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Abstract

Objective: Airway inflammatory patterns in older asthmatics are poorly understood despite high
asthma-related morbidity and mortality. In this study, we sought to define the relationship
between exposure to traffic pollutants, biomarkers in induced sputum, and asthma control in
older adults. Methods: Induced sputum was collected from 35 non-smoking adults �65 years
with a physician’s diagnosis of asthma and reversibility with a bronchodilator or a positive
methacholine challenge. Patients completed the Asthma Control Questionnaire (ACQ), and
Elemental Carbon Attributable to Traffic (ECAT), a surrogate for chronic diesel particulate
exposure, was determined. Equal numbers of subjects with high (�0.39 mg/m3) versus low
(50.39 mg/m3) ECAT were included. Differential cell counts were performed on induced sputum,
and myeloperoxidase (MPO) and eosinophil peroxidase (EPO) were measured in supernatants.
Regression analyses were used to evaluate the relationship between sputum findings, ACQ
scores, and ECAT. Results: After adjustment for potential confounders, subjects with poorly
controlled asthma based on ACQ� 1.5 (n¼ 7) had significantly higher sputum eosinophils
(median¼ 4.4%) than those with ACQ51.5 (n¼ 28; eosinophils¼ 2.6%; �¼ 10.1 [95% CI¼ 0.1–
21.0]; p¼ 0.05). Subjects with ACQ� 1.5 also had significantly higher sputum neutrophils
(84.2% versus 65.2%; �¼ 7.1 [0.2–14.6]; p¼ 0.05). Poorly controlled asthma was associated with
higher sputum EPO (�¼ 2.4 [0.2–4.5], p¼ 0.04), but not MPO (p¼ 0.9). High ECAT was
associated with higher eosinophils (�¼ 10.1 [1.8–18.4], p¼ 0.02) but not higher neutrophils
(p¼ 0.6). Conclusions: Poorly controlled asthma in older adults is associated with eosinophilic
and neutrophilic inflammation. Chronic residential traffic pollution exposure may be associated
with eosinophilic, but not neutrophilic inflammation in older asthmatics.
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Introduction

The burden of disease in asthmatics ages 65 years and older is

substantial and underappreciated. While mortality from

asthma overall is less than 2.2/100 000, asthma-related

mortality among older adults is almost 5 times greater, with

10.5/100 000 seniors dying from asthma [1,2]. Older asth-

matics are three times more likely to be classified as having

severe disease, and to experience an asthma exacerbation

requiring systemic corticosteroids [3]. Asthma-related quality

of life is lower among older asthmatics, and asthma-related

health care costs are twice those of younger asthmatics [3,4].

Previous studies suggest that the airway inflammatory

phenotype of older asthmatics may differ from younger

patients [5,6]. The relationship between asthma endopheno-

types, or phenotypes that incorporate biological markers, and

severity has not been defined in older adults. It is theorized

that a more neutrophilic phenotype may explain increased

severity in this population [5]. It is well known that

neutrophils increase with aging in normal lungs, but the

clinical significance of airway neutrophilia in older asth-

matics is not clear [5,6]. In a well-controlled cross-over study,

McCreanor et al. reported that real-world traffic particulate

exposure acutely reduced lung function and increased sputum

neutrophils and myeloperoxidase (MPO) in adult asthmatics

[7]. Defining the relationship between traffic pollutants,
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airway inflammation, and asthma control in older asthmatics is

of particular interest, given that asthmatics ages 65 and older

are disproportionately impacted by traffic related air pollution

[8–13]. Although we recently found that high exposure to

residential traffic pollution is the strongest predictor of poor

asthma control in older adults, airway inflammatory patterns in

traffic-pollutant exposed older asthmatics have not been

previously examined [8]. In addition, while sputum MPO and

eosinophil peroxidase (EPO) are associated with neutrophilic

and eosinophilic inflammation, respectively, in younger asth-

matics and in patients with chronic obstructive pulmonary

disease (COPD), these biomarkers have not been systematic-

ally evaluated in older asthmatics [14]. For the first time, we

evaluated the relationship between sputum biomarkers,

including cell counts, MPO, EPO, residential traffic pollution

exposure, and asthma control in older adults. We hypothesized

that neutrophilic airway inflammation would be associated

with chronic, residential traffic pollution exposure and poor

asthma control in older adults.

Methods

Study population: clinical and exposure data

Subjects were recruited from the Cincinnati Asthma Severity

in Older Adults Cohort, which has been previously described

[8]. The overall cohort includes 175 asthmatics ages 65 years

and older (mean age 74 years) recruited from the Greater

Cincinnati metropolitan area from 2010 to 2012. All subjects

had a physician’s diagnosis of asthma based on ICD-9 codes,

and objective confirmation of asthma by spirometry (12% and

200 ml change in forced expiratory volume in 1 second

[FEV1] with bronchodilator) or methacholine challenge

testing (PC2054 mg/ml) [8]. Potential subjects with a phys-

ician’s diagnosis of COPD or New York Heart Association

(NYHA) Class 3 or greater congestive heart failure (CHF),

defined as marked activity limitation with physical activity

due to CHF, were excluded [15]. The cohort was recruited

from Allergy and Pulmonary subspecialty clinics in order to

increase our ability to identify risk factors for more severe

asthma. Recruited subjects were representative of the Greater

Cincinnati metropolitan area in terms of demographics and

geographic locations [8].

In order to evaluate the impact of chronic traffic pollution

exposure on sputum findings, equal numbers of subjects with

high versus low residential exposure to elemental carbon

attributable to traffic (ECAT) were recruited for the sputum

sub-study (Table 1). Average daily residential exposure to

ECAT, a surrogate for diesel particulate exposure, was

estimated from a previously described land-use regression

model that accounts for truck traffic, elevation, and distance to

major roads (r2¼ 0.73) [8,16]. Based on a linear spline model,

high ECAT was defined as �0.39 mg/m3, which was also the

upper quartile of ECAT exposure [8]. Because we were also

interested in the relationship between asthma control and

sputum findings, we recruited approximately equal numbers of

subjects with Asthma Control Questionnaire-6 (ACQ) scores

�1.5 versus51.5. The ACQ is a validated survey that evaluates

asthma symptoms and albuterol use for the previous week; an

ACQ� 1.5 is considered a validated cut-point for not well

controlled asthma in the previous week [17,18]. In previous

validation studies, an ACQ50.75 was indicative of well

controlled asthma, while an ACQ between 0.75 and 1.5 was

indeterminate [17,18]. Because of the design and sample size

for this study, subjects with an ACQ50.75 were treated the

same as those with an ACQ between 0.75 and 1.5. Target

enrollment was 35 subjects, based on a power calculation for

the number of subjects needed to evaluate the relationship

between ACQ scores and sputum findings. Forty subjects

(eight with high ECAT and high ACQ scores; eight with high

ECAT and low ACQ scores, eight with low ECAT and high

ACQ scores, and eight with low ECAT and low ACQ scores)

were initially recruited for sputum induction, because of the

potential that some subjects would not be able to provide

adequate samples. Subjects with high versus low ECAT and

high versus low ACQ scores were randomly recruited from the

cohort with respect to other potential covariates. Subjects who

used tobacco products within 2 years were excluded from

sputum induction, given that current tobacco use can influence

sputum biomarkers [19].

Out of the 40 recruited subjects, two were not induced

because of a post-bronchodilator FEV1550%, and three had

Table 1. Demographic and health characteristics, exposures, and medi-
cation use for 35 asthmatics ages 65 years and older.

Characteristic or exposure N (% of 35)

Females 19 (54%)
Males 16 (46%)
Race

Caucasian 26 (74%)
African-American 8 (23%)
Hispanic 1 (3%)

Nasal polyps 9 (26%)
No nasal polyps 26 (74%)
Age of asthma symptoma onset

0–40 14 (40%)
�41 years 21 (60%)

Body mass index (BMI, kg/m2)
530 18 (52%)
�30 17 (48%)

Atopic (SPTþ)b 22 (63%)
Non-atopic 13 (37%)
Ever smoked cigarettes, cigars, or a pipe 17 (49%)
510 pack years 7
10–20 pack years 5
420 pack years 5

Never smoked 18 (51%)
Elemental carbon attributable to traffic (ECAT), mg/m3c

High (0.39–0.81) 16 (46%)
Low (0.23–0.38) 19 (54%)

Medications
SABAd, low dose ICSe, or leukotriene antagonist alone 2 (6%)
Low or medium dose ICS�LABAf 12 (34%)
High dose ICS�LABA,� daily oral corticosteroids 21 (60%)

aWheezing, shortness of breath, or chronic cough not explained by
another problem.

bAt least one positive skin prick test to a panel of 10 aeroallergens (cat,
dog, timothy grass, white oak, maple mix, short ragweed, dust mite mix
[50% Dermatophagoides farinae and 50% Dermatophagoides pter-
onyssinus], Alternaria tenuis, Aspergillus fumigatus, and German
cockroach).

cECAT, which is a surrogate for diesel particulate exposure, was
determined from an existing land-use regression model. High versus
low elemental carbon attributable to traffic (ECAT) exposure was
based on a linear spline model.

dSABA¼ Short-acting �2-agonist.
eICS¼ Inhaled corticosteroid.
fLABA¼Long-acting �2-agonist.
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inadequate sputum samples. Subjects who completed sputum

induction (n¼ 35; Table 1) were similar to the overall cohort

in terms of gender, race, body mass index (BMI), atopy

(based on one or more positive skin prick tests to a panel of 10

aeroallergens), asthma symptom onset after age 40 years,

nasal polyposis, and former smoking [8]. Medication use in

the previous month for subjects undergoing sputum induction

was also similar to that for the overall cohort (Supplemental

Table 2) [8]. Subjects repeated the ACQ and spirometry on

the day of induction [18]. Induced subjects had similar mean

ACQ scores (0.8� 0.7) and mean pre-bronchodilator FEV1

(72� 17%) to the overall cohort, on the day of induction [8].

Subjects signed an informed consent approved by the

University of Cincinnati Institutional Review Board.

Sputum induction and analysis

Recruited subjects with a post-bronchodilator FEV1450%

inhaled nebulized saline, resulting in expectoration. After the

administration of albuterol, increasing concentrations of

saline (3%, 4%, and 5% for 5 min each) were administered

using an ultrasonic nebulizer (Omron Model NE-U12).

Spirometry was performed using an nSpire Koko spirometer

prior to induction and after each dose of saline; administration

of saline was stopped and albuterol was re-administered if

FEV1 fell by 10% or more from baseline. Sputum was

processed using standard methods with D-PBS and dithio-

threitol [20]. The inflammatory cell differentials for 300 cells

per slide (stained with Diff Quick, Volu-Sol Inc, Salt Lake

City, UT) were determined by three readers blinded to clinical

data; at least 80% agreement was required [5]. MPO was

measured in supernatant (without dithiothreitol) using a

commercial ELISA assay (R&D systems, Minneapolis, MN)

[21]. An experiment involving the EPO inhibitor, resorcinol

(Sigma-Aldrich, St. Louis, MO) verified that the MPO assay

was not impacted by EPO. EPO was measured in supernatants

(without dithiothreitol) with a quantitative colorimetric assay

using o-phenylenediamine (Sigma-Aldrich, St. Louis, MO) as

a substrate because it does not show significant cross-

reactivity with MPO [22]. This EPO assay was modified

from murine studies because it is simple, inexpensive,

and does not require radioactivity [22]. Human EPO

(LeeBioSolutions, St.Louis, MO) was used as a standard.

Absorbance was measured at 450 nm after 15 min. MPO and

EPO levels were corrected for supernatant protein levels

(Coomassie Plus, Bradford, Rockford, IL).

Statistical analysis

Descriptive statistics and regression analyses were performed

in SAS 9.3 to evaluate the relationship between biomarker

levels and ACQ� 1.5 (poorly controlled asthma), and ECAT

[18]. Logistic regression was used for dichotomous outcomes,

and mixed linear regression was used for continuous outcomes.

Cell counts and differentials, EPO, and MPO levels were log-

transformed to approximate normality. Odds ratios represent

the odds of having high versus low ECAT given various subject

characteristics. In order to allow for comparability with data

from other studies (5, 23, 24), median values for biomarkers,

including cell counts and differentials, are presented in Tables

and Figures, although log-transformed, continuous data were

used for regression analyses. In order to minimize the impact of

potential confounders, results were also adjusted in the

regression model for gender, nasal polyps, and the age of

asthma onset, because these covariates were significantly

associated with sputum cell counts and differentials based on a

backward elimination with alpha¼ 0.15.

Results

Induced sputum findings based on clinical
characteristics

Demographic information, health characteristics, medication

use and exposures for induced subjects are listed in Table 1.

The median (interquartile range¼ IQR) cell differential from

induced sputum of the 35 enrolled subjects was: eosinophils

2.7 (12.5)%; neutrophils 66.5 (32.5)%; macrophages 17.7

(22.7)%; and lymphocytes 0.9 (1.4)%. Sputum findings based

on host characteristics, medication use, and exposures, with

the exception of ECAT and ACQ, are presented in

Supplemental Table 1. Female gender and nasal polyps

were significantly associated with higher sputum eosinophils

(median eosinophils [IQR]¼ 4.3 [20.3]% versus 2.2 [2.9]%

for females versus males, �¼ 11.0 [95% CI¼ 2.1–19.8],

p¼ 0.02; and 3.4 [36.7]% versus 2.4 [9.1]%, �¼ 13.1 [3.2–

22.9], p¼ 0.01 for subjects with nasal polyps versus those

without nasal polyps). Nasal polyps were also significantly

associated with lower sputum neutrophils (53.0 [22.0]%

versus 73.3 [20.7]%; �¼�18.9 [� 31.9 to �5.9]),

p¼ 0.006). The onset of asthma symptoms after age 40

years was significantly associated with higher sputum

neutrophils (76.6 [20.7]% versus 62.3 [17.0]%; �¼ 14.5

[2.4–26.6]), p¼ 0.02). There were no significant relationships

between sputum findings and other host characteristics

presented in Table 1, including atopy or smoking. There

was no significant association between medication use at the

time of induction and sputum eosinophil or neutrophil counts

(Supplemental Table 1).

Elemental carbon attributable to traffic (ECAT)
exposure versus other subject characteristics

Table 2 displays the relationship between ECAT exposure and

other subject characteristics, exposures, and ACQ scores. In

the 35 induced subjects, there were no statistically significant

relationships between ECAT and other subject characteristics

(not including sputum findings), exposures, or ACQ scores.

Induced sputum findings based on ACQ scores

As seen in Figure 1A and Table 3, subjects with uncontrolled

asthma (ACQ� 1.5) had significantly higher sputum eosino-

phils (median [IQR]¼ 4.4 [37.4] % for ACQ� 1.5 versus 2.6

[6.5] % for ACQ51.5; �¼ 10.1 [95% CI¼ 0.1–21.0];

p¼ 0.05, after adjustment for gender, nasal polyps, and age

of asthma onset). Subjects with uncontrolled asthma also had

significantly higher sputum neutrophils (84.2 [38.4] % for

ACQ� 1.5 versus 65.2 [28.2]% for ACQ51.5; adjusted

�¼ 7.1 [0.2–14.6]; p¼ 0.05; Figure 1B). Poorly controlled

asthma was significantly associated with higher sputum EPO

(13.2 [14.0] mg/mg/ml of protein for ACQ� 1.5 versus 5.2

[6.1] mg/mg/ml of protein for ACQ51.5; adjusted �¼ 2.4

DOI: 10.3109/02770903.2013.832293 Induced sputum in older asthmatics 985
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[0.2–4.5]; p¼ 0.04; Figure 1C). MPO was not significantly

associated with ACQ scores (�¼ 0.02 [�0.4 to 0.4]; p¼ 0.2;

Figure 1D). The correlation between sputum neutrophil

counts and MPO was similar to reported values (r2¼ 0.4;

p¼ 0.07) [7]. The correlation between sputum eosinophil

counts and EPO was 0.29, p¼ 0.08.

Induced sputum findings based on ECAT exposure

As seen in Figure 1A and Table 4, higher sputum eosinophils,

were significantly associated with ECAT� 0.39 mg/m3 (4.4

[20.8] % for high ECAT versus 2.0 [3.5] % for low ECAT;

adjusted �¼ 10.1 [1.8–18.4]; p¼ 0.02). Higher sputum

neutrophils were not associated with ECAT exposure,

however (adjusted �¼�3.3 [�14.7 to 8.0]; p¼ 0.6;

Figure 1B). There were no significant associations between

EPO and ECAT (adjusted �¼�0.2 [�0.6 to 0.2]; p¼ 0.6;

Figure 1C), or between MPO and ECAT (adjusted �¼�0.2

[�0.8 to 0.3]; p¼ 0.4; Figure 1D).

Discussion

Despite high morbidity and mortality from asthma, few studies

have examined airway inflammatory patterns in asthmatics

ages 65 years and older [2,5,25]. Moreover, no studies have

previously examined the relationship between traffic pollution

and airway inflammation in this population, despite their

increased susceptibility to air pollutants [8,10,12,13].

Table 2. Demographic information, health characteristics, and Asthma Control Questionnaire-6 (ACQ) scores based on Elemental
Carbon Attributable to Traffic (ECAT)a exposure for 35 asthmatics ages 65 years and older.

No. (%) of 16 subjects
with High ECAT
(0.39–0.81 mg/m3)

No. (%) of 19 subjects
with Low ECAT

(0.23–0.38 mg/m3)
Odds ratio
[95% CI]b p Value

Females 10 (63%) 9 (47%) 0.4 [0.08–2.4] 0.4
Males 6 (37%) 10 (53%)
Race 1.3 [0.3–6.7] 0.3

Caucasian 10 (63%) 16 (84%)
African-American 5 (31%) 3 (16%)
Hispanic 1 (6%) 0

Nasal polyps 3 (19%) 6 (32%) 0.6 [0.1–3.6] 0.4
No nasal polyps 13 (81%) 13 (68%)
Age of asthma symptomc onset 0.9 [0.2–4.7] 0.3

0–40 10 (62%) 8 (42%)
�41 years 6 (38%) 11 (58%)

Body mass index (BMI, kg/m2) 0.8 [0.2–3.8] 0.4
530 8 (50%) 10 (53%)
�30 8 (50%) 9 (47%)

Atopic (SPTþ)d 11 (69%) 11 (58%) 2.1 [0.4–11.3] 0.8
Non-atopic 5 (31%) 8 (42%)
Ever smoked cigarettes, cigars, or a pipe 9 (56%) 8 (42%) 1.5 [0.3–7.7] 0.1
Never smoked 7 (44%) 11 (58%)
ACQ� 1.5 (uncontrolled asthma)e 3 (19%) 4 (21%) 1.0 [0.2–6.7] 0.8
ACQ51.5 13 (81%) 15 (79%)

aElemental carbon attributable to traffic (ECAT), which is a surrogate for diesel particulate exposure, was determined from an
existing land-use regression model. High versus low ECAT exposure was based on a linear spline model.

bRepresents the odds of having high versus low ECAT given various subject characteristics listed in the first column (e.g. the odds of
having high versus low ECAT in females versus males).

cWheezing, shortness of breath, or chronic cough not explained by another problem.
dAt least one positive skin prick test to a panel of 10 aeroallergens (cat, dog, timothy grass, white oak, maple mix, short ragweed, dust

mite mix [50% Dermatophagoides farinae and 50% Dermatophagoides pteronyssinus], Alternaria tenuis, Aspergillus fumigatus,
and German cockroach).

eAn ACQ score� 1.5 is a validated measure of uncontrolled asthma for the previous week.
A p value of50.05 is significant.

Table 3. Median and interquartile range for sputum biomarkers versus Asthma Control Questionnaire-6 (ACQ)a scores for 35 Asthmatics ages 65 years
and older.

Biomarkerb ACQ� 1.5 (Uncontrolled); n¼ 7 ACQ51.5 (Controlled); n¼ 28 �-coefficient [95% CI]c p Value

% Eosinophils 4.4 (37.4) 2.6 (6.5) 10.1 [0.1 to 21.0] 0.05
No. Eosinophils/300 cells 13.0 (111.0) 7.5 (19.5) 25.2 [�5.7 to 56.2] 0.09
% Neutrophils 84.2 (38.4) 65.2 (28.2) 7.1 [0.2–14.6] 0.05
No. Neutrophils/300 cells 250.0 (118.0) 188.5 (84.5) 0.3 [0.1–0.6] 0.008
EPO mg/mg/ml of proteind 13.2 (14.0) 5.2 (6.1) 2.4 [0.2–4.5] 0.04
MPO ng/mg/ml of proteind 2.2 (2.2) 2.0 (3.5) 0.02 [�0.4–0.4] 0.9

aHigher ACQ scores indicate poorer control; an ACQ� 1.5 is associated with uncontrolled asthma.
bThe median and interquartile range (IQR) are presented for relevant biomarkers.
cRegression analyses of percent cell differentials and log-transformed cell counts, EPO and MPO levels and ACQ� 1.5 versus ACQ51.5 were

performed. Results were adjusted for gender, nasal polyps, the age of asthma onset, and ECAT levels (covariates were included based on a backward
elimination with alpha¼ 0.15).

dEPO (Eosinophil peroxidase) and MPO (Myeloperoxidase) from sputum supernatant were adjusted for protein levels.
A p value of50.05 is significant.

986 T. G. Epstein et al. J Asthma, 2013; 50(9): 983–989
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The hypothesis that neutrophilic airway inflammation would

be associated with both air pollution exposure and poorly

controlled asthma in older adults was not confirmed.

Nevertheless, this study defined sputum biomarkers that may

be applied to future mechanistic and epidemiologic investiga-

tions of poorly controlled asthma and susceptibility to air

pollutants in older adults.

Previous studies have described the presence of elevated

sputum neutrophils in older asthmatics, but did not investigate

the relationship between elevated sputum neutrophils and

clinical outcomes measures in this population [5,25]. Our

results demonstrate for the first time that sputum neutrophilia

is associated with poorly controlled asthma, based on the

validated ACQ, in asthmatics ages 65 years and older. In

(A) (B)

(C) (D)

Figure 1. Sputum biomarkers versus asthma control questionnaire (ACQ) scores and elemental carbon attributable to traffic (ECAT) for 35 asthmatics
ages 65 years and older. A: Median percent eosinophils. *p¼ 0.05 (�¼ 10.1 [0.1–21.0]) for the difference in percent sputum eosinophils between
subjects with an ACQ� 1.5 (uncontrolled asthma) versus those with an ACQ51.5. **p50.05 (�¼ 10.1 [1.8–18.4]) for the difference in percent
sputum eosinophils between subjects with ECAT of 0.39–0.81mg/m3 (high exposure to traffic related air pollution) versus those with ECAT of 0.23–
0.38mg/m3 (low exposure). B: Median percent neutrophils.*p¼ 0.05 (�¼ 7.1 [0.2–14.6]) for the difference in percent sputum neutrophils between
subjects with an ACQ� 1.5 (uncontrolled asthma) versus those with an ACQ51.5. C: Median eosinophil peroxidase (EPO) levels. **p50.05 (�¼ 2.4
[0.2–4.5]) for the difference in EPO levels between subjects with an ACQ� 1.5 (uncontrolled asthma) versus those with an ACQ51.5. D: Median
myeloperoxidase (MPO) levels.

Table 4. Median and interquartile range (IQR) for sputum biomarkers versus elemental carbon attributable to traffic (ECAT)a in 35 asthmatics ages 65
years and older.

Biomarkerb High ECAT (0.39–0.81 mg/m3) Low ECAT (0.23–0.38 mg/m3) �-coefficient [95% CI]c p Value

% Eosinophils 4.4 (20.8) 2.0 (3.5) 10.1 [1.8–18.4] 0.02
No. Eosinophils/300 cells 13.0 (61.0) 6.0 (10.0) 1.1 [0.2–2.0] 0.02
% Neutrophils 65.2 (28.7) 66.3 (36.7) �3.3 [�14.7 to �8.0] 0.6
No. Neutrophils/300 cells 193.0 (89.0) 193.0 (109.0) �0.02 [�0.3 to �0.2] 0.8
EPO mg/mg/ml of proteind 5.1 (7.2) 6.3 (9.4) �0.2 [�0.6 to �0.2] 0.6
MPO ng/mg/ml of proteind 1.5 (2.1) 2.3 (4.0) �0.2 [�0.8 to �0.3] 0.4

aECAT, which is a surrogate for diesel particulate exposure, was determined from an existing land-use regression model. High versus low elemental
carbon attributable to traffic (ECAT) exposure was based on a linear spline model.

bThe median and interquartile range (IQR) are presented for sputum biomarkers.
cRegression analyses of percent cell differentials, and log-transformed cell counts, EPO and MPO and high versus low ECAT. Results were adjusted for

gender, nasal polyps, and the age of asthma onset (covariates were included based on a backward elimination with alpha¼ 0.15).
dEPO (Eosinophil peroxidase) and MPO (Myeloperoxidase) from sputum supernatant were adjusted for protein levels.
A p value of50.05 is significant.
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addition, the novel finding that sputum neutrophilia is

associated with late onset asthma (440 years) has potential

mechanistic implications for late-onset asthma phenotypes

[23,26,27].

Of note, sputum eosinophilia was also associated with

poorly controlled asthma in older asthmatics. This finding is

consistent with studies indicating that eosinophil numbers do

not decrease with age in asthmatics [24]. In addition, females

and patients with nasal polyps maintain sputum eosinophilia

into older age [28,29]. We did not identify any statistically

significant relationships between previous smoking and

sputum findings, although current smokers were excluded

from the study. Sputum findings were also not significantly

different between atopic and non-atopic subjects in this

population. Some studies in younger populations previously

found an association between atopy and higher sputum

eosinophils, while others did not [30,31]. We speculate that

the lack of an association between atopy and sputum

eosinophils in older asthmatics may in part be due to the

prominence of other inflammatory pathways, particularly

those related to nasal polyps. In addition, the ability of our

study to assess secondary findings, such as the impact of

smoking or atopy on sputum cytology, may be limited by the

small sample size of this study.

To our knowledge, previous human studies regarding the

relationship between eosinophil peroxidase (EPO) in sputum

supernatant and asthma outcomes in older adults have not been

conducted. In this study, EPO was found to be elevated in the

sputum of poorly controlled older asthmatics. Further valid-

ation of this novel biomarker of eosinophilic inflammation in

human studies is warranted, especially given that it may be

more economical and efficient than existing alternatives.

Although this study was not designed to evaluate the

relationship between ECAT and ACQ scores, higher ECAT

was significantly associated with poorer ACQ scores in a

previous study involving 104 older asthmatics from this

cohort [8]. Surprisingly, chronic residential traffic pollution

exposure, estimated by ECAT, was associated with eosino-

philic, but not neutrophilic inflammation in older asthmatics

[8]. Of note, an increase in eosinophils has previously been

reported in the bronchoalveolar lavage (BAL) fluid of mice

exposed to phenanthraquinone, a diesel exhaust constituent

[32]. Diesel exhaust exposure generated under urban running

conditions (as opposed to idling conditions commonly

evaluated in exposure chamber studies) has also recently

been associated with BAL-eosinophilia in healthy human

subjects [33]. The increase in airway eosinophils occurring

with diesel exhaust exposure is thought to be mediated via

oxidative stress through NF�� and IL-13- eotaxin pathways

that are independent of STAT-6 [34]. It is unclear why our

study did not find a relationship between ECAT exposure and

sputum neutrophils in older adults, given that acute diesel

exhaust exposure has previously been associated with sputum

neutrophilia in adult asthmatics [7]. It is possible that this

finding may be related to the differential quantitative effects

of acute versus long-term exposure, or that exposure to

different constituents of diesel exhaust (i.e. those generated

during idling versus moving traffic situations) may lead to

variable inflammatory responses [33]. It is also possible that

traffic pollution exposure may result in differential immune

responses based on age-related differences in the inflamma-

tory milieu [5,24,25]. Further evaluation of these relation-

ships with a larger sample size, repeated sputum sampling

over time, and additional biomarkers of eosinophilic and

neutrophilic inflammation may provide much needed insights

regarding these issues.

In summary, neutrophilic airway inflammation may be

associated with late-onset adult asthma and with poor asthma

control in older asthmatics, but the association between

sputum eosinophilia and poor asthma control also persists into

older adulthood. In addition, our findings support the

involvement of eosinophilic, but not neutrophilic airway

inflammation in older adult asthmatics chronically exposed to

traffic pollutants. The relationship between eosinophilic

inflammation, traffic pollution exposure and asthma morbid-

ity in older adults will be further investigated in future

studies.

Conclusions

Poorly controlled asthma in older adults is associated with

eosinophilic and neutrophilic inflammation. Residential traf-

fic pollution exposure may be associated with eosinophilic,

but not neutrophilic inflammation in older adults.
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Supplemental Table 1.  Induced sputum findings based on host characteristics, tobacco 

exposure, and medication use for 35 asthmatics aged 65 years and older 

Characteristic N (% of 35) % Sputum 
Eosinophils 

 
Median (IQR)  

% Sputum 
Neutrophils 

 
Median (IQR)  

 

Females 

Males 

 

19 (54%) 

16 (46%) 

    

4.3 (20.3)* 

2.2 (2.9) 

 

66.5 (30.2) 

73.2 (29.8) 

Race 

        Caucasian 

        African-American 

        Hispanic 

 

26 (74%) 

8  (23%) 

     1   (3%) 

 

2.9 (12.5) 

2.0 (7.8) 

4.4 

 

65.2 (32.5) 

68.3 (25.2) 

84.2 

Nasal polyps 

No nasal polyps 

9 (26%) 

26 (74%) 

3.4 (36.7)** 

2.4 (9.1) 

 53.0 (22.0)*** 

73.3 (20.7) 

Age of asthma symptoma onset 

         0-40 

         >41 years 

 

14 (40%) 

21 (60%) 

 

2.5 (20.3) 

2.7 (3.3) 

 

62.3 (17.0) 

 76.6 (20.7)**** 

Body mass index (BMI, kg/m2) 

         <30  

         >30 

 

18 (52%) 

17 (48%) 

 

4.2 (16.4) 

2.3 (2.3) 

 

63.6 (28.7) 

76.6 (32.3) 

Atopic (SPT+)b 

Non-atopic 

22 (63%) 

    13 (37%) 

2.2 (3.4) 

4.5 (12.7) 

63.9 (33.9) 

66.6 (18.8) 

Ever smoked cigarettes, cigars, 
or a pipe 
  
    <10 pack years 
 
    10-20 pack years 
 
    >20 pack years 

17 (49%) 

 
7 
 
5 

5 

2.3 (3.3) 

 
3.0 (2.4) 

2.3 (1.3) 

1.7 (1.3) 

66.6 (32.1) 

 
81.4 (40.6) 

66.6 (33.5) 

66.6 (33.5) 



aWheezing, shortness of breath, or chronic cough not explained by another problem.  

 bAt least one positive skin prick test to a panel of 10 aeroallergens (cat, dog, timothy grass, 

white oak, maple mix, short ragweed, dust mite mix [50% Dermatophagoides farinae and 50% 

Dermatophagoides pteronyssinus], Alternaria tenuis, Aspergillus fumigatus, and German 

cockroach).   

c SABA= Short-acting β2-agonist 

d ICS= Inhaled corticosteroid 

e LABA= Long-acting β2-agonist 

 

Based on a backward elimination (regression model) conducted using all potential covariates 

from Table 1, including elemental carbon attributable to traffic:  

 *p=0.02 (β= 11.0 [95% CI= 2.1 to 19.8]) for percent eosinophils for males versus females; 

**p=0.01 (β= 13.1 [3.2 to 22.9]) for percent eosinophils for nasal polyps versus no nasal polyps;  

***p=0.006 (β= - 18.9 [-31.9 to -5.9]) for percent neutrophils for nasal polyps versus no nasal 

polyps;  

**** p=0.02 (β= 14.5 [2.4 to 26.6]) for percent neutrophils for age of asthma onset > 41 years 

versus <41 years 

 

 

 
    Never smoked 

 
18 (51%) 

 
4.0 (16.4) 

 
66.4 (29.5) 

Medications 
 
SABAc, low dose ICSd, or 
leukotriene antagonist alone 
 
Low or medium dose ICS ± 
LABAe 
 
High dose ICS ± LABA, ± daily 
oral corticosteroids 

 

2 (6%) 

 
12 (34%) 

 
 

21 (60%) 

 

1.5 (1.0) 

 
2.8 (6.2) 

 

2.9 (12.7) 

 

72.2 (17.0) 
 
 

66.5 (28.2) 
 
 

66.2 (31.2) 
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