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ABSTRACT

Corticosteroids are anti-inflammatory medications frequently prescribed in chronic 
obstructive pulmonary disease. Inhaled corticosteroids are indicated in these patients with 
forced expiratory volume in one second lower than 50% of predicted and/or frequent 
exacerbations. In addition, systemic corticosteroids are used to treat chronic obstructive 
pulmonary disease exacerbations. However, the immunosuppressive effect caused by 
corticosteroids may have side effects and increase the incidence of infections. Multiple 
studies have linked the chronic outpatient use of inhaled corticosteroids and the risk of 
developing pneumonia. Furthermore, chronic uses of systemic corticosteroids have been 
related to a higher incidence of pneumonia due to highly resistant bacteria. Nevertheless, 
several studies found a beneficial effect of inhaled corticosteroids, lowering mortality in 
chronic obstructive pulmonary disease patients who have already developed pneumonia. 
And the use of systemic corticosteroids as adjunctive therapy in community acquired 
pneumonia may be beneficial. We review the association of inhaled corticosteroids and 
systemic corticosteroids with the risk of pneumonia and the implications on clinical outcomes 
in patients with chronic obstructive pulmonary disease. (BRN Rev. 2015;1:105-15)
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) 
is a chronic inflammatory disease that is re-
sponsible for substantial and growing morbid-
ity, mortality, and healthcare expenses world-
wide. It is projected that COPD will become the 
third leading cause of death worldwide in 20201.

Corticosteroids are anti-inflammatory medica-
tions commonly prescribed in COPD. Inhaled 
corticosteroids (ICS) reduce the frequency of 
exacerbations and improve quality of life2,3. 
They are currently recommended in COPD 
patients with severe obstruction (forced expi-
ratory volume in 1 second, FEV1, < 50%) and/
or frequent exacerbations1. In addition, sys-
temic corticosteroids (SCS) are used during 
the treatment of moderate-to-severe acute ex-
acerbations of COPD1.

Potential side effects from corticosteroid treat-
ment are an important issue to take into ac-
count in COPD patients. The use of corticoste-
roids has been related to immunosuppression 
and increased risk of superinfection4-6. Sever-
al studies suggest that in COPD patients re-
ceiving chronic ICS, there is a higher risk of 
acquiring pneumonia7-9. This potential associ-
ation is important because patients with COPD 
who develop pneumonia may experience worse 
clinical outcomes10-12. Furthermore, SCS use is 
associated with opportunistic or highly resis-
tant bacteria pneumonia due to their immu-
nosuppressive properties13-18. However, the 
associated impact of ICS among COPD pa-
tients who develop pneumonia on mortali-
ty and poor clinical outcomes is a matter of 
significant controversy. Some studies have 
demonstrated that COPD patients receiving 
ICS that developed pneumonia had lower 

mortality19,20. And recent studies have sug-
gested that SCS may be used as an adjunctive 
therapy for community acquired pneumonia 
(CAP), improving clinical outcomes, although 
few COPD patients were included21,22.

The purpose of this review is to assess the 
evidence related to the association of cortico-
steroids (both inhaled and systemic) and the 
risk of CAP, and the implications in clinical 
outcomes in COPD patients.

CORTICOSTEROIDS

Corticosteroids are involved in a wide range of 
physiological processes, including regulation of 
inflammation, immune response, carbohydrate 
metabolism, protein catabolism, and blood 
electrolyte levels23,24. Corticosteroids can be 
administered through multiple routes, but for 
the purpose of this review we will focus on the 
corticosteroids administered through systemic 
and inhalational routes. Table 1 shows the most 
relevant ICS and SCS available in the market.

Mechanism of action

Corticosteroids inhibit the expression and ac-
tion of many inflammatory mediators. To exert 
their effects, corticosteroids need to bind to a 
specific cytoplasmic glucocorticoid receptor 
found in respiratory epithelial cells and other 
cell lines. The activation of the glucocorticoid 
receptor by the administration of the cortico-
steroids moves the drug-receptor complex into 
the nucleus of the cell and binds to the DNA23.

The anti-inflammatory and immunosuppres-
sive effects of corticosteroids are due to three 
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Table 1. Inhaled and systemic corticosteroids available

Inhaled corticosteroids Inhaled corticosteroids/Long-acting 
beta-agonists

Systemic corticosteroids

Beclomethasone dipropionate

Budesonide

Flunisolide

Fluticasone propionate

Fluticasone furoate

Mometasone furoate

Triamcinolone acetonide

Ciclesonide

Beclomethasone/Formoterol

Budesonide/Formoterol

Fluticasone propionate/Salmeterol

Fluticasone/Formoterol

Fluticasone furoate/Vilanterol

Mometasone/Formoterol

Cortisone

Dexamethasone

Hydrocortisone

Methylprednisolone

Prednisolone

Prednisone

Triamcinolone

molecular mechanisms (Fig. 1). First, the li-
gand-activated alpha-glucocorticoid receptor 
binds as a homodimer to specific DNA se-
quences located in the promoter regions of 
target genes to induce transcription of an-
ti-inflammatory molecules such as interleu-
kin (IL)-10, IL-1 receptor, or lipocortin 1 (trans-
activation). Second, an indirect negative 
regulation of gene expression is achieved by 
glucocorticoid receptor-protein interaction 
(transrepression). The ligand-activated recep-
tor binds as a monomer to key proinflamma-
tory transcription factors, such as activator 
protein-1 and nuclear factor-kB. The result-
ing complex inhibits the initiation of tran-
scription of relevant genes that play a central 
role in inflammation23. The synthesis of sev-
eral cytokines (e.g. tumour necrosis alpha, 
and IL-4, -5, -6, and -13), adhesion molecules 
(e.g. ICAM -1, VCAM-1) and chemokines (e.g. 
eotaxin, IL-8) are inhibited25,26. The third 
mechanism is corticosteroid signalling through 
membrane-associated receptors and second 
messengers (so-called non-genomic pathways). 
The best-described non-genomic mechanism 
involves the activation of endothelial nitric 
oxide synthetase, which is responsible for a 
rapid vasorelaxation effect27.

INHALED CORTICOSTEROIDS

Inhaled corticosteroids are commonly pre-
scribed medications for the management of 
COPD and asthma patients28,29. They are rec-
ommended by current guidelines in symp-
tomatic COPD patients with a post-broncho-
dilator FEV1 of < 60% predicted and/or 
repeated exacerbations1. A recent study by 
Pascoe et al.30 demonstrated that ICS are more 
effective in reducing COPD exacerbations in 
COPD patients with increased serum eosino-
phils (> 25%). However, due to the wide use 
of ICS, there is a recent safety concern related 
to the risk of developing pneumonia31. In ad-
dition, some studies have reported increased 
mortality in hospitalized patients with pneu-
monia who have underlying COPD compared 
with those without COPD10-12.

Inhaled corticosteroids  
and pneumonia

Several randomized controlled trials (RCT) 
and observational studies have addressed the 
association of chronic ICS use and the risk of 
developing pneumonia among COPD patients 
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Figure 1. Cellular mechanism of action of corticosteroids in the inhibition of inflammation.  
Three anti-inflammatory mechanisms are originated by corticosteroids: (i) transactivation: increasing anti-inflammatory mediators,  
(ii) transrepression: decreasing inflammatory mediators, and (iii) increasing anti-inflammatory messengers through membrane-associated 
receptors.  
CR: corticosteroid receptor; CS: corticosteroids; ICAM: intercellular adhesion molecule; IL: interleukin; MR: membrane receptor;  
TNF: tumour necrosis factor; VCAM: vascular cell adhesion molecule.

in the last ten years (Table 2). The TORCH 
(Towards a Revolution in Chronic Obstructive 
Pulmonary Disease Health) study7 was the 
landmark randomized controlled trial (RCT) 
that suggested a risk of developing pneumo-
nia among COPD patients who received ICS. 
In this three-year follow-up study, COPD pa-
tients who received ICS as monotherapy or in 
combination therapy had a higher rate of phy-
sician-reported pneumonia (19.6 and 18.3%, 
respectively) when compared to placebo (12.3%; 

p < 0.001)7. However, this study was limited 
by the lack of radiological confirmation of the 
pneumonia diagnosis. A post hoc analysis of 
the TORCH study confirmed these previous 
results, and found that older age, low FEV1, 
and the presence of an exacerbation in the 
previous year were risk factors to develop 
pneumonia in COPD patients taking ICS32.

Kardos et al.8, assessed the impact of combi-
nation therapy of ICS plus long-acting beta 
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Table 2. Randomized controlled trials and observational studies evaluating the risk of pneumonia in chronic obstructive pulmonary 
disease patients treated with inhaled corticosteroids

Author/Year Study design Number  
of patients

Type of 
corticosteroid

Duration of 
treatment

Main effect Risk of 
pneumonia

Kardos et al.8 
2007

Randomized 
controlled trial

994 COPD 
patients

Fluticasone 
propionate

44 weeks Decreased exacerbations Increased risk 

Calverley et al.7 
2007

Randomized 
controlled trial

6,112 COPD 
patients

Fluticasone 
propionate 

3 years Decreased exacerbations Increased risk 

Wedzicha et al.9 
2008

Randomized 
controlled trial

1,323 COPD 
patients

Fluticasone 
propionate 

2 years Decreased mortality Increased risk 

Ernst et al.34 2007 Case-control study 175,906 COPD 
patients

Fluticasone 
propionate 

13 years Increased risk of hospitalization 
for pneumonia

Increased risk 

Crim et al.32  
2009

Randomized 
controlled trial

6,184 COPD 
patients

Fluticasone 
propionate 

3 years Prior COPD exacerbation 
increase risk of pneumonia

Increased risk 

Welte et al.36 
2009

Randomized 
controlled trial

660 COPD 
patients

Budesonide 12 weeks Reduced severe exacerbations No increased 
risk 

Mullerova et al.35 
2012

Cohort study 40,414 COPD 
patients

Not specified 10 years Prior severe COPD exacerbation 
increased risk of pneumonia

Increased risk 

Dransfield et al.37 
2013

Two parallel-group 
randomized 
controlled trials

3,255 COPD 
patients 

Fluticasone 
furoate

2 years Decreased rate of moderate and 
severe exacerbations

Increased risk 

Suissa et al.38 
2013

Cohort study 163,514 COPD 
patients

Fluticasone 
propionate

15 years Increased risk of serious 
pneumonia

Increased risk 

DiSantostefano  
et al.39 2014

Cohort study 11,555 COPD 
patients

Beclomethasone 
dipropionate

8 years Increased risk of hospitalization 
for pneumonia

Increased risk 

COPD: chronic obstructive pulmonary disease.

agonist (LABA) compared with LABA alone on 
the rate of moderate and severe acute exacerba-
tions of COPD (AECOPD). The authors conclude 
that ICS/LABA therapy reduces the rate of mod-
erate and severe AECOPD by 35% in patients 
with severe COPD (p < 0.001). Once again, the 
concern was that pneumonic events were more 
likely to occur among COPD patients managed 
with ICS/LABA when compared to the LA-
BA-only group (4.5 vs. 1.4%; p = 0.005). In ad-
dition, Wedzicha et al.9 evaluated the effect on 
reducing COPD exacerbations among COPD 
patients managed by the combination of ICS/
LABA against long-acting muscarinic agonists 
(LAMA). The authors found that pneumonia 
events were more common among COPD 

patients receiving the ICS (8 vs. 4%; p = 0.008). 
A follow-up review of the same data suggested 
that pneumonia events were less common than 
AECOPD, and may be present in patients 
who have persistent exacerbation symptoms. 
These results may imply that early identifica-
tion and treatment of exacerbations may de-
crease the risk of developing pneumonia33.

Ernst et al.34, in a large observational study 
in Canada of over 175,000 patients, found that 
elderly COPD patients with an active ICS pre-
scription had a twofold increased risk of hos-
pitalization with a primary diagnosis of 
pneumonia (p < 0.001). The rate of hospitaliza-
tion of elderly COPD patients who developed 
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pneumonia was 1.9 per 100 per year. Mullero-
va et al.35 examined the risk of CAP in a co-
hort of 40,411 COPD patients. The authors 
showed that COPD-treated patients with ICS 
were more likely to develop CAP (incidence 
rate, 22.4%). This increased risk was inde-
pendently associated with prior exacerbations 
of COPD requiring hospitalization (OR: 2.7; 
95% CI: 2.3-3.2), severe COPD requiring home 
oxygen or nebulized therapy (OR: 1.4; 95% CI: 
1.1-1.6), and specific comorbidities such as de-
mentia (OR: 2.6; 95% CI: 1.9-3.0) and conges-
tive heart failure (OR: 1.4; 95% CI: 1.2-1.6).

In contrast, Welte et al.36 assessed in a RCT 
the efficacy of LAMA against a combination 
of ICS/LABA plus LAMA. The combination 
therapy of ICS/LABA/tiotropium had a rapid 
and sustained improvement of lung function, 
health status, morning symptoms, and physical 
activities, and reduced AECOPD rates compared 
to tiotropium alone. Only three cases of pneu-
monia were reported within each treatment 
group (< 1%)36. It is important to point out that 
this was a six-month study and also patients 
were treated with budesonide; all these factors 
may have contributed to the low rate of CAP.

More recently, Dransfield et al.37
, in a two-rep-

licate, double-blind, RCT performed in more 
than 3,000 COPD patients, reported a higher 
incidence of serious pneumonia in patients 
with ICS/LABA (3%) vs. patients on LABA 
alone (1%). Suissa et al.38, in a cohort of 
163,000 COPD patients, demonstrated an in-
cidence rate of 2.4/100/year of serious pneu-
monia during the five years of follow-up. 
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). And, in a cohort of 
11,555 COPD patients, DiSantostefano et al.39 

showed that ICS use was associated with a 
20-50% increased risk of pneumonia. This ex-
cess risk of pneumonia was reduced with expo-
sure time (≥ 1 month or ≥ 6 months of new use39.

The mechanisms that could explain why ICS 
may cause pneumonia is a matter of scientific 
research interest. We hypothesized several pos-
sible explanations according to the literature 
findings. The immunosuppressive effect caused 
by high local lung concentrations found with 
the use of ICS may potentially increase the risk 
of pneumonia40,41. Barnes et al.42 showed that 
the number of inflammatory cells and the ex-
pression of proinflammatory mediators was 
decreased in bronchial biopsies from COPD 
patients receiving ICS/LABA. Barbier et al.43 
demonstrated that fluticasone reduces bacterial 
airway epithelial invasion in a mouse model of 
lung infection. Gutierrez et al.44 showed that 
the microenvironment of the lungs modulates 
the macrophage activation in exacerbated 
COPD with and without CAP. In addition, 
Sibila et al.45 demonstrated that prior ICS use 
is associated with an increased incidence of 
antimicrobial drug-resistant pathogens in pa-
tients hospitalized with CAP. In this study, 
most of the ICS users had a pre-existing COPD 
diagnosis (66%). In a subgroup analysis of 
COPD patients, the outpatient use of ICS per-
sisted was associated with the presence of 
drug-resistant pathogens (12.1 vs. 3.4%; OR: 3.9; 
95% CI: 1.1-13.2; p = 0.03). However, non-COPD 
patients receiving ICS were not associated 
with drug-resistant pathogens45. These find-
ings may suggest a disease-specific suscep-
tibility linked to COPD that requires further 
exploration. Liapikou et al.46 also reported 
that COPD patients treated with chronic ICS 
had a higher rate of pneumonia due to Pseu-
domonas aeruginosa when compared to COPD 
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patients with pneumonia without chronic ICS 
treatment. Finally, Ferrer et al.47 demonstrated 
that previous use of ICS in patients hospitalized 
with CAP was associated with a reduced sys-
temic inflammatory response, without any im-
pact on long-term outcomes.

Pneumonia-related mortality  
in chronic obstructive pulmonary 
disease patients receiving inhaled 
corticosteroids

The evidence confirming a higher risk of devel-
oping pneumonia does not necessarily translate 
into poor clinical outcomes. The landmark 
TORCH study7 did not show a difference in 
mortality among those patients treated with 
ICS7,32. Meta-analyses performed by Drum-
mons et al.48 and Singh et al.49 did not find 
mortality differences among ICS and non-ICS 
users, although patients on ICS had higher 
rates of pneumonia. In addition, in a trial 
level meta-analysis, Singh et al.50 reported 
that the increased risk of pneumonia was not 
followed by an increased risk of pneumo-
nia-related mortality. 

Two observational studies in COPD patients 
hospitalized with pneumonia showed that 
chronic ICS use was associated with lower 
all-cause mortality. Malo de Molina et al.20 
reported that 6,353 hospitalized patients with 
pneumonia with a concomitant COPD diagno-
sis had a lower 30- and 90-day mortality when 
ICS were used. Subsequently, Chen et al.19, us-
ing a larger cohort of 15,768 COPD patients 
hospitalized with pneumonia, found that ICS 
users had a lower short-term mortality and 
use of mechanical ventilation. In contrast, Ernst 
et al.34 reported, in a cohort of 23,942 COPD 

patients with pneumonia, that ICS users had 
an increased 30-day mortality compared to 
non-users, particularly those receiving higher 
doses of ICS. However, the rate of all-cause 
mortality was similar for ICS and non-ICS us-
ers that required hospitalization for pneumo-
nia. Singanayagam et al.51 showed, in a pro-
spective study of 490 spirometry-confirmed 
COPD patients, that 30-day mortality was not 
statistically significantly different when com-
paring ICS and non-ICS users. Finally, Sellares 
et al.52 reported that patients receiving ICS 
have less parapneumonic pleural effusions, 
but no differences in mortality were found. 

SYSTEMIC CORTICOSTEROIDS

The most common indication for SCS in 
COPD is acute exacerbations1. Compared to 
ICS, less controversy exists regarding the link 
between the chronic use of SCS and the in-
creased risk of pneumonia. However, the use 
of SCS as adjunctive treatment in COPD pa-
tients with pneumonia may be beneficial due 
to its acute anti-inflammatory effect.

Impact of chronic outpatient 
systemic corticosteroid use  
in developing pneumonia

The use of chronic SCS in the outpatient set-
ting is recognized as an immunosuppressive 
medication associated with a risk factor of de-
veloping pneumonia. Different studies have 
identified an increased incidence of potentially 
highly resistant bacteria15,53 and opportunistic 
infections of the lung, such as Aspergillus spp13, 
Pneumocystis jirovecci17 and Nocardia spp54, in 
patients taking chronic SCS. Different studies 
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in chronic inflammatory diseases, such as rheu-
matoid arthritis, demonstrated that patients 
who were using chronic SCS have an elevated 
risk of pneumonia, with increased mortality55.

Few studies have evaluated the impact of pri-
or SCS in patients who subsequently devel-
oped pneumonia. Malave et al.56 studied the 
impact of prior systemic corticosteroid use in 
clinical outcomes in a cohort of 787 CAP hos-
pitalized patients. In this study, prior corticoste-
roid use was not associated with poor outcomes 
such as increased 30-day mortality higher se-
verity of illness at the time of presentation or in 
the presence of resistant or opportunistic patho-
gens. However, there was no information re-
garding the indication, dose, duration, and 
withdrawal of corticosteroids in these CAP pa-
tients. Patients with corticosteroid use had a 
higher rate of COPD (35 vs. 21%; p < 0.001). 
Polverino et al.57 published the reasons for 
acute SCS use in a large cohort of 3,257 pa-
tients admitted for CAP. In this study, 260 pa-
tients (8%) received corticosteroids at admis-
sion. The main reasons for administering acute 
corticosteroids were the presence of chronic 
respiratory conditions such as COPD and se-
vere clinical presentation. However, systemic 
corticosteroid use did not influence mortality 
or clinical stability as was expected according 
to the initial severity of illness score. By con-
trast, corticosteroids were significantly asso-
ciated with a longer length of stay.

Systemic corticosteroids as adjuvant 
therapy in pneumonia

The use of corticosteroids as adjunctive therapy 
in CAP remains controversial58. Garcia-Vidal 
et al.16 performed a retrospective study with 

308 patients with severe CAP showing that 
mortality decreased in patients who received 
simultaneous administration of SCS with an-
tibiotic treatment (OR: 0.28; 95% CI: 0.113-
0.732). In this study, male age and the pres-
ence of COPD were associated with SCS 
treatment use. Recently, another retrospec-
tive study performed in 6,925 patients with 
severe CAP in Japan demonstrated that the 
use of low-dose corticosteroids might be as-
sociated with reduced 28-day mortality in 
patients with septic shock. Again, COPD was 
associated with the use of SCS (27 vs. 11%; 
p < 0.001)59.

Several RCT have evaluated the effect of acute 
administration of corticosteroids in patients 
with CAP in the last ten years, including 
COPD patients (Table 3). Confalonieri et al.14 
assessed the efficacy and safety of continuous 
infusion of hydrocortisone in 46 patients with 
CAP requiring intensive care unit (ICU) ad-
mission. These authors demonstrated a mor-
tality reduction in the group treated with 
SCS, a better modulation of systemic inflam-
matory response, and significant improve-
ment in clinical endpoints such as chest X-ray, 
multiple organ dysfunction syndrome sever-
ity scale, PaO2/FIO2 ratio, and ICU and hos-
pital stay. However, the small sample size and 
the small number of COPD patients admitted 
(n = 3) limited our ability to generalize these 
results in COPD. Furthermore, the SCS group 
had zero mortality, something difficult to be-
lieve in this patient population. Snijders et 
al.60 studied the impact of prednisolone com-
pared to placebo among 213 hospitalized 
patients with CAP. Of them, 32 had COPD 
(15%). The authors found no differences re-
garding the rate of 30-day mortality, time to 
clinical stability, or length of hospital stay. In 
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Table 3.  Double blind randomized controlled trials evaluating the effects of corticosteroids as adjuvant therapy in community-acquired 
pneumonia in the last 10 years including chronic obstructive pulmonary disease patients

Author/Year Number of patients 

Number of COPD 
(%)

Disease Type of 
corticosteroid, 
dosage

Duration 
of 

treatment

Gradual 
withdrawal

Main effect Side effects

Confalonieri 
et al.14 2005

n = 48
n = 3 (6%) COPD

CAP requiring 
ICU

Hydrocortisone,  
240 mg/day

7 days No Decrease 
mortality

None

Snijders  
et al.60 2010

n = 213
n = 32 (15%) COPD

Hospitalized 
CAP

Prednisolone,  
40 mg/day

7 days No Increase late 
failure

None

Meijvis  
et al.21 2011

n = 304
n = 34 (11%) COPD

Hospitalized 
CAP

Dexamethasone,  
5 mg/day

4 days No Reduce length 
of stay

Hyperglycaemia

Fernandez-
Serrano  
et al.61 2011

n = 56
n = 6 (10%) COPD

Hospitalized 
CAP

Methylprednisolone, 
620 mg

9 days Yes Decrease 
length of 
stay

None

Torres et al.22 
2015

n = 120
n = 19 (15%) COPD.

Hospitalized 
severe CAP

Methylprednisolone 
0.5 mg/kg/12 hours

5 days No Decrease 
treatment 
failure

None

Blum et al.62 
2015

n = 785
n = 133 (16%) COPD

Hospitalized 
CAP

Prednisone  
50 mg/day

7 days No Decrease time 
to clinical 
stability 

Hyperglycaemia

COPD: chronic obstructive pulmonary disease; CAP: community-acquired pneumonia; ICU: intensive care unit.

addition, patients treated with corticosteroids 
had a faster decline in serum C-reactive pro-
tein levels compared to placebo. By contrast, 
late clinical failure (> 72 hours from admis-
sion) was more common in the corticosteroid 
group. Meijvis et al.21 evaluated the effect of 
intravenous dexamethasone versus placebo 
in the first four days after CAP admission in 
304 patients, 34 of them (10%) with COPD. 
The authors found no differences in the main 
outcomes, including in-hospital mortality, 
ICU admission, and severe adverse events. 
However, corticosteroid-treated patients had 
a shorter length of hospital stay compared to 
the placebo group. Fernandez-Serrano et al.61 
reported, in 56 hospitalized CAP patients (6% 
of them with COPD), that a combination of 
antibiotics with methylprednisolone im-
proved respiratory failure rates and accelerat-
ed the timing of clinical resolution. 

During 2015, two positive RCT have been pub-
lished regarding the use of SCS in CAP. Torres 
et al.22 demonstrated that acute administration 
of SCS reduced treatment failure in a popula-
tion of 120 patients with severe CAP that had 
high inflammatory response (elevated C re-
active protein levels). This study included 19 
COPD patients (15% of the population). And 
Blum et al.62 showed that prednisone treat-
ment for seven days in CAP admitted patients 
shortens time to clinical stability without an 
increase in complications. In this study, among 
785 patients included, 133 (16%) had COPD. 
All these findings may suggest a corticoste-
roid benefit in patients with pneumonia and 
concomitant corticosteroid treatment, especial-
ly in the most severe population. However, the 
prevalence of COPD in these studies was very 
low (6-16%), and these results should be taken 
with caution in patients with COPD.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

17



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

114

BRN Rev. 2015;1

CONCLUSIONS

Our current view of the risk of pneumonia 
and impact of outcomes from ICS and SCS 
treatment in COPD patients emphasizes the 
importance of balancing the immunosup-
pressive and anti-inflammatory effects of 
corticosteroids. An excessive immunosup-
pressive effect may be harmful for the host, 
increasing the risk of developing pneumo-
nia or the risk of highly resistant or oppor-
tunistic pathogens due to a chronic use of 
both ICS and SCS, respectively. However, 
during the acute phase of pneumonia, cor-
ticosteroids may modulate associated in-
flammatory responses to pneumonia due to 
their anti-inflammatory and immunomodu-
latory effects, which may have an impact on 
important short- and long-term clinical out-
comes. In the next years we hope that more 
studies will assess risks and benefits of cor-
ticosteroid treatment and its association 
with pneumonia in COPD patients. Further 
studies with an appropriate sample size and 
radiological confirmatory diagnosis of pneu-
monia and AECOPD are needed to better 
understand the dual effect on pneumonia 
due to corticosteroids use in patients with 
COPD. 

CONFLICT OF INTEREST

Dr. Anzueto reports grants and personal 
fees from GlaxoSmithKline, personal fees 
from Boehringer-Ingelheim, personal fees 
from Novartis, personal fees from Astra-
Zeneca, outside the submitted work. All 
other authors declare no relevant conflict of 
interest.

REFERENCES

	 1.	 Vestbo J, Hurd SS, Agusti AG, et al. Global strategy for the diagnosis, 
management, and prevention of chronic obstructive pulmonary disease: 
GOLD executive summary. Am J Respir Crit Care Med. 2013;187:347-65.

	 2.	 Calverley P, Pauwels R, Vestbo J, et al. Combined salmeterol and fluticasone 
in the treatment of chronic obstructive pulmonary disease: a randomised 
controlled trial. Lancet. 2003;361:449-56.

	 3.	 Nannini LJ, Poole P, Milan SJ, Kesterton A. Combined corticosteroid and 
long-acting beta(2)-agonist in one inhaler versus inhaled corticosteroids 
alone for chronic obstructive pulmonary disease. Cochrane Database Syst 
Rev. 2013;8:CD006826.

	 4.	 Bernard GR, Luce JM, Sprung CL, et al. High-dose corticosteroids in 
patients with the adult respiratory distress syndrome. N Engl J Med. 
1987;317:1565-70.

	 5.	 Sprung CL, Caralis PV, Marcial EH, et al. The effects of high-dose cortico-
steroids in patients with septic shock. A prospective, controlled study. N 
Engl J Med. 1984;311:1137-43.

	 6.	 Sprung CL, Annane D, Keh D, et al. Hydrocortisone therapy for patients 
with septic shock. N Engl J Med. 2008;358:111-24.

	 7.	 Calverley PM, Anderson JA, Celli B, et al. Salmeterol and fluticasone pro-
pionate and survival in chronic obstructive pulmonary disease. N Engl J 
Med. 2007;356:775-89.

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

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

	 10.	 Holguin F, Folch E, Redd SC, Mannino DM. Comorbidity and mortality in 
COPD-related hospitalizations in the United States, 1979 to 2001. Chest. 
2005;128:2005-11.

	 11.	 Rello J, Rodriguez A, Torres A, et al. Implications of COPD in patients 
admitted to the intensive care unit by community-acquired pneumonia. Eur 
Respir J. 2006;27:1210-16.

	 12.	 Restrepo MI, Mortensen EM, Pugh JA, Anzueto A. COPD is associated with 
increased mortality in patients with community-acquired pneumonia. Eur 
Respir J. 2006;28:346-51.

	 13.	 Conesa D, Rello J, Valles J, Mariscal D, Ferreres JC. Invasive aspergillosis: 
a life-threatening complication of short-term steroid treatment. Ann Phar-
macother. 1995;29:1235-7.

	 14.	 Confalonieri M, Urbino R, Potena A, et al. Hydrocortisone infusion for 
severe community-acquired pneumonia: a preliminary randomized study. 
Am J Respir Crit Care Med. 2005;171:242-8.

	 15.	 Falguera M, Carratala J, Ruiz-Gonzalez A, et al. Risk factors and outcome 
of community-acquired pneumonia due to Gram-negative bacilli. Respirol-
ogy. 2009;14:105-11.

	 16.	 Garcia-Vidal C, Calbo E, Pascual V, Ferrer C, Quintana S, Garau J. Effects 
of systemic steroids in patients with severe community-acquired pneumonia. 
Eur Respir J. 2007;30:951-6.

	 17.	 Maskell NA, Waine DJ, Lindley A, et al. Asymptomatic carriage of Pneu-
mocystis jiroveci in subjects undergoing bronchoscopy: a prospective study. 
Thorax. 2003;58:594-7.

	 18.	 Stuck AE, Minder CE, Frey FJ. Risk of infectious complications in patients 
taking glucocorticosteroids. Rev Infect Dis. 1989;11:954-63.

	 19.	 Chen D, Restrepo MI, Fine MJ, et al. Observational study of inhaled corti-
costeroids on outcomes for COPD patients with pneumonia. Am J Respir 
Crit Care Med. 2011;184:312-16.

	 20.	 Malo de MR, Mortensen EM, Restrepo MI, Copeland 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.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

17



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

115

Oriol Sibila, et al.: Corticosteroids and Pneumonia in COPD: A Dual Effect?

	 21.	 Meijvis SC, Hardeman H, Remmelts HH, et al. Dexamethasone and 
length of hospital stay in patients with community-acquired pneumonia: 
a randomised, double-blind, placebo-controlled trial. Lancet. 2011; 
377:2023-30.

	 22.	 Torres A, Sibila O, Ferrer M, et al. Effect of corticosteroids on treatment 
failure among hospitalized patients with severe community-acquired pneu-
monia and high inflammatory response: a randomized clinical trial. JAMA. 
2015;313:677-86.

	 23.	 Rhen T, Cidlowski JA. Antiinflammatory action of glucocorticoids--new 
mechanisms for old drugs. N Engl J Med. 2005;353:1711-23.

	 24.	 Webster JI, Tonelli L, Sternberg EM. Neuroendocrine regulation of immu-
nity. Annu Rev Immunol. 2002;20:125-63.

	 25.	 Baldwin AS. Series introduction: the transcription factor NF-kappaB and 
human disease. J Clin Invest. 2001;107:3-6.

	 26.	 Edwards MR, Bartlett NW, Clarke D, Birrell M, Belvisi M, Johnston SL. 
Targeting the NF-kappaB pathway in asthma and chronic obstructive pul-
monary disease. Pharmacol Ther. 2009;121:1-13.

	 27.	 Hafezi-Moghadam A, Simoncini T, Yang Z, et al. Acute cardiovascular 
protective effects of corticosteroids are mediated by non-transcriptional 
activation of endothelial nitric oxide synthase. Nat Med. 2002;8:473-9.

	 28.	 Jackevicius CA, Chapman KR. Prevalence of inhaled corticosteroid use 
among patients with chronic obstructive pulmonary disease: a survey. Ann 
Pharmacother. 1997;31:160-4.

	 29.	 Van Andel AE, Reisner C, Menjoge SS, Witek TJ. Analysis of inhaled corti-
costeroid and oral theophylline use among patients with stable COPD from 
1987 to 1995. Chest. 1999;115:703-7.

	 30.	 Pascoe S, Locantore N, Dransfield MT, Barnes NC, Pavord ID. Blood eosin-
ophil counts, exacerbations, and response to the addition of inhaled fluti-
casone furoate to vilanterol in patients with chronic obstructive pulmonary 
disease: a secondary analysis of data from two parallel randomised con-
trolled trials. Lancet Respir Med. 2015;3:435-42.

	 31.	 Sibila O, Soto-Gomez N, Restrepo MI. The risk and outcomes of pneumonia 
in patients on inhaled corticosteroids. Pulm Pharmacol Ther. 2015;32:130-6.

	 32.	 Crim C, Calverley PM, Anderson JA, et al. Pneumonia risk in COPD 
patients receiving inhaled corticosteroids alone or in combination: TORCH 
study results. Eur Respir J. 2009;34:641-7.

	 33.	 Calverley PM, Stockley RA, Seemungal TA, et al. Reported pneumonia 
in patients with COPD: findings from the INSPIRE study. Chest. 2011; 
139:505-2.

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

	 35.	 Mullerova H, Chigbo C, Hagan GW, et al. The natural history of communi-
ty-acquired pneumonia in COPD patients: a population database analysis. 
Respir Med. 2012;106:1124-33.

	 36.	 Welte T, Miravitlles M, Hernandez P, et al. Efficacy and tolerability of 
budesonide/formoterol added to tiotropium in patients with chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med. 2009; 
180:741-50.

	 37.	 Dransfield MT, Bourbeau J, Jones PW, 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 con-
trolled trials. Lancet Respir Med. 2013;1:210-23.

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

	 39.	 DiSantostefano RL, Sampson T, Le HV, Hinds D, Davis KJ, Bakerly ND. 
Risk of pneumonia with inhaled corticosteroid versus long-acting broncho-
dilator regimens in chronic obstructive pulmonary disease: a new-user 
cohort study. PLoS One. 2014;9:e97149.

	 40.	 Hogg JC, Chu FS, Tan WC, et al. Survival after lung volume reduction in 
chronic obstructive pulmonary disease: insights from small airway pathology. 
Am J Respir Crit Care Med. 2007;176:454-9.

	 41.	 Whitford H, Orsida B, Kotsimbos T, et al. Bronchoalveolar lavage cellular 
profiles in lung transplantation: the effect of inhaled corticosteroids. Ann 
Transplant. 2000;5:31-7.

	 42.	 Barnes PJ. Corticosteroid effects on cell signalling. Eur Respir J. 2006; 
27:413-26.

	 43.	 Barbier M, Agusti A, Alberti S. Fluticasone propionate reduces bacterial 
airway epithelial invasion. Eur Respir J. 2008;32:1283-8.

	 44.	 Gutierrez P, Closa D, Piner R, Bulbena O, Menendez R, Torres A. Macrophage 
activation in exacerbated COPD with and without community-acquired 
pneumonia. Eur Respir J. 2010;36:285-91.

	 45.	 Sibila O, Laserna E, Mortensen EM, Anzueto A, Restrepo MI. Effects of 
inhaled corticosteroids on pneumonia severity and antimicrobial resistance. 
Respir Care 2013;58:1489-94.

	 46.	 Liapikou A, Polverino E, Ewig S, et al. Severity and outcomes of hospitalised 
community-acquired pneumonia in COPD patients. Eur Respir J. 2012;39:855-61.

	 47.	 Ferrer M, Torres A, Martinez R, et al. Inhaled corticosteroids and systemic 
inflammatory response in community-acquired pneumonia: a prospective 
clinical study. Respirology. 2014;19:929-35.

	 48.	 Drummond MB, Dasenbrook EC, Pitz MW, Murphy DJ, Fan E. Inhaled 
corticosteroids in patients with stable chronic obstructive pulmonary dis-
ease: a systematic review and meta-analysis. JAMA. 2008;300:2407-16.

	 49.	 Singh S, Amin AV, Loke YK. Long-term use of inhaled corticosteroids and 
the risk of pneumonia in chronic obstructive pulmonary disease: a 
meta-analysis. Arch Intern Med. 2009;169:219-29.

	 50.	 Singh S, Loke YK. Risk of pneumonia associated with long-term use of 
inhaled corticosteroids in chronic obstructive pulmonary disease: a critical 
review and update. Curr Opin Pulm Med. 2010;16:118-22.

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

	 52.	 Sellares J, Lopez-Giraldo A, Lucena C, et al. Influence of previous use of 
inhaled corticoids on the development of pleural effusion in community-ac-
quired pneumonia. Am J Respir Crit Care Med. 2013;187:1241-8.

	 53.	 Sousa D, Justo I, Dominguez A, et al. Community-acquired pneumonia in 
immunocompromised older patients: incidence, causative organisms and 
outcome. Clin Microbiol Infect. 2013;19:187-92.

	 54.	 Martinez R, Reyes S, Menendez R. Pulmonary nocardiosis: risk factors, clin-
ical features, diagnosis and prognosis. Curr Opin Pulm Med. 2008;14:219-27.

	 55.	 Coyne P, Hamilton J, Heycock C, Saravanan V, Coulson E, Kelly CA. Acute 
lower respiratory tract infections in patients with rheumatoid arthritis. J 
Rheumatol. 2007;34:1832-6.

	 56.	 Malave A, Laserna E, Sibila O, Mortensen EM, Anzueto A, Restrepo MI. 
Impact of prior systemic corticosteroid use in patients admitted with com-
munity-acquired pneumonia. Ther Adv Respir Dis. 2012;6:323-30.

	 57.	 Polverino E, Cilloniz C, Dambrava P, et al. Systemic corticosteroids for 
community-acquired pneumonia: reasons for use and lack of benefit on 
outcome. Respirology. 2013;18:263-71.

	 58.	 Sibila O, Ferrer M, Agusti C, Torres A. Corticosteroids as adjunctive 
treatment in community-acquired pneumonia. Minerva Anestesiol. 2014; 
80:1336-44.

	 59.	 Tagami T, Matsui H, Horiguchi H, Fushimi K, Yasunaga H. Low-dose 
corticosteroid use and mortality in severe community-acquired pneumonia 
patients. Eur Respir J. 2015;45:463-72.

	 60.	 Snijders D, Daniels JM, de Graaff CS, van der Werf TS, Boersma WG. Effi-
cacy of corticosteroids in community-acquired pneumonia: a randomized 
double-blinded clinical trial. Am J Respir Crit Care Med. 2010;181:975-82.

	 61.	 Fernandez-Serrano S, Dorca J, Garcia-Vidal C, et al. Effect of corticosteroids 
on the clinical course of community-acquired pneumonia: a randomized 
controlled trial. Crit Care. 2011;15:R96.

	 62.	 Blum CA, Nigro N, Briel M, et al. Adjunct prednisone therapy for patients 
with community-acquired pneumonia: a multicentre, double-blind, ran-
domised, placebo-controlled trial. Lancet. 2015;385:1511-18.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

Pu
b

lic
at

io
n

s 
20

17


