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Background: Inhaled corticosteroids (ICS) are associated with an increased risk of clinical pneumonia among patients with chronic
obstructive pulmonary disease (COPD). It is unknown whether the risk of microbiologically verified pneumonia such as pneumococcal
pneumonia is increased in ICS users.

Methods: The study population consists of all COPD patients followed in outpatient clinics in eastern Denmark during 2010-2017.
ICS use was categorized into four categories based on accumulated use. A Cox proportional hazard regression model was used
adjusting for age, body mass index, sex, airflow limitation, use of oral corticosteroids, smoking, and year of cohort entry. A propensity
score matched analysis was performed for sensitivity analyses.

Findings: A total of 21,438 patients were included. Five hundred and eighty-two (2.6%) patients acquired a positive lower airway tract
sample with S. pneumoniae during follow-up. In the multivariable analysis ICS-use was associated with a dose-dependent risk
of S. pneumoniae as follows: low ICS dose: HR 1.11, 95% CI 0.84 to 1.45, p = 0.5; moderate ICS dose: HR 1.47, 95% CI 1.13 to 1.90,
p =0.004; high ICS dose: HR 1.77, 95% CI 1.38 t0 2.29, p < 0.0001, compared to no ICS use. Sensitivity analyses confirmed these results.
Interpretation: Use of ICS in patients with severe COPD was associated with an increased and dose-dependent risk of
acquiring S. pneumoniae, but only for moderate and high dose. Caution should be taken when administering high dose of ICS to
patients with COPD. Low dose of ICS seemed not to carry this risk.
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Introduction

Chronic obstructive pulmonary disease (COPD) is often associated with an abnormal inflammatory response in the lungs.'
Inhaled corticosteroids (ICS) in different combinations with bronchodilators have in several randomized trials showed
reduction in exacerbation risk.>> However, ICS appear to have minimal or no impact on decline of lung function® and
patients without eosinophilic inflammation may not benefit from such treatment.” ICS treatment is known to confer increased
risk of clinical pneumonia.® Whilst ICS are first-line therapy for patients with asthma, the efficacy, safety and role of ICS in the
management of patients with COPD is of a more complex nature and adverse effects may outweigh the benefits.®

Streptococcus pneumoniae (S. pneumoniae) is one of the most common causes of community acquired pneumonia.
Lower respiratory tract infections due to S. pneumoniae are associated with significant morbidity and mortality world-
wide, particularly among elderly, immunocompromised, and patients with COPD.”'® The risk for pneumonia-related
mortality is almost threefold higher when pneumonia is pneumococcal.'® Patients with chronic respiratory diseases have
an increased risk of acquiring pneumococcal pneumonia (Rate ratio 3.7-9.8) and an increased risk of invasive
pneumococcal disease (Rate ratio 2.5-7.7).’

Previously, the increased risk of pneumonia related to ICS usage has been investigated solely by clinical or radiological
defined pneumonia. In this study, we used microbial samples from the lower airways which is a more specific method since
clinical pneumonia can be caused by many pathogens, and may be purely inflammatory without microbiological cause.
Furthermore, it is unknown whether ICS dosage affects the risk of specific pneumonia etiologies such as S. pneumoniae.

This study aimed to determine the risk of accruing a positive S. preumoniae lower airway tract sample associated
with dosages of ICS in COPD patients.

Methods

Study Design

This observational cohort study consisted of COPD patients with an outpatient clinic visit registered between January 2010 and
February 2018. The first clinical visit was defined as study entry. Data on hospital admission, comorbidities, and medication were
gathered from the previous year to cohort entry. Age, body mass index (BMI), Forced Expiratory Volume in the first second
(FEV1), Medical Research Council dyspnea score (MRC), and smoking status were collected on study entry. If a value of a given
variable on study entry was missing, the value was taken from the next clinical visit with a registered value leading to high data
completeness. We followed the patients for one year or until the end of the study period (19th February 2018). Follow up ended if
the patient had a positive S. pneumoniae lower airway tract sample or if the patient died. The primary outcome was a positive
S. pneumoniae sample obtained from the lower part of the respiratory tract (ie, expectorate, tracheal secretion, or bronchial
alveolar lavage). Samples are not routinely gathered from patients without signs of infection. Selection criteria are summarized in
Figure 1. We excluded the following: (1) patients from the western regions of Denmark because of no access to microbiological
data, (2) patients with a positive S. pneumoniae sample from the lower respiratory tract within the month prior to cohort entry, (3)
patients receiving any disease-modifying antirheumatic drugs (Anatomical Therapeutic Chemical (ATC) codes:'' L04AX03,
LO1AAO1, AO7ECO01, LO4ADO1, L0O4AA13, L0O4AX01, LO4AA06, POIBAO02) one year before cohort entry, and (5) patients
with immunodeficiency (International Classification of Disease (ICD-10) codes: D80-85, D89) or malignant disease (ICD-10
codes: C00-C97) diagnosed within 5 years prior to cohort entry. ICD-10 codes are summarized in Supplementary Table 1. This

study is written in accordance with STROBE guidelines. The protocol with an analysis plan was written before the data analysis
and is available online on the COP:TRIN website.'?

Source of Data

This study combined four different Danish national health databases. Access was granted in agreement with the Danish law on
Data protection. The following 4 registers were used: The Danish Register of Chronic Obstructive Pulmonary Disease
(DrCOPD) is a national register. DrCOPD comprises data on all patients with a diagnosis of COPD registered in Danish
hospitals and around 90% complete datasets. The database allowed us to find COPD patients with outpatient clinic visits at
pulmonologist, and provides data on age, BMI, pulmonary parameters, and smoking status.'* The Danish National Database
of Reimbursed Prescriptions (DNDRP) holds information of all nationwide redeemed prescriptions since 2004. Drugs are
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Patients registered in DrCOPD with COPD
(1 January 2010 - 19 February 2018)

97,027
Patients excluded:
No outpatient contacts: 37,858
From west Denmark: 33,417
L, DMARD prescribed the 365 prior to cohort entry: 443

S. pneumoniae positive 30 days prior to cohort entry: 119
Malignancy or Immune Deficiency 5 years up to study entry: 2,752

Total: 74,589
v
Entire Cohort
22,438
I
v v
S. pneumoniae positive S. pneumoniae negative
patients 365 days patients 365 days
after study entry after study entry
582 21,856

Figure | Selection criteria flowchart. The entire cohort consists of 22,438 patients, of which 582 acquired a positive S. pneumoniae from a lower airway tract sample during
follow up period of 365 days.

Abbreviations: DRCOPD, Danish Register of Chronic Obstructive Pulmonary Disease; DMARD, Disease Modifying Anti-Rheumatic Drugs; S. pneumoniae, Streptococcus
pneumoniae.

registered after the Anatomical Therapeutic Chemical (ATC) classification.'* This database was used to collect information
about ICS exposure, other inhalation medicine, and antibiotics. Microbiological data were supplied from the Clinical
Microbiology Departments in Eastern Denmark (Region Zealand and the Capital Region) to retrieve patients with positive
S. pneumoniae samples from lower respiratory tract samples. The Danish National Patient Registry (DNPR) contains data on
hospital admissions and outpatient visits including information on registered comorbidities.'> The linking of databases is
possible due to the Danish civil personal registry number, a 10-digit number unique for every Danish citizen.

ICS Exposure

Exposure to ICS was calculated as the accumulated budesonide equivalent dose using all ICS prescriptions reimbursed within
365 days prior to study entry. An accumulated dose was calculated, and the different ICS types were converted into budesonide-
equivalent doses, mometasone and beclomethasone were considered equivalent to budesonide ciclesonide at 2.5:1, fluticasone
propionate at 2:1, and fluticasone furoate at 10:1.,'® ICS-users were categorized into tertiles, low, moderate, and high ICS use
based on accumulated budesonide-equivalent dose.

Statistical Analysis

The risk of obtaining a positive S. pneumoniae sample associated with ICS use was estimated by a Cox proportional
hazard regression model. Death was censored. The model was adjusted for the following suspected confounders: GOLD
stage'” (percentage of predicted FEV1; stage 1-4), BMI (class 1-5, class 2 used as reference), smoking status (active or
not active. Never smokers were categorized as not active smokers due to the rarity of never smokers in the Danish COPD
population), age (group 1-4 as shown in Table 1), sex (male or female), the accumulated dose of oral corticosteroid
(OCS) used one year prior to study entry (no OCS, low or high use), and calendar year for study entry. Groups used in the
Cox analysis are shown in Table 1. The model was checked for proportionality. Continuous variable used in the model
met the linearity criteria for the Cox regression. Additionally, we conducted stratified Cox analyses for budesonide and
fluticasone users, adjusting for the same variables as in the main analysis. The propensity matching was made based on
the same covariates adjusted for in the Cox analysis using the Greedy-Match algorithm suggested by the Mayo Clinic.'®
Patients exposed to low tertile and no ICS dose were matched with patients exposed to middle and high tertile of ICS
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equivalent accumulated dose in a one-to-one ratio. An unadjusted Cox proportional hazard regression was used to
estimate the risk of S. pneumoniae in the propensity matched population.
To address missing values for the Cox and the Propensity match these were replaced with the most common value for the

given parameter to minimize attrition bias.

Results

We included 22,438 patients with COPD with a minimum of one outpatient visit (Figure 1). A total of 582
patients had a positive S. pneumoniae sample from the lower respiratory tract within 365 days after cohort entry.
The study populations median age was 70 years, median BMI was 25 kg/m?, and the median FEV1% was 50%.
Characteristics for patients with and without a positive S. pneumoniae sample and for the propensity matched

cohort are reported in Table 1.

Table | Patient Characteristics for the Study Cohort Based on the Danish COPD Register (n = 22,438) According to
Findings of S. pneumoniae Isolated from Lower Respiratory Tract Samples and the Propensity-Matched Cohort (n =
13,324). There Were No Significant Differences on the Matched Variables in the Propensity-Matched Cohort

Entire Cohort (n=22,438) Propensity-Matched Cohort (n=13,324)
S. pneumoniae S. pneumoniae High or Moderate Tertile ICS Low Tertile or No ICS
Positive (n=582) Negative (n=21,856) Exposure* (n=6662) Exposure* (n=6662)
Demographics at cohort entry
Age, years, median (IQR) 67.8 (61.0-74.6) 69.7 (61.9-77.1) 70.1 (63.0-77.5) 70.5 (62.8-77.9)
Age group, years, n (%)
<62 158 (27.2) 5531 (25.3) 1483 (22.3) 1536 (23.1)
62-69 190 (32.7) 5626 (25.7) 1823 (27.4) 1685 (25.3)
70-77 141 (24.2) 5823 (26.6) 1786 (26.8) 1812 (27.2)
>77 93 (16.0) 4876 (22.3) 1570 (23.6) 1629 (24.5)
Male, n (%) 305 (52.4) 10,223 (46.8) 2986 (44.8) 3013 (45.2)
BMI, kg/m,2 median (IQR) 23 (20-27) 25 (21-29) 25 (21-29) 25 (21-29)
BMI class, kg/m,? n (%)
<185 92 (15.8) 1813 (8.3) 601 (9.0) 519 (7.8)
18.5-24.9 223 (38.3) 7306 (33.4) 2935 (44.1) 2987 (44.8)
25-29.9 141 (24.2) 5780 (26.5) 1822 (27.4) 1810 (27.2)
30-34.9 54 (9.3) 2819 (12.9) 841 (12.6) 875 (13.1)
235 25 (4.3) 1503 (6.9) 463 (7.0) 471 (7.1)
Unknown 47 8.1) 2635 (12.1)
Smoking status, n (%)
Active 268 (46.1) 7317 (33.5) 2180 (32.7) 2236 (33.6)
Former 257 (44.2) 11,404 (52.2) 4291 (64.4) 4200 (63.0)
Never 9 (1.6) 701 (3.2) 191 (2.9) 226 (3.4)
Unknown 48 (8.3) 2434 (11.1)
(Continued)
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Table | (Continued).

Entire Cohort (n=22,438) Propensity-Matched Cohort (n=13,324)
S. pneumoniae S. pneumoniae High or Moderate Tertile ICS Low Tertile or No ICS
Positive (n=582) Negative (n=21,856) Exposure* (n=6662) Exposure* (n=6662)
Pulmonary parameters at cohort entry
MRC (I-5), Median (IQR) 3(24) 3 (24) 3(24) 3(24)
MRC unknown, n (%) 53 (9.) 2751 (12.6) - -
FEVI(%) median (IQR) 40 (28-51) 50 (36-63) 48 (36-60) 48 (36-62)

GOLD stage 14 according to FEVI(%), n (%)

>80 15 (2.8) 1334 (6.9) 288 (4.3) 229 (3.4)

79-50 133 (24.9) 8358 (43.3) 3114 (46.7) 3218 (48.3)
49-30 228 (42.7) 6706 (34.7) 2431 (36.5) 2373 (35.6)
<30 158 (29.6) 2910 (15.1) 829 (12.4) 842 (12.6)
Unknown 48 (8.2) 2548 (11.7) ; )

Hospitalization 365 days prior to cohort entry

Number of AECOPD-Hosp, n (%)

0 190 (32.7) 10,893 (49.8) 3043 (45.7) 3265 (49.0)
I 84 (14.4) 2998 (13.7) 928 (13.9) 962 (14.4)
&) 308 (52.9) 7965 (36.4) 2691 (40.4) 2435 (36.6)

2| All-Cause-Hosp, n (%) 451 (77.5) 13,981 (64.0) 4262 (64.0) 4422 (66.4)

Comorbidities®, n (%)

Inflammatory 64 (11.0) 2097 (9.6) 624 (9.4) 694 (10.4)
polyarthropathy

Systemic connective tissue 27 (4.6) 1039 (4.8) 278 (4.2) 378 (5.7)

disorder

Myocardial infarction 103 (17.7) 3002 (13,7) 900 (13.5) 963 (14.5)
Atrial fibrillation 175 (30.1) 5359 (24.5) 1717 (25.8) 1702 (25.6)
Heart failure 129 (22.2) 3753 (17.2) 1157 (17.4) 1237 (18.6)
Hypertension 257 (44.2) 10,033 (45.9) 3109 (46.7) 3158 (47.4)
Renal failure 90 (15.5) 2726 (12.5) 801 (12.0) 911 (13.7)
Peripheral vascular disease 125 (21.5) 3927 (18.0) 1191 (17.9) 1265 (19.0)
Cerebrovascular disease 104 (17.9) 3866 (17.7) 151 (17.3) 1278 (19.2)
Diabetes mellitus, type 2 101 (17.4) 3842 (17.6) 1206 (18.1) 1224 (18.4)
Asthma 192 (33.0) 5313 (24.3) 2210 (33.2) 1233 (18.5)
Bronchiectasis 41 (7.0) 640 (2.9) 165 (2.5) 246 (3.7)

Medication use 365 days prior to cohort entry

OCS accumulated 750 (375-2500) 625 (250-2000) 500 (250-1500) 500 (250-1750)
dose, mg, median (IQR)

No use, n (%) 255 (43.8) 13,803 (63.2) 3968 (59.6) 4086 (61.3)

(Continued)
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Table 1 (Continued).

Entire Cohort (n=22,438) Propensity-Matched Cohort (n=13,324)
S. pneumoniae S. pneumoniae High or Moderate Tertile ICS Low Tertile or No ICS
Positive (n=582) Negative (n=21,856) Exposure* (n=6662) Exposure* (n=6662)
Low dose, n (%) 136 (23.4) 4057 (18.6) 1554 (23.3) 1373 (20.6)
High dose, n (%) 191 (32.8) 3996 (18.3) 1140 (17.1) 1203 (18.1)
LABA or LAMA users, 465 (80.0) 14,530 (66.5) 5414 (81.3) 4055 (60.9)
n (%)
Theophylline user, n (%) 31 (5.3) 693 (3.2) 299 (4.5) 129 (1.8)
Any use of antibiotic, n (%) 460 (79.0) 14,731 (79.0) 4828 (72.5) 4369 (65.6)

Notes: *Based on ICS accumulated budesonide equivalent doses | year prior to cohort entry. The ICS equivalent dose was divided into 3 tertiles, low
moderate and high. TICD-10 codes used to define comorbidities are summarized in Supplementary Table 1. ¥OCS dose was divided into low or high using the
750 mg median. 750 mg roughly translate into 3 prednisolone regimes of 37.5 mg x 5, taking the most used package size of 25 mg x 10 into consideration.
Abbreviations: COPD, chronic obstructive pulmonary disease; S. pneumoniae, Streptococcus pneumoniae; ICS, inhaled corticosteroid; IQR, inter-
quartile range; BMI, body mass index; MRC, Medical Research Council dyspnea score; FEVI, Forced Expiratory Volume in the first second; GOLD,
Global Initiative for Chronic Obstructive Lung Disease; AECOPD, Acute Exacerbation of Chronic Obstructive Pulmonary Disease; Hosp, hospitaliza-
tion; OCS, oral corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist.

The average daily ICS equivalent dose for the entire cohort was 546 pg. Budesonide and fluticasone were the most
frequently prescribed ICS. Characteristics of ICS usage are reported in Table 2.

The lowest tertile of ICS users did not have an increased risk of S. pneumoniae carriage in the adjusted analysis (HR 1.11,
95% CI1 0.84—-1.45, p=0.5), whereas the moderate (HR 1.47, 95% CI 1.13—1.90, p=0.004), and highest tertile (HR 1.77, 95% CI
1.38-2.29, p<0.0001) had a substantially higher risk as reported in Table 3. Figure 2 illustrates the cumulative incidence. In the

Table 2 Use of ICS the 365 Days Prior to Cohort Entry According to Findings of S. pneumoniae Isolated from Lower

Respiratory Tract Samples

S. pneumoniae Positive ICS Users

S. pneumoniae Negative ICS Users

(n=464) (n=14,470)

ICS users in defined tertiles* n (%)
Low (9.6—120 mg) 104 (22.4) 4981 (34.4)
Moderate (124-299.2 mg) 151 (32.5) 4694 (32.4)
High (2300 mg) 209 (45.0) 4795 (33.1)

Accumulated equivalent’ ICS dose, mg,
median (IQR)

268.8 (134.4-493.2)

199.2 (96-360)

Daily ICS equivalentJr dose, pg, mean

736.4 (368.2-1351.2)

545.8 (263.1-986.3)

Number of prescriptions, median (IQR) 6 (3-9) 5 (2-8)
Number of prescriptions by ICS type
Beclomethasone 43 739
Budesonide 1714 53,252
Fluticasone 1204 27,501
Ciclesonide 3 104
Mometasone 18 304

Notes: *Based on ICS accumulated budesonide equivalent dose | year prior to cohort entry. The ICS equivalent dose was divided into 3 tertiles, low,
moderate, and high. TBudesonide equivalent dose were calculated using the following ratios: beclomethasone I:1, fluticasone propionate at 2:1,

fluticasone furoate at 10:1, ciclesonid 2:1, and mometasone I:1.
Abbreviations: ICS, inhaled corticosteroid; S. pneumoniae, Streptococcus pneumoniae; IQR interquartile range.
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Table 3 Unadjusted and Adjusted® Cox-Regression Hazard Estimates for Risk of S. pneumoniae with Use of ICS in the
Study Population (n = 22,438) and Propensity Score Matched Population (n = 13,324)

Cox for Entire Population (n=22,438)

Cox for Propensity Matched
Population (n=13,324)

Unadjusted HR P-value Adjusted* HR P-value | HR After Matching | P-value
(95% CI) (95% CI) (95% CI)
Accumulated ICST dose 365 days prior cohort entry
No use Ref - Ref - Ref -
Low 9.6-120 mg 1.24 (0.95-1.62) 0.1 I.11 (0.84-1.45) 0.5 1.24 (0.90-1.70) 0.2
Moderate 124-299,2 mg | 1.94 (1.52-2.47) <0.0001 | 1.47 (1.13-1.90) 0.004 1.40 (1.02-1.88) 0.03
High > 300 mg 2.69 (2.14-3.38) <0.0001 | 1.77 (1.38-2.29) <0.0001 | 1.75 (1.30-2.36) 0.0002
Fluticasone compared to 1.43 (1.19-1.72) 0.0001 1.19 (0.97-1.47) 0.1
Budesonide*
Accumulated OCS dose 365 days prior to cohort entry
No use Ref - Ref -
Low <750 mg 1.77 (1.44-2.19) <0.0001 | 1.49 (1.20-1.86) 0.0003
High >750 mg 2.67 (2.21-3.22) <0.0001 | 2.06 (1.68-2.52) <0.0001
Active smoking 1.66 (1.41-1.96) <0.0001 | 1.56 (1.3-1.9) <0.0001
Age, years, group
<62 Ref - Ref -
62-69 1.22 (0.98-1.51) 0.07 1.16 (0.93-1.44) 0.2
70-77 0.90 (0.72-1.14) 0.4 0.91 (0.72-1.15) 0.4
>77 0.75 (0.58-0.97) 0.03 0.81 (0.62-1.06) 0.1
Male 1.26 (1.07-1.49) 0.006 1.36 (1.15-1.61) <0.001
BMI class, kg/m?
<185 1.90 (1.49-2.41) <0.0001 | 1.39 (1.08-1.77) 0.01
18.5-24.9 Ref - Ref -
25-29.9 0.83 (0.68-1.02) 0.8 0.85 (0.69-1.04) 0.1
30-34.9 0.67 (0.50-0.90) 0.007 0.68 (0.50-0.91) 0.009
235 0.60 (0.40-0.90) 0.01 0.61 (0.40-0.92) 0.02
FEV1%, GOLD grade |4
280 Ref - Ref -
79-50 1.65 (0.96-2.85) 0.07 1.52 (0.88-2.62) 0.1
49-30 3.25 (1.90-5.58) <0.0001 | 2.36 (1.37-4.07) 0.002
<30 5.47 (3.17-9.45) <0.0001 | 3.09 (1.76-5.40) <0.0001

Notes: *Adjusted for age, BMI, sex, FEVI%, smoking status, OCS-usage and year of cohort entry. TBased on ICS accumulated budesonide equivalent
dose 365 days prior to cohort entry. The ICS equivalent dose was divided into 3 tertiles: low, moderate, and high. The reason for the gap in the dose
interval is due to conversion, no patients were removed in the process of making tertiles. ¥Users with prescriptions of both fluticasone and budesonide
365 days prior to cohort entry were removed from this part of the analysis.
Abbreviations: S. pneumoniae, Streptococcus pneumoniae; ICS, inhaled corticosteroid; HR, hazard ratio; 95% Cl, 95 confidence interval; OCS, oral corticosteroid;

BMI, body mass index; FEV, Forced Expiratory Volume in the first second; GOLD, Global Initiative for Chronic Obstructive Lung Disease.

International Journal of Chronic Obstructive Pulmonary Disease 2023:18

https:

379

Dove:


https://www.dovepress.com
https://www.dovepress.com

Heerfordt et al Dove

A 0.012

— High ICS
—— Moderate ICS
— Low ICS
— No ICS

0.010

0.008

0.006

0.004
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Follow-up (days)
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— No ICS

Cumulative incidence (%)

0 100 200 300
Follow-up (days)

Figure 2 Cumulative incidence of S. pneumoniae positive lower airway tract sample according to ICS exposure divided into tertiles for the entire COPD cohort (n = 22,438) adjusted
for age, BMI, sex, FEV 1%, smoking status, OCS-usage and year of cohort entry (n = 22,438) (A) and for the propensity matched cohort (n = 13,324) (B).

Abbreviations: S. pneumoniae, Streptococcus pneumoniae; ICS, inhaled corticosteroid; COPD, chronic obstructive pulmonary disease; BMI, body mass index; FEV 1%, Forced
Expiratory Volume in the first second; OCS, oral corticosteroid.

propensity-matched sensitivity analysis, 6662 patients in subgroups were analyzed: (1) no or lower tertile of ICS users or (2)
middle or highest subgroup of ICS users. No significant difference was found on the baseline characteristics we matched on.
An unadjusted Cox was performed on the Propensity-matched cohort with similar results with a non-increased risk of
S. pneumoniae in the group with lowest tertile (HR 1.24, 95% CI 0.90-1.70, p=0.2) of ICS users and increased risk in the
moderate (HR 1.40, 95% CI 1.02-1.88, p=0.03) and the highest tertile (HR 1.75, 95% CI 1.30-2.36, p=0.0002) as reported in
Table 3.
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Table 4 Adjusted® Cox-Regression Hazard Estimates for Risk of S. pneumoniae for Patients Treated
with Low, Moderate and High ICS Compared to No Use, for Budesonide and Fluticasone Users

Budesonide Users (n=54,966) Fluticasone Users (n=27,705)
Adjusted* HR (95% CI) | P-value | Adjusted* HR (95% CI) | P-value
No ICS use Ref - Ref -
Low ICS' 9.6-120 mg 1.09 (0.82—1.46) 0.56 1.52 (1.00-2.32) 0.05
Moderate ICS 124-299,2 mg | 1.42 (1.08-1.86) 0.01 1.70 (1.17-2.48) 0.006
High ICS > 300 mg 1.61 (1.19-2.18) 0.002 1.78 (1.33-2.38) 0.0001

Notes: *Adjusted for age, BMI, sex, FEV1%, smoking status, OCS-usage and year of cohort entry. TBased on ICS accumulated
budesonide equivalent dose 365 days prior to cohort entry. Conversion rate for fluticasone propionate were 2:1, and fluticasone
furoate 10:1 The ICS equivalent dose was divided into 3 tertiles: low, moderate, and high. The reason for the gap in the dose interval
is due to conversion, no patients were removed in the process of making tertiles.

Abbreviations: HR, hazard ratio; 95% Cl, 95 confidence interval; ICS, inhaled corticosteroid; BMI, body mass index; FEV 1%, Forced
Expiratory Volume in the first second; OCS, oral corticosteroid.

In the follow-up period, a total of 16,446 lower respiratory tract samples were collected from 5060 patients.
The three most common etiologies were Haemophilus influenzae (1081), Moraxella catarrhalis (672), and
S. pneumoniae (668). Six thousand seven hundred (41.1%) tests were negative for any detectable pathogen.

Fluticasone compared to budesonide only had an increased risk of getting a positive S. pneumoniae lower
airway tract sample in the unadjusted analysis as seen in Table 3. In the stratified analysis of patients receiving
budesonide or fluticasone, we found no significant increased risk of acquiring a positive S. prneumoniae lower
airway tract sample for patients receiving low ICS doses in either the budesonide group or the fluticasone group.
However, there was a significant increased risk in the moderate and high ICS groups, see Table 4.

We performed a number needed to harm analysis (NNH) on the propensity matched population. With one year follow
up NNH in the high ICS tertile was 66 and in the moderate ICS tertile 121.

Discussion

In this large multiregional cohort study consisting patients with COPD followed in outpatient clinics, we showed that ICS
use was associated with an increased risk of acquiring a positive S. pneumoniae lower respiratory airway sample. The
cohort consisted of more than 20.000 patients. We found an increased risk of S. pneumoniae in the moderate and high
tertile of ICS users but no increased risk in the low tertile of ICS users. Furthermore, high use of OCS, active smoking,
low age, male gender, low FEV1%, and low BMI were associated with increased risk of S. pneumoniae, indicating these
were relevant confounders in our model. This study was conducted on well-described population of patients diagnosed
with COPD, which made it possible to adjust for multiple confounders. The degree of data completeness was high.
DNDREP is nationwide and includes data on all reimbursed prescriptions redeemed at Danish community pharmacies
since 2004. Microbiological data from the Clinical Microbiology Departments in Eastern Denmark (Region Zealand and
Capital Region) consist of approximately 2.6 million inhabitants. DrCOPD had approximately 90% data completeness
for variables such as FEV1%, MRC, BMI, and smoking status, see Table 1. The results were tested in a propensity-
matched cohort with similar results. To improve the chance of ruling out a non-causal relationship, this study was
designed with a chronological course with ICS usage 365 days prior to study entry and risk of S. preumoniae up to 365
days post-study entry. The result is biologically plausible since corticosteroids are known to modify the innate and
adaptive immune response leading to an increased risk of infections."

Several studies have shown increased risk of clinical pneumonia as an adverse effect to ICS.® This study used a more
specific outcome of microbiology verified lower airway tract positive S. pneumoniae sample. Previously, only a few
studies have investigated how ICS affect specific etiologies. ICS are known to give an increased risk of acquiring
Mycobacteria and Pseudomonas aeruginosa infections.?*%? Other microbiological etiologies might also be affected by
high ICS usage. This knowledge could be useful for the clinician but is currently unknown.
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Limitations: ICS usage was calculated based on patient-collected prescriptions and not actual adherence. Thus, if a part of
the patients were not adherent, this would cause a conservative bias leading to an underestimate of the risk. Due to the
observational study design, it is not possible to prove a causality association due to possible residual confounding. Our data
set did not provide information on pneumococcal vaccination status. If more severely ill COPD patients are more likely to
receive a vaccine and also a higher dose of ICS, this could result in an underestimate of the association between ICS use and
a positive S. pneumoniae sample, particularly for higher doses of ICS. Patients with a positive S. Preumoniae lower airway
tract sample 30 days prior to cohort entry were excluded. It is plausible that some of our defined cases of positive lower
airway tract S. pneumoniae samples are due to colonization and not pneumonia. However, respiratory tract samples were not
collected routinely, but when health care professionals observe indications of an infection, such as increased coughing,
elevated infections markers, or changes a chest X-ray, according to Danish national COPD treatment guidelines.”® Although
S. pneumoniae in few cases colonize airways in elderly adults without seeming infection, such carriage is also associated with
invasive pneumococcal infection®* and is therefore also an unwanted outcome. Additionally, a longer exclusion timeframe
would lead to a potential exclusion of patients reinfected rather than colonized with S. prneumoniae. The most frequently
prescribed types of ICS were budesonide and fluticasone. Previous studies have shown an increased risk of pneumonia in
fluticasone users compared with budesonide users.”> However, we only see a significantly increased risk of S. pneumoniae in
the fluticasone users in the unadjusted analysis, see Table 3. Fluticasone users in our cohort received on average more than
twice as much ICS in budesonide equivalent doses. Importantly, when adjusting for budesonide equivalent dose and disease
severity, we did not observe an increased risk of S. pneumoniae in the fluticasone group compared to the budesonide group.
Similarly, in the stratified analysis of budesonide and fluticasone users, we only found a significant increased risk of a positive
S. pneumoniae lower airway tract sample for patients receiving moderate or high doses of ICS. While the hazard ratio for
fluticasone users appeared to be higher compared to budesonide users, the confidence intervals overlapped.

To our knowledge, this study is the first ever to explore in a large well-characterized cohort of COPD
outpatients the association between different exposures to ICS and risk of microbiologically verified positive
lower airway tract samples of S. pneumoniae. Our study strengthens the mounting body of evidence that ICS may,
in some patients and when given in high dose, carry serious adverse effects. Opposite we did find that low dose
ICS therapy did not significantly increase the risk of a positive sample of S. pneumoniae low airway tract sample.
This observation can be used in daily clinical practice: when ICS prescription is necessary in a COPD patient, the
lowest possible dose should be given.

Conclusion

High doses of ICS were associated with a significantly increased risk of acquiring S. pneumoniae in patients with severe
COPD, but low doses did not seem to carry an excess risk and our results support a restrictive strategy of ICS use in
COPD patients.
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