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Rationale: Chronic obstructivepulmonarydisease (COPD)guidelines
make no recommendations for allergy diagnosis or treatment.
Objectives: To determine whether an allergic phenotype contributes
to respiratory symptoms and exacerbations in patients with COPD.
Methods: Two separate cohorts were analyzed: National Health and
Nutrition Survey III (NHANES III) and the COPD and domestic endo-
toxin (CODE) cohort. Subjects from NHANES III with COPD (n ¼
1,381) defined as age . 40 years, history of smoking, FEV1/FVC ,

0.70, and no diagnosis of asthma were identified. The presence of
an allergic phenotype (n¼ 296) was defined as self-reported doctor
diagnosed hay fever or allergic upper respiratory symptoms. In
CODE, former smokers with COPD (n¼ 77) were evaluated for aller-
gic sensitization defined as a detectable specific IgE to perennial
allergens. Bivariate andmultivariatemodelswereused todetermine
whether an allergic phenotype was associated with respiratory
symptoms and exacerbations.
Measurements and Main Results: In NHANES III, multivariate anal-
ysis revealed that individuals with allergic phenotype were more
likely to wheeze (odds ratio [OR], 2.1; P , 0.01), to have chronic
cough (OR, 1.9; P¼ 0.01) and chronic phlegm (OR, 1.5; P, 0.05),
and to have increased risk of COPD exacerbation requiring an
acute doctor visit (OR, 1.7; P ¼ 0.04). In the CODE cohort, multi-
variate analysis revealed that sensitized subjects reported more
wheeze (OR, 5.91; P , 0.01), more nighttime awakening due to
cough (OR, 4.20; P¼ 0.03), increased risk of COPD exacerbations
requiring treatment with antibiotics (OR, 3.79; P ¼ 0.02), and
acute health visits (OR, 11.05; P , 0.01). An increasing number
of sensitizations was associated with a higher risk for adverse
health outcomes.
Conclusions: Among individuals with COPD, evidence of an allergic
phenotype is associated with increased respiratory symptoms and
risk of COPD exacerbations.
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Chronic obstructive pulmonary disease (COPD), a chronic disease
of the airways, is caused by tobacco smoke and other air pollutant
exposures (1). In the United States, COPD affects 14% of the
adult population and is the third leading cause of death (2). An-
nually, COPD is responsible for 726,000 hospitalizations and over
$32 billion in estimated cost, reflecting a large public health bur-
den (3). Patients with COPD suffer significant morbidity, includ-
ing respiratory symptoms that adversely affect quality of life and
limit activity (4). Given the significant morbidity, understanding
the different factors that contribute to symptom burden in COPD
is an important focus of research.

Allergic sensitization, assessed by allergen-specific IgE or skin
prick testing, is a known risk factor for asthma (5, 6), and exposure
to specific allergens in sensitized patients with asthma is known to
worsen pulmonary symptoms (7, 8). National and international
guidelines recommend assessment of allergic sensitization and
environmental exposures in patients with asthma (9). In contrast,
allergic sensitization may not be commonly assessed in patients
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

International chronic obstructive pulmonary disease (COPD)
guidelines such as the Global Initiative for Chronic Ob-
structive Lung Disease (GOLD) make no recommendations
for allergy diagnosis or treatment. This absence of recom-
mendations may be appropriate given the lack of available
evidence, but not because allergy has been shown to be ir-
relevant in the management of patients with COPD. Allergic
sensitization has been shown to be a significant predictor of
a faster rate of lung function decline and allergen exposure in
sensitized individuals may provoke neutrophilic bronchial
inflammation, similar to the inflammation seen in airways of
patients with COPD. However, whether allergy worsens
respiratory symptoms in patients with COPD remains
unknown.

What This Study Adds to the Field

The present study addresses a significant gap in the current
evidence base by investigating whether an allergic pheno-
type worsens respiratory symptoms in patients with COPD.
We used two complementary cohorts of subjects with
COPD. The National Health and Nutrition Survey III
assessed clinical allergic symptoms and is a nationally
representative sample, allowing for broad generalizability.
The second cohort is a COPD-specific, which included
comprehensive COPD characterization, and specific IgE
testing for assessment of sensitization. Our results showed
that an allergic phenotype was linked to an increase in
COPD symptoms and exacerbations.
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with COPD. International COPD guidelines, such as the Global
Initiative for Chronic Obstructive Lung Disease (GOLD), make
no recommendations for allergy diagnosis or treatment (4). This
absence of recommendations may be appropriate given the lack
of available evidence but not because allergy has been shown to
be irrelevant in the management of patients with COPD. Allergic
sensitization defined by skin prick testing was found to be a sig-
nificant predictor of a faster rate of lung function decline, a hall-
mark feature of COPD, in a general population cohort (10) and
among smokers (11). Furthermore, several studies show that al-
lergen exposure in sensitized individuals may provoke neutro-
philic bronchial inflammation similar to the inflammation seen
in airways of patients with COPD (12). Whether allergy worsens
respiratory symptoms in patients with COPD remains unknown.

The purpose of this study was to assess whether the presence
of allergic disease is associated with worse respiratory health in
adults with COPD. We used two complementary cohorts of sub-
jects with COPD. The National Health and Nutrition Survey III
(NHANES) assessed clinical allergic symptoms and is a nation-
ally representative sample, allowing for broad generalizability.
The second cohort is a COPD-specific cohort recruited as part
of the COPD and domestic endotoxin (CODE) study, which in-
cluded comprehensive COPD characterization and specific IgE
testing for assessment of sensitization.

METHODS

NHANES Study Population

The NHANES III study was approved by the NCHS Research Ethics
Review Board, and consent was obtained. NHANES methodology is
previously published (13). Spirometry was performed according to
American Thoracic Society recommendations (14). Predicted FEV1

was based on sex, age, and height (15). Participants were determined
to have COPD (n ¼ 1,381) if they were older than 40 years of age,
smoked more than 100 cigarettes, and had an FEV1/FVC, 0.70 and no
asthma diagnosis (16).

Allergic phenotype was defined as doctor diagnosed hay fever or al-
lergic symptoms defined by a positive response to at least one symptom
of stuffy, itchy, or runny nose or watery, itchy eyes brought on by house
dust, animals, or pollen in the past 12 months.

Participants were characterized based on self-reported race and eth-
nicity and years of education. Calculation of pack-years of smoking is
based on previously published formulas (17).
Respiratory outcomes. Health care utilization was defined as any partic-
ipant report of hospitalization or visit to a doctor or emergency depart-
ment (ED) for wheezing or whistling in the chest in the past 12 months.

Chronic cough and phlegm were considered present if reported on
most days for at least 3 months. Wheeze and pneumonia were consid-
ered present if there was report of any episodes in the last 12 months.

CODE Study Population

Participants with physician-diagnosed COPD were recruited from the
Baltimore area. Inclusion criteria included age > 40 years, 10 or more
pack-years smoking, and COPD defined by a postbronchodilator FEV1

(% predicted) between 30 and 80% and FEV1/FVC, 70%. Additional
criteria are provided in the online supplement. The Johns Hopkins
Medical Institution Review Board approved the study protocol, and
all participants provided written informed consent.

Serum was analyzed for specific IgE by ImmunoCAP (Phadia;
ThermoFisher, Portage, MI) for mouse, cockroach, cat, dog, and dust
mite allergens. A participant was considered atopic if at least one test
was positive. An immunocap test was considered positive if detectable
(.0.1 kUA/L). Subjects were further categorized by number of posi-
tive sensitizations (0, 1–2, or >3 sensitizations).
Respiratory outcomes. Respiratory health was determined through the
modified ATS-DLD questionnaire. Chronic cough and sputum were de-
fined as present if reported for three or more consecutive months.
Wheeze was considered present if the participant experienced dyspnea
from wheezing or whistling in the chest. If a participant reported having

been awakened from sleep by cough/dyspnea in the past 12months, they
were classified as having nocturnal symptoms.

Exacerbations were determined by treatment with antibiotics or oral
corticosteroids in the past year. Health care utilization was assessed
(yes/no) by the participant reporting an ED visit or hospitalization
for respiratory symptoms in the past year.

Statistical Analysis

Summary statistics were analyzed using Spearman correlations, x2 tests
for proportions, and t tests for continuous data. For the NHANES
analyses, sampling weights and strata were used (13).

Bivariate and multivariate analysis models were run using linear and
logistic regressions. Multivariate regression models were used to adjust for
potential confounders including age, gender, race, education, smoking pack-
years, and lung function (FEV1% predicted). Multivariate models includ-
ing subjects reporting a diagnosis of asthma (n¼ 198 for a total sample size
of 1,579) were conducted with asthma as a confounding variable for sen-
sitivity analyses. Interaction terms were used to determine whether the
association between allergic phenotype and health outcomes differed by
asthma status and subsequent stratified analyses were conducted. A Cuzick
test for trend was performed to determine whether categories of sensiti-
zation (0, 1–2, or >3) were associated with health outcomes (18).

Analyses were conducting using StataSE 11.0 (StataCorp, College Sta-
tion, TX). Statistical significance was defined as a two-tailed P value less
than 0.05. Additional details are provided in the online supplement.

RESULTS

NHANES

Of the subjects with COPD (n ¼ 1,381), the mean age was 60
years, with 49 pack-years of smoking and mean FEV1% pre-
dicted of 76%. Twenty-five percent of subjects with COPD had
an allergic phenotype (as compared with 30.3% of the overall
NHANES population). Men were less likely to be allergic, but
subjects with and without allergy were otherwise similar by age,
education, pack-years of tobacco smoking, and lung function

TABLE 1. NATIONAL HEALTH AND NUTRITION SURVEY
PARTICIPANT CHARACTERISTICS

Participant Characteristics

Allergic

(n ¼ 296)

Nonallergic

(n ¼ 1,085) P Value

Ethnicity, % 0.11

White 99 96

Black 1 2

Other 0 2

Sex, % male 53 67 ,0.05

Highest education, % 0.69

Elementary school 17 19

High school 52 53

Beyond high school 31 28

Age, yr 66 (12)* 67 (12)* 0.06

Pack-years 47 (34)* 46 (38)* 0.90

FEV1, % predicted 77 (22)* 76 (21)* 0.60

GOLD stage 0.23

I 46.2 50.1

II 40.5 39

III 12.5 9

IV 0.8 1.9

Current smoker, % 45 45 1

Years since quit if not current smoker 16.7 (13.1)* 17.4 (14.1)* 0.72

Doctor-diagnosed chronic bronchitis, % 11 9.7 0.56

Doctor-diagnosed emphysema, % 10 10.4 0.92

Medications in the last month, %

Antihistamines 5.6 2.2 0.01

Nasal steroids 0.5 0.5 0.96

Oral steroids 1.7 1.2 0.53

Definition of abbreviation: GOLD = Global Initiative for Chronic Obstructive

Lung Disease.

*Mean (SD).
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(Table 1). Reported use of antihistamine was low but was
higher in those with an allergic phenotype compared with those
without (5.6 vs. 2.2%; P ¼ 0.01). Of subjects with an allergic
phenotype, 29% had doctor-diagnosed hay fever, and 88% had
allergic upper respiratory symptoms. Of those with upper respi-
ratory symptoms, 82% reported upper respiratory symptoms to
pollen, 27% to house dust, and 9% to animals.

In bivariate analysis, those with an allergic phenotype were
more likely to report chronic cough (odds ratio [OR], 1.84;
P ¼ 0.02) and wheezing (OR, 1.92; P , 0.01) compared with
those without allergy (Table 2). Subjects with an allergic phe-
notype were also more likely to go to a doctor’s office or ED for
wheezing (OR, 1.7; P ¼ 0.05). There was no association be-
tween allergic phenotype and chronic phlegm, pneumonia, or
hospitalizations.

After adjustment for potential confounders (Table 2, Figure
1a), individuals with an allergic phenotype continued to be
more likely to report wheeze (OR, 2.1; P , 0.01) or chronic
cough (OR, 1.9; P ¼ 0.01) compared with those without evi-
dence of an allergic phenotype. Subjects with an allergic phe-
notype were also still more likely to report a doctor’s or ED
visit for wheezing (OR, 1.7; P ¼ 0.04). In multivariate models,
an allergic phenotype was significantly associated with chronic
phlegm production (OR, 1.5; P , 0.05). There continued to be
no significant association with pneumonia or hospitalizations.
Including subjects with reported diagnosis of asthma did not
substantially change our results; however, among individuals
reporting doctor-diagnosed asthma, those that were also allergic
had an increased risk of pneumonia (OR, 37; P ¼ 0.05) (see
Table E1 in the online supplement).

CODE

Participants (n ¼ 77) had a mean (6 SD) age of 69.46 7.0 years
and 57.9 6 28.8 pack-years of smoking. All participants had
moderate or severe COPD with a mean baseline postbroncho-
dilator FEV1 % predicted of 52.3% (Table 3). Thirty percent of
individuals had evidence of allergic sensitization. Of those with
evidence of allergic sensitization, 17 tested positive to cock-
roach, 16 to house dust mite, 7 to dog, 6 to cat, and 1 to mouse
allergen. Fourteen percent of subjects had one or two sensitiza-
tions, and 16% had three or more sensitizations.

Overall, sensitized individuals were more likely to report re-
spiratory symptoms and had an increased risk of COPD exacer-
bations requiring antibiotics or an ED visit or hospitalization
compared with nonsensitized individuals (Table 4, Figure 1b).
Specifically, in bivariate analysis, subjects with allergic sensiti-
zation were more likely to report wheeze (OR, 4.08; P , 0.01)
and nighttime awakening due to cough (OR, 3.58; P ¼ 0.03). In
addition, sensitized individuals, compared with nonsensitized

individuals, had an increased risk of COPD exacerbations
requiring treatment with antibiotics (OR, 3.29; P ¼ 0.02) or
an ED visit or hospitalization (OR, 6.15; P , 0.01).

Results were not substantively different after adjustment for
potential confounders in multivariate analysis. Subjects with al-
lergic sensitization were more likely to report wheeze (OR, 5.91;
P, 0.01) and nighttime awakening due to cough (OR, 4.20; P ¼
0.03). Similarly, they also continued to have an increased risk of
COPD exacerbations requiring treatment with antibiotics (OR,
3.79; P ¼ 0.02) or an ED visit or hospitalization (OR, 11.05; P ,
0.01). There was no significant association with chronic cough,
chronic phlegm, or pneumonia.

An increasing number of sensitizations was associated with
a higher risk for certain adverse health outcomes (Figure 2
and Table E2; trend test P , 0.05), including wheeze (OR,
3.3; 95% confidence interval [CI], 0.75–14.1 for one or two sen-
sitization and OR, 11.6; 95% CI, 2.2–60.8 for three or more
sensitizations), nocturnal cough (OR, 1.75; 95% CI, 0.28–11.1
for one or two sensitizations and OR, 10.0; 95% CI, 1.7–58.1 for
three or more sensitizations), nocturnal dyspnea (OR, 0.95;
95% CI, 0.16–5.7 for one or two sensitizations and OR, 7.3;
95% CI, 1.6–33.1 for three or more sensitizations), ED visits
(OR, 10.0; 95% CI, 1.6–60.7 for one or two sensitizations and
OR 12.2; 95% CI, 2.1–71.4 for three or more sensitizations), and
COPD exacerbation requiring antibiotic use (OR, 3.5; 95% CI,
0.88–14.26 for one or two sensitizations and OR, 4.1; 95% CI,
0.94–17.8 for three or more sensitizations).

DISCUSSION

We used two independent populations to show that individuals
with COPD with evidence of an allergic phenotype are more
likely to have lower respiratory symptoms and COPD exacerba-
tions requiring medical treatment compared with those without
evidence of allergic disease. We used two separate definitions of
allergic phenotype, including self-report of allergic upper airway
symptoms and IgE sensitization to perennial allergens.We asked
our questions in a large nationally representative sample and in
a well-characterized, COPD-specific regional cohort with com-
prehensive COPD phenotyping. By using results from both
cohorts, we showed that the findings were not dependent on a sin-
gle definition of disease or confined to one study group. COPD
guidelines prioritize control of symptoms and prevention of
exacerbations, but there is no guidance on management of aller-
gic disease. A substantial proportion of individuals with COPD
have an allergic phenotype: in our studied cohorts, the preva-
lence was 25 to 30%. A better understanding of the effect of al-
lergic disease, and especially the role of targeted treatments,
could lead to improvements in the management and outcomes
of patients with COPD.

TABLE 2. ASSOCIATION OF ALLERGIC PHENOTYPE AND CHRONIC OBSTRUCTIVE PULMONARY DISEASE
OUTCOMES USING NATIONAL HEALTH AND NUTRITION SURVEY III

Bivariate Analysis Multivariate Analysis*

OR 95% CI P Value OR 95% CI P Value

Chronic cough 1.84 1.1–3.0 0.02 1.9 1.2–3.1 0.01

Chronic phlegm 1.43 1.0–2.1 0.08 1.5 1.0–2.3 ,0.05

Wheeze 1.92 1.4–2.6 ,0.01 2.1 1.4–3.2 ,0.01

Pneumonia 0.8 0.3–2.1 0.68 0.9 0.3–2.4 0.8

Hospitalization 0.92 0.5–1.5 0.74 1.1 0.6–1.8 0.9

Doctor/ED visit 1.7 1.0–2.9 0.05 1.7 1.0–2.8 0.04

Definition of abbreviations: CI ¼ confidence interval; ED ¼ emergency department; OR ¼ odds ratio.

*Multivariate regression models were used to adjust for potential confounders including age, gender, race, education, smoking

pack-years, and lung function (FEV1% predicted).
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The mechanism through which allergy may affect respiratory
health in smoking-induced COPD is not clearly understood. Sev-
eral studies support the role of allergen exposure in bronchial
inflammation and have shown that allergen exposure affects cy-
tokine and antiinflammatory production on a cellular level. In
particular, tumor necrosis factor a, IL-6, and IL-8 have been
shown to be up-regulated in cell culture of airway epithelium
after exposure to allergen (19). A recent study comparing in-
flammatory markers in allergic versus nonallergic patients with
COPD showed a higher serum level of IL-8 in patients with
COPD who were allergic to mites, indicating that IL-8–related

neutrophilic airway inflammation in COPD may be up-regulated
by mite allergy (20). This finding supports the hypothesis that
increased airway inflammation is a mechanism through which
allergy may worsen symptoms in COPD.

Despite the possible role that the presence of an allergic phe-
notype might play in COPD, the association of allergy with in-
creased respiratory symptoms in patients with COPD has not
been adequately investigated. In the NHANES analysis, report
of hay fever or allergic upper respiratory symptoms was associ-
ated with increased wheeze, chronic cough, chronic phlegm, and
respiratory exacerbations leading to an acute visit to the doctor’s
office or ED. Similarly, results from the CODE study showed
that allergic sensitization to perennial allergens was associated
with increased wheeze, nocturnal cough, and COPD exacerba-
tions leading to antibiotic use or to ED visit and/or hospitaliza-
tion. An increasing number of sensitizations was associated with
a higher risk for adverse health outcomes. In contrast to the
NHANES analysis, sensitization to perennial allergens in the
CODE study was not statistically significantly linked to chronic
cough or phlegm, although analysis may have been limited by
smaller sample size.

Wheeze and cough, both manifestations of lower airway dis-
ease, are common respiratory symptoms in patients with COPD
and negatively affect quality of life (21). Similarly, COPD exac-
erbations are a significant contributor to poor quality of life,
disease progression, and economic burden (22). Our analysis
demonstrates that allergic disease may contribute to these ad-
verse COPD outcomes in a cohort of patients whose symptoms

Figure 1. (a) Adjusted association of allergic phenotype and chronic

obstructive pulmonary disease (COPD) outcomes using the National

Health and Nutrition Survey III (NHANES III) population. Odds ratio
represented with black dots. Bars represent 95% confidence interval.

*P , 0.05. Multivariate regression models were used to adjust for po-

tential confounders including age, gender, race, education, smoking

pack-years, and lung function (FEV1% predicted). (b) Adjusted associ-
ation of allergic phenotype and COPD outcomes using the COPD and

domestic endotoxin population. Odds ratio represented with black

dots. Bars represent 95% confidence interval. *P , 0.05. Multivariate
regression models were used to adjust for potential confounders includ-

ing age, gender, race, education, smoking pack-years, and lung func-

tion (FEV1% predicted). ED = emergency department.

TABLE 3. CHRONIC OBSTRUCTIVE PULMONARY DISEASE AND
DOMESTIC ENDOTOXIN PARTICIPANT CHARACTERISTICS

Allergic

(n ¼ 23)

Nonallergic

(n ¼ 54) P Value

Race, % 0.71

White 83 89

Black 13 9

Other 4 2

Male sex, % 57 63 0.60

Education, % 0.63

Some high school 22 19

High school graduate 9 24

Some college 39 30

College graduate 13 13

At least some graduate school 17 15

Age, yr 69.7 (7.1)* 69.3 (7.1)* 0.86

Pack-years 60.7 (31.0)* 56.8 (28.4)* 0.61

FEV1, % predicted 51.9 (17.3)* 52.4 (16.1)* 0.45

GOLD stage, % 0.59

II 52 41

III 39 44

IV 9 15

Years since quit smoking 13.4 (8.0)* 13.0 (9.7)* 0.33

Doctor diagnosed COPD, % 85 91 0.47

Doctor diagnosed chronic bronchitis, % 35 39 0.73

Doctor diagnosed emphysema, % 70 57 0.32

Medications, %

LABA 4 8 0.61

ICS 5 19 0.12

ICS/LABA combination 65 44 0.10

Long-acting muscarinic antagonist 43 37 0.60

Theophylline 9 2 0.16

Nasal steroids 9 6 0.61

Leukotriene modifiers 9 8 0.88

Antihistamine 9 2 0.16

Definition of abbreviations: COPD ¼ chronic obstructive pulmonary disease;

GOLD = Global Initiative for Chronic Obstructive Lung Disease; ICS = inhaled

corticosteroids; LABA = long-acting beta agonist.

*Mean (SD).
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are often ascribed solely to smoking-induced disease. Given the
cross-sectional study design and the small percentage of subjects
reporting use of antiallergic medications, it remains unknown if
the treatment of upper airway allergic symptoms or allergen
avoidance strategies improves outcomes in patients with COPD
and allergic sensitization.

There is some prior evidence that an allergic phenotype is as-
sociated with worse prognosis in people with obstructive airways
disease. In children with asthma, the presence of allergen sen-
sitization has been associated with more severe disease (23).
Furthermore, atopic adults with asthma who are repeatedly ex-
posed to allergen may demonstrate greater lung function de-
cline than those who are not repeatedly exposed (24). The
Normative Aging Study, a general population cohort, evaluated
skin test reactivity and prospectively followed lung function
over 3.5 years. In subjects with COPD, skin test reactivity was a
significant predictor of annual rates of decline of FEV1 and FEV1/
FVC ratio (10). Our data do not show differences in lung function
between those with and without an allergic phenotype, and be-
cause our analyses are cross-sectional we cannot confirm effects of
allergic phenotype on longitudinal changes in lung function.

Our study has notable strengths and limitations. The associ-
ation of an allergic phenotype with worse COPD outcomes in
two separate cohorts strengthens the validity of our findings.
Within NHANES, postbronchodilator spirometry was not avail-
able, so we used prebronchodilator spirometry to define obstruc-
tion, an approach that is common in analyses of the NHANES
dataset (25). This may lead to misclassification by including sub-
jects with reversible airways obstruction or asthma. To minimize
misclassification we excluded subjects with self-reported doctor
diagnosed asthma and limited subjects to smokers greater than
40 years of age. This potential misclassification was limited in the
CODE study, where patients were recruited and comprehen-
sively phenotyped for participation in a COPD-specific study.
CODE study participants had evidence of moderate to severe
disease and evidence of airflow obstruction after administration
of bronchodilator and were similarly excluded if they had a con-
comitant diagnosis of asthma. Even if patients with underly-
ing asthma were inadvertently included in the analyses, there
is increasing recognition that bronchodilator reversibility and
asthma coexist in a substantial proportion of subjects with COPD
(26, 27). Even when including subjects from NHANES with

TABLE 4. ASSOCIATION OF ALLERGIC PHENOTYPE AND CHRONIC OBSTRUCTIVE PULMONARY
DISEASE OUTCOMES USING THE CHRONIC OBSTRUCTIVE PULMONARY DISEASE AND DOMESTIC
ENDOTOXIN POPULATION

Bivariate Analysis Multivariate Analysis*

OR 95% CI P Value OR 95% CI P Value

Chronic cough 1.75 0.64–4.74 0.28 1.97 0.68–5.73 0.21

Chronic phlegm 1.56 0.58–4.18 0.38 1.55 0.54–4.43 0.41

Nocturnal cough 3.58 1.11–11.53 0.03 4.20 1.15–15.35 0.03

Nocturnal dyspnea 2.51 0.86–7.31 0.09 2.92 0.91–9.34 0.07

Wheeze 4.08 1.45–11.45 ,0.01 5.91 1.84–18.94 ,0.01

Antibiotic use 3.29 1.19–9.11 0.02 3.79 1.28–11.28 0.02

Steroid use 2.04 0.69–6.03 0.20 2.80 0.84–9.36 0.10

Pneumonia 1.28 0.48–3.44 0.62 1.39 0.47–4.10 0.55

ED visit and/or hospitalization 6.15 1.88–20.09 ,0.01 11.05 2.56–47.80 ,0.01

Definition of abbreviations: CI ¼ confidence interval; ED ¼ emergency department; OR ¼ odds ratio.

*Multivariate regression models were used to adjust for potential confounders including age, gender, race, education, smoking

pack-years, and lung function (FEV1% predicted).

Figure 2. An increased number of allergic sensi-

tizations is associated with worse outcomes in

the COPD and domestic endotoxin population.
P value determined by Cuzick’s test for trend.
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doctor-diagnosed asthma, the role of the allergic phenotype on
health outcomes was not substantially altered. Whether the con-
tribution of allergic disease to worse COPD outcomes is a result
of a direct interplay between allergic inflammation and the inflam-
matory process of COPD or whether allergic disease is a marker
of subjects with unrecognized concomitant asthma remains unclear
(28). Regardless, our samples represent real-life populations of
smokers who do not carry a diagnosis of asthma but who may
benefit from further investigation of an allergic contribution to
their respiratory symptoms.

Although skin testing was performed as a part of NHANES
III, it was only performed on a small proportion (13%) of our
cohort with COPD and therefore represents less than 1% of
the NHANES population overall. Using skin testing within
our definition of allergic phenotype in NHANES would have de-
creased the value of using such a large nationally representative
database with its inherent limitations of a less well-characterized
population for COPD-specific outcomes. We overcame this lim-
itation by examining specific sensitization in the CODE cohort to
corroborate the NHANES findings. Although allergic pheno-
type was defined through two different methods, we came to very
similar conclusions in each of the analyses, adding validity to the
importance of an allergic phenotype in COPD outcomes. Fur-
ther study is needed to determine whether specific sensitizations
and exposures are more likely to contribute to respiratory symp-
toms. Respiratory symptoms and exacerbations were based on
self-report and not validated by review of medical records. In
addition, although allergic sensitization in adults is generally be-
lieved to be stable over time, this study is cross-sectional, and
therefore we cannot conclude causality.

In conclusion, our study demonstrates that the presence of an
allergic phenotype is associated with increased risk of lower respi-
ratory symptoms and respiratory exacerbations among individuals
with COPD. Our findings are robust in that the associations are
evident in two independent cohorts, one of which is represen-
tative of the United States population, with an allergic pheno-
type determined by clinical symptoms or allergic sensitization.
Given that allergic symptoms can cause morbidity in anyone,
regardless of whether or not they have COPD, we urge clini-
cians to remember to not ignore allergic symptoms in their
patients with COPD. Furthermore, because our observations
suggest that active allergic disease may worsen COPD, studies
are needed to determine whether or not pharmacologic treat-
ment of allergic disease or allergen avoidance strategies may
lead to improvement in respiratory health in this important
population.

Author disclosures are available with the text of this article at www.atsjournals.org.
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