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Introduction
Inhaled corticosteroids (ICS), commonly used to treat chronic obstructive pulmonary disease (COPD),
have been associated with an increased risk of pneumonia in randomised trials and observational studies
[1]. TORCH and INSPIRE were the first large randomised trials to report significant increases in the
incidence of pneumonia with high-dose fluticasone [2–5]. Other trials reported similar increases with
lower doses [6, 7]. Meta-analyses confirmed these increases, whether with ICS used alone (rate ratio (RR)
1.81, 95% CI 1.44–2.29) or in combination with a long-acting beta-agonist (RR 1.68, 95% CI 1.20–2.34)
[8, 9]. Observational studies reported similar increases in the incidence of pneumonia with ICS [10–12].

A meta-analysis of several trials suggests that ICS are also associated with an increase in the incidence of
pneumonia-related mortality (RR 1.50, 95% CI 0.85–2.67), although limited by few events [13]. An
observational study also reported increased pneumonia-related mortality with ICS (RR 1.53, 95% CI 1.30–
1.80) [10].

While there is good evidence that ICS increase the incidence of pneumonia and pneumonia-related
mortality, several observational studies suggest that ICS use prior to a pneumonia event decreases
mortality in patients with pneumonia [11, 14, 15]. A meta-analysis of these and other observational
studies report a significant decrease in case-fatality with prior ICS use among patients with pneumonia
(RR 0.72, 95% CI 0.59–0.88) [13].

This “paradoxical” effect of ICS, namely that of increasing the incidence of pneumonia and
pneumonia-related mortality but reducing pneumonia case-fatality, has puzzled clinicians and scientists
[16, 17]. Particularly confusing was the interpretation of these case-fatality studies as if they were studies of
ICS affecting the incidence of pneumonia-related mortality. Indeed, a conclusion such as “These results
render new perspectives for the safety of ICS” is incompatible with a study designed to assess case-fatality
[14]. It would instead be applicable to a study of the incidence of pneumonia-related mortality. This
paradox also introduced some uncertainty for treatment guideline recommendations on the use and safety
of ICS in treating COPD [18].
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In this paper, we show how selection bias in the cohort design of the case-fatality studies can explain this
apparent paradox. A famous manifestation of this is the “obesity paradox” whereby obesity appears to lead
to better outcomes in patients with cardiovascular disease compared with healthy weight [19]. We describe
this selection bias in the context of the ICS-pneumonia association.

Selection bias
Studies that associated ICS use with decreased case-fatality in patients with pneumonia typically identified
cohorts of patients hospitalised for pneumonia who had COPD. Follow-up for mortality started at the
pneumonia admission with exposure to ICS measured prior to admission. Generally, those exposed to ICS
prior to the pneumonia admission had lower mortality than those unexposed to ICS [11, 14, 15].

Selection bias, also called collider bias, occurs in an observational study when the study cohort is selected
on a criterion (the collider) associated with the exposure under study and that shares risk factors with the
studied outcome (figure 1) [20–23]. In our case, the criterion to define the study cohort is a
hospitalisation for pneumonia, the incidence of which is known to be increased with ICS use [8, 9]. We
can deduce that patients not exposed to ICS prior to their pneumonia had their pneumonia caused by risk
factors other than ICS, such as comorbidity, genetic profile or other environmental exposures. Selection
bias is introduced if these are also risk factors for the outcome under study, namely mortality (figure 1).
Such potential shared risk factors for developing pneumonia and associated with higher mortality include
older age, cigarette smoking, alcohol abuse, as well as comorbid conditions such as chronic respiratory and
cardiovascular diseases, cerebrovascular disease, Parkinson’s disease, epilepsy, dementia, dysphagia, HIV
and chronic renal or liver disease [24]. The bias arises because patients with pneumonia not exposed to
ICS will have, on average, more of these “other” risk factors for death than those exposed to ICS. As a
result, one would observe higher mortality among the ICS-unexposed than among the ICS-exposed
pneumonia patients.

To better illustrate selection bias, assume that the rate ratio of pneumonia incidence with ICS is 2, so that
the attributable fraction of pneumonia events exposed to ICS is 50%, i.e. half of all ICS-exposed
pneumonias are attributable to ICS [25]. Thus, the other half of the ICS-exposed pneumonias are not due
to ICS; they are due to “other” factors. Therefore, patients exposed to ICS will be comprised of two groups,
those whose pneumonia was consequential to ICS exposure and those whose pneumonia was due to other
factors. On the other hand, the entire comparator group of patients unexposed to ICS will have their
pneumonia only due to other factors. If the ICS-caused pneumonias are not particularly fatal while the
pneumonias caused by “other” factors are, as in figure 1, the comparison of the ICS-exposed pneumonias
(only half with “other” risk factors) versus the ICS-unexposed pneumonias (all with “other” risk factors)
will lead to an artificially lower risk of death for the ICS-exposed patients.

This bias can be eliminated by adjusting for the shared risk factors of pneumonia and death, thus
requiring complete data on all confounders. Such adjustment will necessarily exclude from the analysis the
unique patients whose pneumonia was “caused” strictly by the ICS, if all other pneumonias necessitate
other risk factors. Nevertheless, the importance of the bias depends on the size of the prevalence and a
strong association between unmeasured confounders and pneumonia [26].

On the other hand, if the goal is instead to evaluate whether ICS increase the incidence of
pneumonia-related mortality, one can avoid such selection bias by defining the study cohort by exposure
initiation, with follow-up starting at that time, and not by the pneumonia event [20, 21]. Defining the
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FIGURE 1 Directed acyclic graph depicting selection bias due to defining the study cohort by pneumonia
hospitalisation (the box around pneumonia hospitalisation denotes the factor defining cohort selection).
Pneumonia hospitalisation is affected by prior inhaled corticosteroid exposure and associated with
subsequent mortality. In addition, pneumonia hospitalisation and death share several (unmeasured) risk
factors.
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cohort by ICS exposure will include the patients who will develop pneumonia during follow-up and the
outcome of interest, namely death subsequent to the pneumonia (figure 2). This design will permit a valid
estimation of post-pneumonia death associated with prior ICS use, with proper control for confounding
bias.

Cohort study defined by pneumonia
The first large study to evaluate the association between prior ICS use and pneumonia case-fatality was
based on data from the US Veteran’s Affairs healthcare databases [14]. The cohort included all 6353
patients aged 64 years or over who had a diagnosis of COPD, but not asthma, hospitalised for pneumonia
during the 1-year period from October 1999. There were 3933 current users of ICS at the time of
admission for pneumonia, while the other 2420 were non-users. The primary outcomes were 30- and
90-day mortality from admission. Patients on ICS at admission had lower 30-day mortality (adjusted RR
0.76, 95% CI 0.70–0.83) and 90-day mortality (adjusted RR 0.80, 95% CI 0.75–0.86) compared with
non-users.

This study design defined the cohort by a pneumonia hospitalisation, with ICS exposure measured prior to
admission, a design susceptible to selection bias (as in figure 1). The analysis adjusted for a limited
number of confounders, namely age, sex, race, marital status, socioeconomic status, classes of medications
(cardiac, diabetic, respiratory other than ICS), and the Charlson’s comorbidity score [14]. It did not
include important other shared risk factors listed previously [24], as figure 1 dictates.

Cohort study defined by ICS exposure
The study that estimated the association between ICS use and the incidence of pneumonia-related
mortality used the health databases of the Province of Quebec, Canada, to identify a cohort of 175906
patients, 66 years of age or older during 1988–2001, treated for COPD, excluding patients with asthma
[10]. Patients were followed until the end of 2003, during which 23942 patients were hospitalised for
pneumonia. The adjusted RR of hospitalisation for pneumonia associated with the current use of ICS was
1.70 (95% CI 1.63–1.77), while for pneumonia hospitalisation followed by death within 30 days it was 1.53
(95% CI 1.30–1.80).

This study design defined the cohort by ICS exposure with pneumonia hospitalisation as an outcome and
subsequent 30-day mortality post-pneumonia as a further outcome. This study design fits the figure 2
schema that avoids selection bias in assessing whether ICS use is associated with post-pneumonia
mortality.

The study also provided some data fitting figure 1 on the 23942 patients hospitalised for pneumonia,
including prior ICS use and 30-day mortality following admission. There were 1475 deaths (8.2%) among
the 18005 non-users of ICS compared with 439 deaths (7.4%) among 5937 users of ICS at the time of
pneumonia hospitalisation. The resulting crude RR of death associated with prior ICS use is 0.90 (95% CI
0.81–1.00), suggesting a lower mortality with ICS use prior to pneumonia hospitalisation, although no
statistical adjustment was provided, which illustrates the depicted selection bias.

Conclusion
Randomised trials and observational studies clearly demonstrate that ICS increase the incidence of
pneumonia and pneumonia-related mortality. However, the observational studies conducted among
patients hospitalised for pneumonia reporting that prior ICS use is associated with decreased mortality
obscure this evidence. This paradox of ICS appearing to increase pneumonia incidence but to lower
post-pneumonia mortality has puzzled clinicians and scientists, even creating uncertainty in
recommendations on the safety of ICS by COPD treatment guideline committees [16–18].
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FIGURE 2 Directed acyclic graph depicting an approach to avoid selection bias and address
pneumonia-related mortality by defining the study cohort by inhaled corticosteroid exposure (the box around
inhaled corticosteroid exposure denotes the factor defining cohort selection). Inhaled corticosteroid exposure
and death post-pneumonia share several confounding factors.
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We showed that this apparent paradox results from two issues. First, defining the observational study
cohorts by a pneumonia event can introduce selection bias, thus resulting in a pooled reduction of 28% in
post-pneumonia mortality with prior ICS use. Second, these studies interpreted their findings as if they
were designed to evaluate the effect of ICS on the incidence of pneumonia-related mortality rather than as
the case-fatality studies they were designed for. One study that directly addressed the question of the
incidence of pneumonia-related death, defining the cohort by ICS exposure, found a 53% increase in
post-pneumonia mortality with ICS.

Besides selection bias, an inherent limitation from many of the randomised trials and observational studies
of ICS and pneumonia is the definition of pneumonia that did not include radiographic validation.
Nevertheless, the more recent randomised trials that used such validation confirmed these risks [27].
Moreover, the majority of observational studies used hospitalisation with a primary diagnosis of
pneumonia as the definition, likely supported by a compatible radiographic finding.

In all, there is no paradox in the risk of pneumonia associated with ICS use in COPD. The evidence is
now clear that ICS use is associated with a higher incidence of pneumonia and of pneumonia-related
mortality. The studies of pneumonia case-fatality, based on cohorts of patients with pneumonia and
looking at prior ICS use in association with post-pneumonia death, besides being subject to potential
selection bias, do not address the question of whether ICS use increases the risk of pneumonia-related
mortality and should not be interpreted as such.
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