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Abstract

Background: Although inhaled corticosteroids (ICS) is reportedly associated with a 
higher risk of pneumonia in chronic obstructive pulmonary disease (COPD), the clinical 
implications of ICS have not been sufficiently verified to determine their effect on the 
prognosis of pneumonia. 
Methods: The electronic health records of patients hospitalized for pneumonia with 
underlying COPD were retrospectively reviewed. Pneumonia was confirmed using 
chest radiography or computed tomography. The clinical outcomes of pneumonia in 
patients with COPD who received ICS and those who received long-acting bronchodila-
tors other than ICS were compared.
Results: Among the 255 hospitalized patients, 89 met the inclusion criteria. The num-
bers of ICS and non-ICS users were 46 and 43, respectively. The CURB-65 (confusion, 
uremia, respiratory rate, blood pressure, age ≥65 years) scores at the initial presentation 
of pneumonia were comparable between the two groups. The proportions of patients 
with multilobar infiltration, pleural effusion, and complicated pneumonia in the radiolog-
ical studies did not vary between the two groups. Additionally, the defervescence time, 
proportion of mechanical ventilation, intensive care unit admission, length of hospital 
stays, and mortality rate at 30 and 90 days were not significantly different between the 
two groups. ICS use and blood eosinophils count were not associated with all pneumo-
nia outcomes and mortality in multivariate analyses.
Conclusion: The clinical outcomes of pneumonia following ICS use in patients with 
COPD did not differ from those in patients treated without ICS. Thus, ICS may not con-
tribute to the severity and outcomes of pneumonia in patients with COPD.

Keywords: Inhaled Corticosteroid; Chronic Obstructive Pulmonary Disease; Pneumo-
nia; Mortality; CURB-65

Introduction

Patients with chronic obstructive pulmonary disease 
(COPD) are at an increased risk developing pneumo-
nia compared with those without COPD. The reported 

incidence of community-acquired pneumonia (CAP) 
in hospitalized adult patients with COPD was approxi-
mately 10-fold higher than that of the general popula-
tion in a prospective United States population-based 
cohort study1. Moreover, COPD is reportedly the most 
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commonly observed comorbidity in hospitalized pa-
tients with pneumonia2. Pneumonia and COPD have 
similar risk factors for disease development. Cigarette 
smoking, smoke from biomass fuel, and occupational 
dust or fume exposure are major risk factors for COPD 
and also known risk factors for CAP. Poor nutritional 
status, low income, and limited access to the health-
care system are socioeconomic determinants of both 
pneumonia and COPD3. Mechanistically, pathological 
changes in COPD, including mucus hypersecretion, 
diminished mucociliary clearance, disrupted epithelial 
barrier, and inhibited immune cell migration, could be 
attributed to the increased risk of pneumonia4. 

Inhaled corticosteroid (ICS) administration is an im-
portant treatment option for COPD management. How-
ever, ICS therapy is recommended for patients with 
treatable traits who experience frequent exacerbations 
and have increased eosinophil counts5. In contrast to 
other bronchodilators, such as long-acting muscarinic 
antagonist (LAMA) and long-acting β2 agonist (LABA), 
ICS could increase the susceptibility to acquiring lower 
respiratory tract infections6. In particular, real-world 
observational studies of COPD including patients with 
various comorbidities consistently demonstrated an 
increased risk of pneumonia with ICS use7. 

Patients of pneumonia with COPD demonstrated 
poorer outcomes than those without COPD in terms of 
the severity of pneumonia, frequency of hospitalization, 
and mortality8. However, few studies have evaluated 
the clinical implications of ICS use in patients with 
pneumonia. This study aimed to compare the severity 
and outcomes of pneumonia in patients with COPD 
with and without prior ICS use. 

Materials and Methods

1. Study design and patient identification 
We performed a retrospective medical chart review 
and descriptive analysis of patients with COPD who 
were admitted to a single tertiary center, Wonju Sev-
erance Christian Hospital in Korea during 2019 to 
2021 for pneumonia. Study participants were initially 
selected using corresponding diagnostic codes, such 
as COPD (J42–J44) and pneumonia (J10–J18), among 
all the hospitalized patients. The chest radiography or 
computed tomography findings were reviewed, and 
pneumonia was confirmed by a radiologist. The exclu-
sion criteria were as follows: (1) no bronchodilator use 
before occurrence of pneumonia; (2) no radiologically 
proven pneumonia or misdiagnosis of pneumonia; (3) 
active treatment for lung cancer, such as radiothera-
py or chemotherapy; and (4) incompatibility with the 

COPD definition upon spirometry even if the patients 
received bronchodilator treatment for COPD. Patients 
were classified into ICS and non-ICS users according 
to the treatment strategy for COPD management prior 
to the occurrence of pneumonia. 

This study was approved by the Institutional Re-
view Board of Wonju Severance Christian Hospital 
(CR323121). The requirement for informed consent 
was waived owing to the retrospective nature of the 
study.

2. Data collection 
Patient demographics, including age, sex, comorbidi-
ties that could affect the development of pneumonia, 
spirometry test results, and inhaler type prescribed to 
patients before pneumonia, were collected from the 
electronic health records. The spirometry results ob-
tained most recently during stable status before pneu-
monia were considered for the analysis. Some patients 
who received treatment for COPD at other hospitals 
did not have spirometric data before pneumonia onset. 
In this case, spirometry results after resolution of pneu-
monia were used for the analysis. Predicted forced 
expiratory volume in 1 second (FEV1) % was classified 
according to the Global Initiative for Chronic Obstruc-
tive Pulmonary Disease (GOLD) grade: 1, ≥80%; 2, 
50%–79%; 3, 30%–49%; 4, <30%. The inhaler type 
was determined based on the last prescribed inhaler 
before hospitalization for pneumonia. Exacerbation 
history before 12 month of pneumonia was assessed. 
Exacerbation is considered present if patients received 
treatment with antibiotics and/or oral corticosteroids 
(moderate), or if patients visited the emergency room 
or required admission (severe).

Clinical and laboratory findings at the initial presenta-
tion at the hospital were collected. Most patients were 
admitted to the emergency department. Therefore, the 
clinical and laboratory assessments were performed 
in the emergency room. Clinical severity of pneumonia 
was assessed using the CURB-65 score: confusion; 
uremia (blood urea nitrogen >19 mg/dL); respiratory 
rate (≥30/minute); hypotension (systolic blood pressure 
<90 mm Hg or diastolic blood pressure ≤60 mm Hg); 
and age (≥65 years or older)9. Radiological severity was 
assessed using the following criteria: multilobar infil-
tration (involvement of more than two lobes), pleural 
effusion, and complicated pneumonia (empyema or 
pulmonary abscess).

3. Pneumonia outcomes
Defervescence time was defined as the time (days) 
taken until improvement of the fever (≥37.8°C). The 
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presence of drug resistant pathogens, such as methi-
cillin-resistant Staphylococcus aureus, extended-spec-
trum β-lactamase-producing Enterobacteriaceae, and 
other multidrug-resistant bacteria, was determined 
through sputum culture. Identification was confirmed 
when administering restricted antibiotics targeted 
against these pathogens. Mechanical ventilation in-
cluded invasive or noninvasive mechanical ventilation 
for the treatment of COPD and pneumonia during 
admission. Patients with chronic hypercapnia who 
received noninvasive ventilation for COPD treatment 
before admission for pneumonia were not considered 
as receiving mechanical ventilation. The proportion of 
patients treated for pneumonia in the intensive care 
unit (ICU) was also identified. The mortality of patients 
at 30 and 90 days from the first day of presentation to 
the hospital regardless of the cause of mortality was 
evaluated.

4. Statistical analysis
Descriptive statistics were performed and are de-
scribed as mean value±standard deviation for the 
continuous variables and as percentage of the number 
of patients for the categorical variables. The baseline 
clinical characteristics of ICS and non-ICS users were 
compared using the Mann-Whitney U test or indepen-
dent t-test for continuous variables and the chi-square 
test for categorical variables. Multivariate linear regres-
sion analyses were used to determine the factors influ-

encing defervescence time and the length of hospital 
stay. Additionally, multivariate logistic regression anal-
yses were employed to identify the factors associated 
with mechanical ventilation, ICU care and mortality. 
Statistical significance was set at p<0.05. All the sta-
tistical analyses were performed using SPSS Statistics 
software version 25.0 (IBM Corp., Armonk, NY, USA). 

Results

1. Baseline characteristics
A total of 255 patients with diagnostic codes for both 
pneumonia and COPD were admitted between June 
2019 and December 2021 (Figure 1). Patients who 
did not have a record of bronchodilator use before ad-
mission for pneumonia (n=104), had no radiologically 
proven pneumonia or misdiagnosis of pneumonia upon 
reviewing the chest radiographs and computed tomog-
raphy scans (n=30), were on active treatment for lung 
cancer (n=13), and demonstrated incompatibility with 
the COPD definition upon spirometry (n=19) were ex-
cluded. The final analysis included 46 ICS users and 43 
non-ICS users. Our study period (2019 to 2021) over-
lapped with the coronavirus disease 2019 (COVID-19) 
pandemic. Thus, all the patients were screened for 
COVID-19 before admission. None of the patients were 
diagnosed with COVID-19. 

The mean age of the ICS and non-ICS users was 
73.7±9.6 and 75.4±8.4 years, respectively (p=0.381). 

Figure 1. Patient selection flow. COPD: chronic obstructive pulmonary disease; ICS: inhaled corticosteroid.

Excluded
No bronchodilator use before pneumonia (n=104)
No radiologically proven pneumonia or
misdiagnosis of pneumonia (n=30)
Active treatment for lung cancer (n=13)
Not compatible with COPD definition (n=19)

Hospitalized patients with pneumonia (J10 J18) and
between June 2019 and December 2021
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COPD (J42 J44)

ICS user (n=46) Non-ICS user (n=43)
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The proportion of male patients among the ICS and 
non-ICS users was 93.0% and 89.1%, respectively 
(p=0.521). The mean FEV1 was 60.4%±21.2% and 
59.1%±23.4% for the ICS and non-ICS users, respec-
tively (p=0.785). The distributions of comorbidities and 
GOLD spirometry grades were comparable between 

the two groups (Table 1). Among the ICS users, 34 
(73.9%) were treated with ICS/LABA/LAMA and 12 
(26.1%) with ICS/LABA. The most frequently used ICS 
was fluticasone propionate (37.0%) and fluticasone fu-
roate (34.8%), followed by budesonide (13.0%), beclo-
methasone (8.7%), and ciclesonide (6.5%). Among the 

Table 1. Characteristics of the study participants 

Parameter ICS user (n=46) Non-ICS user (n=43) p-value

Age, yr 73.7±9.6 75.4±8.4 0.381

Male sex 40 (93.0) 41 (89.1) 0.521

Heart failure 13 (30.2) 17 (37.0) 0.502

Cerebrovascular disease 8 (18.6) 4 (8.7) 0.171

Chronic kidney disease 7 (16.3) 5 (10.9) 0.455

Diabetes mellitus 9 (19.6) 14 (32.6) 0.162

Malignancy* 5 (10.9) 10 (23.3) 0.119

Exacerbation history† 15 (33.3) 15 (34.9) 0.878

Body mass index 22.2±3.6 21.0±3.1 0.092

Smoking history 0.516

   Never smoker 8 (17.4) 4 (9.3)

   Former smoker 33 (71.7) 33 (76.7)

   Current smoker 5 (10.9) 6 (14.0)

FVC, % 79.5±17.9 71.3±22.7 0.059

FEV1/FVC 0.50±0.16 0.56±0.16 0.098

FEV1, L 1.29±0.45 1.22±0.47 0.469

FEV1% 60.4±21.2 59.1±23.4 0.785

GOLD grade 0.765

   1 8 (18.6) 8 (17.4)

   2 19 (44.2) 24 (52.2)

   3 12 (27.9) 12 (26.1)

   4 4 (9.3) 2 (4.3) 

Inhaler use before pneumonia NA

   LAMA 0 6 (14.0)

   LAMA/LABA 0 37 (86.0)

   ICS/LABA 12 (26.1) 0

   ICS/LABA/LAMA 34 (73.9) 0

ICS type NA

   Fluticasone propionate 17 (37.0) 0

   Fluticasone furoate 16 (34.8) 0

   Budesonide 6 (13.0) 0

   Beclomethasone 4 (8.7) 0

   Ciclesonide 3 (6.5) 0

Values are presented as mean±standard deviation or number (%).
*Treatment history for any malignancy. †Moderate or severe exacerbation of COPD within 12 months. 
ICS: inhaled corticosteroid; FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second; GOLD: Global Initiative for Chronic 
Obstructive Pulmonary Disease; NA: not applicable; LAMA: long-acting muscarinic antagonists; LABA: long-acting β2 agonists. 
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non-ICS users, 37 (86.0%) were treated with LAMA/
LABA and six (14.0%) with LAMA. 

2. Severity of pneumonia 
The clinical and laboratory findings at initial presen-
tation were compared between the ICS and non-ICS 
users (Table 2). The pulse rate was 100.6±23.8 and 
98.1±26.7 for the ICS and non-ICS users, respectively 
(p=0.649). Systolic blood pressure was 136.2±25.4 and 
134.8±28.4 for the ICS and non-ICS users, respective-
ly (p=0.807). The diastolic blood pressure, respiratory 
rate, and body temperature were comparable between 
the two groups. The leukocyte and C-reactive protein 
levels were higher in the ICS users, whereas the procal-
citonin levels were higher in the non-ICS users. Howev-
er, the difference was not statistically significant. 

The clinical severity of pneumonia was assessed 
using the CURB-65 score (Figure 2). Scores of 0, 1, 2, 
3, and 4 were reported in five (10.9%), 18 (39.1%), 16 
(34.8%), six (13.0%), and one (2.2%) ICS users, respec-
tively. Scores of 0, 1, 2, 3, and 4 were reported in three 
(7.0%), 14 (32.6%), 17 (39.5%), eight (18.6%), and one 
(2.3%) non-ICS users, respectively. The distribution of 
the CURB-65 scores did not differ between both the 
groups (p=0.875). Radiological severity was also ana-
lyzed. Multilobar infiltration and complicated pneumo-
nia were more common in the ICS users, whereas pleu-
ral effusion was more common in the non-ICS users. 
However, no significant factors were identified. 

3. Pneumonia outcomes
The defervescence time was 1.5±0.8 and 2.3±2.6 days 
for the ICS and non-ICS users, respectively (p=0.702) 
(Table 3). Seven (15.2%) ICS and six (14.0%) non-ICS 
users received mechanical ventilation (p=0.866). Six 
(13.0%) ICS users and three (7.0%) non-ICS users re-
ceived treatment in the ICU (p=0.343). The length of 
hospital stay was not significantly different between 
both the groups (13.8±16.4 for ICS users and 11.4±9.2 
for non-ICS users, p=0.407). The 30-day mortality rate 
was 8.7% (four deaths) and 4.7% (two deaths) in the 
ICS and non-ICS users (p=0.447), respectively, while 

Table 2. Comparison of the vital signs, laboratory findings, and radiologic severity 

Parameter ICS user Non-ICS user p-value

Pulse rate 100.6±23.8 98.1±26.7 0.649

Systolic blood pressure, mm Hg 136.2±25.4 134.8±28.4 0.807

Diastolic blood pressure, mm Hg 74.5±15.8 73.1±18.5 0.700

Respiratory rate 20.8±4.5 22.1±12.3 0.508

Body temperature, °C 37.2±1.4 36.9±2.8 0.539

Leukocyte, 103/μL 13.6±7.6 11.9±8.2 0.303

Blood eosinophils, μL 134.8±129.6 159±186.1 0.479

C-reactive protein, mg/dL 13.8±9.4 11.1±7.8 0.147

Procalcitonin, ng/mL 3.1±5.6 5.6±15.5 0.392

Multilobar infiltration 29 (63.0) 19 (44.2) 0.075

Pleural effusion 14 (30.4) 16 (37.2) 0.807

Complicated pneumonia 8 (17.4) 4 (9.3) 0.264

Values are presented as mean±standard deviation or number (%).
ICS: inhaled corticosteroid.

Figure 2. Distribution of the number of inhaled cor-
ticosteroid (ICS) and non-ICS users according to the 
CURB-65 severity score.
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the 90-day mortality rate was 13.0% (six deaths) and 
16.3% (seven deaths) in the ICS and non-ICS users, re-
spectively (p=0.303). 

In multivariate linear regression analyses adjusted 
for confounders, defervescence time was significantly 
associated with CURB-65 score (regression coefficient 
[B]=1.05; 95% confidence interval [95% CI], 0.09 to 2.02; 
p=0.033) and body mass index (B=–0.21; 95% CI, –0.40 
to –0.02; p=0.030) (Table 4). Length of hospital stay was 
significantly associated with mechanical ventilation 
(B=17.07; 95% CI, 9.56 to 24.57; p<0.001) and CURB-65 
score (B=4.21; 95% CI, 1.14 to 7.27; p=0.008). 

In multivariate logistic regression analyses, me-
chanical ventilation was significantly associated with 
complicated pneumonia (odds ratio [OR], 37.04; 95% 
CI, 2.64 to 520.24; p=0.007) and CURB-65 more than 2 
(OR, 8.95; 95% CI, 1.52 to 52.68; p=0.015) (Table 5). ICU 

care was also significantly associated with complicat-
ed pneumonia (OR, 613.85; 95% CI, 3.51 to 107,382.46; 
p=0.015) and CURB-65 more than 2 (OR, 46.32; 95% CI, 
2.47 to 870.21; p=0.010). Mortality at 30 and 90 days 
were only significantly associated with FEV1% (OR, 
1.05; 95% CI, 1.01 to 1.10; p=0.027; and OR, 1.03; 95% 
CI, 1.00 to 1.06; p=0.045) (Table 6). ICS use and blood 
eosinophils count were not associated with all pneu-
monia outcomes. Additionally, ICS type was not associ-
ated with all pneumonia outcomes in ICS users (specific 
data was not shown). 

Discussion

We analyzed whether ICS use affected the prognosis 
of pneumonia in the patients with COPD. Patients were 
classified as ICS and non-ICS users based on their 

Table 3. Comparison of the outcomes of pneumonia

Parameter ICS user (n=46) Non-ICS user (n=43) p-value

Defervescence time, day 1.5±0.8 2.3±2.6 0.702

Drug resistant pathogen 4 (8.7) 3 (7.0) 0.763

Mechanical ventilation 7 (15.2) 6 (14.0) 0.866

Intensive care unit care 6 (13.0) 3 (7.0) 0.343

Length of hospital stay, day 13.8±16.4 11.4±9.2 0.407

30 days mortality 4 (8.7) 2 (4.7) 0.447

90 days mortality  6 (13.0) 7 (16.3) 0.303

Values are presented as mean±standard deviation or number (%).
ICS: inhaled corticosteroid.

Table 4. Multivariate linear regression analyses of factors associated with defervescence time and length of hospital stay

Parameter
Defervescence time Length of hospital stay

Coefficient (95% CI) p-value* Coefficient (95% CI) p-value*

Age –0.04 (–0.11 to 0.04) 0.362 –0.29 (–0.59 to 0.01) 0.061

FEV1% 0.01 (–0.02 to 0.04) 0.581 –0.01 (–0.12 to 0.11) 0.945

Mechanical ventilation –0.90 (–3.54 to 1.74) 0.492 17.07 (9.56 to 24.57) <0.001

Complicated pneumonia –1.64 (–3.94 to 0.66) 0.157 –0.59 (–7.81 to 6.30) 0.871

CURB-65 1.05 (0.09 to 2.02) 0.033 4.21 (1.14 to 7.27) 0.008

Body mass index –0.21 (–0.40 to –0.02) 0.030 –0.59 (–1.31 to 0.13) 0.106

Blood eosinophils 0.00 (–0.01 to 0.01) 0.943 –0.01 (–0.02 to 0.01) 0.904

Exacerbation history 0.31 (–1.04 to 1.67) 0.641 0.37 (–4.50 to 5.23) 0.881

ICS use –0.22 (–1.43 to 0.98) 0.711 2.96 (–1.75 to 7.68) 0.215

*Adjusted for all variables listed in table. 
CI: confidence interval; FEV1: forced expiratory volume in 1 second; CURB-65: confusion, uremia, respiratory rate, blood pressure, age 
≥65 years; ICS: inhaled corticosteroid. 
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record of inhaler use prior to the development of pneu-
monia. ICS use did not affect the severity or outcomes 
of pneumonia. Clinical parameters, including initial vital 
signs, laboratory findings, and radiological severity, 
were comparable between the ICS and non-ICS users. 
The CURB-65 score and pneumonia outcomes, includ-
ing mortality, did not differ between the two groups. 
These results indicated that ICS use may not be related 
to the poor prognosis of pneumonia in patients with 
COPD.

The TORCH study was conducted to examine the 
survival benefit of combination treatment with flutica-

sone propionate/salmeterol10. Although combination 
treatment improved the exacerbation of COPD, health 
status, and lung function; all-cause mortality, which 
was the primary outcome of this study, was not signifi-
cantly different. Nevertheless, the TORCH study was 
the first study to report the increased risk of pneumo-
nia attributed to ICS use (hazard ratio, 1.64; 95% CI, 
1.33 to 2.02). Increased risk of pneumonia with ICS 
use was reported in many randomized controlled trials 
(RCTs) on COPD11-13. Additionally, observational stud-
ies have consistently reported an increased incidence 
of pneumonia in patients treated with ICS compared 

Table 6. Multivariate logistic regression analyses of factors associated with mortality 

Parameter
30 days mortality 90 days mortality

Odds ratio (95% CI) p-value* Odds ratio (95% CI) p-value*

Age 0.88 (0.76–1.02) 0.082 0.96 (0.88–1.04) 0.285

FEV1, % 1.05 (1.01–1.10) 0.027 1.03 (1.00–1.06) 0.045

Diabetes mellitus 0.90 (0.07–11.82) 0.934 1.20 (0.25–5.81) 0.820

Exacerbation history 2.27 (0.32–16.09) 0.413 1.47 (0.39–5.53) 0.568

Body mass index 0.97 (0.69–1.36) 0.843 0.86 (0.68–1.08) 0.197

Complicated pneumonia 3.57 (0.44–28.85) 0.233 3.70 (0.79–17.29) 0.096

Eosinophils (≥150 μL) 2.27 (0.32–16.09) 0.413 1.21 (0.30–4.82) 0.789

CURB-65 (≥3) 8.48 (0.62–115.71) 0.109 2.85 (0.58–14.05) 0.199

ICS use 2.01 (0.21–19.47) 0.545 0.75 (0.19–2.88) 0.670

*Adjusted for all variables listed in table.
CI: confidence interval; FEV1: forced expiratory volume in 1 second; CURB-65: confusion, uremia, respiratory rate, blood pressure, age 
≥65 years; ICS: inhaled corticosteroid. 

Table 5. Multivariate logistic regression analyses of factors associated with mechanical ventilation and intensive care 
unit care

Parameter
Mechanical ventilation Intensive care unit

Odds ratio (95% CI) p-value* Odds ratio (95% CI) p-value*

Age 0.97 (0.88–1.06) 0.454 0.88 (0.76–1.02) 0.084

FEV1% 0.96 (0.92–1.01) 0.103 0.97 (0.91–1.03) 0.254

Multilobar infiltration 1.65 (0.32–8.52) 0.550 5.72 (0.30–110.78) 0.249

Pleural effusion 0.11 (0.01–1.25) 0.074 0.04 (0.00–3.10) 0.150

Complicated pneumonia 37.04 (2.64–520.24) 0.007 613.85 (3.51–107,382.46) 0.015

Exacerbation history 0.62 (0.12–3.24) 0.566 0.45 (0.05–4.41) 0.493

Eosinophils (≥150 μL) 0.32 (0.05–1.96) 0.220 0.03 (0.00–1.10) 0.057

CURB-65 (≥3) 8.95 (1.52–52.68) 0.015 46.32 (2.47–870.21) 0.010

ICS use 0.68 (0.14–3.28) 0.628 1.52 (0.16–14.79) 0.719

*Adjusted for all variables listed in table.
CI: confidence interval; FEV1: forced expiratory volume in 1 second; CURB-65: confusion, uremia, respiratory rate, blood pressure, age 
≥65 years; ICS: inhaled corticosteroid. 
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to those without14,15. The RCTs included cumulative 
cases of pneumonia as safety or adverse outcomes. 
Therefore, pneumonia was primarily diagnosed at the 
physician’s discretion, and chest radiography was not 
mandatory11-13. Observational studies using healthcare 
databases could not confirm pneumonia because the 
corresponding diagnostic code for pneumonia was 
used to define the pneumonia cases14,15. Therefore, we 
should cautiously interpret the study results in patients 
of pneumonia with COPD. An RCT previously conduct-
ed to examine the efficacy of a fluticasone furoate/
vilanterol combination was reassessed to confirm the 
risk of pneumonia in cases of ICS use16. Patients with 
new infiltrations on chest radiography compatible with 
pneumonia, which were reviewed by a radiologist, 
were included only as pneumonia cases. A two-fold in-
creased risk of pneumonia was observed in ICS users 
compared with non-ICS users. Differentiating pneumo-
nia from other diseases, such as COPD exacerbation 
and heart failure, at initial presentation with worsening 
dyspnea is challenging17,18. Real-world studies should 
be conducted to assess whether ICS use affects the 
incidence and outcomes of radiologically confirmed 
pneumonia in patients with COPD.

The pneumonia-related outcomes were examined 
in a post hoc analysis of the TORCH study19. Although 
ICS use increased the incidence of pneumonia, ICS did 
not affect the mortality rate, hospitalization, and length 
of hospitalization. Additionally, the pneumonia-related 
mortality rates did not vary among the other RCTs11,12. 
However, the number of cases of pneumonia and mor-
tality rates were too small for drawing conclusions from 
the RCTs20. Retrospective cohort studies have reported 
conflicting results. Two studies using the National Ad-
ministrative Database of Veterans Affairs reported that 
prior ICS use before hospitalization for CAP significant-
ly decreased the mortality at 30 and 90 days and need 
for mechanical ventilation21,22. However, a Canadian 
cohort study reported that prior ICS use was associat-
ed with increased mortality and hospitalization rates 
attributed to CAP23. A prospective observational study 
conducted to examine the outcomes of pneumonia 
associated with ICS use demonstrated no difference in 
the pneumonia severity, systemic inflammatory mark-
ers, mortality rate, and need for mechanical ventilation 
between ICS and non-ICS users24. In contrast to pre-
vious RCTs and retrospective observational studies, 
only the patients admitted for CAP confirmed by new 
infiltrations on chest radiography along with respiratory 
symptoms suggestive of pneumonia were selected as 
pneumonia cases. The results of this study are con-
sistent with those of our study. The initial vital signs, 

laboratory findings, systemic inflammation, radiolog-
ic severity, and clinical severity assessed using the 
CURB-65 score did not differ between ICS and non-ICS 
users. Additionally, the proportions of mechanical ven-
tilation use, ICU admission, and mortality at 30 and 90 
days were not significantly different. Our study results 
strengthen those of previous RCTs and prospective 
observational studies, indicating that ICS use are not 
associated with poor outcomes of radiologically proven 
pneumonia in COPD. 

It is noteworthy that ICS increases the incidence of 
pneumonia but does not affect its prognoses. Malo de 
Molina et al.22 reported decreased mortality attributed 
to prior ICS use before the development of pneumonia; 
they explained that the suppressive effect of ICS on 
nonspecific airway inflammation could have contribut-
ed to the better outcomes of pneumonia. Mechanistic 
studies have verified that ICS decreases the chemo-
taxis of neutrophils into the airway but maintains the 
functions of peripheral neutrophils, resulting in blunted 
airway inflammation and pneumonia severity25,26. How-
ever, previous prospective observational studies and 
our study results consistently demonstrated that the 
systemic inflammatory markers, including leukocytosis, 
C-reactive protein, procalcitonin, and clinical outcomes, 
did not differ. Therefore, immunosuppression with ICS 
could result in an increased incidence of pneumonia; 
however, it does not affect the outcomes of pneumonia 
in COPD.

Our study had several limitations. First, the small 
sample sizes of the study participants as ICS and non-
ICS users prevents generalizing the study results and 
affects statistical significance. Severity and outcomes 
of pneumonia such as complicated pneumonia and 
ICU care may be significant if there were sufficient 
number of patients. A substantial number of patients 
diagnosed with COPD and pneumonia were excluded 
upon application of the inclusion and exclusion criteria. 
Approximately 40% of the screened patients did not 
have a record of bronchodilator use before pneumo-
nia. As mentioned above, we confirmed the presence 
of cases of non-pneumonic exacerbation and incom-
patible with COPD based on the spirometry criteria. 
Therefore, our study may possess better internal valid-
ity with low bias, as we applied a narrow definition of 
pneumonia cases. Second, we could not determine the 
appropriateness of ICS use. We were unable to collect 
baseline healthcare records regarding the exacerba-
tion history and laboratory findings of blood eosinophil 
counts before the ICS prescription. Given that ICS is 
overly prescribed irrespective of its indication, the out-
comes of pneumonia attributed to proper use of ICS 
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compared to those attributed to improper use of ICS 
may generate conflicting results.

In conclusion, ICS may not affect the severity or 
outcomes of radiologically confirmed pneumonia in 
patients with COPD. We should be vigilant when differ-
entiating between pneumonic and non-pneumonic ex-
acerbations of COPD. Further research is warranted to 
examine the pneumonia outcomes in patients stratified 
according to the appropriateness of ICS use.

Authors’ Contributions

Conceptualization: Lee JH. Methodology: Lee JH. For-
mal analysis: Lee JH. Data curation: Yu I, Park S, Lee SJ. 
Validation: Yu I, Park S, Lee SJ. Investigation: Yu I, Park S, 
Lee SJ. Writing - original draft preparation: Chang MS, 
Cho IS, Lee JH. Writing - review and editing: Yong SJ, 
Lee WY, Kim SH, Lee JH. Approval of final manuscript: 
all authors 

Conflicts of Interest

No potential conflict of interest relevant to this article 
was reported.

Funding

No funding to declare. 

References

1. Torres A, Blasi F, Dartois N, Akova M. Which individu-
als are at increased risk of pneumococcal disease and 
why?: impact of COPD, asthma, smoking, diabetes, 
and/or chronic heart disease on community-acquired 
pneumonia and invasive pneumococcal disease. Thorax 
2015;70:984-9.

2. Ramirez JA, Wiemken TL, Peyrani P, Arnold FW, Kelley R, 
Mattingly WA, et al. Adults hospitalized with pneumonia 
in the united states: incidence, epidemiology, and mor-
tality. Clin Infect Dis 2017;65:1806-12.

3. Gautam SS, O’Toole RF. Convergence in the epidemiol-
ogy and pathogenesis of COPD and pneumonia. COPD 
2016;13:790-8.

4. Hogg JC. Pathophysiology of airflow limitation in chronic 
obstructive pulmonary disease. Lancet 2004;364:709-21.

5. David B, Bafadhel M, Koenderman L, De Soyza A. Eo-
sinophilic inflammation in COPD: from an inflammatory 
marker to a treatable trait. Thorax 2021;76:188-95.

6. Miravitlles M, Auladell-Rispau A, Monteagudo M, 
Vazquez-Niebla JC, Mohammed J, Nunez A, et al. Sys-
tematic review on long-term adverse effects of inhaled 

corticosteroids in the treatment of COPD. Eur Respir Rev 
2021;30:210075.

7. Finney L, Berry M, Singanayagam A, Elkin SL, Johnston 
SL, Mallia P. Inhaled corticosteroids and pneumonia in 
chronic obstructive pulmonary disease. Lancet Respir 
Med 2014;2:919-32.

8. Restrepo MI, Sibila O, Anzueto A. Pneumonia in patients 
with chronic obstructive pulmonary disease. Tuberc Re-
spir Dis (Seoul) 2018;81:187-97.

9. Ilg A, Moskowitz A, Konanki V, Patel PV, Chase M, Grosse-
streuer AV, et al. Performance of the CURB-65 score in 
predicting critical care interventions in patients admitted 
with community-acquired pneumonia. Ann Emerg Med 
2019;74:60-8.

10. Calverley PM, Anderson JA, Celli B, Ferguson GT, Jenkins 
C, Jones PW, et al. Salmeterol and fluticasone propionate 
and survival in chronic obstructive pulmonary disease. N 
Engl J Med 2007;356:775-89.

11. Kardos P, Wencker M, Glaab T, Vogelmeier C. Impact of 
salmeterol/fluticasone propionate versus salmeterol on 
exacerbations in severe chronic obstructive pulmonary 
disease. Am J Respir Crit Care Med 2007;175:144-9.

12. Wedzicha JA, Calverley PM, Seemungal TA, Hagan G, 
Ansari Z, Stockley RA, et al. The prevention of chronic 
obstructive pulmonary disease exacerbations by salme-
terol/fluticasone propionate or tiotropium bromide. Am J 
Respir Crit Care Med 2008;177:19-26.

13. Dransfield MT, Bourbeau J, Jones PW, Hanania NA, 
Mahler DA, Vestbo J, et al. Once-daily inhaled fluticasone 
furoate and vilanterol versus vilanterol only for prevention 
of exacerbations of COPD: two replicate double-blind, 
parallel-group, randomised controlled trials. Lancet Re-
spir Med 2013;1:210-23.

14. Mullerova H, Chigbo C, Hagan GW, Woodhead MA, 
Miravitlles M, Davis KJ, et al. The natural history of com-
munity-acquired pneumonia in COPD patients: a popula-
tion database analysis. Respir Med 2012;106:1124-33.

15. Suissa S, Patenaude V, Lapi F, Ernst P. Inhaled cortico-
steroids in COPD and the risk of serious pneumonia. 
Thorax 2013;68:1029-36.

16. Crim C, Dransfield MT, Bourbeau J, Jones PW, Hanania 
NA, Mahler DA, et al. Pneumonia risk with inhaled fluti-
casone furoate and vilanterol compared with vilanterol 
alone in patients with COPD. Ann Am Thorac Soc 2015; 
12:27-34.

17. Celli BR, Fabbri LM, Aaron SD, Agusti A, Brook RD, Criner 
GJ, et al. Differential diagnosis of suspected chronic ob-
structive pulmonary disease exacerbations in the acute 
care setting: best practice. Am J Respir Crit Care Med 
2023;207:1134-44.

18. Lieberman D, Lieberman D, Gelfer Y, Varshavsky R, 
Dvoskin B, Leinonen M, et al. Pneumonic vs nonpneu-



MS Chang et al.

https://doi.org/10.4046/trd.2023.0176 https://e-trd.org/ 328

monic acute exacerbations of COPD. Chest 2002;122: 
1264-70.

19. Crim C, Calverley PM, Anderson JA, Celli B, Ferguson 
GT, Jenkins C, et al. Pneumonia risk in COPD patients re-
ceiving inhaled corticosteroids alone or in combination: 
TORCH study results. Eur Respir J 2009;34:641-7.

20. Agusti A, Fabbri LM, Singh D, Vestbo J, Celli B, Franssen 
FM, et al. Inhaled corticosteroids in COPD: friend or foe? 
Eur Respir J 2018;52:1801219.

21. Chen D, Restrepo MI, Fine MJ, Pugh MJ, Anzueto A, Me-
tersky ML, et al. Observational study of inhaled cortico-
steroids on outcomes for COPD patients with pneumo-
nia. Am J Respir Crit Care Med 2011;184:312-6.

22. Malo de Molina R, Mortensen EM, Restrepo MI, Cope-
land LA, Pugh MJ, Anzueto A. Inhaled corticosteroid 
use is associated with lower mortality for subjects with 
COPD and hospitalised with pneumonia. Eur Respir J 
2010;36:751-7.

23. Ernst P, Gonzalez AV, Brassard P, Suissa S. Inhaled corti-
costeroid use in chronic obstructive pulmonary disease 
and the risk of hospitalization for pneumonia. Am J Re-
spir Crit Care Med 2007;176:162-6.

24. Singanayagam A, Chalmers JD, Akram AR, Hill AT. Impact 
of inhaled corticosteroid use on outcome in COPD pa-
tients admitted with pneumonia. Eur Respir J 2011;38:36-
41.

25. Llewellyn-Jones CG, Harris TA, Stockley RA. Effect of flu-
ticasone propionate on sputum of patients with chronic 
bronchitis and emphysema. Am J Respir Crit Care Med 
1996;153:616-21.

26. van Overveld FJ, Demkow UA, Gorecka D, Zielinski J, De 
Backer WA. Inhibitory capacity of different steroids on 
neutrophil migration across a bilayer of endothelial and 
bronchial epithelial cells. Eur J Pharmacol 2003;477:261-
7.




