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Abstract: To investigate the association between inhaled corticosteroid (ICS) exposure 

patterns and the risk of pneumonia in chronic obstructive pulmonary disease (COPD) patients, 

we performed a nested case-control study. Between 1998 and 2010, 51,739 patients, including 

19,838 cases of pneumonia, were matched to 74,849 control subjects selected from a cohort of 

COPD patients using ICSs via risk-set sampling of the database constructed by the National 

Health Research Institutes of Taiwan. After adjusting for covariates, the current use of ICSs was 

associated with a 25% increase in the risk of pneumonia (odds ratio [OR] =1.25, 95% confidence 

interval [CI] =1.20–1.30), and there was an increase in the OR with increase in the average 

daily dosage. Additionally, users of fluticasone/salmeterol, fluticasone, and either fluticasone/

salmeterol or fluticasone were more likely to be at a higher risk of pneumonia (OR =1.35, 

95% CI  =1.28–1.41; OR  =1.22, 95% CI  =1.10–1.35; and OR =1.33, 95% CI  =1.27–1.39, 

respectively). In contrast, there were no statistically significant associations between the risk 

of pneumonia and the use of budesonide/formoterol, budesonide, or either budesonide/formot-

erol or budesonide. In conclusion, ICSs are significantly associated with an increased risk of 

pneumonia in COPD patients. The effect is prominent for fluticasone-containing ICSs but not 

for budesonide-containing ICSs.
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Introduction
The burden of COPD has been growing worldwide, and ~218 million persons are 

estimated to have been affected in 2010.1–3 Most importantly, COPD can cause signifi-

cant morbidity and mortality.4–6 Exacerbations are important events for COPD patients 

and can elicit deleterious effects on health status and contribute to disease progression.7 

To prevent COPD exacerbations and reduce their associated hospital admissions, some 

pharmacologic therapies, such as ICSs; LABA; LAMA; macrolide; N-acetylcysteine; 

and nonpharmacologic interventions, including pulmonary rehabilitation, long-term 

oxygen therapy, and home noninvasive ventilator support, have been developed.7–12 

Among these therapies, ICSs have been widely used and are recommended to reduce 

repeated exacerbations in COPD patients with risk factors.8,12

However, safety-related issues regarding ICS remain a serious concern,13 and 

several adverse effects, including oral candidiasis, osteoporosis, hip fractures, 

glaucoma, cataracts, and hyperglycemia, have been reported.13–18 Additionally, several 

studies have also demonstrated a significant association between the use of ICSs and 
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an increase in the risk of pneumonia in COPD patients.19–23 

However, the magnitude of risk and the effects of various 

preparations and doses remain unclear.24 Such inadequacy 

in information on pharmaceutical risk brings to clinicians 

more challenges in making appropriate decisions to balance 

positive and negative effects of ICSs for COPD patients. 

Moreover, the majority of the previous studies20–23 were con-

ducted in the Western countries. Therefore, the findings of 

these studies may not be generalizable to Asian populations, 

such as the Taiwanese. Additionally, previous studies have 

not evaluated the dose–response effects of the combined use 

of ICS and ICS/LABA or the intra-class differences between 

different ICSs and ICS/LABA; however, these factors may 

represent confounds.

The NHI program in Taiwan offers comprehensive 

medical care coverage to all residents. More than 99% of 

the residents in Taiwan have been involved in this program 

since 1996, and the loss of follow-up data in this database 

is extremely rare. By taking advantage of Taiwan’s nation-

wide, population-based database, we were able to conduct an 

investigation of a large population with long-term follow-up. 

Moreover, we used a nested case-control design to overcome 

the possible dose–response effects of the combined use of 

ICS or ICS/LABA and the intra-class differences between 

the ICSs and ICS/LABA. Overall, the aim of this study was 

to investigate the influence of ICS on the risk of pneumonia 

in COPD patients.

Methods
Data source
We used the database constructed by the NHRI of Taiwan. 

This database includes outpatient visits, hospital admissions, 

prescriptions, and disease and vital status data for 99% of the 

population (23 million people) in Taiwan. The patient records 

and information were anonymized and de-identified prior to 

analysis. Therefore, informed consent was not required and 

was specifically waived by the Institutional Review Board of 

NHRI. Ethics approval was obtained from the Institutional 

Review Board of NHRI.

The NHRI used original data from the NHI database to 

construct a longitudinal database of COPD patients from 

1998 to 2010. This cohort included 2,200,000 patients 

representing 60.5% of all patients with heart or lung disease 

in the NHI database (n=3,635,539).

Study cohort
The study cohort comprised all patients who had experienced 

a hospital admission or at least three outpatient visits with 

a COPD diagnostic code (according to the International 

Classification of Diseases, Ninth Revision, Clinical Modifi-

cation [ICD-9-CM] codes 491, 492, and 496) within 1 year 

between 1998 and 2010. Patients were excluded for the fol-

lowing reasons: 1) age 40 or 100 years, 2) unknown demo-

graphic data, 3) had not undergone a lung function test within 

1 year before or after the COPD diagnosis, 4) had not received 

a COPD diagnosis after the lung function test, or 5) had not 

used ICSs after a COPD diagnosis. Consequently, the study 

cohort comprised 51,739 COPD patients who received treat-

ment with ICSs. The index date was defined as the date of 

the first prescription for an ICS after a COPD diagnosis. The 

patients were followed from the index date until the first hos-

pitalization for pneumonia, death, or 31 December 2010.

Pneumonia cases and controls
To investigate the associations between ICS drug exposure 

patterns and the risk of pneumonia, we performed a nested 

case-control study with the study cohort. All individuals in 

the study cohort with the serious pneumonia diagnosis codes 

(ICD-9-CM codes 480–486 and 507) were identified as cases. 

Serious pneumonia was defined as a hospitalization for or 

death from pneumonia. Risk-set sampling, matched for age 

(within 1 year), sex, COPD diagnosis year, and ICS treat-

ment date, was used to find controls from the study cohort. 

Controls could not have pneumonia diagnosis within 1 year 

after matched case’s date of pneumonia diagnosis. Up to four 

controls were selected for each case.

Inhaled pharmacotherapy exposure and 
covariate assessment
All dispensed prescriptions for inhaled drugs used for COPD 

during the follow-up duration were identified. These drugs 

included ICSs (ATC code R03BA), LABAs (ATC codes 

R03AC12 and R03AC13), SABAs (ATC code R03AC), and 

fixed ICS/LABA combinations (ATC codes R03AK06 and 

R03AK07). All treatment periods on the same drug from 

initiation to termination (estimated based on the prescribed 

pack size and the prescribed number of daily inhalations) 

were summarized in terms of treatment length and events. All 

events were assigned to the treatment that the patient received 

at the time of the event. The amounts of oral corticosteroids 

and ICSs were converted to the number of DDDs, as defined 

by the ATC and DDD systems (http://www.whocc.no/atc_

ddd_index/). The converted doses of the inhalation steroids 

were categorized as 0–500 μg, 500–1,000 μg, and 1,000 μg. 

The cumulative duration of inhalation steroid use was cat-

egorized as 1, 1–2, 2–3, and 3 years. Besides, we divided 
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the person-time product into current use, recent use (from 

ICS discontinuation to pneumonia 6 months), and past use 

(from ICS discontinuation to pneumonia 6 months) by using 

nonuse as the reference.

The demographic and clinical characteristics of the 

patients at 1 year before the index date were recorded. 

These characteristic covariates included age, exacerbation 

of COPD (eg, hospitalization for COPD, number of visits 

to emergency departments due to COPD, the use of oral 

steroids or antibiotics), COPD drug use (SABA, LABA, 

or LAMA), and comorbidity (DM, cancer, asthma, chronic 

liver disease, renal failure, hypertension, heart failure, stroke, 

ischemic heart disease, chronic kidney disease, ESRD, and 

CCI). Additionally, the COPD-related health care utilization 

was categorized in terms of COPD hospitalization (no or 

yes), the number of days in hospital for COPD (0, 1, 2, 

or 2 weeks), and the number of outpatient visits for COPD 

(0, 1–5, or 5 times).

Data analysis
This study used SAS software version 9.1.3 (SAS Institute 

Inc., Cary, NC, USA) and R software version 2.14.1 (Free 

Software Foundation, Inc., Boston, MA, USA) to perform 

all statistical analyses. A significance level of 5% was used 

for all analyses.

The yearly rates of severe exacerbation events (hospi-

talizations for COPD, emergency department visits, and 

oral steroid or antibiotic use) were estimated using Poisson 

regressions. The crude and adjusted ORs for the associations 

of pneumonia with the independent variables (eg, oral and 

inhaled corticosteroid use, COPD-related health care utiliza-

tion, and different types of inhalation steroids) with the 95% 

CIs were computed with conditional logistic regression. The 

confounding factors in the model were age, sex, days from 

COPD diagnosis to ICS, exacerbation of COPD, SABA, 

LABA, LAMA, DM, cancer, asthma, chronic liver disease, 

renal failure, hypertension, heart failure, stroke, ischemic 

heart disease, chronic kidney disease, ESRD, and CCI.

Results
Between 1998 and 2010, a total of 673,676 patients in 

the NHRI database were diagnosed with COPD. Among 

these patients, 164,827 had undergone lung function tests 

within 1 year prior to or after the COPD diagnosis. Seven 

thousand three hundred fifteen patients without diagnoses 

of COPD after the lung function test, 101,185 patients who 

did not use ICSs, 4,332 patients aged 40 or 100 years, 

and 256 patients without complete demographic data were 

excluded. Of the remaining 51,739 patients, 19,838 cases 

of pneumonia were matched to 74,849 control subjects 

selected from the COPD cohort using ICS by risk-set sam-

pling (Figure 1).

The demographic characteristics of the study subjects 

are shown in Table 1. The case group was older and had 

more underlying comorbidities, including DM, cancer, 

asthma, chronic liver disease, renal failure, hypertension, 

heart failure, stroke, ischemic heart disease, chronic kidney 

disease, and ESRD, compared with the control group. The 

pneumonia cases were more likely to be associated with 

frequent exacerbations, hospitalizations for COPD, and 

emergency department visits. The mean yearly rates of 

exacerbations, hospitalizations for COPD, and emergency 

department visits were 1.93, 0.63, and 0.46, respectively, in 

the pneumonia group and 1.03, 0.23, and 0.15 in the control 

group, respectively. Additionally, the case group had sig-

nificantly higher rates and doses of oral steroids, antibiotics, 

SABA, LAMA, and LAMA than the control group.

Compared with the control group, the pneumonia case 

group was associated with a significantly higher utilization 

rate of COPD-related health care (COPD hospitalization, 

days in hospital for COPD, and outpatient visits for COPD) 

within the year prior to the event (Table 2). After adjust-

ing for age, sex, days from COPD diagnosis to ICS, oral 

steroid use, SABA, LABA, LAMA, and comorbidity, the 

conditional logistic regression analysis revealed that those 

with 1 COPD hospitalization were at a significantly 

higher risk for developing pneumonia than those without 

COPD hospitalization (OR  =2.58, 95% CI  =2.48–2.69).  

A dose–response relationship was found between the days 

in the hospital for COPD and the risk of pneumonia devel-

opment. Among our study subjects, the adjusted ORs were 

1.81 (95% CI =1.70–1.93), 2.38 (95% CI =2.23–2.54), and 

3.73 (95% CI =3.53–3.95) for the patients who spent 1–7, 

8–14, and 14 days in the hospital for COPD, respectively. 

Additionally, there was a slight trend toward an increased 

risk of pneumonia among those with 5 outpatient visits for 

COPD (OR =1.25, 95% CI =1.19–1.31).

Table 3 depicts the comparisons of the timing and 

average daily dose (DDD) of oral corticosteroids and ICSs 

between the cases and the control group. After adjusting for 

the covariates, the patients currently using (within 60 days) 

oral corticosteroids exhibited a 2.2-fold increase in the risk 

of pneumonia (OR =2.18, 95% CI =2.10–2.28). However, 

the current use of an ICS was associated with a 25% increase 

in the risk of pneumonia (OR =1.25, 95% CI =1.20–1.30). 

Additionally, the mean daily dosages ranged from 0.15 
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DDD/day for oral corticosteroids in the control group to 0.43 

DDD/day for ICSs in the case group.

Table 4 reveals that the current use of ICS was associ-

ated with a 1.26-fold increase in the risk of pneumonia 

(OR =1.26, 95% CI =1.21–1.32). However, there was no 

significant association between the past use of ICS and 

the risk of pneumonia (OR  =0.94, 95% CI  =0.86–1.04). 

The OR increased with increase in the average daily 

dosage (DDD), which ranged from 10% for the 0 to 

500 μg group (OR =1.10, 95% CI =1.04–1.16) to 63% for 

the 1,000 μg ICS group (OR =1.63, 95% CI =1.50–1.78). 

The significantly highest risk of pneumonia was observed 

in those with 2–3 years of exposure to ICSs (OR =1.38, 

95% CI =1.21–1.59).

We performed conditional logistic regression to examine 

whether significant heterogeneity among the different types 

of ICSs contributed to the risk of pneumonia (Table 5). 

After adjusting for the covariates, the users of fluticasone/

salmeterol, fluticasone, and the users of either fluticasone/

salmeterol or fluticasone were more likely found to be at 

greater risks for pneumonia (OR =1.35, 95% CI =1.28–1.41; 

OR  =1.22, 95% CI  =1.10–1.35; and OR  =1.33, 95% 

CI =1.27–1.39, respectively). Interestingly, there were no 

significant differences in the risks of pneumonia following 

Figure 1 Study flowchart (nested case-control study).
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the use of budesonide/formoterol (adjusted OR =1.02, 95% 

CI  =0.96–1.08), budesonide (adjusted OR  =1.06, 95% 

CI =0.99–1.13), or either budesonide/formoterol or budes-

onide (adjusted OR =1.03, 95% CI =0.99–1.08).

Discussion
In this large, national population-based study of COPD 

patients who used ICSs, we identified several significant 

findings. Most importantly, we found that the use of ICSs was 

Table 1 Characteristics of pneumonia cases and their matched controls selected from a cohort of patients with COPD

Characteristics Cases n=19,838 Controls n=74,849 Crude OR (95% CI)

Male (%) 15,334 (77.3) 58,817 (78.6) –
Days from COPD diagnosis to ICS 798.46±955.09 749.62±929.81 –
One year before the event date

Age (mean ± SD) 73.08±10.00 72.60±9.50 1.05 (1.04–1.05)*
Exacerbationa (%) 12,745 (64.2) 30,070 (40.2) 3.21 (3.10–3.33)*

Yearly rate (mean ± SD) 1.93±2.52 1.03±1.98 1.20 (1.19–1.21)*
Hospitalization for COPD (%) 7,572 (38.2) 12,494 (16.7) 3.64 (3.50–3.78)*

Yearly rate (mean ± SD) 0.63±1.03 0.23±0.61 1.99 (1.94–2.03)*
Emergency department visits (%) 5,654 (28.5) 7,957 (10.6) 3.68 (3.53–3.83)*

Yearly rate (mean ± SD) 0.46±0.95 0.15±0.52 1.96 (1.91–2.01)*
Oral steroids (%) 7,503 (37.8) 18,655 (24.9) 1.96 (1.90–2.03)*

Yearly rate (mean ± SD) 1.24±2.40 0.71±1.83 1.13 (1.12–1.14)*
Antibiotics (%) 4,671 (23.5) 9,935 (13.3) 2.12 (2.04–2.21)*

Yearly rate (mean ± SD) 0.40±1.01 0.22±0.77 1.26 (1.24–1.29)*
SABA (%) 8,234 (41.5) 22,801 (30.5) 1.74 (1.68–1.80)*
LABA (%) 1,503 (7.6) 4,649 (6.2) 1.35 (1.26–1.44)*
LAMA (%) 2,374 (12.0) 5,762 (7.7) 1.70 (1.61–1.79)*

Comorbidity (%)
DM 4,596 (23.2) 13,746 (18.4) 1.34 (1.29–1.39)*
Cancer 3,543 (17.9) 7,880 (10.5) 1.86 (1.78–1.94)*
Asthma 11,547 (58.2) 36,942 (49.4) 1.49 (1.44–1.54)*
Chronic liver disease 2,191 (11.0) 7,523 (10.1) 1.12 (1.07–1.18)*
Renal failure 2,300 (11.6) 5,726 (7.7) 1.57 (1.49–1.66)*
Hypertension 11,200 (56.5) 39,871 (53.3) 1.13 (1.10–1.17)*
Heart failure 4,119 (20.8) 8,811 (11.8) 1.99 (1.91–2.08)*
Stroke 3,571 (18.0) 9,884 (13.2) 1.44 (1.38–1.51)*
Ischemic heart disease 5,947 (30.0) 19,689 (26.3) 1.20 (1.16–1.25)*
Chronic kidney disease 2,774 (14.0) 6,989 (9.3) 1.57 (1.50–1.65)*
ESRD 250 (1.3) 409 (0.5) 2.27 (1.94–2.67)*

CCI (mean ± SD) 2.86±2.21 2.06±1.62 1.25 (1.24–1.26)*

Notes: aExacerbation includes use of antibiotics and oral steroids, emergency department visits, and hospitalization for COPD; *P0.05.
Abbreviations: DM, diabetes mellitus; ICS, inhaled corticosteroid; CCI, Charlson Comorbidity Index; CI, confidence interval; ESRD, end-stage renal disease; OR, odds ratio; 
LABA, long-acting β2-agonists; LAMA, long-acting anti-muscarinic antagonists; SABA, short-acting β2-agonists; SD, standard deviation.

Table 2 COPD-related health care utilization in the past year of the event

Cases (n=19,838) Controls (n=74,849) Crude OR (95% CI) Adjusted ORa (95% CI)

COPD hospitalization, n (%)
0 12,266 (61.8) 62,355 (83.3) Reference Reference
1 7,572 (38.2) 12,494 (16.7) 3.63 (3.50–3.78)* 2.58 (2.48–2.69)*

No. of days in hospital for COPD, n (%)
0 12,266 (61.8) 62,355 (83.3) Reference Reference
1–7 1,824 (9.2) 4,537 (6.1) 2.35 (2.21–2.50)* 1.81 (1.70–1.93)*
8–14 1,991 (10.0) 3,722 (5.0) 3.23 (3.04–3.44)* 2.38 (2.23–2.54)*
14 3,757 (18.9) 4,235 (5.7) 5.64 (5.34–5.95)* 3.73 (3.53–3.95)*

No. of outpatient visits for COPD, n (%)
0 5,116 (25.8) 25,795 (34.5) Reference Reference
1–5 6,446 (32.5) 25,137 (33.6) 1.41 (1.35–1.48)* 1.06 (1.01–1.11)*
5 8,276 (41.7) 23,917 (32.0) 2.00 (1.91–2.08)* 1.25 (1.19–1.31)*

Notes: aThe model was adjusted for age, sex, days from COPD diagnosis to ICS, oral steroid use, SABA, LABA, LAMA, DM, cancer, asthma, chronic liver disease, renal 
failure, hypertension, heart failure, stroke, ischemic heart disease, chronic kidney disease, ESRD, and CCI; *P0.05.
Abbreviations: DM, diabetes mellitus; ICS, inhaled corticosteroid; CCI, Charlson Comorbidity Index; CI, confidence interval; ESRD, end-stage renal disease; OR, odds ratio; 
LABA, long-acting β2-agonists; LAMA, long-acting anti-muscarinic antagonists; SABA, short-acting β2-agonists.
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Table 3 Oral and inhaled corticosteroid use in pneumonia cases and control patients

Cases (n=19,838) Controls (n=74,849) Crude OR (95% CI) Adjusted ORa (95% CI)

Oral corticosteroid exposure, n (%)
Current use (within 60 days) 9,323 (47) 18,325 (24.5) 2.98 (2.88–3.09)* 2.18 (2.10–2.28)*
In the last 120 days 10,839 (54.6) 24,997 (33.4) 2.62 (2.53–2.71)* 1.85 (1.78–1.93)*
Average daily dose (DDD)b, mean (SD) 0.38 (0.62) 0.15 (0.37) 3.00 (2.89–3.11)* 2.18 (2.10–2.27)*

ICS exposure, n (%)
Current use (within 60 days) 8,260 (41.6) 25,037 (33.5) 1.55 (1.49–1.60)* 1.25 (1.20–1.30)*
In the last 120 days 10,024 (50.5) 31,482 (42.1) 1.55 (1.50–1.61)* 1.21 (1.16–1.26)*
Average daily dose (DDD)b, mean (SD) 0.43 (0.59) 0.32 (0.51) 1.55 (1.50–1.59)* 1.27 (1.23–1.31)*

Notes: aThe model was adjusted for age, sex, days from COPD diagnosis to ICS, exacerbation, hospitalization for COPD, emergency department visits, antibiotics use, oral 
steroids use, SABA, LABA, LAMA, DM, cancer, asthma, chronic liver disease, renal failure, hypertension, heart failure, stroke, ischemic heart disease, chronic kidney disease, 
ESRD, and CCI; bdoses in prednisolone equivalents; *P0.05.
Abbreviations: DM, diabetes mellitus; ICS, inhaled corticosteroid; CCI, Charlson Comorbidity Index; CI, confidence interval; DDD, defined daily doses; ESRD, end-stage 
renal disease; OR, odds ratio; LABA, long-acting β2-agonists; LAMA, long-acting anti-muscarinic antagonists; SABA, short-acting β2-agonists.

Table 4 Crude and adjusted odds ratios of pneumonia associated with inhalation steroid use

Cases (n=19,838) Controls (n=74,849) Crude OR (95% CI) Adjusted ORa (95% CI)

ICS use in the past 120 days, n (%) 

No use 9,814 (49.5) 43,367 (57.9) Reference Reference
Current useb 8,260 (41.6) 25,037 (33.5) 1.62 (1.56–1.68)* 1.26 (1.21–1.32)*
Recent useb 1,064 (5.4) 3,754 (5.0) 1.36 (1.26–1.47)* 1.09 (1.01–1.18)*
Past useb 700 (3.5) 2,691 (3.6) 1.22 (1.12–1.34)* 0.94 (0.86–1.04)

Average daily dosage, DDDc, n (%)
No use within 60 days 11,578 (58.4) 49,812 (66.5) Reference Reference
0 to 500 μg 2,798 (14.1) 9,888 (13.2) 1.31 (1.24–1.37)* 1.10 (1.04–1.16)*

500 to 1,000 μg 4,309 (21.7) 12,659 (16.9) 1.65 (1.58–1.73)* 1.33 (1.26–1.39)*

1,000 μg 1,153 (5.8) 2,490 (3.3) 2.31 (2.13–2.50)* 1.63 (1.50–1.78)*

Cumulative duration, years, n (%)
1 6,646 (33.5) 20,580 (27.5) 1.54 (1.48–1.60)* 1.24 (1.18–1.29)*

1–2 849 (4.3) 2,413 (3.2) 1.53 (1.41–1.66)* 1.25 (1.14–1.36)*
2–3 359 (1.8) 959 (1.3) 1.63 (1.44–1.85)* 1.38 (1.21–1.59)*
3 406 (2.0) 1,085 (1.4) 1.64 (1.46–1.85)* 1.34 (1.18–1.52)*

Notes: aThe model was adjusted for age, sex, days from COPD diagnosis to ICS, exacerbation, hospitalization for COPD, emergency department visits, antibiotics use, oral 
steroids use, SABA, LABA, LAMA, DM, cancer, asthma, chronic liver disease, renal failure, hypertension, heart failure, stroke, ischemic heart disease, chronic kidney disease, 
ESRD, and CCI; bcurrent use with drug prescription within 60 days of the event date; recent use with drug prescription in the 60–90 days before the event date; past use 
with drug prescription in the 90–120 days before the event date; cdoses in fluticasone equivalents; *P0.05.
Abbreviations: DM, diabetes mellitus; ICS, inhaled corticosteroid; CCI, Charlson Comorbidity Index; CI, confidence interval; ESRD, end-stage renal disease; OR, odds ratio; 
LABA, long-acting β2-agonists; LAMA, long-acting anti-muscarinic antagonists; DDD, defined daily doses; SABA, short-acting β2-agonists.

Table 5 Risk of overall pneumonia associated with the use of any individual inhalation steroid

Inhalation steroid use, n (%) Cases (n=19,838) Controls (n=74,849) Crude OR (95% CI) Adjusted ORa (95% CI)

(1) Fluticasone/salmeterol 3,901 (19.7) 9,924 (13.3) 1.68 (1.61–1.76)* 1.35 (1.28–1.41)*
(2) Budesonide/formoterol 1,910 (9.6) 6,198 (8.3) 1.18 (1.12–1.25)* 1.02 (0.96–1.08)
(3) Fluticasone 679 (3.4) 2,041 (2.7) 1.33 (1.21–1.46)* 1.22 (1.10–1.35)*
(4) Budesonide 1,987 (10.0) 6,846 (9.1) 1.16 (1.10–1.23)* 1.06 (0.99–1.13)
(1) or (2) 5,661 (28.5) 15,915 (21.3) 1.58 (1.52–1.65)* 1.26 (1.20–1.31)*
(3) or (4) 2,632 (13.3) 8,814 (11.8) 1.23 (1.17–1.30)* 1.12 (1.05–1.18)*
(1) or (3) 4,528 (22.8) 11,879 (15.9) 1.63 (1.57–1.70)* 1.33 (1.27–1.39)*
(2) or (4) 3,815 (19.2) 12,907 (17.2) 1.17 (1.13–1.23)* 1.03 (0.99–1.08)

Notes: aThe model was adjusted for age, sex, days from COPD diagnosis to ICS, exacerbation, hospitalization for COPD, emergency department visits, antibiotics use, oral 
steroids use, SABA, LABA, LAMA, DM, cancer, asthma, chronic liver disease, renal failure, hypertension, heart failure, stroke, ischemic heart disease, chronic kidney disease, 
ESRD, and CCI; *P0.05.
Abbreviations: DM, diabetes mellitus; ICS, inhaled corticosteroid; CCI, Charlson Comorbidity Index; CI, confidence interval; DDD, defined daily doses; ESRD, end-stage 
renal disease; OR, odds ratio; LABA, long-acting β2-agonists; LAMA, long-acting anti-muscarinic antagonists; SABA, short-acting β2-agonists.
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pneumonia was higher with fluticasone use (RR =2.01, 95% 

CI =1.93–2.10) and lower with budesonide use (RR =1.17, 

95% CI  =1.09–1.26). In a subanalysis of the PATHOS 

study,23 the rate of pneumonia event per 100 patient-years 

was higher among fluticasone/salmeterol users (10.4–11.8) 

than among budesonide/formoterol users (6.0–6.4). The 

different effects of the budesonide-containing preparation 

and fluticasone-containing preparations may be attributable 

to the differences in the pharmacokinetic and pharmacody-

namic characteristics of fluticasone and budesonide, which 

may have possible implications. Several studies have dem-

onstrated that fluticasone is a more lipophilic corticosteroid 

and a more potent immunosuppressant than budesonide; 

therefore, fluticasone may exhibit a longer period of reten-

tion in the airway and a prolonged suppression of local 

immunity that facilitates bacterial colonization and possible 

infections.26–30

The results of the present study should be interpreted 

in light of its both strength and weakness. One of the 

major strengths is that this investigation was a nationwide 

population-based cross-sectional study that included nearly 

all of the COPD patients in Taiwan. Indeed, the NHI covered 

99.0% of Taiwan’s population with complete follow-up 

information regarding mortality for the entire study popula-

tion. Additionally, the dataset was routinely monitored for 

diagnostic accuracy by the National Health Insurance Bureau 

of Taiwan. In this national database study, the majority of 

the COPD diagnoses were made by physicians on the basis 

of clinical findings without performing pulmonary func-

tion tests. To improve the accuracy of COPD diagnoses, 

only those patients who had undergone pulmonary function 

tests within 1 year of the COPD diagnosis were enrolled. In 

addition to the large sample size, we analyzed the data using 

rigorous statistical methods. The duration–response relation-

ship may further add to the causal relationship between the 

use of ICSs and the increasing risk for pneumonia. Finally, 

the findings of this study were based on real-world practice. 

Therefore, our study should be representative of Taiwan and 

thus should provide useful information.

However, our study still had several limitations. First, we 

did not have detailed data regarding the pulmonary function 

tests and could not assess the quality of life. Therefore, we 

could evaluate the severity of COPD, but we could not further 

ensure that every patient received ICS or ICS/LABA according 

to the recommendations of guideline. Second, a randomized 

controlled study design was not used in this study, but instead 

we used a nested case-control study design. A nested case-

control study is a variation of a case-control study in which 

significantly associated with an increased risk of pneumonia 

among the COPD patients. Furthermore, we observed that 

the current users of ICSs exhibited a 1.25-fold increase in 

the risk of pneumonia (OR  =1.25, 95% CI  =1.20–1.30). 

In contrast, we did not identify any significant associa-

tion between the past use of ICSs and the risk of pneumonia 

(OR =0.94, 95% CI =0.86–1.04). This finding is in line with 

the previous study22 that showed the ICS-associated risk of 

serious pneumonia would decline gradually after stopping 

ICS use and even disappear after 6 months. Therefore, these 

findings hint that the effect of ICS on the risk of pneumonia 

for COPD patients may not last for long, and the increas-

ing risk was only evident for current users. We also found 

that the risk of pneumonia increased as the dose increased 

or the ICS exposure duration increased. These findings are 

consistent with those reported by previous studies.22 Suissa 

et al22 investigated a cohort of 163,514 patients and found 

that the current use of ICS was associated with a 69% 

increase in the rate of serious pneumonia (RR =1.69, 95% 

CI =1.63–1.75). In another recent review,25 budesonide and 

fluticasone delivered alone or in combination with a LABA 

were found to be associated with an increased risk of serious 

adverse pneumonia events that required hospital admission. 

For fluticasone, the OR for the increase in nonfatal serious 

adverse pneumonia events was 1.78 (95% CI =1.50–2.12;  

ie, 18 more per 1,000 treated over 18 months), and for budes-

onide, the OR was 1.62 (95% CI =1.00–2.62; six more per 

1,000 treated over 9 months).25 In contrast, Suissa et al also 

reported that the discontinuation of ICSs was associated with 

a 37% decrease in the rate of serious pneumonia (RR =0.63, 

95% CI =0.60–0.66) and that the risk reduction persisted 

for both fluticasone (RR  =0.58, 95% CI  =0.54–0.61) and 

budesonide (RR =0.87, 95% CI =0.78–0.97). All of these 

findings demonstrated that the use of ICSs by COPD patients 

increased the risk of pneumonia.

Additionally, we found that the risk of pneumonia among 

the COPD patients varied according to the different prepara-

tions of the ICSs. With adjustment for covariates, the users 

of fluticasone/salmeterol, fluticasone, and either fluticasone/

salmeterol or fluticasone were found to be at a greater risk of 

pneumonia (OR =1.35, 95% CI =1.28–1.41; OR =1.22, 95% 

CI =1.10–1.35; and OR =1.33, 95% CI =1.27–1.39, respec-

tively). In contrast, there were no significant differences in the 

risk of pneumonia among the users of budesonide/formoterol 

(OR =1.02, 95% CI =0.96–1.08), budesonide (OR =1.06, 

95% CI  =0.99–1.13), or either budesonide/formoterol or 

budesonide (OR  =1.03, 95% CI  =0.99–1.08). A previous 

study22 produced similar findings that the rate of serious 
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