATION STUDIED: All 26,301 patients, 65 years of
age or older, who were hospitalized for COPD between 1992
and 1996 in Ontario.
METHODS: All elderly patients admitted at least once with
a most responsible diagnosis of COPD using the Canadian
Institute for Health Information database were identified.
They were then linked to the Ontario Drug Benefit data-
base to determine the use of antibiotics within 30 days of
the index hospitalization and to the Ontario registered per-
sons database to determine the 30-day mortality following
their index hospitalization.
RESULTS: Outpatient use of antibiotics within 30 days
before the index hospitalization was associated with a sig-
nificant reduction in the 30-day mortality following hospi-
talization (odds ratio [OR] 0.83, 95% CI 0.75 to 0.92). Use of

macrolides had the lowest relative odds for mortality (OR
0.58, 95% CI 0.47 to 0.73), while use of fluoroquinolones
had the highest relative odds (OR 0.98, 95% CI 0.84 to 1.15).
CONCLUSIONS: Use of antibiotics before hospitalization
was associated with a significant reduction in the risk of
short term mortality among a group of elderly COPD pa-
tients who eventually required hospitalization for their dis-
ease. These findings support the early use of antibiotics in
COPD patients who experience an acute exacerbation.
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Mortality

Antibiothérapie en clinique externe et mortalité
à court terme chez des patients âgés souffrant
de BPOC

OBJECTIF : Déterminer quel est le lien entre l’administration
d’antibiotiques oraux en clinique externe et la mortalité de toutes
causes dans les 30 jours suivant une hospitalisation chez un groupe
de patients âgés souffrant de BPOC (bronchopneumopathie obs-
tructive chronique).
MODÈLE : Étude de cohorte rétrospective basée dans la popula-
tion.

voir page suivante
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Chronic obstructive pulmonary disease (COPD) is a lead-
ing cause of morbidity and mortality. Between 1980 and

1995, COPD-related mortality increased by 93%, represent-
ing the largest increase in mortality among all major diseases
in Canada (1). The natural history of COPD is characterized
by frequent exacerbations resulting in increased cough, puru-
lent sputum production and dyspnea (2). Although sputum
cultures show no growth in approximately 50% of COPD ex-
acerbations, bacterial infections are thought to be the leading
cause of COPD flare-ups (3,4). Antibiotic therapy may, there-
fore, modify the course of the disease (5). However, previous
studies of antibiotic therapy during COPD exacerbations have
produced inconsistent results. Several studies have failed to
demonstrate a beneficial effect of oral antibiotic therapy
(6-8), while others have shown improvements in lung function
and patient symptoms (9,10). One explanation for these differ-
ences is that previous studies have generally had small sample
sizes and, therefore, may have lacked the statistical power to
detect subtle but important beneficial effects of antibiotic ther-
apy on the course of COPD exacerbations. Another possibility
is that the effectiveness of antibiotic therapy may diminish if
treatment is delayed. For example, a study by Nicotra and co-
workers (8) failed to demonstrate a significant benefit of antibi-
otic therapy in COPD. However, in their group of patients,
antibiotics were used after their patients were hospitalized
(8). In contrast, Anthonisen and coworkers (9) used antibi-
otics on an outpatient basis and showed that antibiotic ther-
apy produced better health outcomes than standard therapy
alone.

To overcome the problems of small sample sizes and to
determine the impact of antibiotics on mortality, we con-
ducted a large population-based study of COPD patients who
were hospitalized in Ontario for an exacerbation of their dis-
ease. We sought to determine the association between initial
outpatient oral antibiotic therapy and 30-day mortality, and
to describe the initial oral antibiotic therapy most frequently
prescribed on an outpatient basis for COPD patients who were
subsequently hospitalized for their disease.

PATIENTS AND METHODS
Study population: The Canadian Institute for Health Infor-
mation hospital discharge database was used to identify all pa-
tients who were hospitalized with a “most responsible diagno-

sis” of COPD between April 1, 1992 and March 31, 1997.
COPD was identified using the International Classification
of Diseases, ninth revision (ICD-9) codes 490, 491, 492 and
496. For those with multiple hospitalizations during the study
period, only the initial hospitalization was used in the analysis
in order to avoid double counting of patients. Patients who
were transferred from a chronic care facility to an acute care
hospital were excluded because outpatient drug information
was not available for such patients. Patients younger than 65
years of age were also excluded because the databases did not
contain any prescription medication information for this group
of patients. Thus, the analysis contained only those COPD pa-
tients 65 years of age or older.
Medication information: During the study period, the Ontario
government offered prescription medications free of charge to
all residents 65 years of age or older through the Ontario Drug
Benefit Program. The Ontario Drug Benefit database, therefore,
contained comprehensive data on all outpatient medications in-
cluding the name, the formulation and the amount that was dis-
pensed to all patients in this cohort. From this database, the use
of oral antibiotics within 30 days of the index hospitalization
was determined. The medications selected were amoxicillin
(or ampicillin), penicillin, sulfa drugs, cephalosporins, fluoro-
quinolones, tetracyclines and macrolides. These medications
were chosen because previous studies have shown that they
are the most widely used antibiotics for COPD exacerba-
tions (10).
Mortality data: By law, all deaths occurring in Ontario must
be reported to the provincial government. This information is
then captured in the Ontario Registered Persons Database. The
Registered Persons Database was used in the present study to
determine the 14-day and 30-day mortality from the date of the
index hospitalization for patients in this cohort. The primary
analysis was conducted using the 30-day mortality rate as the
outcome variable of interest.

The accuracy and reliability of these administrative data-
bases in Ontario have been demonstrated previously (11,12).
Using a unique identifier contained in each of these data sets,
the databases were linked together. To protect patient confi-
dentiality, these identifiers were scrambled before cross-
linkages took place.
Confounders: To control for the severity of COPD, patients’
use of other anti-COPD medications, including beta2-agonists,
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CONTEXTE : Ontario, Canada.
POPULATION ÉTUDIÉE : Les 26 301 patients de 65 ans ou
plus qui ont été hospitalisés pour BPOC entre 1992 et 1996 en
Ontario.
MÉTHODES : Tous les sujets âgés admis au moins une fois pour
un diagnostic probable de BPOC selon la base de données de l’Insti-
tut canadien d’information sur la santé ont été identifiés. Ils ont en-
suite été reliés à la base de données du Régime de médicaments
gratuits de l’Ontario afin de quantifier l’utilisation d’antibiotiques
dans les 30 jours de l’hospitalisation initiale avant d’être reliés à la
base de données des personnes inscrites en Ontario afin de déter-
miner le taux de mortalité à 30 jours suivant l’hospitalisation ini-
tiale.
RÉSULTATS : L’administration en clinique externe d’une

antibiothérapie dans les 30 jours précédant une hospitalisation ini-
tiale a été associée à une réduction significative de la mortalité dans
les 30 jours suivant l’hospitalisation (risque relatif (RR) 0,83,
IC 95 %, 0,75 à 0,92). L’emploi des macrolides a donné lieu au ris-
que relatif de mortalité le plus bas (RR 0,58, IC 95 %, 0,47 à 0,73),
alors que l’utilisation des fluoroquinolones a donné lieu au risque
relatif le plus élevé (RR 0,98, IC 95 %, 0,84 à 1,15).
CONCLUSION : Le recours à l’antibiothérapie avant l’hospitali-
sation a été associé à une réduction significative du risque de morta-
lité à court terme dans un groupe de sujets âgés souffrant de BPOC
qui ont éventuellement nécessité une hospitalisation pour leur mala-
die. Ces conclusions appuient l’utilisation précoce des antibiotiques
chez des patients souffrant de BPOC qui présentent une poussée ai-
guë d’exacerbation.
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ipratropium bromide, oral corticosteroids and oral theophyl-
line derivatives, was determined. Categorical variables were
created for each of these anti-COPD medications to indicate
whether they were used by the patients in the cohort within
30 days of the index hospitalization. Use of various health
services including outpatient physician visits for COPD within
one year of hospitalization was also determined. To estimate
the patient’s burden of comorbidity, a modified Charlson-
Deyo comorbidity score (13) was calculated for each patient
using the 15 secondary diagnostic fields contained in the Ca-
nadian Institute for Health Information discharge database.
To derive this score, the presence of the following comorbid
conditions was taken into account: congestive heart failure
(ICD-9 codes 428.x); ischemic heart disease (ICD-9 codes
410.x, 412.x); peripheral vascular disease (ICD-9 codes 443.9,
441.x, 785.4, V43.4); cerebrovascular accidents (ICD-9 codes
430.x-438.x); dementia (ICD-9 codes 290.x); rheumatologi-
cal diseases (ICD-9 codes 710.0, 710.1, 710.4, 714.0-714.2,
714.81, 725.x); peptic ulcer disease (ICD-9 codes 531.x-
534.9); diabetes (ICD-9 codes 250.0-250.7); malignancy
(ICD-9 codes 140.x-172.9, 174.x-195.8, 196.x-199.1, 200.x-
208.9); renal diseases (ICD-9 codes 582.x, 583.x, 585.x,
586.x, 588.x); and liver diseases (ICD-9 codes 571.x, 572.x)
(14). A Charlson-Deyo comorbidity score of 0 denotes the ab-
sence of any comorbidities; a higher number indicates increas-
ing burden of comorbidities. In the present study, the median
Charlson-Deyo comorbidity score was 0 with a range of scores
of 0 to 10.
Statistical analyses: The means and standard deviations
from continuous variables were compared using the two-
tailed Student’s t test, while binary variables were compared
using a �

2 test for contingency tables. A comparison of the
30-day mortality rate between patients receiving and not re-
ceiving outpatient antibiotic therapy was based on a multi-
ple logistic regression model. Age, sex, Charlson-Deyo

comorbidity score, use of other anti-COPD medications and
health services were included in the adjusted model as co-
variates. From this model, the relative odds ratios (ORs) and
associated 95% CIs were calculated using standard methods
(15). All tests were two-tailed, and P�0.05 was considered
statistically significant. As a part of sensitivity analyses, the
same set of analyses using were conducted 14-day mortality
as the outcome of interest. All analyses were conducted using
SAS version 6.12 (SAS Institute Inc, United States).

RESULTS
Demographics of the study population: In total, 26,301 pa-
tients were included in the study; 7% (n=1937) of patients
died within 30 days of hospitalization. Overall, 34.4%
(n=9037) of the patients used an oral antibiotic within 30
days of their index hospitalization date. The baseline charac-
teristics of users and nonusers of outpatient antibiotics are
described in Table 1. Female patients were more likely to use
an antibiotic before hospitalization than male patients (OR 1.15,
95% CI 1.09 to 1.21). Patients who were 80 years of age or
older had the highest rate of antibiotic use (30%), while those
between 65 and 70 years of age had the lowest rate of use
(22%). The Charlson-Deyo comorbidity scores were similar be-
tween the two groups.
Use of other anti-COPD medications and health services:
Patients exposed to outpatient antibiotic therapy were more
likely to have received other anti-COPD medications within
30 days of hospitalization (Tables 1 and 2). Those who re-
ceived antibiotics were more likely to use inhaled
beta2-agonists (OR 1.83, 95% CI 1.74 to 1.93), ipratro-
pium bromide (OR 1.43, 95% CI 1.35 to 1.51), oral corti-
costeroids (OR 2.73, 95% CI 2.56 to 2.92) and oral
theophylline derivatives (OR 1.41, 95% CI 1.31 to 1.52)
than those who did not use antibiotics as an outpatient. Pa-
tients who were treated with an antibiotic medication were
also more likely to have had an office visit to a physician
within one year of their index hospitalization date (OR 3.18,
95% CI 3.00 to 3.37).
Temporal trends in the use of antimicrobial medications
for patients in the study: Oral cephalosporins were the most
popular antibiotics used for COPD exacerbations in Ontario.
These medications were used by 27% of patients who re-
ceived outpatient antibiotic therapy. Figure 1 shows the
prevalence of use of various antibiotics between 1992 and
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TABLE 1
Baseline characteristics of chronic obstructive
pulmonary disease (COPD) patients who did and did
not receive outpatient antibiotics within 30 days of the
index hospitalization

Variable
Antibiotic

user
Antibiotic
nonuser P

Number of patients 9037
(34.4%)

17,264
(66.6%)

–

Age (years � SD) 75.1±6.7 75.5±6.8 0.001
Male (%) 53.7 57.2 0.001
Charlson-Deyo score

(median), IQR
0 (0,1) 0 (0,1) 0.841

Myocardial infarction (%) 3.4 3.4 0.993
Congestive heart failure (%) 15.2 16.7 0.001
Diabetes (%) 9.9 9.9 0.852
Malignancy (%) 7.8 7.3 0.321
Chest radiograph* (%) 32.0 15.9 0.001
Outpatient office visits* (%) 79.0 54.2 0.001

*Outpatient visits to physicians for COPD and use of chest radio-
graph within one year of the index hospitalization. IQR Interquartile
range

TABLE 2
Use of various antichronic obstructive pulmonary
disease (anti-COPD) medications by patients with COPD
within 30 days of the index hospitalization among users
and nonusers of antibiotics

Variable
Antibiotic

user
Antibiotic
nonuser P

Number of patients 9037 (34.4%) 17,264 (66.6%) –
Beta2-agonists (%) 59.9 44.9 0.001
Anticholinergics (%) 35.0 27.4 0.001
Oral steroids (%) 26.2 11.5 0.001
Theophylline (%) 15.2 11.3 0.001
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1996. The popularity of the conventional oral antibiotics
such as penicillin, amoxicillin (or ampicillin), tetracyclines
and sulfa-based drugs has declined over the years, while
macrolides have experienced the biggest increase in use. The
steep increase in macrolide use between 1994 and 1996 can
be attributed almost entirely to the introduction of clarithro-
mycin into the market. In 1995, only 6.7% of the patients who
used antibiotics received clarithromycin. By 1996, 18.4% of
patients were using clarithromycin. At the same time, there
was a proportional decrease in the use of fluoroquinolones in
the population.
Association between the use of antimicrobial medications
and mortality: Patients who used antibiotics within 30 days
of the index hospitalization date experienced lower odds for
all-cause 30-day mortality after hospitalization than those
who did not receive antibiotics (OR 0.86, 95% CI 0.78 to
0.95). Other variables that were significantly associated
with 30-day mortality were age (OR 1.05, 95% CI 1.04 to
1.06), Charlson-Deyo comorbidity score (OR 1.30, 95% CI
1.26 to 1.35) and male sex (OR 1.31, 95% CI 1.19 to 1.44).
When adjustments were made for important baseline covari-
ates including age, sex, Charlson-Deyo comorbidity scores
and use of other anti-COPD medications, the adjusted rela-
tive odds for the 30-day mortality associated with antibiotic
use was 0.83 (95% CI 0.75 to 0.92). Table 3 describes the as-
sociation between various variables and the adjusted risk
of death within 30 days of hospitalization. When 14-day
mortality was considered, the relative odds associated with
antibiotic exposure before hospitalization was 0.79 (95% CI
0.70 to 0.90). The direction of the individual relative odds
estimates for the 30-day mortality associated with each
class of antibiotic was similar, with all of the antibiotics
showing a protective effect against all-cause mortality
(Figure 2). Of these, macrolides had the lowest relative
odds for mortality (OR 0.58; 95 CI 0.47 to 0.73), while fluoro-
quinolones had the highest relative odds (OR 0.98, 95% CI
0.84 to 1.15).

DISCUSSION
In a cohort of elderly patients with COPD who required

hospitalization for their COPD, we found that treatment with
oral antibiotics on an outpatient basis before their COPD ad-
mission was associated with a reduced mortality rate. COPD
patients who received at least one course of antibiotic therapy
before hospitalization were 17% less likely to die within 30
days following hospitalization for their COPD than those
who did not receive any antibiotic therapy. These differences
persisted even after adjustment for various confounding fac-
tors such as age, sex and use of other anti-COPD medica-
tions. These findings are consistent with previous studies on
the effect of early antibiotic therapy on the health outcomes of
patients with respiratory infections, which showed that antibi-
otic therapy in COPD hastens recovery and improves patient
symptoms (9,10). We extend these findings by demonstrating
that outpatient antibiotic therapy for severe COPD exacerba-
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Figure 1) Temporal changes in the frequency of use of various anti-
biotics among chronic obstructive pulmonary disease patients in
the study who received at least one antibiotic before hospitalization
between 1992 and 1996

Figure 2) Adjusted odds ratios comparing the use of various
antibiotics prehospitalization and 30-day mortality. The reference
group comprised the patients who did not receive any antibiotics
before hospitalization. The odds ratios were adjusted for age, sex,
comorbidity and use of antichronic obstructive pulmonary disease
medications. The bars represent 95% CIs

TABLE 3
Adjusted odds ratios of variables associated with
all-cause mortality among patients with chronic
obstructive pulmonary disease within 30 days of the
index hospitalization*

Variable Odds ratio 95% CI P
Age 1.05 1.05 to 1.06 0.001
Charlson-Deyo score† 1.30 1.26 to 1.34 0.001
Male‡ 1.23 1.17 to 1.36 0.001
Use of various medications within 30 days of the

index hospitalization§

Antibiotics 0.83 0.75 to 0.92 0.001
Anticholinergics 1.38 1.25 to 1.53 0.001
Oral corticosteroids 1.44 1.28 to 1.63 0.001
Theophylllines 1.28 1.12 to 1.46 0.001

*The final model was adjusted for all of the above variables and use
of physician’s services; †Reference category was a Charlson-Deyo
score of 0 (ie, no comorbidity) and the odds ratio indicates a 1-unit in-
crease in the Charlson-Deyo score; ‡Reference category is elderly fe-
male patients with chronic obstructive pulmonary disease;
§Reference category was nonuse of these medications
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tions may also reduce all-cause mortality in patients who
eventually require hospitalization for their disease.

Although in over 50% of the cases the inciting bacterial
organism is never identified (5), empirical antibiotic therapy
improves airway inflammation, resulting in enhanced muco-
ciliary clearance, and reduced patient symptoms including
cough (14) and mucous production (16). In contrast, inade-
quate antimicrobial coverage during COPD exacerbations
may facilitate bacterial spread through the bronchial tree and
stimulate an inflammatory response, which may result in mu-
cosal damage and make the patient more vulnerable to pro-
gressive deterioration in respiratory function (17). Because it
may be difficult to separate viral from bacterial infections of
the airway on a clinical basis, our findings support the em-
pirical use of antibiotic therapy for COPD exacerbations to
reduce airway inflammation and enhance their overall sur-
vival from their acute illness.

Of the antibiotics in our study, use of macrolides was asso-
ciated with the highest relative risk reduction, while fluoroqui-
nolones demonstrated the lowest relative risk reduction. There
is growing concern that some fluoroquinolones, particularly
the older generation, do not have consistent coverage against
Streptococcus pneumoniae (18), which is felt to be a leading
pathogen in COPD exacerbations and the organism associ-
ated with the highest level of airway inflammation and mor-
bidity (19). An alternate explanation is that the use of
fluoroquinolones in our study was a marker for more severe
COPD exacerbations (20). Because leading experts have rec-
ommended fluoroquinolones as second- or third-line antibi-
otics for COPD exacerbations (21), community physicians
may reserve them for COPD patients who are refractory to
conventional antibiotics.

The present study has several limitations that deserve fur-
ther discussion. First, our study was observational in nature
and, therefore, antimicrobial treatment selection biases may
have been present. To minimize these biases, we controlled
for potential confounding by age, sex, comorbidity and se-
verity of illness as measured by the use of various anti-COPD
medications and health service utilization before their index
hospitalization. Even with these adjustments, we found a dif-
ference in the 30-day mortality rate between those treated
and not treated with antibiotic therapy before hospitalization,
suggesting that selection biases did not account for our find-
ings. Second, the case definition of antibiotic user was on the
basis of patients’ exposure to an antibiotic within 30 days of
their index hospitalization. Because we did not have infor-
mation on patient compliance, it is possible that some pa-
tients who received these medications did not actually take
them. However, this type of misclassification in exposure
status would have led to an underestimation of the magnitude
of association between antibiotic use and mortality but
would not change the overall direction of the relationship
(21). Third, we did not have any information on those COPD
patients who were treated with antibiotics for their exacerba-
tion but who were not admitted to an acute care hospital. If
outpatient antibiotic therapy resulted in an excess mortality
before hospitalization compared with no therapy, the exclu-

sion of these patients could have confounded our findings.
However, outpatient antibiotic use is generally well tolerated
by COPD patients and severe complications leading to hos-
pitalization or mortality have been rarely reported (5). Thus,
it is unlikely that such a bias could explain our findings.
Fourth, we did not have any information on inpatient treat-
ment of these patients. Our findings assumed that patients who
received and did not receive antibiotic therapy on an outpa-
tient basis received similar care while in hospital. Our data-
bases do not contain any information concerning in-hospital
care, which is an important limitation to our study.

Finally, confounding by indication needs to be considered
carefully. Was the use of antibiotics just a marker for patients
who already had a better prognosis than nonusers? This hy-
pothesis is unlikely based on several lines of evidence. First,
the use of antibiotics is still controversial in COPD manage-
ment. Therefore, a consensus on the type of patients who re-
spond optimally to these drugs does not exist (2), which
makes it unlikely that patients with a good prognosis would
be preferentially treated with antibiotics. Second, the base-
line demographic features were similar between users and
nonusers of antibiotic therapy. Third, antibiotic users were
more likely to have used anti-COPD medications and other
health services, including outpatient physicians’ offices, for
their COPD than nonusers of antibiotics. Because these meas-
ures are surrogate markers for COPD severity (23), users of
antibiotics were more likely to have greater COPD severity
than nonusers of antibiotics.

CONCLUSIONS
This study of COPD patients living in the community

demonstrated that outpatient use of antibiotics was associ-
ated with significantly lower 14-day and 30-day mortality
risks than those who were not treated with antibiotics. These
findings, therefore, suggest that aggressive outpatient
management of COPD patients with antibiotic therapy
during exacerbations may reduce mortality in these patients.
However, before this recommendation is implemented
widely, carefully conducted randomized, controlled trials are
required to confirm these initial findings.
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