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Introduction 
Acute respiratory distress syndrome 
(ARDS) is a heterogeneous syndrome of 
dysregulated inflammation, resulting from 
direct insults (e.g. aspiration, pneumonia, 
chest contusion, etc.), indirect insults (e.g. 
sepsis, shock, pancreatitis, etc.) or capillary-
stress failure (e.g. ventilator induced lung 
injury, high altitude pulmonary edema, etc.) 
(1). It leads to respiratory failure with a mor-

tality of up to 40% (2, 3). Besides attribut-
able morbidity and mortality, ARDS leads 
to enormous increase in health care cost 
(4). Although ARDS definition has recently 
been updated (5), the management remains 
largely supportive without the therapeutic 
breakthroughs despite 30 years of intense 
research in the field. This lead to the recent 
paradigm shift where the investigative ef-
forts are directed more towards the early 
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Objective. Inhaled corticosteroids and inhaled beta agonists were 
shown to decrease the lung injury in animal models. We investigated 
the association of pre-hospital use of inhaled corticosteroids and in-
haled beta agonists with the incidence of Acute Respiratory Distress 
Syndrome (ARDS) in a population based cohort of hospitalized pa-
tients. Material and methods.  Retrospective cohort study of adult 
patients from Olmsted County, Minnesota admitted to the hospital 
with at least one predisposing condition for ARDS from 2001-2008. 
The association with pre-hospital use of inhaled corticosteroids and 
inhaled beta agonists was evaluated using univariate and multivariate 
analyses. Primary outcome was ARDS and secondary outcome was 
hospital mortality. Results. Out of 2429  hospitalized adult patients 
with at least one risk factor for ARDS, 10.5% of those taking and 14% 
of those not taking inhaled corticosteroids developed ARDS (OR 0.72; 
0.53-0.97; p<0.03). Inhaled beta agonists showed similar unadjusted 
protective effect; 9.7% of users and 14.4% of non-users developed 
ARDS (OR 0.64; 0.48-0.86; p=0.003). After adjusting for risk factors, 
comorbidities and severity of  illness in the multiple logistic regression 
model, use of inhaled beta agonists, but not inhaled corticosteroids, 
remained independently associated with decreased risk of ARDS 
(OR 0.48; 0.31-0.72; p<0.001 versus 0.87; 0.57-1.29; p=0.49). The esti-
mated protective effects were more pronounced among patients with 
pneumonia compared to those without pneumonia. Conclusion. Pre-
hospital use of inhaled beta agonists but not inhaled corticosteroids 
was significantly associated with decreased incidence of ARDS among 
hospitalized patients at risk, once adjusted for baseline characteristics, 
predisposing and comorbid conditions, as well as severity of illness. 
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identification of patients at risk and preven-
tion of ARDS.

Corticosteroids are potent anti-inflam-
matory agents, however previous studies of 
systemic corticosteroids were not fully sup-
portive of their protective effect in ARDS 
patients (6-12). This could be at least in part 
due to systemic side effects (11). On the 
contrary, inhaled corticosteroids (ICS) with 
similar anti-inflammatory properties and 
direct delivery to the target organ are largely 
void of systemic adverse effects. Despite het-
erogeneity in timing of administration or 
the insult to the lungs, animal studies had 
shown promising results in attenuation of 
acute lung injury with pretreatment or con-
comitant treatments with ICS (13-17). In a 
large multicenter LIPS cohort we have pre-
viously shown that the proposed protective 
effect of ICS towards ARDS development in 
patients at risk is more pronounced in pa-
tients exposed to the direct, rather than in-
direct mechanisms of acute lung injury (18). 
Nearly 70% of patients on ICS in this cohort 
were taking inhaled beta agonists (IBA), as 
well. Beta agonists were previously shown to 
be able to enhance resolution of pulmonary 
edema and maintain stability of alveolocap-
illary membrane under baseline conditions 
(19, 20). We postulated that regular use of 
ICS and/or IBA could favorably modify dys-
regulated inflammatory response and result 
in lesser risk for the development of ARDS 
Therefore, we hypothesized that patients us-
ing ICS and/or IBA prior to hospitalization 
compared to those who were not using these 
medications  have lower risk of ARDS devel-
opment after the hospital admission. 

In order to test this hypothesis, we stud-
ied a population-based cohort of patients at 
risk for ARDS from Olmsted County, MN. 

Material and methods
The study was approved by Mayo Clinic’s 
institutional review board as a minimal risk 
study (approval number 08-007804).

Study design

This was an observational retrospective co-
hort study designed to test whether the pa-
tients at risk of ARDS had smaller risk of de-
veloping ARDS if they used ICS and/or IBA 
prior to admission to the hospital. The co-
hort was first divided into ICS and IBA users 
and non-users. Subsequently, we divided the 
patients based on having admission diagno-
sis of pneumonia or not. 

Study population

Population included adult patients from 
Olmsted County, MN, admitted to hospital 
with at least one risk factor for ARDS, from 
2001 – 2008. The patients were excluded if 
they had ARDS already at the time of the 
admission (first 6 hours), if they died in the 
emergency room, or restricted their care to 
the comfort or hospice care. 

Predictor variables

The ICS and IBA therapy exposure was de-
termined through the electronic medical 
record with the consent of the patient or 
family. Any ICS or IBA medication either 
alone or in any combination was included. 
Baseline characteristics included: age, gen-
der, race and Charlson comorbidity score. 
Previous diagnoses of chronic obstructive 
pulmonary disease (COPD) or asthma were 
included as well, as majority of patients on 
ICS and/or IBA were expected to have one 
of these two diagnoses. Clinical variables 
established as risk factors for ARDS devel-
opment evident prior to the ARDS diagno-
sis were: pneumonia, pancreatitis, sepsis, 
shock, trauma, and multiple transfusions. 
APACHE III score was used as a severity of 
illness measure. 

Outcome variables

The ARDS development was the primary 
outcome during hospitalization. Although 
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at the time of study conception the AECC 
standard criteria were used (21), we adapted 
the newer Berlin definition for ARDS and 
excluded patients who did not fulfill the 
PEEP requirement of at least 5 cm. The sec-
ondary outcome was hospital mortality.    

Statistical  analysis

We first assessed the distribution of the vari-
ables. The continuous variables were report-
ed as medians with 1st and 3rd interquartile 
ranges (IQR), and categorical variables were 
reported as counts and proportions. We 
then performed univariate analyses for the 
primary and secondary outcomes based on 
the pre-hospital use of ICS and/or IBA. Sub-
sequently, separate univariate analyses were 
done on patients with diagnosis of pneumo-
nia and those without it. The statistical test 
used for univariate analyses was Pearson’s 
Chi-Square test as all expected cell values 
were greater than 5. Following this, we per-
formed multivariate logistic regression for 
primary and secondary outcomes on all pa-
tients by including the following variables: 
ICS and/or IBA, age, Charlson score, above-
mentioned risk factors for ARDS, asthma 
and/or COPD and APACHE III score. We 
evaluated interaction between ICS and IBA 
in the models. Finally, we applied a multi-
variate logistic regression model to a sub-
group of patients who had pneumonia on 
admission. The only variable removed from 
this particulate model was pneumonia. The 
risk estimates were reported as odds ratios 
(OR) with 95% confidence intervals (CI). 
P value <0.05 was considered statistically 
significant. JMP 9.0 software and SAS 9.1.3 
(SAS Institute Inc., Cary, NC) were used for 
statistical analysis.

Results

There were total of 2,429 patients who were 
admitted to the hospital with at least one risk 

factor for ARDS during the study period. 
Median age was 71 years (53-83) and 53% of 
patients were male. Other baseline charac-
teristics are listed in Table 1. Of all patients, 
564 were taking ICS and 626 were taking 
IBA with 354 taking both of these medica-
tions at the time of admission.  There were 
996 patients with the diagnosis of pneumo-
nia and 1,433 without. Among 320 patients 
with ARDS, at the time of diagnosis, there 
were 158 (49%) with mild, 100 (31%) with 
moderate, and 62 (19%) with severe ARDS, 
respectively. Median partial pressure of ar-
terial oxygen to fractional inspired oxygen 
concentration (P/F) ratios among patients 
taking and not taking inhaled medications  
were 106 (59; 197) and 95 (54; 176) for ICS 
and 128 (71; 198) and 95 (53; 175) for IBA, 
respectively.

Table 1 Demographic and clinical characteristics of 
the patients (n=2,429)

Age (year, median IQR) 71 (53-83)

Male sex (%) 1,295 (53)

White race (%) 2,156 (89)

Asthma and/or COPD (%) 1101 (45)

Charlson score, median (IQR) 3 (1-4)

APACHE III score, median (IQR) 52 (34-72)

Inhaled corticosteroid users (%) 564 (23)

Inhaled beta agonist users (%) 626 (26)

Inhaled corticosteroid & beta agonist users (%) 354 (15)

COPD= Chronic obstructive pulmonary disease.

Univariate analysis

Pre-hospital ICS use was significantly as-
sociated with lower risk of ARDS develop-
ment; 10.5% of ICS users and 14% of non-
ICS users developed ARDS during the hos-
pitalization (OR 0.72, 0.53-0.97, p<0.03). 
However, when stratified by the diagnosis of 
pneumonia, it appeared that the protective 
unadjusted effect in all patients was mostly 
due to the effect on patients with pneumo-
nia (OR 0.49, 0.33-0.72, p<0.001), rather 
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than among those without pneumonia (OR 
0.93, 0.59-1.48, p=0.77). In regards to the 
secondary outcome - mortality, we observed 
similar results; pre-hospital ICS use was sig-
nificantly associated with lower mortality 
in all patients; 15% of ICS users and 19% of 
non-ICS users died during the hospitaliza-
tion (OR 0.73, 0.56-0.94, p=0.016). When 
stratified by the diagnosis of pneumonia, the 
protective unadjusted effect was only signifi-
cant in patients with pneumonia (OR 0.50, 
0.36-0.71, p<0.001), where among those 
without pneumonia there was no significant 
association with mortality (OR 0.92, 0.62-
1.36, p=0.66) (Table 2).

Pre-hospital IBA use was significantly 
associated lower risk of ARDS development; 
9.7% of IBA users and 14.4% of non-IBA 
users developed ARDS during the hospi-
talization (OR 0.64; 0.48-0.86; p=0.003). 
However, when stratified by the diagnosis 
of pneumonia, the protective unadjusted 
effect in all patients was more pronounced 
among patients with pneumonia (OR 0.50; 
0.34-0.74; p<0.001), rather than among 

those without pneumonia (OR 0.72; 0.46-
1.13; p=0.15). The similar was observed in 
regards to the mortality; pre-hospital IBA 
use was significantly associated with lower 
mortality in all patients; 12.1% of IBA us-
ers and 20.4% of non-IBA users died dur-
ing the hospitalization (OR 0.54; 0.41-0.70; 
p<0.001). When stratified by the diagnosis 
of pneumonia, the protective unadjusted 
effect was more potent in patients with 
pneumonia (OR 0.45; 0.31-0.63; p<0.001), 
compared to those without pneumonia (OR 
0.54; 0.35-0.82; p=0.003) (Table 2).

Multivariate analysis

The multivariate model included 2197 pa-
tients (90%) who had APACHE III score. 
When adjusted for pertinent potential con-
founders in a multivariate logistic regression 
analysis (Table 3), pre-hospital IBA use was 
independently protective of ARDS among 
all patients (OR 0.48, 0.31-0.72, p<0.001) but 
not use of ICS (OR 0.87, 0.57-1.3, p=0.49). 

Table 2 Univariate analysis for the primary and secondary outcomes

Characteristics Patients with 
ARDS (n=320)

Patients without 
ARDS (n=2109) p-value Dead 

(n=445)
Alive 
(n=1984) p-value

Age (median; IQR) 64 (48-78) 72 (54-83) <0.001 78 (65-86) 69 (50-81) <0.001

Male (%) 181 (56.6) 1114 (52.8) 0.21 247 (55.5) 1048 (52.8) 0.3

White (%) 270 (84.4) 1886 (89.4) 0.13 373 (83.8) 1783 (90) <0.001

Pancreatitis (%) 17 (5.3) 61 (2.9) 0.02 13 (2.9) 65 (3.3) 0.7

Pneumonia (%) 168 (52.5) 828 (39.3) <0.001 227 (51) 769 (38.8) <0.001

Sepsis (%) 142 (44.4) 649 (30.8) <0.001 186 (41.8) 605 (30.5) <0.001

Shock (%) 85  (16) 303 (9.3) <0.001 144 (32.4) 244 (12.3) <0.001

Asthma/COPD (%) 132 (41.2) 969 (46) 0.11 199 (44.7) 902 (45.5) 0.77

Trauma (%) 80 (25) 747 (35.4) <0.001 70 (15.7) 757 (38.2) <0.001

Multiple transfusions (%) 52 (16.2) 136 (6.4) <0.001 60 (13.5) 128 (6.4) <0.001

Charlson Score (median; IQR) 3 (2-4) 3 (1-4) 0.015 4 (2-5) 2 (1-4) <0.001

APACHE III (median; IQR) 66 (47-91) 51 (32-69) <0.001 77 (56-107) 49 (30-66) <0.001

IBA (%) 61 (19.1) 565 (26.8) 0.003 76 (17.1) 550 (27.7) <0.001

ICS (%) 59 (18.4) 505 (24) 0.03 84 (18.9) 480 (24.2) 0.01

ARDS=Acute respiratory distress syndrome; COPD=Chronic obstructive pulmonary disease; IBA=Inhaled beta agonists; ICS=Inhaled cortico-
steroids.
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The interaction between IBA and ICS was 
not statistically significant (p=0.22). This 
adjusted protective effect of IBA was slightly 
more pronounced among 884 patients with 
pneumonia (OR 0.45;  0.27-0.74; p<0.001), 
compared to 1313 that did not have pneu-
monia (OR 0.49; 0.22-0.99; p=0.05), how-
ever, the interaction with ICS variable in the 
latter subgroup was significant (p=0.016). 

The similar protective effect was observed 
for mortality as a secondary outcome (Table 
4). Among all patients, IBA use but not ICS 
use was protective of mortality (OR 0.44; 
0.30-0.65; p<0.001) versus (OR 0.86; 0.59-
1.24; p=0.43), respectively.  The interaction 
between IBA and ICS was not statistically 
significant (p=0.15). 

Table 3 Multivariate analysis for ARDS

Characteristics

All patients*
(n=2197)

Patients with 
pneumonia* (n=884)

Patients without 
pneumonia* (n=1313)

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age 0.97 (0.96-0.98) <0.001 0.98 (0.97-0.99) <0.001 0.97 (0.96-0.98) <0.001

Pancreatitis 1.94 (0.96-3.7) 0.06 1.85 (0.54-5.93) 0.31 1.53 (0.61-3.56) 0.35

Pneumonia 2.47 (1.83-3.35) <0.001 - - - -

Sepsis 1.96 (1.45-2.65) <0.001 1.89 (1.22-2.89) 0.004 1.32 (0.73-2.34) 0.35

Shock 1.69 (1.21-2.37) 0.002 2.67 (1.56-4.56) <0.001 0.98 (0.56-1.67) 0.95

Asthma/COPD 1.12 (0.82-1.54) 0.45 1.06 (0.69-1.62) 0.80 1.21 (0.75-1.92) 0.43

Trauma 1.69 (1.16-2.44) 0.006 2.22 (1.26-3.8) 0.006 1.11 (0.57-2.12) 0.76

Multiple transfusion 2.49 (1.67-3.67) <0.001 1.81 (0.92-3.43) 0.08 3.11 (1.86-5.09) <0.001

Charlson Score 1.00 (0.95-1.06) 0.89 0.97 (0.89-1.05) 0.47 1.03 (0.94-1.11) 0.52

APACHE III Score 1.02 (1.01-1.02) <0.001 1.01 (1-1.02) 0.005 1.025 (1.02-1.03) <0.001

IBA 0.48 (0.31-0.72) <0.001 0.45 (0.27-0.74) 0.001 0.49 (0.22-0.99) 0.05

ICS 0.87 (0.57-1.3) 0.51 0.86 (0.52-1.41) 0.56 0.65 (0.28-1.35) 0.26

*All patients who had APACHE III score recorded. COPD=Chronic obstructive pulmonary disease; IBA=Inhaled beta agonists; ICS=Inhaled cor-
ticosteroids.

Table 4 Multivariate analysis for mortality

Characteristics
All patients*
(n=2197)

Patients with 
pneumonia* (n=884)

Patients without 
pneumonia* (n=1313)

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age 1.01 (1-1.02) <0.001 1.02 (1.01-1.03) <0.001 1.01 (1-1.02) 0.03

Pancreatitis 0.82 (0.37-1.69) 0.60 0.98 (0.23-3.5) 0.98 0.84 (0.29-2.14) 0.72

Pneumonia 1.6 (1.19-2.15) 0.001 - - - -

Sepsis 1.09 (0.82-1.44) 0.53 1.24 (0.82-1.85) 0.3 1.04 (0.62-1.76) 0.86

Shock 2.13 (1.56-2.92) <0.001 1.92 (1.11-3.29) 0.02 2.18 (1.33-3.55) 0.002

Asthma/COPD 0.9 (0.67-1.199) 0.47 0.99 (0.68-1.47) 0.99 0.77 (0.49-1.18) 0.23

Trauma 0.76 (0.52-1.09) 0.14 0.8 (0.42-1.44) 0.47 0.83 (0.45-1.51) 0.54

Multiple transfusion 2.39 (1.6-3.54) <0.001 2.54 (1.36-4.7) 0.004 2.29 (1.35-3.84) 0.002

Charlson Score 1.09 (1.03-1.15) 0.001 1.07 (0.99-1.15) 0.07 1.09 (1.02-1.19) 0.01

APACHE III Score 1.03 (1.02-1.03) <0.001 1.02 (1.01-1.02) <0.001 1.03 (1.03-1.04) <0.001

IBA 0.42 (0.28-0.62) <0.001 0.44 (0.27-0.69) <0.001 0.44 (0.21-0.83) 0.01

ICS 0.88 (0.6-1.27) 0.5 0.74 (0.46-1.17) 0.2 1.13 (0.59-2.07) 0.71

*All patients who had APACHE III score recorded; COPD=Chronic obstructive pulmonary disease; IBA=Inhaled beta agonists; ICS=Inhaled cor-
ticosteroids.
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Discussion 

In this retrospective cohort study of adult 
patients from Olmsted County in Minne-
sota, admitted to the hospital with at least 
one risk factor for ARDS, the pre-hospital 
use of IBA was significantly associated with 
decreased risk of ARDS when adjusted for 
baseline characteristics, predisposing con-
ditions and severity of illness. Although the 
overall estimated effect of ICS was in the 
protective range, this did not reach statisti-
cal significance. Overall, adjusted protective 
effects for ARDS were more pronounced 
in patients with pneumonia in contrast to 
those who did not have pneumonia. The 
interaction between IBA and ICS was only 
significant in a subgroup of patients with-
out pneumonia. This is the first study to our 
knowledge that showed protective adjust-
ed effect of IBA on development of ARDS 
among patients at risk.

The definite role of ICS and IBA in the 
prevention and early treatment of ARDS 
has not been established yet, despite a solid 
body of pre-clinical evidence (6-12). Besides 
the direct delivery to the target organ, ICS 
and IBA are void of systemic adverse effects, 
and this makes them the prime candidates 
for the lung injury prevention, especially 
due to direct mechanisms (epithelial injury). 
Recently, we demonstrated that pre-hospital 
use of ICS exerts stronger protective effect 
on patients with direct rather than indirect 
risk factors for ARDS where 70% of the pa-
tients on ICS were receiving IBA, as well 
(18). Preclinical studies of ICS delivered pri-
or to pulmonary injury showed significantly 
reduced pro-inflammatory cytokines and 
improvements in oxygenation among ani-
mals in the intervention group (16, 17). The 
beta agonists have previously established 
its role in maintaining the stability of the 
barrier function under baseline conditions 
(20). This is very important as the early use 
of IBA and/or ICS in patients with relatively 

intact epithelium may allow the full effect 
of the medications, prior to the injury seen 
in fully established ARDS. Timely admin-
istration of inhaled medications may result 
in their more uniform distribution, thus al-
lowing them to exert their protective effects. 
On the contrary, in fully established ARDS, 
inhaled medications cannot reach the target 
site due to heterogeneous nature of ARDS. 
Moreover, the affected epithelium is dysreg-
ulated and dysfunctional, which reduces the 
response to medications. Perhaps, this can 
explain while IBA failed to show the thera-
peutic effect in ALTA study (22). However, 
this is speculative and further investigative 
studies are needed to confirm afore men-
tioned hypotheses. The ongoing Lung Injury 
Prevention Study with Budesonide and Beta 
agonist, formoterol (23) is the first random-
ized controlled trial of ICS and IBA to pre-
vent pulmonary dysfunction and ARDS, 
which may shed more lights on the topic.

We have previously studied in the LIPS 
cohort the role of ICS and IBA on ARDS 
development and showed that ICS, rather 
than IBA, could potentially have protective 
effect, especially in a subgroup of patients 
with at least one risk factor for the direct 
lung injury.  It is not readily apparent why 
this study showed different result. Although 
population-based, this study was done at a 
single site, compared to 22 sites included in 
the LIPS cohort. Also, in the LIPS cohort we 
excluded the patients on ICS who were us-
ing systemic corticosteroids (SCS), after ob-
serving the higher incidence of ARDS in pa-
tients on SCS (7.7%) (2) compared to those 
on ICS alone (4.7%) (18). It is quite possible 
that some of the patients taking ICS in this 
single-center cohort were receiving SCS, as 
well. Also, in LIPS cohort studies, we used 
propensity score matching to account for 
the hidden bias and confounding, although 
by doing this we predisposed the results to 
the risk of overmatching.
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Other limitations of our study need to be 
recognized. This was a retrospective obser-
vational study and as such it was susceptible 
to inherent bias and confounding. The study 
was done at a single academic medical cen-
ter; however, all patients with ARDS in the 
Olmsted County, MN are treated in one of 
the two Mayo Clinic hospitals in Rochester, 
MN, which makes this population-based 
study.  Notably, generalization of the results 
may be limited due to less diverse popula-
tion characteristics in Olmsted County. A 
fraction of patients (~10%) was not included 
in multivariate analyses due to their lack of 
APACHE III score. Diagnostic ascertain-
ment of ARDS and pneumonia also needs to 
be mentioned; however this particular limi-
tation is shared with other studies on this 
topic. We did not have details on the use of 
ICS and IBA, such as compliance and dura-
tion; however this sort of information bias 
would be due to non-differential misclassi-
fication, which would bias results towards 
the null hypothesis. We used both Charlson 
score as well as APACHE III score to adjust 
for the comorbidities and severity of illness. 
Furthermore, most common risk factors for 
ARDS were accounted for. However, there 
could have been other confounding factors 
that we did not adjust for in the logistic re-
gression analysis, therefore a potential for 
hidden bias remains. 

Conclusion 

Pre-hospital use of IBA but not ICS was 
independently associated with decreased 
incidence of ARDS and mortality once ad-
justed for common risk factors for ARDS, 
other comorbidities, and severity of illness 
in a population-based cohort from Olmsted 
County, MN. Randomized controlled trials 
are needed to confirm the proposed protec-
tive effects of IBA and ICS on the develop-
ment of ARDS observed in preclinical and 
observational studies. 

What is already known on this topic
Pre-clinical studies suggest separate protective roles of inhaled 
corticosteroids and beta agonists towards development of acute 
lung injury. A recent secondary analysis of a large multicenter 
cohort suggested possible protective role of inhaled corticoste-
roids in patients at risk for acute respiratory distress syndrome 
development by direct mechanisms, of which most common 
was pneumonia. Nearly 70% of patients on inhaled corticoste-
roids in this study were on inhaled beta agonists, as well.

What this study adds 
Our population-based study demonstrates that both inhaled 
corticosteroids and beta agonists manifested unadjusted pro-
tective effects on development of acute respiratory distress 
syndrome. After adjusting for risk factors, comorbidities and 
severity of illness, use of inhaled beta agonists remained inde-
pendently associated with the protective effect. This protective 
effect was more pronounced in patients with pneumonia as a 
predisposing factor in all unadjusted and adjusted analyses.
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