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Background: The use of inhaled corticosteroids in patients with chronic obstructive pulmonary
disease (COPD) has been associated with an increased risk of pneumonia in controlled clinical
trials and case-control analyses.
Objective: Using claims databases as a research model of real-world diagnosis and treatment,
to determine if the use and dose of inhaled corticosteroids (ICS) among patients with newly
diagnosed COPD are associated with increased risk of pneumonia.
Patients and methods: This was a retrospective cohort analysis of patients diagnosed
with COPD between January 01, 2006 and September 30, 2010, drawn from databases (years
2006–2010). Patients (aged $45 years) were followed until first pneumonia diagnosis, end of
benefit enrollment, or December 31, 2010, whichever was earliest. A Cox proportional hazard model was used to assess the association of ICS use and risk of pneumonia, controlling
for baseline characteristics. Daily ICS use was classified into low, medium, and high doses
(1 µg–499 µg, 500 µg–999 µg, and $1000 µg fluticasone equivalents daily) and was modeled
as a time-dependent variable.
Results: Among 135,445 qualifying patients with a total of 243,097 person-years, there were
1020 pneumonia incidences out of 5677 person-years on ICS (crude incidence rate, 0.180 per
person-year), and 27,730 pneumonia incidences out of 237,420 person-years not on ICS (crude
incidence rate, 0.117 per person-year). ICS use was associated with a dose-related increase in
risk of pneumonia, with adjusted hazard ratios (versus no use; (95% confidence interval) of 1.38
(1.27–1.49) for low-dose users, 1.69 (1.52–1.88) for medium-dose users, and 2.57 (1.98–3.33)
for high-dose users (P , 0.01 versus no use and between doses).
Conclusion: The use of ICS in newly diagnosed patients with COPD is potentially associated
with a dose-related increase in the risk of pneumonia.
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Inhaled corticosteroids (ICS) are commonly prescribed to patients with chronic obstructive pulmonary disease (COPD), with reported usage ranging from 39%–50% of
patients in the USA,1 67% in Canada,2 and 35%–75% of patients in various European
countries.3–6 Current COPD management strategy recommends ICS treatment in
patients classed as being at high risk, defined by a history of frequent exacerbations
($2/year) and/or severe airflow limitation (forced expiratory volume in 1 second
,50% predicted; Global initiative for chronic Obstructive Lung Disease [GOLD]
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stages C and D).7 The use of ICS in COPD is associated with
a number of side effects,8 and the risk of these side effects
may be increased by patient factors that are common in
COPD, such as increasing age and multiple comorbid conditions.9 Arguably, the most serious side effect is the increased
incidence of pneumonia, which has been observed among
patients with COPD both in controlled clinical trials10–12 and
in case-control studies,13 with an excess risk that was more
pronounced with high ICS doses ($1000 µg/day fluticasone
equivalents).13
The increased risk of pneumonia with ICS-containing
treatments for COPD is acknowledged in current management strategy and guidelines, although to varying extent,
and none provide guidance on how this increased risk
should inform decision making by physicians.7,14,15 There is
therefore a need to increase the evidence base upon which
future strategy is based. We conducted a retrospective cohort
analysis with the aim of determining if the use of ICS is
associated with an increased risk of pneumonia in patients
with newly diagnosed COPD. This question was addressed
by examining the medical and prescription drug claims of
patients enrolled in either employer-sponsored health plans
or having employer-paid Medicare supplemental insurance,
and identifying patients with newly diagnosed COPD. The
use of large claims databases such as this provides a pragmatic research model of real-world physician diagnosis and
treatment that can usefully further explore potential safety
concerns such as this.16 To our knowledge, this is the first
study of this type to be conducted using health care resource
utilization data in a nonveteran US population to investigate
the incidence and risk of pneumonia among patients with
newly diagnosed COPD. Patients with a new diagnosis of
COPD (and without a previous asthma diagnosis) are likely
to have a low level of previous corticosteroid use that could
contribute to increased risk of any steroid-associated side
effects. The cumulative corticosteroid dose is rarely taken
into account in studies assessing pneumonia risk,13,17 though
it has been shown that the risk of fractures and other adverse
effects such as bruising, muscle weakness, oral candidiasis,
and cataracts is strongly related to the total cumulative dose
of the corticosteroid taken.18

Methods
Study design
This was a retrospective cohort analysis of patients newly
diagnosed with COPD between January 01, 2006 and
September 30, 2010. The date of first COPD diagnosis was the
date of entry of a patient into the cohort. Only newly diagnosed
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patients with COPD, defined as no COPD diagnosis in the
previous 12 months prior to the index date, were included in
the study. The 12 months prior to the COPD diagnosis date
was the baseline period. Patients were followed until the
earliest date of any of the following events: first pneumonia
diagnosis, end of medical and pharmacy benefit enrollment,
or December 31, 2010. After this, patients were treated as
censored.
The study protocol was submitted to the Institutional
Review Board at Olmsted Medical Center and exempted from
the requirement for approval since it is a review of secondary
data with no identifiable patients.

Data source
Two MarketScan® databases (Arlington, VA, USA) were
used: Commercial Claims and Encounters (CCE) and CMS
Supplemental and Coordination of Benefits (COB), covering the years 2005–2010. These databases capture personspecific clinical utilization, expenditures, and enrollment
across inpatient, outpatient, prescription drug, and carve-out
services (specialist care contracted out from within the plan)
from approximately 40 million patients per year from a selection of large employers, health plans, and government and
public organizations.
The CCE includes data on active employees, early
retirees, those receiving continuation coverage under the
Consolidated Omnibus Budget Reconciliation Act, and their
dependents insured by employer-sponsored plans. The COB
contains information on Medicare-eligible retirees with
employer-sponsored Medicare Supplemental plans. Both
the employer-paid and Medicare-paid components of care
are provided.

Patients
Patients were included if they had a diagnosis of COPD
(International Classification of Disease [ICD]-9 codes for
chronic bronchitis [491.x], emphysema [492.x], or chronic
airway obstruction [496]) between January 01, 2006 and
September 30, 2010. Patients with COPD were identified on
the basis of COPD-related admissions or emergency room
visits or at least two COPD-related office visits on different
dates. Patients were required to have continuous enrollment
data for 12 months preceding the COPD diagnosis date and
at least 2 months after this date. Patients were excluded if
they were aged ,45 years on the COPD diagnosis date, or if
they had a history of pneumonia or ICS use in the 12-month
baseline period. Patients with diagnoses of asthma, cystic
fibrosis, or lung cancer, either in the baseline period or in
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the follow up period, were also excluded from the analysis.
Patients using oral corticosteroids during the baseline or
follow up were excluded in order to reduce any potential
contribution to the incidence of pneumonia. The claims data
did not provide any lung function or other outcome measures
data, which may be available in the clinical trial database.

Outcomes
The primary outcome measure was the first occurrence
of pneumonia among the cohort of patients with newly
diagnosed COPD, implying that ICS prescription always
occurred during or prior to pneumonia onset. Pneumonia
events included all diagnoses (ICD-9 codes 480.x to 486.x,
and 487.0), derived from outpatient, emergency department,
or inpatient records. In cases where a bronchitis diagnosis
was observed within 30 days prior to first pneumonia diagnosis, the bronchitis date was coded as onset of pneumonia,
with the assumption that the bronchitis diagnosis was likely
to be the same episode of illness. In addition, all-cause health
care costs were calculated for the 30-day periods before and
after the first pneumonia diagnosis.

ICS exposure and dose
ICS exposure was defined as a prescription drug claim
for inhaled beclometasone, budesonide (monotherapy and
fixed dose combination with formoterol), triamcinolone,
fluticasone (monotherapy and fixed dose combination with
salmeterol), mometasone, and flunisolide. Daily ICS dose for
each patient was converted to fluticasone equivalents with
the following method: (1) quantity (number of actuations) of
each filled prescription of inhaled steroid was pulled out for
each patient; (2) daily dose was calculated as total number of
quantity x strength of steroids in each product/total number of
days of supply; (3) daily dose was classified into low, moderate and high dosage with reference to fluticasone equivalents
(low dose, ,500 µg/day fluticasone equivalents; moderate
dose, 500 µg/day to ,1000 µg/day fluticasone equivalents;
high dose, $1000 µg/day fluticasone equivalents).19 In a small
number of cases, a higher daily dose was used, ie, in patients
who were taking two inhaled steroids at different daily doses
due to a new fill prior to the previous fill being used up.

Statistical methods
Baseline demographic and clinical characteristics were
described for the entire study sample, and were compared between patients with and without pneumonia
(Chi-square test for categorical variables and t-test for
continuous variables). The crude incidence rate of pneumonia
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was calculated as number of pneumonia incidences divided
by total person-years of exposure, and it was reported by ICS
use or not, and by ICS dose level. The Kaplan–Meier curve
analyses were conducted to illustrate the pneumonia-free
survival curves by ICS dosage level. One month all-cause
health care costs before and after pneumonia were calculated
and described descriptively.
The Cox proportional hazards model was used to compare
the risk of pneumonia among low-dose, medium-dose, and
high-dose ICS use compared with no ICS use. The ICS use
was modeled as a time-dependent variable, and a patient
could contribute to different levels of ICS use or no use
depending on his/her daily exposure to ICS use. Models
were adjusted for baseline characteristics, including age,
sex, region, insurance type, COPD diagnosis year, utilization
of COPD medications, comorbidity, hospitalizations, and
emergency room visits (see Results for complete listing).
These explanatory variables in the Cox proportional hazards
model were chosen on the basis of clinical relevance prior
to analysis and availability in the claims data. A sensitivity
analysis was performed by including patients using oral
corticosteroids at baseline or follow up period.

Results
The original total of 1,669,546 patients with newly diagnosed
COPD, following exclusions, yielded a study sample of
135,445 patients who were included in the follow up analysis
(Figure 1). A total of 28,750 patients (21.2% of study sample)
had pneumonia in the follow up period. Baseline demographic and clinical characteristics of the entire study sample,
patients with pneumonia, and patients with no pneumonia are
shown in Table 1. In general, patients with pneumonia were
older, used more medications, had more comorbidities, and
reported greater health care utilization at baseline.
Among 135,445 qualifying patients with a total of
243,097 person-years, there were 1020 pneumonia incidences
out of 5677 person-years on ICS with a crude incidence
rate of 0.180 per person-year; there were 27,730 pneumonia
incidences out of 237,420 person-years not on ICS with a
crude incidence rate of 0.117 per person-year (Table 2). In
addition, the crude incidence rate of pneumonia increased
with increasing daily ICS dose (0.150 for low dose, 0.247 for
moderate dose, and 0.319 for high dose). This is consistent
with the estimated pneumonia-free survival curves illustrated
in Figure 2.
Adjusted hazard ratios (HR) from multivariate Cox proportional hazards regression (Figure 3) showed a statistically
significant increase in risk for each dose level compared
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Patients with newly diagnosed COPD*
from 01/01/2005 to 31/12/2010 (date of
first diagnosis = index date)
n = 1,669,546

Exclude lung cancer patients in whole study period
n = 69,395
Exclude cystic fibrosis patients in whole study period
n = 2238

Study sample n = 1,120,779
Exclude patients not continuously enrolled in baseline
period and 2+ months after index date n = 781,418
Exclude patients using ICS in baseline period
n = 21,208
Exclude pneumonia or bronchitis patients in baseline
n = 60,939
Exclude oral steroid users in whole study period
n = 67,672
Exclude patients aged <45 years n = 54,097

Study sample n = 135,445
Figure 1 Patient selection.
Note: *COPD diagnosis was not made during the 12-month baseline period.
Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid.

with no ICS use (low dose: HR = 1.38, 95% confidence
interval [CI] [1.27–1.49]; median dose: HR = 1.69, 95%
CI [1.52–1.88]; high dose: HR = 2.57, 95% CI [1.98–3.33];
P , 0.001 for all), and for each stepwise increase in ICS
dose level (eg, moderate versus low; high versus moderate;
P , 0.01). A separate Cox proportional hazards regression
showed that ICS use (regardless of dose level) was associated with higher risk of pneumonia (HR = 1.51; 95% CI,
1.42–1.61; P , 0.001), controlling for the same baseline
covariates. The estimated HRs for covariates included in
the Cox regression model are included in Supplementary
Table S1. It is worth noting that previous emergency room
visits, hospitalizations, congestive heart failure, drug or
alcohol abuse, short-acting β2-agonists, anticholinergics,
and systemic glucocorticoids were significantly associated with the increased risk of pneumonia (HR . 1.1 and
P , 0.05). In the sensitivity analysis, where the use of oral
corticosteroids was controlled in the Cox regression model,
a similar magnitude and order of risk were found, with HRs
of 1.58 (95% CI, 1.49–1.68), 2.01 (95% CI, 1.86–2.17) and
2.90 (2.42–3.46) associated with use of low-, medium-, and
high-dose ICS, respectively (data not shown).
Pneumonia-related admissions were recorded for
5153 patients (18% of pneumonia diagnoses); 200 patients
(4% of first pneumonia admissions) were readmitted for any
cause within 30 days of the first admission. All-cause health
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care costs in the 30 days preceding the onset of pneumonia
were lower than costs in the 30 days following pneumonia
onset, at US$4017 (standard deviation [SD] $14,715) and
$6985 (SD $17,358) respectively, an average increase of
US$2969 (SD $9768).

Discussion
Our results show a statistically significant and potentially
dose-related increase in the risk of pneumonia associated
with the use of ICS in patients with newly diagnosed COPD.
An increased incidence of pneumonia in patients with COPD
receiving ICS-containing treatment regimens has also been
observed in controlled clinical studies, which reported an
approximate doubling in incidence with ICS use compared
with placebo or treatment with long-acting bronchodilators
alone.10–12 The use of large administrative databases such
as ours has been recommended as a pragmatic and useful
method of research to further address such concerns.16
Previous observational and case-control studies either in
US or Canadian populations have evaluated hospitalizations
for pneumonia in veteran patients with newly diagnosed
or preexisting COPD and found increased risk associated with ICS use.13,20 We can now extend these findings
of increased risk associated with ICS use to apply to all
recorded cases of pneumonia (ie, leading to hospitalization or not) in a nonveteran US population of patients with
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Total patients
n
Sample size
Follow up period (days)c
Mean (SD)
Median (min–max)
Year of COPD diagnosis
2006
2007
2008
2009
2010
Age
Mean (SD)
Median (min–max)
Sex
Male
Region
North East
North Central
South
West
Missing
Insurance type
Fee for service
Non fee or service
Drug use
Short-acting β2-agonists
Long-acting β2-agonists
Short-acting anticholinergics
Long-acting anticholinergics
Methylxanthines
Systemic glucocorticoids
Mast-cell stabilizers
Leukotriene modifiers
Antibiotics
Charlson comorbidity score
Mean (STD)
Median (min–max)
Comorbidity
Diabetes
Pulmonary circulation disorders
Hypertension
Chronic pulmonary disease
Alcohol abuse
Drug abuse
Congestive heart failure
Valvular disease
Peripheral vascular disease
Chronic peptic ulcer
Liver disease
Health care resource utilization
All-cause hospitalization
All-cause ED visit

Patients with
pneumonia
%

n

Patients without
pneumonia
%

n

%

135,445

28,750

106,695

669 (502)
573 (2–1826)

311 (377)
153 (2–1815)

765 (487)
675 (61–1826)

35,131
33,332
28,017
24,166
14,799

25.9
24.6
20.7
17.8
10.9

66.99 (12.66)
65 (45–111)

9,323
7,824
5,632
3,950
2,021

32.4
27.2
19.6
13.7
7.0

72.17 (12.70)
74 (45–111)

25,808
25,508
22,385
20,216
12,778

24.2
23.9
21.0
18.9
12.0

65.60 (12.28)
63 (45–104)

70,274

51.9

14,967

52.1

55,307

51.8

14,540
48,361
50,022
22,188
334

10.7
35.7
36.9
16.4
0.2

2,894
11,382
9,962
4,449
63

10.1
39.6
34.7
15.5
0.2

11,646
36,979
40,060
17,739
271

10.9
34.7
37.5
16.6
0.3

120,319
15,126

88.8
11.2

26,321
2,429

91.6
8.4

93,998
12,697

88.1
11.9

8,107
401
1,420
2,717
3,332
396
35
2,159
65,470

6.0
0.3
1.0
2.0
2.5
0.3
0.0
1.6
48.3

1,981
108
461
542
923
106
7
467
14,948

6.9
0.4
1.6
1.9
3.2
0.4
0.0
1.6
52.0

6,126
293
959
2,175
2,409
290
28
1,692
50,522

5.7
0.3
0.9
2.0
2.3
0.3
0.0
1.6
47.4

1.02 (1.62)
0 (0–21)

1.40 (1.85)
1 (0–18)

0.92 (1.53)
0 (0–21)

27,691
2,550
56,729
192
1,198
567
12,820
12,055
13,515
147
2,056

20.4
1.9
41.9
0.1
0.9
0.4
9.5
8.9
10.0
0.1
1.5

7,186
679
13,035
40
291
152
4,543
3,364
3,969
43
455

25.0
2.4
45.3
0.1
1.0
0.5
15.8
11.7
13.8
0.1
1.6

20,505
1871
43,694
152
907
415
8,277
8,691
9,546
104
1,601

19.2
1.8
41.0
0.1
0.9
0.4
7.8
8.1
8.9
0.1
1.5

28,221
41,584

20.8
30.7

8,714
11,669

30.3
40.6

19,507
29,915

18.3
28.0

Notes: aBaseline = 12 months prior to date of first diagnosis of COPD; ball variables were statistically different between patients with and without pneumonia at P , 0.001.
Chi-square test for categorical variables and – test for continuous variables; cfor pneumonia onset patients, follow up is from the date of COPD diagnosis to date of onset of
pneumonia. For nonpneumonia onset patients, follow up is from the date of COPD diagnosis to end of enrollment or December 31, 2010.
Abbreviations: COPD, chronic obstructive pulmonary disease; ED, emergency department; SD, standard deviation; STD, sexually transmitted disease.

International Journal of COPD 2013:8

submit your manuscript | www.dovepress.com

Dovepress

Powered by TCPDF (www.tcpdf.org)

299

Dovepress

Yawn et al

ICS dose level

Person
years

Number
of pneumonia
incidences

Incidence rate
of pneumonia
(per person year)

Increase in incidence
of pneumonia compared
with no ICS use

No ICS use
Any ICS use
Low-dose ICS use
Moderate-dose ICS use
High-dose ICS use

237,420
5677
4131
1395
151

27,730
1020
619
344
57

0.117
0.180
0.150
0.247
0.379

–
54%
28%
111%
224%

Notes: aThe incidence rate was calculated as number of pneumonia incidences divided by total person-years in each exposure category. Since ICS use and dosage were
defined on a daily basis, one patient may contribute to different levels of ICS use or no use depending on his/her daily exposure to ICS use and dosage level.
Abbreviation: ICS, inhaled corticosteroid.

newly diagnosed COPD. The use of incident as opposed to
prevalent cases of COPD is likely to provide a “cleaner”
sample in terms of history of disease and previous treatment,
in particular lessening the potential influence of cumulative corticosteroid dose (inhaled plus systemic) on the
susceptibility to ICS-associated side effects. Many studies
investigating the link between ICS use and pneumonia lack
information on prior drug use, at least beyond baseline or the
past year.13,17 While details of the severity of disease were
not available to us, the use of a COPD-incident population
may also have provided a more consistent population in
terms of severity of disease than a more heterogeneous prevalence population, since newly diagnosed patients largely
tend to be at the mild to moderate end of the spectrum of
airflow limitation.21 The present population also reflects the
real-life situation with respect to physician diagnosis and
treatment of patients with COPD in the US. In a survey of
2187 subjects who had been told by a health professional
that they had COPD, over 20% reported never having had
a diagnostic breathing test.22

Compared with no ICS use, we found that the crude
incidence of pneumonia was 28% higher in the low-dose ICS
group, 111% higher in the moderate-dose group, and 224%
higher in the high-dose ICS group. Multivariate Cox regression also showed dose-related increases in risk of pneumonia
with adjusted HRs of 1.38, 1.69, and 2.57 for low-, moderate-,
and high-ICS dose versus no ICS use. In addition, there was
approximately a US$3000 increase in health care cost during
the 30 days following pneumonia onset.
Long-acting bronchodilators, either long-acting anticholinergics or long-acting β2-agonists (LABAs), form a major
part of current treatment strategy for COPD, either alone or
(for patients at higher risk) in combination with ICS.7 A 2011
Cochrane systematic review compared ICS and LABA treatment in COPD with the incidence of pneumonia as a coprimary outcome.23 It found a significantly higher incidence
of pneumonia among patients on ICS compared with those
receiving LABAs, with odds ratios (ICS versus LABA) of 1.38
(95% CI, 1.10–1.73) for pneumonia as an adverse event and
1.48 (95% CI, 1.13–1.93) for a serious adverse event. Another

No ICS use
Low-dose ICS use

1.00

Moderate-dose ICS use
High-dose ICS use

0.75

Probability
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Table 2 Crude incidence rate of pneumonia by ICS and dosage levela

0.50

0.25

0.00
0

500

1000

1500

2000

Follow-up time (days)
Figure 2 Kaplan–Meier pneumonia-free survival estimates during follow up period by inhaled corticosteroid dose level.
Abbreviation: ICS, inhaled corticosteroid.
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Hazard ratio (95% CI)
(versus no ICS use)
Low ICS dose

1.38 (1.27, 1.49)
P < 0.001

Moderate ICS dose

1.69 (1.52, 1.88)
P < 0.001

High ICS dose

2.57 (1.98, 3.33)
P < 0.001

0

1

2

3

4

Hazard ratio (95% CI)
Decreased risk Increased risk (vs no ICS)
Figure 3 Adjusted hazard ratio for risk of pneumonia according to inhaled corticosteroid dose. Pairwise comparisons between the three ICS dose levels were all significantly
different at P , 0.01. The hazard ratios were from multivariate Cox proportional hazards model, with ICS use and dose level as time-dependent variables.
Abbreviations: CI, confidence interval; ICS, inhaled corticosteroid.

Cochrane review comparing ICS treatment with placebo
reported an increased rate of pneumonia in the ICS group
compared with placebo, based on long-term (.6 months)
studies that reported pneumonia as an adverse event (odds
ratio, 1.56; 95% CI, 1.30–1.86).24 Similar findings of an
increased risk of pneumonia with ICS-based treatments compared with placebo or long-acting bronchodilator have been
reported in other meta-analyses.25 Historically, ICS have been
shown to be at their most effective in preventing exacerbations in the subgroup of patients with COPD with repeated
exacerbations and more severe airflow limitation.26,27 This led
to the recommendation for regular ICS therapy as an adjunct
in patients experiencing frequent exacerbations and with more
severe airflow limitation, with long-acting bronchodilators as
frontline therapy for COPD,7,15 a recommendation that was
endorsed by the authors of the Cochrane review.23 Previous
reports suggest widespread use of ICS in patients with COPD
who do not meet the recommended criteria for their use,1,2,28,29
although we are unable to know from the present analysis
whether ICS were being used appropriately or not. While it
may be argued that ICS are associated with pneumonia as a
consequence of their use in patients with frequent exacerbations, 40%–50% of COPD exacerbations are associated with
viruses, most commonly rhinovirus, and approximately 22%
are noninfective; of those associated with bacterial infection, pneumonia pathogens are involved in a minority.30,31
Respiratory virus infections are associated with more severe
and frequent exacerbations.31 A UK survey of 9338 patients
admitted to hospital for exacerbation of COPD found that only
16% had radiological changes consistent with pneumonia (and
these patients had the worst outcomes).32

International Journal of COPD 2013:8

Our study included patients with a broad range of
comorbidities, unlike the typically highly selected group of
patients enrolled in clinical drug trials. As noted, we found
a significantly independent increase in risk of pneumonia
among those with problems of drug or alcohol abuse, a higher
Charlson comorbidity score,33 congestive heart failure, and
diabetes, irrespective of ICS use. The last two conditions are
common comorbidities among patients with COPD.34–37 This
suggests the possibility that the incidence of ICS-associated
pneumonia among nonselected patients with COPD may be
higher than reported in controlled clinical trials. Older age and
previous emergency care or hospitalization also contributed
independently to pneumonia risk in our study, again regardless of ICS use. The emergency care may have been related
to exacerbations of COPD, since all the treatment-related
baseline variables associated with increased pneumonia risk
were those typically used to manage exacerbations (shortacting “rescue” bronchodilators, antibiotics, and systemic
glucocorticoids). A previous exacerbation history has been
reported to be a risk factor for pneumonia.17,38 To explain this
association, it has been postulated that ICS use could lead
the patient to delay appropriate therapy for an exacerbation,
assuming an infectious etiology, thus enabling intrabronchial
sepsis to progress more peripherally.38
The mechanism of pneumonia as an adverse effect of ICS
use in COPD is not well understood, but may involve a dampening of the host immune response in small airways. Hogg
and colleagues examined small airway pathology following
lung volume reduction, and the effect of corticosteroids on
this pathology, in patients with severe COPD.39 Corticosteroid
treatment was associated with a lowering of the percentage
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of airways containing lymphoid follicles, which indicates a
reduction in the adaptive immune response in the peripheral
lung.40 They postulated that steroid-induced suppression of
the host immune response might act in conjunction with
extensive mucoid occlusion of the peripheral airways to
increase the probability of infection in the lower respiratory
tract. In a mouse model, fluticasone was reported to reduce
innate pulmonary host defenses and clearance of the bacterial pathogen, causing greater systemic bacterial burden and
increased mortality.41 There may be difference in immunosuppressive potency between different corticosteroids; based on
a meta-analysis of clinical trial data, budesonide was reported
to be associated with fewer pneumonia events than fluticasone.42 ICS use in COPD patients with pneumonia does not
appear to increase mortality risk in patients with COPD,43,44
although the data on this issue are limited and factors such
as dose, type, and duration of corticosteroid therapy have
not been explored.45
The nature of claims data, the study design, and the analytical model impose a number of limitations on the present
analysis. First, the assumption that the patients with COPD
were newly diagnosed was based upon no recorded claims
in the 12 months before the COPD diagnosis date. It remains
possible that patients may have been diagnosed with COPD
while being enrolled in a plan not included in the database.
However, we believe it is reasonable to assume that at least
one outpatient visit would have occurred during the 12 months
before the COPD diagnosis date if this had been the case,
making the possibility of preexisting COPD very unlikely.
Second, the lack of clinical information in claims databases
such as MarketScan® may conceal patient heterogeneity and
bias selection, weakening the study’s internal validity. Thus,
the results of this study may be of limited generalizability
beyond the population of patients with COPD residing in
the USA who had employer-sponsored health insurance.
Third, the database does not provide information on whether
pneumonia diagnoses were confirmed radiographically. It is
noteworthy that large studies investigating the association of
ICS use and the risk of pneumonia in patients with COPD
have suggested an increased risk of pneumonia, not radiographically confirmed, based on the strength of the clinical
evidence.12,13

Conclusion
Compared with no ICS, we found that ICS use was associated with a significant, potentially dose-related increase in
risk of pneumonia in patients with COPD. These results
are likely to reflect the real-world conditions of diagnosis,
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treatment, and treatment-associated side effects among
patients with COPD in the US. Our baseline data suggested that older patients with a higher burden of comorbid
conditions, and those with a history of hospitalization or
emergency visits (for any causes) are at higher risk of
pneumonia, and may therefore be particularly vulnerable
to pneumonia associated with ICS treatment for COPD.
We recommend physicians should use ICS appropriately
for those patients with COPD in whom the benefit will
outweigh the risk, especially those with previous frequent
exacerbations.
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Table S1 Multivariate Cox proportional hazard model results for risk of pneumonia
Variable

Hazard ratio

SE

P.z

Lower 95% CI

Upper 95% CI

ICS low dose (reference no ICS)
ICS moderate dose (reference no ICS)
ICS high dose (reference no ICS)
Charlson comorbidity score
Hospitalization (yes vs no)
ER (yes vs no)
Age
Female sex
Non-FFS health plan (vs FFS)
Region North Central (vs Northeast)
Region South (vs Northeast)
Region West (vs Northeast)
Year 2007 (vs 2006)
Year 2008 (vs 2006)
Year 2009 (vs 2006)
Year 2010 (vs 2006)
Liver disease
Peripheral vascular disorder
Valvular disease
Congestive heart failure
Drug abuse
Alcohol abuse
Hypertension
Pulmonary circulation disorder
Diabetes
Short-acting β2-agonists
Long-acting β2-agonists
Short-acting anticholinergics
Long-acting anticholinergics
Methylxanthines
Systemic glucocorticoids
Mast-cell stabilizers
Leukotriene modifiers
Antibiotics

1.38
1.69
2.57
1.07
1.16
1.25
1.03
0.97
0.94
1.05
1.07
0.96
1.02
1.01
1.02
1.09
1.05
1.01
0.97
1.25
1.55
1.27
0.94
0.92
1.07
1.16
1.05
1.14
0.81
0.94
1.30
0.83
0.96
1.09

0.06
0.09
0.34
0.00
0.02
0.02
0.00
0.01
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.05
0.02
0.02
0.02
0.13
0.08
0.01
0.04
0.02
0.03
0.10
0.05
0.04
0.09
0.03
0.31
0.05
0.01

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.010
0.008
0.018
0.003
0.061
0.120
0.466
0.265
0.001
0.318
0.520
0.090
0.000
0.000
0.000
0.000
0.046
0.000
0.000
0.646
0.005
0.000
0.549
0.000
0.612
0.395
0.000

1.27
1.52
1.98
1.06
1.12
1.21
1.03
0.95
0.90
1.01
1.02
0.91
0.99
0.98
0.98
1.03
0.95
0.98
0.93
1.21
1.32
1.12
0.91
0.86
1.04
1.10
0.86
1.04
0.74
0.78
1.26
0.39
0.88
1.07

1.49
1.88
3.33
1.08
1.20
1.28
1.03
0.99
0.99
1.09
1.11
1.00
1.06
1.05
1.06
1.14
1.15
1.05
1.01
1.30
1.82
1.43
0.96
1.00
1.10
1.21
1.26
1.26
0.88
1.14
1.36
1.73
1.05
1.12

Abbreviations: CI, confidence interval; ER, emergency room; ICS, inhaled corticosteroids; FFS, fee for service; HR, hazard ratio.
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