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Observational Study of the Impact of Inhaled Corticosteroid Therapy on Outcomes
for Patients with COPD and Hospitalized with Pneumonia
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ABSTRACT
Background: Treatment with inhaled corticosteroids (ICS) for those with chronic
obstructive pulmonary disease (COPD) has been shown to be associated with an
increased incidence of pneumonia. However, it is unclear if this is associated with
increased mortality. The aim of this study was to examine the effects of prior ICS use
on clinical outcomes for patients with COPD hospitalized with pneumonia.
Methods: We conducted a retrospective cohort study using the national administrative
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databases of the Department of Veterans Affairs. Eligible patients had a pre-existing
diagnosis of COPD, a discharge diagnosis of pneumonia, and received treatment with

Re

one or more appropriate pulmonary medications prior to hospitalization. Outcomes
included mortality, use of invasive mechanical ventilation, and vasopressor use.
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Results: There were 15,768 patients (8,271 with ICS use, 7,497 no ICS use) with COPD

ew

who were hospitalized for pneumonia. There was also a significant difference for 90day mortality (ICS: 17.3% vs. No ICS: 22.8%, p<0.001). Multilevel regression analyses

On

demonstrated that prior receipt of ICS was associated with decreased mortality at 30
days (odds ratio [OR] 0.80, 95% confidence interval [CI] 0.72-0.89) and 90 days (OR 0.78,
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95% CI 0.72-0.85), and decreased use of mechanical ventilation (OR 0.83, 95% CI 0.720.94). There was no significant association between receipt of ICS and vasopressor use
(OR 0.88, 95% CI 0.74-1.04)
Conclusions: For patients with COPD, prior ICS use is independently associated with
decreased risk of short-term mortality and use of mechanical ventilation following
hospitalization for pneumonia.
Word count: 240
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INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is the fourth most frequent cause of
chronic morbidity and mortality in developed countries [1]. One of the current
recommended COPD treatments by the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) is inhaled corticosteroids (ICS) for symptomatic patients with a
documented bronchodilator response on spirometry or for patients with forced
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expiratory volume in 1 second (FEV1) <50% predicted, which is indicative of moderate
to severe COPD [2]. Although ICS treatment reduces the overall frequency of
exacerbations of COPD [3], evidence suggests that ICS treatment is associated with an
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increased risk of pneumonia [4-6].
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Despite several studies demonstrating that patients with COPD have an increased
likelihood of developing pneumonia when receiving ICS [4-8], it remains unclear if ICS
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use is associated with adverse medical outcomes for patients with COPD. Prior studies
examining the effect of COPD on pneumonia-related mortality have lead to conflicting
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conclusions [9-11]. Two systematic reviews examining the use of ICS therapy to manage
COPD found no significant differences in mortality [4, 5]. Another study comparing
COPD exacerbation rates between patients being treated with either salmeterol or a
combination of salmeterol and fluticasone demonstrated that all-cause mortality was
similar for patients hospitalized with pneumonia regardless of prior ICS use [6].
However, they did find increased mortality for ICS users with pneumonia within 30days of hospitalization. Another recent study showed that ICS use was associated with
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lower 30-day and 90-day mortality following pneumonia, however this study was not
able to examine other clinically relevant outcomes or assess the effects of other
appropriate respiratory medications received [12].

The aim of our study was to examine the association between prior ICS use and clinical
outcomes, including mortality, need for mechanical ventilation, and vasopressors, in
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patients with COPD hospitalized with pneumonia. Our hypothesis was that prior ICS
use would not be associated with worse clinical outcomes for patients with COPD
hospitalized for pneumonia, after adjusting for potential confounders.
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METHODS
We conducted a retrospective cohort study utilizing the national administrative
databases of the Department of Veterans Affairs Health Care System to examine
treatments and outcomes for elderly patients hospitalized with pneumonia. The VA
databases are the repositories of clinical and administrative data from the more than 150
VA hospitals and 850 clinics [13]. The Institutional Review Board of the University of
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Texas Health Science Center at San Antonio approved this study.
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Inclusion and Exclusion Criteria

We identified all patients who had a VA hospital stay during fiscal years 2002-2007 (Oct

vi

2001-Sep 2007) with a primary discharge diagnosis of pneumonia (International
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Classification of Diseases, ninth revision (ICD-9) codes 480.0–483.99 or 485–487.0) or a
secondary discharge diagnosis of pneumonia with a primary diagnosis of respiratory
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failure (ICD-9 code 518.81) or sepsis (ICD-9 code 038.xx) [14-16]. We included patients
in this study if they (1) were 65 or older on the date of hospital presentation, (2) had at
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least 1 year of VA outpatient care prior to admission, (3) had received at least 1 dose of
antibiotics within 48 hours of admission, and (4) had a prior diagnosis of COPD (ICD-9
codes 490-492,496) with use of at least one of the following respiratory medications
during the 30-day period prior to hospitalization: any form of β-agonist, theophylline,
tiotropium, or ipratropium bromide. For patients with multiple hospitalizations, we
only assessed the first admission during the study period.

6

Page 7 of 28

We excluded patients with history of asthma (ICD-9 codes 493.xx) and those who were
treated with outpatient oral corticosteroids within 90-days prior to hospital admission.

Data
This study used demographic, utilization, and clinical data from the National Patient
Care Database, pharmacy data from the VA Decision Support System and Pharmacy
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Benefits Management group, and mortality data from the VA vital status file.
Encrypted patient identifiers were used to link the information from each database.
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We obtained demographic information (age, sex, race, marital status) from inpatient

vi

and outpatient data files. We categorized race as white, black, other, and missing. We

ew

used ICD-9 codes for tobacco use (305.1, V15.82), attendance at a smoking cessation
clinic, and/or use of medications for the treatment of nicotine dependence (Zyban,

On

nicotine replacement, or varenicline) to identify recent tobacco use. We utilized
information on the VA means test as a surrogate for income.

ly

We assessed the presence of comorbid conditions using data from inpatient and
outpatient administrative data using the Charlson-Deyo system to assign a comorbidity
score for preexisting conditions [18-20]. The Charlson-Deyo comorbidity score is based
on 19 comorbid conditions, each of which has an associated prognostic weight ranging
from 1 to 6.
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The primary independent variable of interest was the prior use of inhaled
corticosteroids. We defined patients as current users of a given medication if they
received a prescription within 90-days of the date of hospitalization. We classified the
following medications as ICS: inhaled forms of triamcinolone, fluticasone, budesonide,
beclamethasone and flunisolide.
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To further control for potential confounding, we calculated each patient’s count of
unique drugs in each of the following classes for drugs filled/refilled within 90-days of
presentation: cardiac medications, respiratory medications (other than ICS), and

Re

diabetic medications. Previous research has demonstrated that using the count of these

Outcomes

ew
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medication classes is preferable to adjusting for the individual medications [21].

The primary outcomes for this study were 30-day and 90-day mortality. We chose these
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time periods for follow-up, because previous research demonstrated that mortality
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within 30-days is primarily pneumonia-related while mortality between 60 and 90 days
is more frequently due to comorbid conditions [22]. Mortality was assessed through
January 1, 2008 using the VA vital status file. Previous studies have demonstrated that
this data source has a sensitivity of ~98% for veterans’ deaths [23]. Secondary outcomes
were use of invasive mechanical ventilation and vasopressor support during
hospitalization.
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Statistical Analyses
We used bivariate statistics to test the associations of demographic and clinical
characteristics and mortality. Categorical variables were analyzed using the χ2 test, and
continuous variables were analyzed using Student’s t test. Due to the large sample size,
we defined statistical significance using a two-tailed p<0.01.
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For our primary analyses, we used generalized linear mixed-effect models with the
patient’s hospital as a random effect. We created separate models for each of the
outcomes of interest, with ICS use and potential confounders as the independent
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variables. We included variables as potential confounders in the models if we
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hypothesized a priori that they would be associated with the severity of COPD or the
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outcome of interest. Potential confounders included in the models of mortality were
age, gender, race, marital status, socioeconomic status, number of primary care visits
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within 1 year prior to admission, classes of medications, nursing home status, current
tobacco use, the Charlson composite score, ICU admission, and receipt of guideline
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concordant antibiotics [24]. Classes of medications were cardiac, diabetic, and other
respiratory drugs. In addition, we determined the most common respiratory medicine
regimes and then repeated our primary analyses including only patients who received
those regimes +/- ICS (e.g. for the short acting beta agonist (SABA) + ipratropium
group we included only patients who used SABA + ipratropium +/- ICS but no other
respiratory medications).

9

Page 10 of 28

To analyze time-to-death for patients by receipt of ICS, we used Cox proportional
hazard models to estimate and graph the baseline survivor functions after adjusting for
the potential confounders used in the mortality analyses.

All analyses were performed using STATA 10 (College Station, Texas).
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RESULTS
In the entire VA system, during the study period of fiscal years 2002-2007, there were
962,408 admissions for those > 65 years of age of which 66,531 were for pneumonia. A
total of 15,768 patients admitted to 122 VA hospitals met all study eligibility criteria. Of
these, 8,271 (52.5%) patients received ICS and 7,497(47.5%) did not receive ICS within
90-days of presentation. Among ICS users, the most commonly prescribed medications
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were flunisolide (51.2% of all ICS prescribed), fluticasone (27.8%), and triamcinolone
(19.8%). In the cohort, 98.4% of all patients were male, mean age was 76.5 years

Re

(standard deviation 6.4 years) and 52.5% were married. Comparisons of patient
characteristics stratified by prior ICS use revealed few clinically significant differences
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between the two groups (Table 1). Patients with ICS use were less likely to have cancer

agonist and/or tiotropium therapy.
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or current tobacco use, and were more likely to be married, receiving long acting beta
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For this cohort, 1,859 (11.8%) patients died within 30 days, and 3,139 patients (19.9%)

ly

within 90 days. Table 2 shows outcomes by ICS use. There were significant differences
in both 30-day mortality (ICS users 10.2% vs. non- users 13.6%, p<0.001) and 90-day
mortality (ICS users 17.3% vs. non-users 22.8%, p<0.001). Patients who received ICS
were significantly less likely to need mechanical ventilation (ICS users 5.9% vs. nonusers 7.3%, p=0.001), but there was no significant difference in the need for
vasopressors.
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In the multilevel regression analyses (Table 3), after adjusting for potential confounders,
prior receipt of ICS was associated with decreased 30-day mortality (Odds Ratio [OR]
0.80, 95% Confidence Interval [CI] 0.72-0.89), and 90-day mortality (OR 0.78, 95% CI
0.72-0.85). In addition, patients who had received ICS were less likely to require
invasive mechanical ventilation (OR 0.83, 95% CI 0.72-0.94) but there was no significant
association with need for vasopressors (OR 0.88, 95% CI 0.74-1.04.) When we exclude
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those patients with cancer we found similar results: 30-day mortality (OR 0.75, 95% CI
0.68-0.82), 90-day mortality (OR 0.78, 95% CI 0.73-0.85), mechanical ventilation (OR 0.94,
95% CI 0.82-1.08), and vasopressors (OR 0.91, 95% CI 0.78-1.07.)
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We then restricted the multilevel models to patients who received the two most
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common combinations of respiratory medications (Table 4) with the reference group
being those not receiving ICS in order to determine the impact of other pulmonary

On

medications. For the group that received short acting beta agonist and ipratropium +/ICS (total n= 11,696), ICS use was not significantly associated with worsening of any of
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the clinical outcomes, and receipt of ICS was associated with improved 90-day
mortality, and less need for mechanical ventilation, but not 30-day mortality or
vasopressor use. For those who received short acting beta agonist, ipratropium, and a
long acting beta-agonist +/- ICS (total n=1,851) there were no significant associations
with the outcomes of interest.
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DISCUSSION
In this study, we found that among patients hospitalized for pneumonia, those with a
pre-existing diagnosis of COPD and prior ICS use had significantly lower rates of 30and 90-day mortality and use of mechanical ventilation. In addition, when we
compared those who receive a given regime of pulmonary medications +/- ICS we
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found no association with worse outcomes. Several studies have demonstrated that ICS
use is associated with an increased incidence of pneumonia [4-8], however our research
did not demonstrate a significant association between ICS use and increased mortality

vi
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after pneumonia.
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Although ICS use has been shown to reduce the frequency of exacerbations and
improve quality of life in patients with COPD [25], studies have consistently shown an

On

increased risk of pneumonia for those receiving ICS as part of therapy for COPD [4-8,
26, 27]. Unfortunately the randomized control studies of ICS use in COPD were limited

ly

by no formal definition of pneumonia, and by the small number of patients who
developed pneumonia, so they were unable to address whether mortality is increased
for those patients on ICS who do develop pneumonia. To date, only Ernst et al. [6] has
shown an association between increased pneumonia-related mortality and receipt of
ICS. Malo de Molina et al., using a similar but less extensive and detailed database,
demonstrated that receipt of ICS was associated with decreased 30- and 90-day
mortality for those patients with COPD hospitalized with pneumonia [12].
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Our study found that ICS use in patients with COPD hospitalized with pneumonia was
associated with decreased mortality. One potential explanation for these findings is the
effect of corticosteroids on the inflammatory response. ICS have been shown to reduce
both non-specific inflammation and neutrophil influx into the lungs [28-31]. It might be
expected that reducing the inflammatory response would negatively impact clinical
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outcomes, but evidence suggests that an excessive inflammatory response may have
harmful effects during an infection [32]. ICS treatment may suppress the inflammatory
response during the acute infection, blocking an excessive inflammatory response and
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the related harmful effects. Similarly, excessive neutrophil sequestration in the lungs
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may cause a variety of lung diseases and injuries [33, 34]. The presence of
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microorganisms during pneumonia leads to increased leukocyte migration. This effect
may be counterbalanced by ICS treatment, preventing excess sequestration and
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subsequent lung injury. Another possible explanation for our findings is that ICS
treatment may reduce bacterial load. Reduction of bacterial load by ICS has been
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demonstrated in a mouse model of lung infection where inhaled fluticasone
proprionate reduced the invasion of airway epithelial cells by Streptococcus pneumonia
and Haemophilus influenza [35].

Although our study was a large database analysis and subject to the recognized
limitations of such studies, we carefully assembled our cohort from complete patient
discharge data to avoid ascertainment bias. Our sample was predominantly men due to
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our use of VA administrative data, and it is possible that women may have differential
responsiveness to ICS as compared to men. Due to the lack of pulmonary function data
in these databases, we had to rely upon ICD-9 codes and medication use to define
COPD. However a recent paper demonstrated that 80% of VA patients with an ICD-9
code of COPD had pulmonary function tests consistent with COPD [17]. In addition, the
proportion of COPD patients in each GOLD class group utilizing COPD medications
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increases by class, with 59% of GOLD class 1-2 ,and 91% of class 3-4, utilizing these
medications [17]. Prior studies have also demonstrated that clinicians frequently treat
patients without this data [36]. We believe that those with exposure to ICS would be

Re

much more likely to have pulmonary function tests confirming COPD diagnosis, more
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likely to have severe COPD, and therefore be at high risk of death as compared to those
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who do not meet spirometry criteria for COPD. In addition, we are unable to examine
the impact of ICS use upon the incidence of hospitalization for pneumonia, and
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therefore are unable to determine if this might impact our results. We are also unable to
explicitly examine issues regarding adherence and quality of care due to the data

of ICS in COPD patients reduces mortality.
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sources. Finally, as in any non-experimental study, we are unable to state that the use

In conclusion, we showed that prior outpatient therapy with ICS was associated with
significantly lower 30- and 90-day mortality in patients with COPD who were
hospitalized with pneumonia, after adjusting for potential confounders. Additional
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studies are needed to confirm the safety and efficacy of these medications in patients
with COPD and for those who develop pneumonia while utilizing them.
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Table 1: Patient Demographic and Clinical Characteristics by the Use of
Outpatient Inhaled Corticosteroids
Inhaled Corticosteroids Used Prior to
Hospitalization
Yes
No
N = 8,271 (%)
N = 7,497 (%)
Variable
p-value
Age in years, mean (SD)
76.3 (6.32)
76.8 (6.46)
<0.001
Male
8,142 (98.4)
7,375 (98.4)
0.74
Race
White
7,262 (87.8)
6,424 (85.7)
Black
642 (7.8)
741 (9.9)
Other
76 (0.9)
77 (1.0)
Missing
291 (3.5)
255 (3.4)
<0.001
Married
4,549 (53.7)
3,930 (46.4)
<0.001
Smoker
3,947 (47.7)
3,776 (50.4)
<0.001
Alcohol abuse
346 (4.2)
401 (5.4)
<0.001
Drug abuse
98 (1.2)
109 (1.5)
0.14
Preexisting Comorbid Conditions
Congestive Heart Failure
2,468 (29.8)
2,308 (30.8)
0.20
Peripheral vascular
1,337 (16.2)
1,291 (17.2)
0.08
disorders
Hemiplegia or paraplegia
82 (1.0)
102 (1.4)
0.03
Diabetes, uncomplicated
2,345 (28.4)
2,121 (28.3)
0.93
Diabetes, complicated
652 (7.9)
586 (7.8)
0.88
Renal disease
870 (10.5)
874 (11.7)
0.02
Moderate or severe liver
19 (0.2)
25 (0.3)
0.22
disease
Mild liver disease
60 (0.7)
58 (0.8)
0.73
Peptic ulcer disease
311 (3.8)
268 (3.6)
0.54
AIDS
15 (0.2)
9 (0.1)
0.32
Metastatic cancer
261 (3.2)
328 (4.4)
<0.001
Malignancy
2,038 (24.6)
2,047 (27.3)
<0.001
Leukemia
151 (1.8)
147 (2.0)
0.53
Rheumatoid arthritis/
163 (2.0)
149 (2.0)
0.94
Collagen vascular diseases
Cerebrovascular disease
1,258 (15.2)
1,258 (16.8)
0.007
Myocardial infarction
592 (7.2)
588 (7.8)
0.10
Dementia
247 (3.3)
162 (2.0)
< 0.001
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Diabetes medications,
mean (SD)
Cardiovascular
medications, mean (SD)
Respiratory medications

0.19 (0.49)

0.18 (0.48)

0.23

1.30 (1.41)

1.49 (1.39)

<0.001

Ipratroprium

5,646 (68.3)

5,291 (70.6)

0.002

Long acting beta-agonists

1,952 (23.6)

671 (9.0)

<0.001

Tiotroprium

406 (4.9)

131 (1.8)

<0.001

Theophylline

898 (10.8)

626 (8.4)

<0.001
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Table 2: Univariate Outcomes by the Prior Receipt of ICS
ICS Use Prior to Hospitalization
Variable

No
N = 7,497 (%)
1,018 (13.6)
1,709 (22.8)
544 (7.3)

p-value

318 (4.2)

0.06
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30-day mortality
90-day mortality
Mechanical
ventilation
Vasopressors

Yes
N = 8,271 (%)
841 (10.2)
1,430 (17.3)
491 (5.9)
302 (3.7)

Abbreviations: ICS- Inhaled corticosteroids
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Table 3: Results of Multilevel Regression Models After Adjusting for Potential
Confounders*
Outcome
Odds Ratio
95% Confidence Interval

r
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30-day mortality
0.80
0.72 – 0.89
90-day mortality
0.78
0.72 – 0.85
Mechanical ventilation
0.83
0.72 – 0.94
Vasopressors
0.88
0.74 – 1.04
*after adjusting for age, gender, race, marital status, socioeconomic status, classes of
medications, nursing home status, current tobacco use, Charlson composite score, ICU
admission, and receipt of guideline concordant antibiotics.
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Table 4- Results of Multilevel Regression Analyses by the Most Common
Pulmonary Medications Received*
Clinical Outcomes
Odds Ratio (95% CI)
Pulmonary
medications
prescribed
SABA+IPRA

30-day
mortality
1.0
0.82
(0.67 - 1.0)

90-day
mortality
1.0
0.78
(0.66 - 0.93)

MV
1.0
0.64
(0.48 - 0.86)

Vasopressors
1.0
0.80
(0.57 - 1.13)
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SABA+ IPRA
+ ICS
SABA+ IPRA
1.0
1.0
1.0
1.0
+ LABA
SABA+ IPRA
0.88
0.99
1.08
1.42
+ LABA+ICS
(0.56 - 1.38)
(0.67 - 1.46)
(0.60 - 1.9)
(0.61 - 3.3)
Abbreviations: CI – confidence interval, SABA- Short acting beta agonist, IPRAipratropium bromide, ICS- inhaled corticosteroid, LABA- long acting beta agonist,
, MV- mechanical ventilation
*After adjusting for age, gender, race, marital status, socioeconomic status, classes
of medications, nursing home status, current tobacco use, Charlson composite
score, ICU admission, and receipt of guideline concordant antibiotics
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Figure 1- Survival curves for patients with COPD hospitalized with pneumonia by
use of ICS versus non-use (p<0.0001) after adjusting for potential confounders
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Figure 1- Survival curves for patients with COPD hospitalized with pneumonia by use of ICS versus
non-use (p<0.0001) after adjusting for potential confounders
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