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BACKGROUND: Limited information is available regarding the impact of prior use of inhaled
corticosteroids (ICS) in patients subsequently developing community-acquired pneumonia (CAP).
We assessed the effects of prior ICS use on severity of illness and microbiology in CAP hospitalized
patients. METHODS: A retrospective cohort study of subjects with CAP (by the International
Classification of Diseases, 9th Revision, Clinical Modification) was conducted over a 4-year period
at 2 tertiary teaching hospitals. Subjects were considered to be ICS users if they received ICS prior
to admission. Primary outcomes were severity of illness and microbiology at admission. RESULTS:
Data were abstracted on 664 subjects: 89 prior ICS users (13.4%) and 575 non-users (86.6%). Prior
ICS users had higher severity of illness at admission: mean = SD Pneumonia Severity Index
100.8 = 31.4 vs 68.8 = 33.4, P = .001, and CURB-65 (confusion, urea nitrogen, respiratory rate,
blood pressure, = 65 years of age) score 1.56 = 1.02 vs 1.19 %= 1.02, P = .002. Prior ICS use was
independently associated with antimicrobial-resistant pathogens: 11.2% vs 5.9%, odds ratio 2.6,
95% CI 1.1-6.1, P = .04. CONCLUSIONS: Prior ICS use was associated with higher severity of
illness at admission and higher incidence of antimicrobial-resistant pathogens in CAP hospitalized
patients. Key words: drug resistance; inhaled corticosteroids, pneumonia; severity of illness index.
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Introduction

Inhaled corticosteroids (ICS) are anti-inflammatory
agents widely used in patients with obstructive airways
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diseases. Their established efficacy and adequate safety
profile have placed these medications in the treatment rec-
ommendations for the most prevalent chronic respiratory
diseases, such as asthma and COPD.!:2

In COPD, the fourth leading cause of death in the United
States,? ICS reduce the frequency of exacerbations and
improve quality of life.#> Paradoxically, several large trials
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have demonstrated that ICS are associated with an in-
creased incidence of community-acquired pneumonia
(CAP) in these patients.>'2 There is controversy regarding
the association between poor clinical outcomes in CAP
patients and prior use of ICS.%13-15 Although recent and
numerous randomized trials and meta-analyses have eval-
uated the impact of ICS on pneumonia-related or overall
mortality,>!> few data are available regarding the associ-
ation of prior ICS with the severity of illness at admission
or its impact on antimicrobial resistance. Although chronic
systemic corticosteroids use has been associated with
higher risk of opportunistic infections'®'® and potentially
highly drug-resistant pathogens,!%-2° these associations are
not clear in patients treated with ICS. Therefore, our aim
was to investigate the association of prior out-patient ICS
use with severity of illness and antimicrobial resistance in
hospitalized patients with CAP at the time of admission.

Methods

This was a cross-sectional study of patients hospitalized
with CAP at 2 academic teaching tertiary care hospitals in
San Antonio, Texas. The institutional review board of the
University Health Science Center at San Antonio approved
the research protocol, with exempt status.

Inclusion and Exclusion Criteria

We identified all patients admitted to the study hospitals
between January 1, 1999, and December 31, 2002, who
had a primary discharge diagnosis of pneumonia (Interna-
tional Classification of Diseases, 9th Revision, Clinical
Modification codes 480.0-483.99 or 485-487.0) or a sec-
ondary discharge diagnosis of pneumonia with a primary
diagnosis of respiratory failure (518.81) or sepsis (038.xx).
Subjects were included if they were > 18 years of age, had
an admission diagnosis of CAP, and had a radiographi-
cally confirmed infiltrate or other finding consistent with
pneumonia on chest x-ray or CT obtained within 24 hours
of admission.

Exclusion criteria included having been discharged from
an acute care facility within 14 days of admission, transfer
after being admitted to another acute care hospital, being
on comfort measures only on this admission, and using
systemic corticosteroids. If a subject was admitted more
than once during the study period, only the first hospital-
ization was abstracted

Data Abstraction
Chart review data included: demographics, comorbidi-
ties, physical examination findings, laboratory data, chest

radiographic reports, guideline-concordant empirical anti-
biotic therapy, and prior antibiotic use. Comorbidities were
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QUICK LOOK

Current knowledge

Inhaled corticosteroids are anti-inflammatories that are
widely used by patients with COPD. Limited infor-
mation is available on the impact of prior use of inhaled
corticosteroids in patients with community-acquired
pneumonia.

What this paper contributes to our knowledge

Prior use of inhaled corticosteroids was associated with
higher severity of illness and incidence of antibiotic-
resistant pathogens in patients admitted with community-
acquired pneumonia.

identified from either the admission or discharge notes or
out-patient problem lists. Antimicrobial therapy was con-
sidered guideline-concordant if it agreed with the Ameri-
can Thoracic Society guidelines.?! Prior antibiotic use was
defined as having taken any kind of antibiotic = 15 days
before admission. Information on all ICS out-patient med-
ications that were either reported as currently being taken
by the subject at presentation or listed in the electronic
medical record was recorded. ICS therapy was defined as
receiving inhaled beclomethasone dipropionate, triamcin-
olone, budesonide, or fluticasone propionate at the time of
admission.

Diagnostic Criteria

Microbiologic data results were reviewed, and a micro-
biologic cause was assigned independently by 2 of the
investigators (EMM and MIR). The cause of pneumonia
was considered if one of the following conditions were
met: blood cultures were positive for bacterial or fungal
pathogens (in the absence of an extra-pulmonary source of
infection); pleural fluid cultures yielded a bacterial patho-
gen; endotracheal suctioning samples showed moderate or
heavy growth of bacterial pathogens; there was substantial
quantitative culture growth from bronchoscopic samples
(protected specimen brush culture had = 10° colony-
forming units/mL, or bronchoalveolar lavage fluid had
= 10" colony-forming units/mL). When 2 or more micro-
biologic causes were present, the subject was considered
to have a polymicrobial infection. A subject was con-
sidered to have CAP of unknown cause if microbiologic
studies were not performed or inconclusive.

Drug-resistant pathogens were defined as drug-resistant
Streptococcus pneumoniae, methicillin-resistant Staphylo-
coccus aureus, Acinetobacter baumannii, extended-spectrum
beta lactamases, and multidrug-resistant Pseudomonas
aeruginosa (resistance to = 3 antimicrobial categories).??
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Table 1.  Subject Demographic and Clinical Characteristics by Use of Inhaled Corticosteroids
Used ICS Did Not Use ICS P
n = 575 n =89
Male 446 (77.6) 81 (91.0) .003
Age, mean = SD y 57.97 = 16.20 70.24 = 11.38 <.001
Pre-existing Comorbid Conditions
Congestive heart failure 79 (13.7) 20 (22.5) .03
Chronic pulmonary disease 118 (20.5) 58 (65.2) <.001
History of stroke 62 (10.8) 15 (16.9) .10
Chronic liver disease 76 (13.2) 6 (6.7) .10
History of malignancy 49 (8.5) 14 (15.7) .04
Renal insufficiency 53(9.2) 10 (11.2) .50
History, Physical, Laboratory, and Radiographic Data
Altered mental status 59 (10.3) 5(5.6) .20
Breathing frequency > 30 breaths/min 53(9.2) 8(9.0) > .99
Systolic blood pressure < 90 mm Hg 14 (2.4) 3(3.4) .40
Heart rate > 125 beats/min 76 (13.2) 8(9.0) .30
Temperature < 95°C or > 104°C 15 (2.6) 1(L.1) .70
Arterial pH < 7.35 36 (6.3) 3(3.4) 40
Arterial oxygenation saturation < 90% 122 (21.2) 23 (25.8) .30
Hematocrit < 30% 52 (9.0) 9 (10.1) .60
Serum blood urea nitrogen > 30 mg/dL 109 (19.0) 20 (22.5) .40
Serum glucose > 250 mg/dL 57 (9.9) 6 (6.7) 40
Serum sodium < 130 mEq/L 93 (16.2) 11 (12.4) 40
Pleural effusion 144 (25.0) 20 (22.5) .60
Multilobar infiltrates 207 (36.3) 30 (34.1) .70
Processes of Care
Initial antibiotics within 4 h 157 (27.3) 29 (32.6) .30
Guideline-concordant antibiotics 435 (75.7) 65 (73.0) .50
Prior antibiotic use 88 (15.3) 18 (20.2) .20

Values are no. (%), unless otherwise indicated.
ICS = inhaled corticosteroids

Clinical Outcomes

The primary outcomes were severity of illness at pre-
sentation, defined by the Pneumonia Severity Index?? and
CURB-65 (confusion, urea nitrogen, respiratory rate, blood
pressure, = 65 years of age),>* and presence of resistant or
opportunistic pathogens.

Statistical Analyses

For the statistical analyses, subjects were stratified ac-
cording to prior ICS use. Categorical variables were ana-
lyzed using the chi-square test, and continuous variables
were analyzed using the Student ¢ test. Multivariable anal-
ysis was performed using a logistic regression model, with
drug-resistant pathogens as the dependent variable, and
those with P < .10 as independent variables (age, sex,
COPD, congestive heart failure, and history of malignancy).
Logistic regression results are reported as odds ratio
and 95% CI. Subgroup analyses were performed for sub-
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jects with and without COPD according to the primary
outcomes. COPD represents one the largest groups of
ICS users among elderly subjects, and it is the cohort
where substantial interest related to complications with
ICS has emerged.?> Two-sided P values < .05 were consid-
ered statistically significant. All analyses were performed
using statistics software (SPSS 19.0, SPSS, Chicago,
Illinois).

Results

We identified 664 patients who met the inclusion crite-
ria, 89 (13.4%) of whom had received ICS prior to admis-
sion, and 575 (86.6%) had not.

Subject Characteristics
Subject characteristics are shown in Table 1. Prior ICS

users were older, more likely to be male, and had more
preexisting comorbidities, such as congestive heart failure,
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Table 2.  Etiologies in Patients With Community-Acquired
Pneumonia
Used Did Not
ICS Use ICS P

n = 575 n =89
Streptococcus pneumoniae 49 (8.5) 8(9.0) .80
Drug-resistant S. pneumoniae™ 27 (4.7) 6(6.7) .40
Other Streptococcus 3(0.5) 0 > .99
Staphylococcus aureus 29 (5.0) 5(5.6) .70
Methicillin-resistant S. aureus 6(1.0) 3(3.4) .10
Pseudomonas aeruginosa 11 (1.9) 3(3.4) .40
Multi-drug-resistant P. aeruginosat 1(0.2) 0 .80
Haemophilus influenzae 13 (2.3) 4.(4.5) .20
Escherichia coli 7(1.2) 1(1.1) > .99
Klebsiella pneumoniae 7(1.2) 0 > .99
Proteus mirabilis 3(0.5) 0 > .99
Acinetobacter baumannii 0 1(1.1) .10
Aspergillus species 4(0.7) 0 > .99
Polymicrobial 8(1.4) 3(3.4) .10
Total pathogens isolated 135(23.5) 26(29.2) .20

Values are no. (%).
* Resistant to cephalosporins, penicillins, macrolides, or fluoroquinolones.
T Resistant to = 3 antimicrobial categorjes,22

history of malignancy, or COPD. No significant differ-
ences were found between the groups regarding physical
exam, laboratory and radiological data, or processes of
care.

Microbiological Findings

An etiologic diagnosis was found in 161 (24.2%) of
hospitalized CAP subjects (Table 2). The prior ICS users
and non-users had similar rates of isolated pathogens, in-
cluding S. pneumoniae, S. aureus and P. aeruginosa. Op-
portunistic pathogens, such as Aspergillus species, Pneu-
mocystis jiroveci, and Nocardia species and extended-
spectrum beta lactamases pathogens, were not found in the
ICS users.

Clinical Outcomes

The subjects who had used ICS had higher mean Pneu-
monia Severity Index (100.8 = 31.4 vs 68.8 * 334,
P =.001)and CURB-65scores (1.56 = 1.02vs 1.19 = 1.02,
P = .002) at presentation. In the multivariate analyses,
after adjusting for potential confounders, the use of out-
patient ICS was independently associated with drug-
resistant pathogens: 11.2% vs 5.9%, odds ratio 2.6, 95% CI
1.1-6.1, P = .04.

Subgroup Analyses

The COPD subjects who had used out-patient ICS
(n = 58/176, 33.0%) were more likely to have drug-
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resistant pathogens (12.1% vs 3.4%, odds ratio 3.9, 95% CI
1.1-13.2, P = .03) than were the COPD subjects without
prior ICS use (n = 118/176, 67.0%). However, the
COPD subjects with prior ICS use had no significant dif-
ferences regarding severity of illness at presentation: mean
Pneumonia Severity Index 103.1 = 30.0 vs 100.7 = 30.8,
P = .6; mean CURB-65 score 1.6 = 09 vs 1.6 = 1.1,
P = .90, compared to the COPD subjects with no prior
ICS use.

The non-COPD subjects managed with ICS (n = 31/
488, 6.4%) were not associated with drug-resistant patho-
gens (9.7% vs 6.6%, P = .40). However, the non-COPD
subjects had higher Pneumonia Severity Index (96.5 *
33.97 vs 83.2 = 33.2, P = .04) than the non-COPD sub-
jects without prior ICS use (n = 457/488, 93.6%).

Discussion

In hospitalized CAP subjects, prior out-patient use of
ICS was associated with a higher severity of illness at
admission and higher incidence of antimicrobial-resistant
pathogens. The relationship between ICS and pneumonia
is one of the most important unresolved questions since
Calverley et al® reported in 2007 the results of the
TORCH (Toward a Revolution in COPD Health) study.
Multiple studies have confirmed that COPD subjects treated
with ICS have an increased likelihood of developing pneu-
monia.””'2 However, COPD subjects receiving ICS and
treated for pneumonia may or may not have worse out-
comes, such as higher mortality, compared with subjects
not receiving ICS.%!5 This observation has led to specu-
lation that ICS use may increase CAP risk, but, because of
ICS immunomodulatory effects, these patients may be pro-
tected against severe pneumonia or pneumonia-related
complications.?%-27 Our results suggest that prior ICS users
who develop pneumonia and require hospitalization have
more severe CAP than ICS non-users (higher Pneumonia
Severity Index?? and CURB-65%* scores at admission).
These results are hypothesis-generating, and require fur-
ther exploration with larger databases and adjusting for
other possible confounding variables. In a study on ICS
and pneumonia severity, Singanayaman et al'4 found no
differences in illness severity at admission in their cohort
of COPD patients admitted with pneumonia. These find-
ings are consistent with our subgroup analysis of COPD
patients. These data suggest that chronic prior ICS use
may play an important role in the lungs’ defense mecha-
nisms against infections. We hypothesized that, in addition
to the immunomodulatory effects observed in patients
treated with ICS, there is the possibility that an immuno-
suppressive effect might be the cause of the higher disease
severity. The immunomodulatory effect may be different
between COPD and non-COPD patients. However, further
studies are needed to assess the effect of ICS on different
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airway protective mechanisms against infections, such as
local inflammatory response, mucins, and antimicrobial
peptides, and between different patient populations.?®

Different studies have identified a higher incidence of
potentially highly resistant bacteria'®-2° and opportunistic
lung pathogens such as Aspergillus,'” Pneumocystis jiro-
veci,'8 and Nocardia,? in patients taking systemic corti-
costeroids. However, the association of antimicrobial-
resistant bacteria with out-patient ICS use was unknown.
Our study results suggest that patients with prior ICS use
admitted to the hospital with CAP, particularly COPD
patients, are more likely to have drug-resistant pathogens.
Liapikou et al3° reported that COPD patients treated with
chronic ICS had a higher rate of pneumonia due to P. aerugi-
nosa, but fewer Legionella species. However, antimicro-
bial resistance was not assessed in COPD patients treated
with ICS.

We hypothesized that ICS may alter habitual flora and
antimicrobial susceptibility, particularly in COPD patients
with chronic airway infections.3' Previous antimicrobial
courses have been associated with development of multi-
drug-resistant pathogens?3?; this is an important variable to
consider in future assessment of the risk of antimicrobial
resistance related to the use of ICS.

Our study has several limitations. First, this was a ret-
rospective study involving only 2 centers, with a relatively
small simple size. Second, our sample was predominately
male, due to the higher population of veterans enrolled in
this cohort. It is unknown if prior ICS use in females
would have similar results. Third, our cohort did not have
information regarding the exact ICS dose, ICS clinical
indications, or duration of ICS out-patient therapy. Fourth,
our database did not include data on multiple courses of
antibiotic prescriptions unrelated to the pneumonia hospi-
talization event. Finally, diagnosis of COPD was not based
on spirometry.

Conclusions

Hospitalized CAP patients receiving prior ICS had a
higher severity of disease at presentation and more fre-
quently had antimicrobial-resistant pathogens. Further
studies are needed to study mechanisms involved in these
important findings, which may affect the current indica-
tions of the ICS.
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