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IMPORTANCE Although professional society guidelines discourage use of empirical antibiotics
in the treatment of asthma exacerbation, high antibiotic prescribing rates have been
recorded in the United States and elsewhere.
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OBJECTIVE To determine the association of antibiotic treatment with outcomes among

patients hospitalized for asthma and treated with corticosteroids.
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DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study of data of 21 628 adults

hospitalized for asthma exacerbation and treated with systemic corticosteroids in 540 US
acute care hospitals from January 1, 2015, through December 31, 2016.
EXPOSURES Early antibiotic treatment, defined as treatment with an antibiotic initiated

during the first 2 days of hospitalization. Patients not treated with antibiotics or treated on
day 2 or later were included in the nontreated/late-treated group. Patients with documented
infection diagnosed at admission were excluded.
MAIN OUTCOMES AND MEASURES The primary outcome measure was hospital length of stay.
Other outcomes included treatment failure (initiation of mechanical ventilation, transfer to
the intensive care unit after hospital day 1, in-hospital mortality, or readmission for asthma
within 30 days of discharge), hospital costs, and antibiotic-related diarrhea. Multivariable
adjustment, propensity score matching, propensity weighting, and instrumental variable
analysis were used to assess the association of antibiotic treatment with outcomes.
RESULTS Of the 21 628 patients, the median (interquartile range [IQR]) age was 46 (33-59)

years, 15 662 (72.4%) were women and 9616 (44.5%) were White, and Medicare was the
primary form of health insurance for 5499 (25.4%). Antibiotics were prescribed for 8927
patients (41.3%) on day 1; 3022 patients (14.0%) were started after day 1. Compared with
patients not treated with antibiotics or treated after day 1, patients treated with antibiotics on
day 1 were older (median [IQR] age, 48 [35-60] vs 45 [32-57] years), more likely to be White
(48.7% vs 41.5%) and smokers (4.5% vs 3.2%), and had a higher number of comorbidities
(eg, congestive heart failure, 5.7% vs 5.4%). Those treated with antibiotics on day 1 had a
statistically significant longer hospital stay compared with those not treated on day 1 (mean
[SD], 2.81 [2.27] vs 2.57 [2.45] days; difference, 0.11 days, 95% CI, 0.03 to 0.19; median [IQR]
2 [1-4] vs 2 [1-3] days). In propensity score–matched analysis, receipt of antibiotics on day 1
was associated with a marginally longer but not clinically meaningful increase in hospital stay
(length of stay ratio, 1.06; 95% CI, 1.04 to 1.09), higher cost of hospitalization (median [IQR]
cost, $4320 [$2754-$6716] vs $3861 [$2479-$6236]) but lower risk of treatment failure (7.1%
vs 8.2%; difference, −1.08%, 95% CI, −1.93% to −0.24%; adjusted OR, 0.86; 95% CI, 0.77 to
0.97). Multivariable adjustment, propensity score weighting, and instrumental variable
analysis yielded similar results.
CONCLUSIONS AND RELEVANCE Among adult patients hospitalized for asthma exacerbation

and treated with corticosteroids, antibiotic therapy initiated on day 1 of hospitalization was
associated with a slightly longer but not clinically important increase in hospital length of stay,
higher hospitalization cost, and lower risk of treatment failure. These findings highlight the
need to perform randomized clinical trials to determine the role of antibiotic prescribing
among patients hospitalized for asthma exacerbation.
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A

sthma is the most common chronic lung condition in
the United States, where it affects 24.6 million
individuals.1 Asthma exacerbations are responsible for
1.7 million emergency department visits, 440 000 hospitalizations, and more than $50 billion in health care expenditures each year in the United States.1 Current guidelines for the
treatment of patients hospitalized for an asthma exacerbation call for objective assessment of lung function, controlled
oxygen administration, inhaled short-acting β2-agonist bronchodilators, and systemic corticosteroids, but several studies
have documented limited adherence to these guidelines and
variation in acute and chronic asthma care.2,3 Although recent reviews published in the Cochrane database have not
found sufficient evidence in favor of antimicrobial treatment
in asthma exacerbations and current guidelines recommend
against routine use of antibiotic therapy,4 inappropriate use
of antibiotics has been documented in several countries including the United States. In a recent study of a large national
sample, we found that nearly 49.1% of patients hospitalized
for asthma received treatment with antibiotics in the absence
of documentation of an indication for antibiotic therapy.5
The evidence surrounding use of antibiotics in patients
with asthma is limited.6,7 The most recent trial, Azithromycin Against Placebo for Acute Exacerbations of Asthma, showed
no benefit of short-term treatment with azithromycin when
added to a regimen of oral or intravenous corticosteroids.7 Critics question the external validity of the trial and whether the
lack of benefit was a result of the fact that patients who could
have benefited from an antibiotic had already received one and
were therefore not enrolled. In the absence of more definitive information from randomized clinical trials, we sought to
evaluate the association between use of antibiotics when prescribed in addition to corticosteroids and outcomes among a
large, representative sample of patients hospitalized for asthma
exacerbation. We hypothesized that antibiotic therapy would
not be associated with additional benefit.

Methods
Data Source, Setting, and Patients
We conducted a retrospective cohort study by using data collected from 540 acute care hospitals in the United States that
participate in Premier Inpatient Database, an inpatient, enhanced administrative database developed for measuring
health care quality and use. Participating hospitals are primarily small to medium-sized nonteaching hospitals located mostly
in urban areas in all regions of the United States. In addition
to the information contained in the standard hospital discharge file, such as the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes
or International Statistical Classification of Diseases and Related Health Problems, Tenth Revision, Clinical Modification
(ICD-10-CM) codes, hospital, and physician information, Premier includes a date-stamped log of all billed items, including medications dispensed and diagnostic tests performed. Approximately 75% of participating hospitals submit cost data;
the rest submit calculated costs based on each hospital’s spe334

Key Points
Question Among patients hospitalized for an asthma
exacerbation and treated with corticosteroids, is the addition of
antibiotic therapy associated with better outcomes?
Findings In this cohort study of 21 628 patients hospitalized for an
asthma exacerbation and treated with corticosteroids, 8927
(41.3%) received antibiotics on day 1 of hospitalization. Compared
with patients who were not treated with antibiotics, treated
patients had a statistically significantly longer but not clinically
important increase in hospital stay, higher hospital cost, lower rate
of treatment failure, and no significant difference in risk of
antibiotic-related diarrhea.
Meaning Antibiotic treatment may be associated with marginally
longer length of stay but lower risk of treatment failure in adult
patients hospitalized for asthma treated with corticosteroids.

cific cost to charge ratio.8 The institutional review board at Baystate Medical Center, Springfield, Massachusetts, approved the
study, which was not considered human subjects research because the data set does not contain any identifiable patient information.
We included patients 18 years or older who were admitted to the hospital from January 1, 2015, through December
31, 2016, for a principal diagnosis of asthma or a principal diagnosis of acute respiratory failure combined with a secondary diagnosis of asthma (we used ICD-9-CM and ICD-10-CM diagnostic codes in accordance with the Centers for Medicare &
Medicaid Services definition).9 We restricted the analysis to
patients treated with systemic corticosteroids (oral or intravenous corticosteroids at a dosage equivalent to 20 mg/d of
prednisone on day 1), because systemic corticosteroids are recommended for patients with moderate to severe asthma exacerbation. We excluded patients with a potential indication
for antibiotic therapy, including those with a secondary diagnosis of acute or chronic bronchitis, chronic obstructive pulmonary disease, emphysema, or bronchiectasis; those with a
diagnosis of sinusitis, sepsis, pneumonia, urinary tract infection, or skin or soft-tissue infection present on admission; and
patients with a blood or sputum culture ordered on day 1 of
hospitalization. In addition, we excluded patients transferred from another acute care hospital because we did not
know whether they were treated with antibiotics before arrival as well as patients transferred to another hospital because we could not ascertain their outcomes. If a patient had
more than 1 eligible admission during the period of the study,
we randomly selected 1 admission to avoid survival bias.
All patients were classified according to the treatment they
received on the first calendar day of hospitalization (day 1). The
early antibiotic treated group included patients started on antibiotic on day 1 of hospitalization or in the emergency department. Patients with antibiotic treatment started after day 1 of
hospitalization were grouped with those not treated. Antibiotics were grouped based on previously published results4 into
the following categories: macrolides, quinolones, cephalosporins, and tetracyclines.
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Outcomes

Our primary outcome was hospital length of stay measured in
days. Our main secondary outcome was a composite measure of treatment failure defined as initiation of invasive or noninvasive mechanical ventilation, transfer to the intensive care
unit or in-hospital mortality after hospital day 1, or readmission for asthma exacerbation within 30 days of discharge.10 We
also examined hospital cost and potential adverse effects of
antibiotic use, including allergic reactions and antibioticassociated diarrhea defined as treatment with metronidazole
or oral vancomycin hydrochloride initiated after hospital day
2 or readmission within 30 days for diarrhea or Clostridium difficile infection.

Other Treatments and Patient Factors
In addition to patient demographic characteristics, primary
payer, and principal diagnosis, we classified comorbidities by
using the comorbidity score as described by Gagne et al.11 The
score was devised to predict mortality and 30-day readmissions and has better predictive ability than Elixhauser or Charlson scores. We also examined medications typically used in
the treatment of asthma exacerbation, including short- and
long-acting bronchodilators and methylxanthines, and medications used for smoking cessation therapy. We counted the
number of admissions for asthma in the previous year as a
proxy for asthma severity and degree of control.

Statistical Analysis
Using absolute standardized differences, we compared the
characteristics of patients with asthma who received early antibiotic therapy with those patients who did not receive antibiotics and those in whom antibiotics were prescribed later in
the hospital stay; a difference greater than 10% was considered meaningful.12 To estimate the association of antibiotic
therapy with length of hospital stay, treatment failure, total
cost, and other outcomes, we developed a multivariable predictive model as a function of patient, treatment, and hospital characteristics. Identity link function was used for lengthof-stay and cost outcomes, and logit link functions for the
treatment failure outcomes. To further reduce the threat of confounding by indication (in which patients with the most clinically severe asthma presentations would be the most likely to
receive antibiotics), we developed a propensity score for early
antibiotic treatment by using all patient characteristics, early
treatments, comorbidities, and selected interaction terms. We
matched patients who did not receive early antibiotic treatment with those with similar propensity who received antibiotics on day 1, and we carried out a conditional logistic regression analysis after accounting for the match.13,14 Unadjusted
(accounting for clustering), covariate-adjusted, and propensity score–adjusted models for each outcome were evaluated. In addition, we used standardized mortality ratio weighting to obtain estimates of average treatment effect among
treated patients.15 To further address the threat of residual selection bias due to unmeasured confounders not addressed
through propensity adjustment, we performed an instrumental variable analysis. We used a grouped-treatment approach,
a form of instrumental variable analysis in which all patients
jamainternalmedicine.com

treated at the same hospital are assigned a probability of treatment with an antibiotic equal to the overall treatment rate at
that hospital. This grouped rate was substituted for individual patient exposure to treatment in the logistic regression model. Grouping treatment at the hospital level overcomes the issue of confounding by indication at the patient
level, while still accounting for patient-level covariates and
outcomes.16
We performed several sensitivity analyses. First, we repeated the analyses redefining early antibiotic treatment as
started on day 1 or day 2 because in this administrative data
set, only calendar days are counted. Thus, if a patient is admitted late in the evening, their first hospital day could be as
short as 1 hour. These shortened first hospital days may not
adequately represent clinician decisions about initial treatments. Second, we excluded patients in whom antibiotic
therapy was initiated after day 1 of hospitalization from the
nontreated group. Third, we limited the sample to nonsmokers younger than 70 years who were not treated with mechanical ventilation or admitted to the intensive care unit on day 1
of admission to further exclude patients for whom administration of antibiotics may be considered more acceptable in
light of the severity of presentation and the difficulty differentiating chronic obstructive pulmonary disease from asthma.
Furthermore, because macrolides were the most frequently
used antibiotics, we compared the outcomes within the following 2 groups: patients treated with a macrolide alone vs
those not treated with antibiotics and patients treated with a
macrolide alone vs those treated with any other antibiotic.
For each model, adjusted odds ratios (ORs) for treatment
failure or ratios of hospital length of stay and cost with associated 95% CIs for antibiotic treatment were calculated. All tests
of significance were 2-sided. All statistical analyses were performed using SAS, version 9.4 (SAS Institute Inc).

Results
A total of 21 628 patients met all the inclusion criteria (eFigure in Supplement 1). The median (interquartile range [IQR])
age of these patients was 46 (33-59) years; 15 662 (72.4%) were
women and 9616 (44.5%) were White; 6750 (31.2%) had private insurance, 6037 (27.9%) had Medicaid, and 5499 (25.4%)
had Medicare. Among the entire cohort, the most frequent comorbidities were hypertension (9594 [44.4%]), obesity (6124
[28.3%]), diabetes (4787 [22.1%]), and depression (2762
[12.8%]); 3216 (14.9%) were admitted at least once in the previous year (Table 1). Median (IQR) length of stay was 2 (1-3) days;
in-hospital mortality occurred in 29 patients (0.1%), 691 (3.6%)
patients were intubated after day 1, and 1689 (7.8%) experienced the combined outcome of treatment failure (Table 2).
Overall, 8927 patients (41.3%) received antibiotics on the
first hospital day. The most frequently prescribed antibiotics
were macrolides (4490 patients [50.3%]), quinolones (3111
[34.8%]), and third-generation cephalosporins (1772 [19.8%]).
An additional 3022 patients (14.0%) received antibiotics at
some point after hospital day 1, and of these, 2339 (10.8% ) were
started on day 2 of hospitalization. Compared with patients
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Table 1. Selected Patient Characteristics and Treatments
Entire Cohort

Propensity Score–Matched Cohort

Early
AB Therapy
(n = 8927)a

Late or No
AB Therapy
(n = 12 701)

Early
AB Therapy
(n = 7577)a

Late or No
AB Therapy
(n = 7577)

Characteristic

All Patients
(N = 21 628)

Age, median (IQR), yb

46 (33-59)

48 (35-60)

45 (32-57)

46 (34-59)

47 (34-60)

Female, No. (%)

15 662 (72.4)

6635 (74.3)

9027 (71.1)

5562 (73.4)

5843 (74.5)

White

9616 (44.5)

4347 (48.7)

5269 (41.5)

3517 (46.4)

3609 (47.6)

Black

6705 (31.0)

2520 (28.2)

4185 (33.0)

2272 (30.0)

2221 (29.3)

Hispanic

2440 (11.3)

996 (11.2)

1444 (11.4)

834 (11.0)

829 (10.9)

Otherc

2867 (13.3)

1064 (11.9)

1803 (14.2)

954 (12.6)

918 (12.1)

Medicare

5499 (25.4)

2542 (28.5)

2957 (23.3)

1944 (25.7)

2073 (27.4)

Medicaid

6037 (27.9)

2271 (25.4)

3766 (29.7)

2061 (27.2)

2002 (26.4)

Private

6750 (31.2)

2766 (31.0)

3984 (31.4)

2404 (31.7)

2370 (31.3)

Uninsured

2629 (12.2)

1049 (11.8)

1580 (12.4)

909 (12.0)

877 (11.6)

Unknown

713 (3.3)

299 (3.4)

414 (3.3)

259 (3.4)

255 (3.4)

Asthma

19 431 (89.8)

7951 (89.1)

11 480 (90.4)

6813 (89.9)

6773 (89.4)

Acute respiratory failure

2197 (10.2)

976 (10.9)

1221 (9.6)

794 (10.1)

804 (10.6)

1 (1-2)

1 (1-2)

1 (1-2)

1 (1-2)

1 (1-2)
460 (6.1)

Race, No. (%)b

Insurance, No. (%)b

Principal diagnosis, No. (%)

Gagne score, median (IQR)d
Comorbidity, No. (%)e
Congestive heart failure

1201 (5.6)

510 (5.7)

691 (5.4)

397 (5.2)

Chronic pulmonary disease

2329 (10.8)

1018 (11.4)

1311 (10.3)

797 (10.5)

835 (11.0)

Hypertensionb

9594 (44.4)

4237 (47.5)

5357 (42.2)

3406 (45.0)

3502 (46.2)

Diabetes

4787 (22.1)

2104 (23.6)

2683 (21.1)

1701 (22.4)

1759 (23.2)

Renal failure

875 (4.0)

376 (4.2)

499 (3.9)

297 (3.9)

331 (4.4)

Obesity

6124 (28.3)

2664 (29.8)

3460 (27.2)

2224 (29.4)

2230 (29.4)

Depression

2762 (12.8)

1172 (13.1)

1590 (12.5)

970 (12.8)

984 (13.0)

Long anticholinergic
therapy

413 (1.9)

208 (2.3)

205 (1.6)

136 (1.8)

Short-acting β-agonist
therapy

18 201 (84.2)

7647 (85.7)

10 554 (83.1)

Long-acting β-agonist
therapy

3360 (15.5)

1544 (17.3)

Methylxanthine therapy

369 (1.7)

Arterial blood gas test

Abbreviations: AB, antibiotic;
IQR, interquartile range; NA, not
applicable.
a

Antibiotic therapy started on day 1
of hospitalization.

138 (1.8)

b

Standardized difference is greater
than 0.1.

6422 (84.8)

6465 (85.3)

c

1816 (14.3)

1164 (15.4)

1226 (16.2)

Unknown race or nonblack,
non-White, non-Hispanic (not
defined separately).

171 (1.9)

198 (1.6)

136 (1.8)

149 (2.0)

d

5507 (25.5)

2269 (25.4)

3238 (25.5)

1948 (25.7)

1884 (24.9)

For an explanation of the Gagne
score, see the Other Treatments and
Patient Factors subsection of the
Methods section.

e

All antibiotics

8927 (41.3)

8927 (100.0)

NA

7577 (100.0)

NA

Macrolides

4490 (20.8)

4490 (50.3)

NA

3848 (50.8)

NA

Quinolones

3111 (14.4)

3111 (34.8)

NA

2576 (34.0)

NA

Third-generation
cephalosporins

1772 (8.2)

1772 (19.8)

NA

1455 (19.2)

NA

Tetracyclines

838 (3.9)

838 (9.4)

NA

715 (9.4)

NA

Otherf

515 (2.4)

515 (5.8)

NA

448 (5.9)

NA

Noninvasive

2053 (9.5)

831 (9.3)

1222 (9.6)

704 (9.3)

667 (8.8)

Invasive

728 (3.4)

280 (3.1)

448 (3.5)

261 (3.4)

254 (3.4)

Additional comorbidities evaluated
in models but not reported in tables
include valvular disease, pulmonary
circulation disease, peripheral
vascular disease, paralysis, other
neurological disorders,
hypothyroidism, liver disease,
peptic ulcer disease excluding
bleeding, AIDS, lymphoma,
metastatic cancer, rheumatoid
arthritis or collagen vascular
disease, coagulopathy, weight loss,
fluid and electrolyte disorders,
chronic blood loss anemia,
deficiency anemias, alcohol abuse,
drug abuse, and psychoses.

f

Any other classes of antibiotics,
including first- and
second-generation cephalosporins,
aminoglycoside, penicillins,
carbapenems, and β-lactamase
inhibitor combinations.

Therapies and tests, No. (%)

Early antibiotic therapy,
No. (%)d

Mechanical ventilation,
No. (%)

Prior asthma admissions
0

18 412 (85.1)

7770 (87.0)

10 642 (83.8)

6524 (86.1)

6561 (86.6)

1

2216 (10.3)

801 (9.0)

1415 (11.1)

750 (9.9)

725 (9.6)

2

574 (2.7)

199 (2.2)

375 (3.0)

172 (2.3)

168 (2.2)

≥3

426 (2.0)

157 (1.8)

269 (2.1)

131 (1.7)

123 (1.6)

809 (3.7)

403 (4.5)

406 (3.2)

277 (3.7)

293 (3.9)

Nicotine cessation
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Table 2. Unadjusted Outcomes of Patients Hospitalized for Asthma Exacerbation
Entire Cohort

Propensity Score–Matched Cohort

All Patients
(N = 21 628)

Early AB
Therapy
(n = 8927)a

Late or No
AB Therapy
(n = 12 701)

Early
AB Therapy
(n = 7577)a

Late or No
AB Therapy
(n = 7577)

Hospital length of stay,
median (IQR), db,c

2 (1-3)

2 (1-4)

2 (1-3)

2 (1-3)

2 (1-3)

Treatment failure,
No. (%)

1689 (7.8)

631 (7.1)

1058 (8.3)

539 (7.1)

621 (8.2)

In-hospital mortality,
No. (%)

29 (0.1)

11 (0.1)

18 (0.1)

11 (0.1)

13 (0.2)

Late mechanical
ventilation (after day 2),
No. (%)b

691 (3.6)

252 (3.2)

439 (3.9)

211 (3.1)

279 (4.2)

Transfer to intensive care
unit, No. (%)

200 (0.9)

71 (0.8)

129 (1.0)

62 (0.8)

76 (1.0)

Total cost,
median (IQR) US$b,c

4078
(2604-6486)

4383
(2792-6806)

3750
(2373-6138)

4320
(2754-6716)

3861
(2479-6236)

Diarrhea, No. (%)b

296 (1.4)

147 (1.6)

149 (1.2)

118 (1.6)

98 (1.3)

Asthma readmission
within 30 d, No. (%)b

875 (4.1)

322 (3.6)

553 (4.4)

277 (3.7)

All cause 30-d
readmission, No. (%)d

2000 (9.3)

825 (9.3)

1175 (9.3)

696 (9.2)

Outcome

who did not receive or received late antibiotic therapy, treated
patients were older (median [IQR] age, 48 [35-60] vs 45 [3257] years), more likely to be White (48.7% vs 41.5%), and more
likely to have Medicare insurance (28.5% vs 23.3%). They were
also more likely to have a diagnosis of acute respiratory failure (10.9% vs 9.6%), to receive smoking cessation therapy (4.5%
vs 3.2%), and to have comorbid diagnoses of congestive heart
failure (5.7% vs 5.4%), chronic pulmonary disease (11.4% vs
10.3%), diabetes (23.6% vs 21.1%), renal failure (4.2% vs 3.9%),
obesity (29.8% vs 27.2%), and depression (13.1% vs 12.5%). Of
all the patients, 631 (7.1%) in the early antibiotic therapy group
experienced treatment failure compared with 1058 (8.3%) who
did not receive early antibiotic therapy or received late treatment (Table 1).
A total of 7577 patients treated with antibiotics on day 1
of hospitalization were successfully matched to patients with
a similar propensity score who did not receive early antibiotics, and most patient characteristics were balanced. Five hundred thirty-nine patients (7.1%) in the early antibiotic therapy
group experienced treatment failure compared with 621 patients (8.2%) who did not receive early antibiotic therapy
(P = .01). The mean (SD) length of hospital stay was 2.81 (2.27)
days in the early antibiotic therapy group vs 2.57 (2.44) days
in the untreated group (difference, 0.11; 95% CI, 0.03 to 0.19),
and the median (IQR) length of stay in the early antibiotic
therapy group was 2 (1-4) days vs 2 (1-3) days in the untreated
group (P < .001). In the early antibiotic–treated group, 147 patients (1.6%) had a diagnosis of antibiotic-associated diarrhea
compared with 149 (1.2%) in the untreated group; difference,
0.26%; 95% CI, −0.11 to 0.64 (Table 2).

Results From Multivariable, Propensity Score–Matched
Cohort and Grouped Treatment Approach Analyses
Treatment with antibiotics was associated with a small but not
clinically important increase in hospital length of stay and
higher hospitalization costs in all multivariable analyses, including the propensity score–matched cohort (length-of-stay
jamainternalmedicine.com

Abbreviations: AB, antibiotic;
IQR, interquartile range.
a

Antibiotic therapy started on day 1
of hospitalization.

b

Two-sided P value for the cohort is
less than .01.

302 (4.0)

c

Two-sided P value for the matched
cohort is less than .01.

689 (9.1)

d

Readmissions are calculated among
survivors.

ratio, 1.06; 95% CI, 1.04 to 1.09 [Figure, A]; median [IQR] cost
[in US $], $4320 [$2754-$6716] vs $3861 [$2479-$6236]; mean
[SD], $5662 [$5855] vs $5302 [$6959]; difference, $360; 95%
CI, $155 to $566; OR, 1.10; 95% CI, 1.08 to 1.12). In the analysis
accounting for clustering of patients within hospital and adjusted for other variables, the propensity score–matched cohort analysis, and the standardized mortality ratio weighting
analysis, there was a lower odds of treatment failure in the early
treatment group (whole cohort: 7.1% vs 8.3%; difference,
−1.08%; 95% CI, −1.93% to −0.24%; adjusted OR, 0.86; 95%
CI, 0.77 to 0.96; propensity score–matched OR, 0.86; 95% CI,
0.77 to 0.97). In the instrumental variable analysis, which used
the hospital antibiotic prescribing rate (percentage of patients hospitalized with asthma who received antibiotics), the
OR for 100% hospital rate vs 0% was 0.67 (95% CI, 0.45 to 0.99).
All-cause 30-day readmissions among survivors were not different between the 2 groups (propensity score–matched analysis OR, 1.01; 95% CI, 0.90 to 1.13), and the association remained nonsignificant in the group treatment analysis (OR,
1.19; 95% CI, 0.83 to 1.72). There was no significant difference
in 30-day readmissions for asthma between the groups (propensity score–matched analysis OR, 0.91; 95% CI, 0.77 to 1.08;
instrumental variable analysis OR, 0.98; 95% CI, 0.61 to 1.57).
The risk for antibiotic-related diarrhea was higher in the antibiotic-treated patients (adjusted OR, 1.34; 95% CI, 1.05 to 2.17),
but the association became nonsignificant in the propensity
score–matched cohort (adjusted OR, 1.19; 95% CI, 0.90 to 1.57).
For all the above analyses, the standardized mortality ratio
weighting produced similar results.
Several sensitivity analyses were conducted. In the analyses that included patients treated with antibiotics on day 1 or
2 in the early treated group, the treatment failure results were
attenuated and became nonsignificant (propensity score–
matched analysis: OR, 0.96; 95% CI, 0.83 to 1.10; instrumental variable analysis: OR, 1.08; 95% CI, 0.71 to 1.62) and the difference in length of stay increased (propensity score–
matched analysis: OR, 1.18; 95% CI, 1.15 to 1.20) (Figure, B).
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Figure. Unadjusted, Multivariable-Adjusted, and Propensity-Matched Analysis Results for Treatment Failure and Hospital Length of Stay
A Primary analysis

Outcome
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Treatment failure
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0.94 (0.83-1.06)
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Unadjusted (cluster)

1.10 (1.08-1.12)
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1.06 (1.04-1.09)
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A, Primary analysis in the cohort of patients treated with antibiotics (ABs)
initiated during first day of hospitalization and those not treated with ABs or in
whom AB therapy was started after day 1. B, Sensitivity analysis in the cohort of

patients treated with ABs initiated during day 1 or 2 of hospitalization and those
not treated with ABs or in whom AB therapy was started after day 2. Error bars
indicate odds ratio for treatment failure and ratio of length of stay.

Unadjusted and propensity matched outcomes of patients
started on antibiotics on day 1 or 2 of hospitalization compared with those not treated or started after day 2 are presented in the eTable in Supplement 1. In the analysis that excluded patients treated with antibiotics after day 1, the results
were similar to those that included patients treated with antibiotics on day 1 or 2 (propensity score–matched analysis: OR,
0.99; 95% CI, 0.87 to 1.14) except that patients treated with antibiotics had 3 times greater odds of diarrhea than those not
treated (OR, 3.18; 95% CI, 2.14 to 4.74). The main results remained consistent in the analysis restricted to nonsmokers
younger than 70 years who did not have acute respiratory failure as the principal diagnosis and did not receive mechanical
ventilation on day 1 of admission. Analyses that compared patients treated with macrolides only with those not treated with
antibiotics and compared those treated with macrolides with
those treated with other antibiotics produced similar results
in regard to treatment failure and cost. Patients treated with
macrolides only were significantly less likely to have antibioticrelated diarrhea than those treated with other antibiotics (1.2%
vs 2.1%; P = .002).

Evidence for the role of antibiotic treatment in patients
with asthma exacerbation comes from 6 trials that enrolled a
total of 681 adults and children.17 Most trials analyzed resolution of symptoms or measurements of lung function and did
not investigate outcomes, such as the need for mechanical ventilation, readmission, or death. One trial of 278 adults with
asthma exacerbation treated for 10 days with telithromycin
(Telithromycin in Acute Exacerbations of Asthma [TELICAST]) found that antibiotic-treated patients had greater reduction in symptoms but no change in peak expiratory flow
or other outcomes; owing to adverse effects, use of this antibiotic has been discontinued in the United States.6 The most
recent trial that compared the addition of azithromycin to standard treatment that included systemic corticosteroids (Azithromycin Against Placebo in Exacerbations of Asthma [AZALEA]) in 199 adults hospitalized for asthma did not show any
benefit for symptoms. The difference in the results between
the 2 trials could be related to the fact that only 34% of patients in the TELICAST study were treated with systemic corticosteroids. Our results add to the uncertainty of the effect
of antibiotics in addition to systemic corticosteroids in patients hospitalized for asthma exacerbation.
In the absence of obvious bacterial infection, why should the
early antibiotic treatment examined in this study be associated
with lower risk of treatment failure? One possibility is that although we used diagnostic codes to exclude patients with a diagnosis of infection, some patients included in the analysis may
have had infections that went unrecognized or not coded by the
primary team. Early antibiotic therapy would be expected to improve the outcomes of these patients. Although the results suggest that empiric antibiotic use may be beneficial, in addition to
confirming results in clinical trials, further research is needed
to identify which patients are most likely to benefit.
Validating known biomarkers, such as the procalcitonin level,
for guiding targeted antibiotic therapy is one strategy that could
encourage appropriate decisions for antibiotic prescribing.18 Two
recent studies from China19,20 have shown that a procalcitoninguided strategy for patients hospitalized for exacerbation of
asthma reduced antibiotic prescription (48.9% for patients who

Discussion
In this observational study of more than 20 000 patients hospitalized for asthma at more than 500 US hospitals, we found
that antibiotic treatment initiated on day 1 of hospitalization
was associated with a slightly longer but not clinically important increase in length of stay and higher hospital costs. However, early antibiotic therapy was associated with lower risk
of a composite measure of treatment failure, which included
noninvasive or invasive ventilation, transfer to the intensive
care unit, in-hospital death, or 30-day readmission for asthma.
These findings challenge current guidelines that recommend
against the use of antibiotics in the absence of concomitant infection. In addition, the findings highlight the need for rigorous randomized clinical trials to determine the role of antibiotics in patients hospitalized with an asthma exacerbation.
338

Favors
No AB
Therapy

Favors
Early AB
Therapy

JAMA Internal Medicine March 2019 Volume 179, Number 3 (Reprinted)

Copyright 2021 American Medical Association. All rights reserved.

jamainternalmedicine.com

Antibiotic Treatment and Outcomes in Patients Hospitalized for an Asthma Exacerbation

Original Investigation Research

Replacement article with corrections highlighted

received procalcitonin testing vs 87.8% of those who did not;
P < .001) and antibiotic exposure (relative risk, 0.56; 95% CI,
0.44-0.70), with no differences in clinical recovery, hospital length
of stay, number of asthma exacerbations, or number of hospital
readmissions during the 12-month follow-up period.
A second possible explanation for the apparent benefits we
observed in this analysis is that macrolide antibiotics have antiinflammatory effects independent of their role as antibacterial agents.21 Systematic reviews of randomized clinical trials
report benefits of macrolides on asthma symptoms and exacerbation in patients with uncontrolled persistent asthma.22
However, this evidence does not exist yet for hospitalized patients. In addition, we did not find any difference between macrolides and other antibiotics.
Another explanation is that antibiotics may be administered reflexively to patients who are experiencing clinical deterioration, regardless of whether antibiotic therapy might be
beneficial. If that is the case, then late treatment may simply
be a marker for clinical deterioration, and inclusion of patients
treated on hospital day 2 could bias the results of this sensitivity analysis to make routine antibiotics appear less beneficial.
Our aim was to evaluate the outcomes associated with antibiotics when given routinely early after hospitalization for
asthma. In attempting to analyze the data using intention-totreat principles, we limited the early treatment group to those
patients in whom antibiotics were started on day 1. Patients
started on antibiotics on hospital day 2 were included in the
not-treated/late-treated group and represented 18.4% of this
group. As described in the Methods, the second hospital day
can begin as early as 1 hour into the hospitalization and can
last as long as 47 hours. Thus, many of the patients included
in the late-treated group may have been treated with antibiotics close to the time of admission. In the sensitivity analysis in which we included patients treated on hospital day 2 in
the early treatment group, the association between early antibiotic therapy and treatment failure still favored antibiotic
therapy but was no longer statistically significant.

Limitations
Although we controlled for potential confounders and used several analytic strategies, we cannot exclude the possibility of
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residual confounding by indication in which antibiotics would
be preferentially given to patients with higher acuity of illness. To reduce this threat, we used robust statistical analyses, including propensity score matching, standardized mortality ratio weighting, and instrumental variable analysis, the
last being a strategy to specifically reduce the risk of confounding from unmeasured factors. Because this was an observational study, we recognize that our results show an association between lower risk of treatment failure and antibiotic
treatment and do not demonstrate causality. A second limitation is that, given the nature of our data set, we did not have
access to physiological measures of disease severity, such as
the results of oxygen saturation testing, or information on patient symptoms. Nevertheless, our analyses accounted for previous hospital admission and other treatments as a measure
of severity. Third, we did not have access to previous pulmonary function test results to confirm the diagnosis of asthma
or its severity. We used a set of ICD-9-CM and ICD-10-CM diagnostic codes, which are recommended by the Centers for
Medicare & Medicaid Services, and we included only patients
treated with oral or intravenous corticosteroids. Excluding patients with a secondary diagnosis of chronic obstructive pulmonary disease further strengthened our study. Of note, an earlier study that assessed the association between antibiotic
treatment and outcomes in patients hospitalized for exacerbation of chronic obstructive pulmonary disease also found that
antibiotic treatment was associated with better outcomes.23
Finally, our study was restricted to inpatient events and 30day readmission to the index hospital.

Conclusions
Among patients hospitalized for asthma exacerbation and
treated with corticosteroids, antibiotic therapy initiated on day
1 of hospitalization was associated with a slightly longer but
not clinically important increase in hospital length of stay,
higher hospitalization costs, and lower risk of treatment failure. These findings highlight the need to perform randomized clinical trials to determine the role of antibiotic prescribing among patients hospitalized for asthma exacerbation.
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