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Balancing Benefits and Risks: Do Inhaled Corticosteroids
Modify the Lung Microbiome?

Glucocorticoids are common and powerful antiinflammatory
medications. Because of their myriad effects on the immune system,
they are capable of both facilitating infections and ameliorating their
outcomes. In pulmonary medicine, chronic oral glucocorticoid
therapy is a well-recognized risk factor for infections such as
Pneumocystis pneumonia. However, glucocorticoids also serve as
adjunctive treatment for severe Pneumocystis pneumonia,
coronavirus disease (COVID-19) pneumonia, and chronic
obstructive pulmonary disease (COPD) exacerbations. The
appropriate use of inhaled glucocorticoids in chronic inflammatory
lung diseases is similarly complex. Inhaled corticosteroids (ICS) are
the first line of therapy for asthma, for which they improve outcomes,
but their use in COPD is much more complicated. Current Global
Initiative for Chronic Obstructive Lung Disease guidelines (1)
recommend restricting ICS use to patients with a significant history
of COPD exacerbations or peripheral eosinophilia because of the
increased risk of pneumonia seen with these drugs in COPD. Thus, in
COPD, we recognize that although glucocorticoids prevent and treat
COPD exacerbations, they also increase the risk of pulmonary
infection.

Several studies have attempted to understand the biological
mechanisms by which chronic ICS use increases the risk of
pneumonia in COPD, focusing, for example, on blunting of IFN
responses to viruses, inhibition of macrophage-mediated bacterial
clearance, and downregulation of major histocompatibility complex
class II molecules (2, 3). In addition, ICS can suppress antimicrobial
peptides driving the expansion of streptococci within the microbiota
in mice (4). Interestingly, lower levels of some antimicrobial peptides,
such as cathelicidin, are associated with increased severity of COPD
exacerbations (4). In sputum samples, ICS use is associated with
increased bacterial load (5) and reduced alpha diversity with
increased abundance of Proteobacteria, a phylum with several
common respiratory pathogens such asHaemophilus andMoraxella
species (6–8). Aside from these associations with specific respiratory
pathogens, other components of the respiratory microbiota are also
associated with the use of ICS in COPD (9–11). When evaluated
more closely, however, the antiinflammatory effects of ICS may have
contrasting effects on both the lung microbiome and susceptibility to
respiratory pathogens (Figure 1). On one hand, ICS use decreases
airway mucus production, which improves airway clearance and
decreases the availability of bacterial nutrients. This could result in

reduced airway bacterial load and decreased susceptibility to
respiratory pathogens. On the other hand, the effects of ICS on
antibacterial peptides could lead to increased bacterial growth,
promoting bacterial dominance (reduced diversity) and increasing
susceptibility to pathogens. Thus, to better understand the effects
of ICS use on the risk for respiratory pathogens, we need to
evaluate the effects of these drugs on the respiratory microbiome
as well as the host. With the growth of culture-independent
approaches to characterize the lung microbiome, we now have
the opportunity to explore the clinical impact of respiratory
medications and determine their effect on the airway microbiota.
The existing literature using upper airway or sputum samples
suggests that ICS use may increase viral load, increase
microbiome diversity, and increase potential respiratory
pathogens. However, a major limitation in this area is the lack of
randomized controlled studies of ICS use to evaluate
longitudinal changes in the lower airway microbiota.

In the current issue of the Journal, Leitao Filho and colleagues
(pp. 1143–1152) address some of these limitations with a randomized
trial of the effects of ICS plus long-acting b2-agonist (LABA) therapy
versus LABA alone on the clinically stable COPD lung microbiome
(12). All participants underwent a 4-week run-in period during which
they discontinued ICS use and initiated a LABA (formoterol). After
the run-in period, participants underwent baseline bronchoscopy for
microbiome sampling and were then randomized 1:1:1 to
budesonide/formoterol, fluticasone propionate/salmeterol, or
formoterol alone for 12 weeks. A follow-up bronchoscopy for
microbiome sampling was performed 12 weeks after randomization.
The primary study outcome was a change in the lung microbiome
alpha diversity (intrasample taxonomic diversity) or microbiome
composition over 12 weeks of treatment between the ICS/LABA
groups and the LABA-only group. Although the authors did not
demonstrate significant changes in these microbiome measures as a
result of ICS/LABA versus LABA use, they observed that fluticasone/
salmeterol treatment was associated with a relative reduction in alpha
diversity compared with the formoterol alone group. These results
appear to be due to the unexpected increase in alpha diversity among
the control (LABA only) group during the 12-week treatment
duration despite the 4-week run-in period. In secondary analyses,
longitudinal changes in the alpha diversity of the airway microbiome
were positively correlated with increased post-bronchodilator FEV1.
These data suggest that the loss of microbial community diversity
may be an important factor in the responsiveness to bronchodilators.
In addition, the fluticasone/salmeterol group had a greater number of
microbial shifts from baseline compared with both formoterol and
budesonide/formoterol. The authors did not see similar trends in the
budesonide/formoterol group, indicating that some of these
observations might be specific to the steroid or LABA formulation
rather than class effects.
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Of course, this study also has several limitations, which provide
opportunities for further work. The authors may have been
underpowered to detect differences in the lower airway microbiota,
particularly in their subgroup analyses comparing ICS/LABA
formulations, a major challenge for studies requiring invasive
procedures. Prior ICS use was not evenly distributed among all three
groups, and this imbalance may have influenced some of the baseline
results. A sizeable minority of subjects dropped out during the run-in
period, perhaps because they did not tolerate ICS withdrawal. We
therefore remain unaware of potentially significant microbiome
responses among subjects who could not tolerate ICS withdrawal.
Furthermore, differences in LABA formulation, drug delivery device,
and steroid potency were present across the three groups and may
have influenced the study findings (13).

Given the multiple mechanisms by which glucocorticoids
influence the immune system and the paradoxical benefits and
harms of ICS therapy in stable COPD, it should come as no
surprise that Leitao Filho and colleagues did not observe a clear
uniform ICS-associated signal in their lung microbiome samples.
Nevertheless, this paper moves the field of human interventional
lung microbiome studies forward. Longitudinal lower airway
microbiome sampling from human subjects with moderate or
severe COPD in a randomized controlled fashion is a significant
accomplishment. An important consideration for future research
should be concomitant evaluation of host inflammatory
endotype. Longitudinal studies using more advanced high-
throughput multiomic technologies that can simultaneously
evaluate both the host and microbial environment have the
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Figure 1. Schematic representation of the potentially dichotomous role of inhaled corticosteroids (ICS) in the lower airway microbial host
interphase in chronic obstructive pulmonary disease. On the left, ICS use reduces host susceptibility to microbes by reducing mucus secretion
and bacterial nutrients, which can lead to a decrease in microbial burden and a more diverse microbiota. On the right, ICS affects the immune
response with suppression of antimicrobial molecules, macrophage phagocytosis, and blunting IFN responses. These effects can collectively
lead to the “blooming” of certain microbes within the lung microbiota (thus reducing diversity) and increase the risk of infection.
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capacity to better characterize the impact of chronic therapies on
the microbiome in COPD. As a proof of concept, a randomized
controlled trial of azithromycin in early COPD showed that part
of the antiinflammatory effect of macrolides might be driven by
their effects on the lower airway microbiome by affecting the
production of antiinflammatory metabolites of bacterial origin
(14). Such studies may offer the possibility to directly analyze the
interaction between the microbiota and the host, leading to
identification of treatable traits and personalized approaches,
such as identification of subjects with greater chances to benefit
from ICS.

As we learn more about the risks and benefits of ICS use in
COPD, there is mounting evidence that ICS alter the lung
microbiome via multiple mechanisms. This study represents the
first attempt to address the outcome of ICS use on the lower
airway microbiome in a longitudinal, randomized, and
controlled fashion. As we work to decrease the risks and
maximize the benefits of ICS use, microbiome-based
personalized medicine approaches may help us understand who
benefits most from ICS use.�
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