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Abstract

Rationale: Environmental exposures have been associated with
adverse outcomes in chronic obstructive pulmonary disease
(COPD). Approximately one-third of individuals with COPD
have allergic sensitization, but it is unknown whether exposure to
allergens in the home is associated with outcomes.

Objectives: To determine the prevalence and associations of
allergen sensitization with exposure to common indoor allergens
with symptoms and exacerbation risk in COPD.

Methods: Allergen sensitization to five common indoor
allergens was assessed in former smokers with COPD. Home
settled dust was assessed for presence of corresponding allergens.
Sensitization and exposure status was determined and
associations evaluated in adjusted models with longitudinal
outcomes including symptoms, lung function, and exacerbations.
Interactions were assessed between sensitization/exposure status
and lung function.

Measurements and Main Results: One hundred eighty-three
individuals studied were on average 67.3 years of age (SD, 8.22)
with average FEV1 of 53.2% (SD, 17.6%). Seventy-seven percent of
participants were exposed to at least one tested allergen, and 17%
had sensitization with corresponding allergen exposure. After
adjustment, sensitization with exposure was associated with lower
lung function (b, 28.29; 95% confidence interval [CI], 214.80 to
21.77), higher St. George’s Respiratory Questionnaire Total Score
(b, 6.71; 95% CI, 0.17 to 13.25), and higher exacerbation risk
(odds ratio, 2.31; 95% CI, 1.11 to 4.79). Associations appeared to
be more pronounced among individuals with lower lung function.

Conclusions: Allergen exposures are common in COPD and
associated with adverse outcomes among those with concomitant
allergen sensitization. This study establishes allergens as an
important home exposure that potentially could be addressed
with comprehensive home environmental modification strategies
to improve COPD outcomes.
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Recent studies of chronic obstructive
pulmonary disease (COPD) have
explored subtypes of disease including
asthmatic features, eosinophilia, and
concomitant allergic disease (1–5). The

overarching goal of such studies is to
identify subgroups of individuals with
COPD more likely to respond to existing
treatments or to identify novel targets for
treatment. One important example of the

utility of such studies is the
demonstration of efficacy of inhaled
corticosteroids for individuals with
COPD having eosinophilia as well as
frequent exacerbations (6, 7).
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Allergic sensitization has been studied
extensively among individuals with asthma
and is recognized to be an important
phenotypic characteristic to help guide
disease management (8). In addition, it is
recognized that allergen exposure among
sensitized individuals with asthma is linked
with higher disease morbidity, and
therefore, environmental modification
strategies have been studied at length
(9–14). Previous studies have demonstrated
that nearly one-third or more of
individuals with COPD have concomitant
allergic sensitization (5, 15–17). Despite
this, the clinical significance of allergic
sensitization in COPD remains unclear.
Some studies demonstrated that individuals
with allergic sensitization and COPD have
higher risk for adverse outcomes (5, 16).
However, a recently published study of
individuals in the COPDGene (Genetic
Epidemiology of COPD Study) and
SPIROMICS (Subpopulations and
Intermediate Outcome Measures in COPD

Study) cohorts demonstrated that allergic
sensitization was not associated with risk
for exacerbations and adverse outcomes in
COPD, but instead possibly was associated
with preserved lung function (15).

It is likely that the home environment is
an important determinant of respiratory
outcomes among individuals with COPD
(18). Environmental pollutant exposures
(19–21), particularly indoor particulate
matter exposures (22), have been associated
with adverse outcomes in COPD,
particularly among those with allergic
sensitization (18). However, to date, the
association of allergen exposures with
outcomes in COPD is not clearly known.
This study sought to understand the
prevalence of allergic sensitization and
exposure and associated outcomes among a
well-characterized population of former
smokers with COPD.We hypothesized that
among individuals with allergic sensitization,
exposure to corresponding allergens would
be associated with exacerbation risk and
symptom burden.

Methods

Former smokers with moderate to severe
COPD according to Global Initiative for
Chronic Obstructive Lung Disease (GOLD)
spirometry class (23) were recruited for three
environmental studies (22) in Baltimore,
Maryland, with similar clinical and
environmental assessments and inclusion
criteria (age>40 yr,.10 pack-year
smoking, post-bronchodilator spirometry
showing FEV1/FVC,0.7 and FEV1,80%
predicted, and residing in the same home for
study duration). Two studies were
observational, and participants had a baseline
visit and two additional visits at 3 and 6
months. The third study included air cleaner
intervention; however, only data before
randomization were used (two visits, 3
months apart). Written, informed consent
was obtained from participants.

Assessments
Baseline blood was analyzed for sensitization
to five common indoor aeroallergens (cat,
dog, cockroach, mouse, and dust mite) using
ImmunoCAP (Phadia, ThermoFisher) and
complete blood count with differential (see
the METHODS section in the online
supplement). Within 2 weeks, home visits
were conducted to collect settled dust from
the main living area with a standardized

protocol (24, 25) using the Duststream
collector (Indoor Biotechnologies). Dust was
assessed for allergens by extraction of protein
and quantification using ELISA for Fel d 1,
Can f 1, Mus m 1, Bla g 1, and Der f 1 (26).
For dust mite, Der f 1 was measured given
evidence from previous studies in childhood
asthma that demonstrated that Der f 1 was
slightly higher among homes of participants
in Baltimore compared with Der p 1 (27).

Spirometry was performed with the
American Thoracic Society protocol (28)
(Koko spirometer; nSpire). Standard
questionnaires included the modified
Medical Research Council Questionnaire
(mMRC [29]), St. George’s Respiratory
Questionnaire (SGRQ; higher scores indicate
more morbidity [30]), American Thoracic
Society-Division of Lung Disease
questionnaire (multiitem questionnaire
about exposures, respiratory-related health,
and family history and symptoms [31]), and
assessment of exacerbation events at baseline
and prospectively over follow-up.
Exacerbations were defined as events leading
to a change in medications or an
unscheduled visit to a physician, emergency
department, or hospital in the last 3 months
assessed at each visit. Severe exacerbations
included events leading to an emergency
department visit or hospitalization only.

Statistical Analysis
Sensitization status was determined as
positive for a threshold of>0.1 kU/L for
each allergen. Positive sensitization to dust
mite was determined by positive sensitization
to eitherDermatophagoides farinae or
D. pteronyssinus. Exposure to allergen from
settled dust was defined using cutoffs from
previous studies (1 U/g for cockroach, 1 μg/g
for mouse, 2 μg/g for dust mite [Der f 1], and
8 μg/g for cat and dog) (24). The primary
trait of interest was combined sensitization
and exposure to any allergen tested
(dichotomous), similar to strategies of
categorizing exposure and sensitization
status used in studies of asthma (12, 24).

Participant characteristics were analyzed
using t tests and chi-square tests. To assess
the association between COPD outcomes
and sensitization/exposure, linear and
logistic regressions of repeated outcomes on
baseline sensitization/exposure were run,
using generalized estimating equations with
exchangeable correlation structure. Mean
differences in continuous outcomes and odds
ratios (ORs) for exacerbation outcomes were
estimated between those with sensitization

At a Glance Commentary

Scientific Knowledge on the
Subject: In-home exposures such as
particulate matter air pollution as
well as nitrogen dioxide have been
shown to be associated with adverse
outcomes in chronic obstructive
pulmonary disease (COPD).
Although allergen sensitization is
prevalent in individuals with COPD,
little is known about the implication
of allergen exposures among
sensitized individuals with
COPD.

What This Study Adds to the
Field: This study demonstrates that
home dust allergen exposure among
those with corresponding sensitization
is associated with adverse COPD
outcomes including exacerbation
events, and these associations are
more pronounced among individuals
with lower lung function. These
findings highlight another home-
based exposure that may contribute to
COPDmorbidity and have potential
implications for future strategies for
home environmental modifications
that have the goal of improving
outcomes in COPD.
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and exposure to any allergens and
comparison group. Models were analyzed
unadjusted and then adjusted for age, sex,
race (African American vs. others),
educational attainment (high school or less
vs. more than high school), pack-years, and
baseline season. Secondary analyses were
conducted including baseline blood
eosinophil count and reported history of
doctor-diagnosed asthma before age 12
(separately), and separately for sensitization
alone without exposure, and sensitization
and exposure to individual subgroups of

allergens, including pet (dog and/or cat),
cockroach, and dust mite. Given differences
in FEV1% predicted between sensitized and
exposed individuals and the comparison
group, the possibility of mediation of adverse
outcomemeasures by lung function was
explored. Mediation analysis was performed
to estimate the total, direct, and mediated
(indirect) effect estimates between any
sensitization/exposure and COPD outcomes,
with FEV1% predicted as the mediator. The
mediation analysis was performed in the
traditional framework of Baron and Kenny

(32), using the difference-method, with point
estimates and 95% confidence intervals (CIs)
of mediated (indirect) effect being obtained
using the recommended nonparametric
bootstrap approach (33) (seeMETHODS

section in the online supplement).
Effect modification by severity of

disease was explored by modeling two-way
interaction between sensitization/exposure
status and continuous baseline FEV1%
predicted. Significant interactions were
followed with stratified analysis by GOLD
spirometry category (8). Analyses were
conducted with StataMP, version 15.1.
Statistical significance was defined as
P, 0.05 for main effects and for interaction
terms.

Results

Participant Characteristics
In the final sample, 183 former smokers were
included. Average pack-years smoked was
54.7 (SD, 31.9), 44% were female, and 21%
were African American, with an average
FEV1% predicted of 53.2% (SD, 17.6%).
One-third of individuals (33%) were
sensitized to at least one of the allergens
tested, with 22% sensitized to dust mite, 21%
to cockroach, 11% to cat, 9.8% to dog, and
2% to mouse (see Table E1 and Figure E1 in
the online supplement). Seventy-seven
percent of participants had at least one

0

Dust mite

Cockroach

Cat

Dog

Mouse

10% 20% 30% 40% 50% 60% 70% 80% 90%

Exposed only

Sensitized onlyNeither sensitized nor exposed

Both sensitized and exposed

Figure 1. Groups of neither sensitized nor exposed, exposed only, sensitized only, and both
sensitized and exposed by allergen.

Table 1. Baseline Cohort Characteristics

Sensitized and Exposed to
Any Allergen

No Sensitization/Exposure
Combinations P Value

n 31 152
Age, yr 65.8 (9.4) 67.6 (7.9) 0.3
Female, n (%) 16 (51.6) 64 (42.1) 0.3
African American, n (%) 12 (38.7) 27 (17.8) 0.009
More than high school degree, n (%) 25 (80.6) 131 (86.2) 0.4
Pack-years smoked 56.7 (39.1) 54.3 (30.4) 0.7
Eosinophil count, cells/μl 215.9 (127.7) 210.4 (160.5) 0.9
Total IgE, kU/L 492.9 (699.5) 91.3 (248.6) <0.001
Season of dust assessment, n (%)
Winter 10 (32.3) 36 (23.7) 0.3
Spring 4 (12.9) 38 (25.0) 0.1
Summer 10 (32.3) 30 (19.7) 0.1
Fall 7 (22.6) 48 (31.6) 0.3

FEV1% predicted 46.9 (18.5) 54.4 (17.2) 0.03
SGRQ* 49.5 (20.23) 42.9 (17.5) 0.06
mMRC 2.2 (1.2) 2.1 (1.1) 0.5
Moderate or severe exacerbations in the last 3 mo, n (%) 7 (24.1) 27 (17.8) 0.4

Definition of abbreviations: mMRC=modified Medical Research Council dyspnea score; SGRQ=St. George’s Respiratory Questionnaire.
Data are shown as mean (SD) unless otherwise indicated. Bold values are statistically significant.
*Higher scores indicate higher morbidity.
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allergen exposure, with 36% exposed to dog,
29% to roach, 29% to dust mite, 25% to cat,
and 19% to mouse allergen (Figure E2).

Thirty-one individuals (17%) had
sensitization with simultaneous exposure to
at least one of the tested allergens. The most
common sensitization/exposure
combination was for dust mite (14
individuals, or 8.5% of sample), and the least
common was for mouse (1 individual, or
0.6% of the sample) (Figure 1). Participant
characteristics were compared between
individuals sensitized and exposed to any
allergen (n=31) compared with those
without any combined sensitization and
exposure (n=152; Table 1). A higher
proportion of sensitized and exposed
individuals were African American (39% vs.
18%; P=0.009). Sensitized and exposed
individuals had higher total IgE (mean 492.9
kU/L compared with 91.3 kU/L; P, 0.001),
lower FEV1% predicted (mean 46.9%
predicted vs. 54.4%; P=0.033), and a
nonsignificant trend toward higher SGRQ
(49.5 vs. 42.9; P=0.063) compared with the
group without combined sensitization and
exposure. Other characteristics were
comparable (i.e., age, educational attainment,
and burden of smoking history) between
groups. Racial differences in sensitized and

exposed status were likely driven by
differences in sensitization, with 31.7% of
sensitized participants being African
American (compared with 16.3% of
nonsensitized participants being African
American; P=0.017).

Association of Sensitization and
Exposure with COPD Outcomes
After adjusting for covariates, sensitization
and exposure to any of the allergens tested
continued to be significantly associated with
lower lung function, with sensitization and
exposure being associated with 8.3% lower
FEV1% predicted (95% CI, 1.8–14.8%).
Sensitization and exposure was also
associated with significantly worse
respiratory-specific quality of life as
measured by higher SGRQ total score
(b, 6.71; 95% CI, 0.17–13.25) compared with
other individuals with COPD. In addition,
individuals with sensitization and exposure
to any allergen had higher risk for
exacerbation events than individuals without
sensitization and exposure (Table 2 and
Figure 2), with more than twofold higher risk
for any exacerbation reported (OR, 2.31; 95%
CI, 1.11–4.79), with similar trend with
increased risk of severe exacerbations
reported, although this association did not

meet statistical significance (OR, 2.44; 95%
CI, 0.99–6.03). Sensitization and exposure
was not significantly associated with
dyspnea, as measured by mMRC.

Additional adjustments for eosinophil
level and reported doctor diagnosis of
childhood asthma (in separate models) did
not attenuate results (Table 2). Sensitization
alone, compared with those without
sensitization to any allergen regardless of
exposure status, showed trends for
association with adverse outcomes as
previously described (5), but no associations
with outcomes were statistically significant
(Table E2), as opposed to results that take
exposure into consideration as well.
Sensitivity analyses with additional
adjustment for use of inhaled corticosteroids
to the main models (models 1–3) were
minimally different frommain results, but
overall observations were similar (Table E3).

When examining specific allergen
subgroups (Table 3), sensitization with
exposure to pets (cat and/or dog) was
associated with higher SGRQ score (b, 10.33;
95% CI, 1.66 to 18.99) and lower FEV1%
predicted (b,211.08; 95% CI,218.72 to
23.44). Sensitization and exposure to
cockroach was associated with a higher
SGRQ score (b, 10.99; 95% CI, 1.97 to 20.02)
and stronger association with any (OR, 5.04;
95% CI, 1.45 to 17.51) or severe
exacerbations (OR, 11.53; 95% CI, 2.73 to
48.73). Dust mite sensitization with exposure
was not associated with outcomes (Table 3),
and low prevalence of mouse sensitization/
exposure (n=1) precluded analysis of this
subgroup.

Given the sensitized/exposed group had
significantly lower FEV1, possible mediation
of effects of sensitization/exposure on COPD
outcomes through lung function was
explored (Table E4) and demonstrated
significant mediated effects with attenuation
of direct effects for SGRQ and severe and
moderate/severe exacerbations.

Effect Modification by
Disease Severity
Interaction analyses were constructed to
determine whether adjusted associations
between sensitization and exposure differed
based on FEV1% predicted. Interactions were
significant for mMRC and prospectively
reported exacerbations such that individuals
with lower FEV1% predicted had stronger
andmore significant associations between
sensitization and exposure to allergens with
specified symptoms and exacerbations. For
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Figure 2. Associations of sensitization/exposure status with adverse outcomes in chronic
obstructive pulmonary disease. *Statistically significant association (P,0.05).
mMRC=modified Medical Research Council dyspnea score; OR=odds ratio; SGRQ=St.
George’s Respiratory Questionnaire.
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example, individuals with GOLD spirometry
class 3–4 disease (FEV1% predicted,50%
predicted) had substantially higher
association of sensitization and exposure to
allergens with risk for any exacerbation (OR,
3.77; 95% CI, 1.45–9.77) than those with
GOLD spirometry class 2 disease (FEV1

>50% predicted). Although the interaction
term for mMRCwas significant, subgroup
effects for GOLD spirometry class 3–4
disease compared with GOLD spirometry
class 2 did not meet the threshold for
statistical significance (Figure 3).

Discussion

This analysis of former smokers with
COPD demonstrates the critical
importance of the indoor environment for
respiratory morbidity among individuals
with COPD. First, allergen exposures,
which have not been studied to any large
extent in COPD, are common in this
population. Next, and most importantly, the
combination of sensitization and exposure to
indoor allergens is associated with risk for
adverse outcomes including increased
symptoms, worse disease status, and higher
risk for exacerbation events. Finally, although
these effects appear to be independent of
eosinophil level and asthma diagnosis, they
were more pronounced among individuals
with worse lung function. Overall, these
results are suggestive that sensitization and
exposure to common indoor allergens may
represent a novel treatable trait in COPD (34).

Allergen sensitization with exposure
has been well studied in asthma,
particularly in the pediatric population,
with prior studies conducted for more than
a decade showing strong associations
between allergen sensitization with
exposure and heightened symptoms and
healthcare utilization in asthma (10, 11,
35). In the COPD population,
environmental exposures—including indoor
fine particulate matter exposure,
secondhand smoke, and ambient pollutant
exposures—have been associated with
disease morbidity (19, 20, 22, 36).
However, other than one study of 10
individuals with COPD (16), there have
not been larger studies assessing the
importance of indoor allergen exposure.

One study demonstrated exposure to
indoor fine particulate matter, which may
carry allergens (37), was associated with
worse respiratory morbidity among

individuals with allergic sensitization (18).
Understanding the intersection of allergic
sensitization with environmental exposures
is important given that it is estimated that
between one-fourth and one-third of
individuals with COPD have allergic
sensitization (5, 15, 17), consistent with
findings from this group of former smokers
with COPD showing 34% sensitized to any
allergen. In addition, there is increasing
recognition and study of allergic and
eosinophilic pathways in COPD in recent
years (1, 7), with the inclusion of blood
eosinophils as a biomarker of interest when
determining appropriate treatments in
individuals with COPD having
exacerbations (8).

Sensitization and exposure to allergens
was associated with adverse outcomes
including increased exacerbation risk as well
as worse respiratory-specific quality of life in
this population of former smokers with
COPD. Furthermore, the differences in
morbidity estimates based on sensitization-
and-exposure status were substantial, with
those with both sensitization and exposure
having a 6.7-point increase in SGRQ score,
which is well above the minimal clinically
important difference for SGRQ (38).
Furthermore, those with sensitization and
exposure hadmore than twice the risk for
future exacerbations requiring
hospitalization (OR, 2.44) compared with
those without sensitization and exposure. In
addition, these results are independent of
eosinophil level, which has already been
identified as an important clinical marker
used to guide pharmacologic treatment in
individuals with frequent exacerbations (8),
as well as history of overlapping asthma
diagnosis, which also signifies a high-risk
subgroup (4, 39). Furthermore, previous
studies in COPD populations have been
conflicting in demonstrating the association
of allergic sensitization alone with respiratory
morbidity (15). Analysis of this cohort
demonstrated lack of significant association
of allergen sensitization alone with adverse
outcomes but highlights the importance of
the added value of considering
environmental exposures to better
understand risk. Although only 17% of the
cohort ultimately had exposure/sensitization
combinations, there are likely implications
for treatment strategies including allergen
avoidance and environmental modifications
in this susceptible subgroup to help reduce
risk for exacerbations and poor outcomes.
COPD has also been recognized as a

contributor to hospital admissions and
readmissions and accordingly is associated
with a tremendous public health burden
(40, 41). Accordingly, the presence of targets
for potential strategies to reduce healthcare
utilization in COPD is of great interest.
Interestingly, there was no significant
difference in blood eosinophils between the
group with sensitization with exposure and
comparison group, although total IgE was
significantly higher in the sensitized/exposed
group. These findings, which are seemingly
contradictory, are consistent with a previous
analysis of COPDGene in which eosinophils
were not significantly different between
COPD groups with concomitant atopy or
asthma, whereas IgE levels were significantly
higher in the atopic groups (15). These
findings support others that suggest that
serum total IgE and blood eosinophils
incompletely overlap andmay represent
differing pathways of inflammation in
asthma and COPD.

An important finding of this study is the
common nature of dust allergen exposures
among individuals with COPD.When
combined with allergen sensitization, the
most common sensitization/exposure
combinations were dust mite and cockroach;
however, some individuals also had cat and
dog sensitization with corresponding
allergen exposure. This study represents one
of the first studies to assess the role of
allergen exposure in COPD. One small study
of 10 individuals in Singapore assessed
allergen exposures in COPD and
demonstrated that allergens were associated
with adverse COPD outcomes. Although
that study did not correlate exposures with
sensitization to corresponding allergens (16),
it does further support the current study
results in demonstrating the importance of
allergen exposures in determining
respiratory outcomes in COPD. Notably, in
our U.S.-based study, both pet (cat and dog)
and cockroach sensitization/exposure
appeared to be associated separately with
symptom outcomes, whereas cockroach
sensitization/exposure was associated with
significantly higher exacerbation risk (OR,
11.53; P, 0.001). These findings argue for
the importance of cockroach sensitization/
exposures in determining exacerbation
outcomes in COPD, consistent with previous
studies of asthma that demonstrate
cockroach sensitization with exposure to be
associated with significant asthmamorbidity,
including healthcare utilization (12, 42), in
both childhood and early life.
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Another key finding of this work is the
potential for effect modification, such that
individuals with COPDwho had lower lung
function appear to have higher susceptibility
to the negative impacts of sensitization and
exposure to common indoor allergens. It is
possible that among individuals who have
lower lung function due to ongoing
inflammation including allergic
inflammation, the threshold for susceptibility
to exacerbations in the face of the added
insult of allergen exposures may be lower. In
addition, it is possible there are other
unmeasured factors or exposures that covary
with low lung function in COPD and are
synergistic with allergen exposure to lead to
adverse outcomes. It is also interesting that
the group with sensitization and exposure to
corresponding allergens appeared to have
lower baseline lung function, a finding that
may be suggestive of the lasting impact of the
chronicity of the exposures. In addition, the
results of mediation analysis were suggestive
that the adverse impacts of sensitization and
exposure may lead to worsened lung

function, which in turn could lead to risk for
adverse outcomes including symptoms and
exacerbation risk. Previous studies in
children and adults with asthma have
demonstrated that allergic sensitization,
allergen exposures, or the combination of
allergic sensitization with exposure are
associated with lower lung function and
spirometric measures in asthma (43–46).
Although comparable studies about
sensitization with exposure in COPD do not
exist, the body of evidence in asthma is
supportive of the conceptual model of lung
function mediating the association between
allergen sensitization and exposure with
exacerbations and symptom outcomes in
COPD.

This analysis is subject to limitations.
First, this is a single-site study, and
accordingly, observations about
environmental exposures may not be fully
generalizable to different geographic
locations where allergen prevalence and
climatic factors may differ. Next, this analysis
was conducted in former smokers only. The

impacts of allergen exposures with
sensitization among current smokers with
COPDmay differ. In addition, the results for
association of sensitization and exposure
with outcomes were attenuated with
adjustment for lung function, which was
hypothesized to be due to lung function
mediating the observed associations.
However, an alternate explanation would be
potential confounding, and it is a limitation
that the current study is not able to establish
causality for the current hypothesized
pathway for observed associations. Finally,
although this represents the largest study of
allergen exposure in individuals with COPD,
the study sample was still too small to
definitively determine individual
sensitization/exposure combinations that are
associated with outcomes in COPD, and
outdoor allergens were not specifically
analyzed in this study. However, the study
results suggest that pet and cockroach
allergens may be of particular importance.
Althoughmouse allergen exposure was
present in 20% of the cohort, sensitization
was uncommon, with only one individual
having both sensitization and exposure to
mouse allergen, and this prevented
determination of whether mouse
sensitization and exposure may contribute to
the risk of morbidity. Previous work in
childhood asthma studies (35), including
those in the same study area (Baltimore)
(24, 47), has suggested mouse allergen
sensitization and exposure to be a significant
contributor to adverse asthma outcomes.
Furthermore, dust mite sensitization/
exposure was not separately associated with
risk for symptoms or outcomes, contrary to
results in asthma (48). Previous studies have
suggested significant variation in dust mite
exposures based on geographic location,
climate, and humidity (49). Accordingly,
future studies with more geographic
variability may be able to further elucidate
potential associations between dust mite and
respiratory outcomes in COPD. Ultimately,
larger studies are required to help better
guide future environmental modification
strategies in individuals with COPD.

To our knowledge, this is the first study
demonstrating that individuals with COPD
having allergic sensitization with exposure to
common indoor allergens have higher risk
for exacerbations and worse respiratory-
specific qualify of life than individuals
without such sensitization and exposure.
Furthermore, these large, clinically
significant associations appear to be
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Figure 3. Associations of sensitization/exposure status with adverse outcomes in chronic
obstructive pulmonary disease; subgroup analysis based on GOLD spirometry classes.
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independent of eosinophil count or asthma
diagnosis and are more pronounced in
individuals with lower lung function. This
study highlights the potential value of
environmental modification strategies (50)
that have the potential to reduce morbidity
and healthcare utilization in patients with
COPD and allergic sensitization. Further
studies are still required to better understand

the specific allergens that, when targeted and
mitigated, have the highest potential to
improve outcomes. Finally, allergen
sensitization with exposure could be studied
as a novel treatable trait (34) that would
guide selection of existing treatments
including inhaled corticosteroids or biologics
such as anti-IgE therapy, both of which at
present are used less commonly in COPD.�
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