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Background: Bronchial hyperresponsiveness (BHR), sputum eosinophilia, and bronchial 

reversibility are often thought to be a hallmark of asthma, yet it has been shown to occur in 

COPD as well.

Objectives: To evaluate the relationship between BHR, lung function, and airway inflamma-

tion in COPD patients.

Methods: Thirty-one, steroid-free patients with stable, mild and moderate COPD were studied. 

The following tests were carried out: baseline lung function, reversibility, provocative dose of 

methacholine causing a 20% fall in forced expiratory volume in 1 second, a COPD symptom 

score, and sputum induction.

Results: Twenty-nine patients completed the procedures. About 41.4% had BHR, 31.0% had 

increased sputum eosinophils, and 37.9% had bronchial reversibility. Some of the patients had 

only one of these characteristics while others had two or the three of them. Patients with BHR 

had higher sputum eosinophils than patients without BHR (P=0.046) and those with sputum 

eosinophils $3% had more exacerbations in the previous year and a higher COPD symptom score 

than patients with sputum eosinophils ,3% (P=0.019 and P=0.031, respectively). In patients 

with BHR, the cumulative dose of methacholine was negatively related to the symptom score 

and the number of exacerbations in the previous year. When patients with bronchial reversibility 

were considered, bronchodilation was positively related to sputum eosinophils.

Conclusion: Our study showed that BHR, sputum eosinophilia, and bronchial reversibility 

were not clustered in one single phenotype of COPD but could be present alone or together. Of 

interest, BHR and airway eosinophilia were associated with clinical data in terms of exacerba-

tions and symptoms. Further investigation is needed to clarify this topic.

Keywords: hyperreactivity, methacholine, exacerbations, sputum eosinophilia, COPD

Introduction
Bronchial hyperresponsiveness (BHR) is a common characteristic of asthmatic subjects, 

but it is also present in COPD patients and in 11%–20% of healthy subjects.1 In the 

“Sapaldia” study, 17% of the randomly enrolled Swiss subjects had BHR and 51% of 

them were asymptomatic.2 After 11 years, some of these subjects were reevaluated, 

showing that BHR is a risk factor for a rapid forced expiratory volume in 1 second 

(FEV
1
) decline and for asthma and COPD development.2

BHR is often associated with bronchial inflammation, particularly in asthmatic 

subjects,3 but different studies also demonstrated a dissociation between BHR and 

airway inflammation in asthma.4 Moreover, smoking is a risk factor for BHR increas-

ing over time5 and BHR improves after smoking cessation.6
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While a predominant characteristic of asthma, BHR can 

be present in up to two-thirds of COPD patients7 as an inde-

pendent trait and can be useful to phenotype COPD patients.8 

COPD patients are also characterized by an increased airway 

inflammation, mainly neutrophilic with recruitment also of 

CD8 T-lymphocytes.9,10 Sputum eosinophils, which are very 

frequently increased in asthmatic airways, are also elevated 

in a subgroup of COPD patients, particularly during the 

exacerbation of the disease.11,12

Bronchodilator reversibility, which has been considered as 

one of the characteristics of asthmatic subjects, can also be pres-

ent in COPD patients, despite a great intrasubject variability.13 

Papi et al14 found an increase of sputum eosinophils in COPD 

subjects with partial reversibility, while Dima et al15 did not find 

any differences in sputum cell infiltrate between COPD with 

or without reversibility. The heterogeneity of COPD patients 

has recently been highlighted by many studies attempting to 

discriminate different COPD phenotypes.16–21

The aim of our study was to evaluate sputum airway 

inflammation, BHR, and bronchodilator reversibility in a 

group of mild and moderate COPD patients. To the best of 

our knowledge, many studies described these characteristics 

of COPD patients, but none of them considered the three 

characteristics together.

Methods
subjects
Thirty-one subjects with stable, mild and moderate COPD 

were enrolled in the study, and induced sputum evaluation 

was successful in 29 patients. The enrolled subjects were 

diagnosed according to the GOLD (global initiative for 

chronic obstructive lung disease) criteria, which included a 

post-bronchodilator spirometry to confirm airflow obstruc-

tion, in an evocative clinical context (dyspnea, chronic 

cough or sputum production, and a history of exposure to 

risk factors for the disease).22 They received COPD diagnosis  

4 years (±3 years) before enrollment in the study. The subjects 

were indicated as “mild and moderate” in reference to the 

spirometric classification of GOLD guidelines (GOLD 1 and 

2 stages). None of the subjects had a history of asthma, or 

previous doctor-diagnosed asthma, and allergies or a family 

history of asthma. All subjects were steroid-free for at least  

1 month. None of the patients reported infections of the upper 

respiratory tract or exacerbations in the previous 2 months. 

All patients had a more than 10 pack-years history of smoking 

and were treated with inhaled long acting bronchodilators and 

inhaled salbutamol as needed: tiotropium (n=6), tiotropium 

and indacaterol (n=12), glycopyrronium and indacaterol 

(n=5), tiotropium and salmeterol (n=5), and tiotropium and 

formoterol (n=1). Patients were informed about the meth-

odology and the aim of the study and gave written informed 

consent to enter the study. All subjects were outpatients 

and recruited in the Division of Pneumology of the IRCCS 

Rehabilitation Institute of Salvatore Maugeri Foundation, 

Tradate, Italy. This study conformed to the declaration of 

Helsinki and was approved by the Institutional Review Board 

of the Salvatore Maugeri Foundation.

study design
In ambulatory environment, patient’s medical history was 

taken and physical examination, and spirometry with bron-

chial reversibility was carried out. Then, the subjects included 

in the study attended the laboratory on two different sessions 

within 1 week: during the first session they were asked to 

complete the COPD symptoms questionnaire23 and they 

underwent the methacholine challenge; during the second 

session the sputum induction was carried out.

Although all patients denied a clinical history of allergic 

diseases; atopy was excluded by skin prick tests with a bat-

tery of the most common inhalant allergens (Lofarma S.P.A, 

Milano, Italy).

Pulmonary function tests
Vital capacity (VC), FEV

1
, total lung capacity (TLC), and 

residual volume (RV), were measured by means of a flow-

sensing spirometer and a body plethysmograph connected to 

a computer for data analysis (Masterlab, Jaeger, Wurzburg, 

Germany). Bronchial reversibility after 400 µg of inhaled 

salbutamol was also evaluated. Changes in FEV
1
 and/or  

VC .12% and 200 mL compared with baseline were con-

sidered to identify a positive bronchodilator response.24 VC, 

FEV
1
, TLC, RV, and transfer factor of the lung for carbon 

monoxide (TL
CO

) were expressed as percentages of the pre-

dicted values, which were obtained from regression equations 

by Quanjer et al25 and Cotes et al.26 FEV
1
/VC and RV/TLC 

ratios were considered as indices of airway obstruction and 

lung hyperinflation, respectively.

COPD symptoms questionnaire
A COPD symptoms questionnaire23 was completed by 

patients to capture the severity of early-morning and night-

time symptoms (5-point scale: 1= “did not experience 

symptoms”; 5= “very severe”), and individual morning 

symptoms of cough, wheeze, shortness of breath, and phlegm 

(5-point scale: 0= “no symptoms”; 4= “very severe symp-

toms”), as well as limitations of morning activities (5-point 

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of COPD 2015:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1157

Airway inflammation and lung function in COPD

scale: 1= “not at all”; 5= “a very good deal”) and frequency 

of nocturnal awakenings as a result of COPD symptoms. 

Similar to the number of exacerbations, the evaluation of 

COPD symptoms questionnaire referred to the previous year. 

We asked the patients to answer the questionnaire, trying to 

consider the presence of symptoms over the last year. Then, 

we obtained seven partial scores (severity of early-morning 

and of nighttime symptoms; individual morning symptoms of 

cough, wheeze, shortness of breath, and phlegm; and limita-

tions of morning activities) to calculate the final score.

Methacholine challenge
Methacholine inhalation challenge was done according to the 

European Respiratory Society (ERS) guidelines.27 The test 

was performed by measuring the cumulative dose of inhaled 

methacholine, by using the Aerosol Provocation System (Jae-

ger, Wurzburg, Germany). Inhalation was interrupted when 

FEV
1
 decreased by 20% from its baseline value. The cumula-

tive dose causing a 20% decrease in FEV
1
 (PD

20
 [provocative 

dose] methacholine in µg) was determined by means of linear 

interpolation of the last two experimental points.

sputum induction and analysis
Sputum was induced by inhalation of hypertonic saline 

aerosol and processed as described previously.28 Briefly, 

10 minutes after salbutamol inhalation (200 µg), hyper-

tonic saline (4.5%), nebulized by an ultrasonic nebulizer 

(ULTRA-NEB 3000, DeVilbiss Healthcare Inc, Somerset, 

PA, USA), was inhaled over different time periods. Then 

the patient was invited to cough and sputum was collected. 

FEV
1
 was monitored before and after each inhalation, to 

either prevent or detect possible bronchoconstriction (Pony 

FX Spirometer, Cosmed, Chicago, IL, USA). After col-

lection, the sputum sample was processed within 2 hours, 

according to ERS standardized method, with dithiothreitol 

and then centrifuged at 1,000× g for 5 minutes.29 The cell 

pellet was resuspended in a volume of phosphate-buffered 

saline equal to that of the filtered suspension. The total cell 

count was determined by using a Burker chamber. The cell 

suspension was then centrifuged at 450 rpm for 6 minutes 

(Shandon 3 Cytocentrifuge; Shandon Southern Instru-

ments, Sewickley, PA, USA). Two cytospin slides were 

stained with Diff-Quick solutions (Medion Diagnostics 

AG, Düdingen, Switzerland) for differential cell count. 

Only samples with less than 20% squamous epithelial cells 

and viability exceeding 50% were considered idoneous. 

Sputum eosinophilia was defined when a percentage of 

sputum eosinophils $3% occurred.28

statistical analysis
Values are presented as mean ± standard deviation or median 

(interquartile range). Differences between groups were ana-

lyzed by the nonparametric Mann–Whitney U-test and by chi-

square test. Relationships were estimated by the Spearman’s 

rank correlation coefficient (r
s
). Data analyses and graphi-

cal presentations were performed using GraphPad Prism 5 

(GraphPad Software, San Diego, CA, USA). A P-value ,0.05 

was considered as significant.

Results
Clinical and functional characteristics of patients with COPD 

are reported in Table 1. Data of induced sputum cells are 

shown in Table 2.

About 41.3% of the COPD patients had BHR, 31.0% 

had sputum eosinophilia, and 37.8% had bronchodilator 

reversibility. Some of the patients had only one of these 

characteristics while others two or the three of them, as 

shown in Figure 1.

Patients with BHR had significantly higher hyperinflation 

(RV) than those without BHR (168±36 vs 146±40, P=0.024), 

and higher sputum eosinophils (P=0.046) (Table 2).  

Six out of 12 patients with BHR and 2 out of 17 patients without 

BHR had increased sputum eosinophils (P=0.014). Moreover, 

Table 1 Clinical and functional characteristics of the studied 
patients

COPD patients (n=29)

age (years) 67±9
sex (female/male) 6/23
Current smoker, n (%) 13 (45)
smoking consumption (pack/year) 51±34
FeV1 (% predicted) 68±17
VC (% predicted) 98±14
FeV1/VC (%) 54±10
rV (% predicted) 155±39
TlC (% predicted) 118±17
rV/TlC (%) 51±7
IC (l) 2.6±0.4
Change in FeV1 (%) 8.6±8.5
BMI (kg/m2) 27±4
exacerbations previous year 0.7±0.8
symptom score 8.1±4.2
Cough 21/29
Wheezing 8/29
Dyspnea 15/29
sputum 24/29
nocturnal symptoms 10/29

Note: Values are expressed as mean ± sD.
Abbreviations: FeV1, forced respiratory volume in 1 second; VC, vital 
capacity; rV, residual volume; TlC, total lung capacity; IC, inspiratory capacity; 
BMI, body mass index; sD, standard deviation.
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Table 2 Induced sputum cells in mild and moderate COPD subjects

All patients  
(n=29)

Patients with BHR  
(n=12)

Patients without BHR  
(n=17)

P-value*

Macrophages (%) 6.6 (4.6–9.5) 7.5 (2.5–8.6) 6.6 (5.3–10.9) 0.578
neutrophils (%) 78 (73–84) 78.1 (68.1–85.5) 79 (76.3–83) 0.703
eosinophils (%) 2 (1–4.6) 3.4 (1.2–5.2) 1.6 (0.8–2.1) 0.046*
lymphocytes (%) 0.2 (0–0.4) 0.1 (0–0.4) 0.2 (0–0.5) 0.577
epithelial cells (%) 11.5 (5.6–15.6) 10.7 (5.3–18.1) 12.4 (5.6–15.1) 0.836

Notes: Values are expressed as median (interquartile range). Comparisons between variables were determined by unpaired t-test. *Patients with Bhr vs patients 
without Bhr.
Abbreviation: Bhr, bronchial hyperresponsiveness.

patients with sputum eosinophils $3% (n=9) had higher BHR, 

more exacerbations in the previous year, and a higher symptom 

score than patients with sputum eosinophils ,3% (P=0.010, 

P=0.019, and P=0.031, respectively) (Table 3). No differences 

in COPD features were observed between patients with and 

without bronchial reversibility.

When all subjects were considered, no correlations were 

observed between sputum and functional data. As a point 

of interest, considering patients with BHR, the cumulative 

dose of methacholine was negatively related to the symp-

tom score (r
s
=-0.76, P=0.005) and to the number of exacer-

bations in the previous year (r
s
=-0.59, P=0.021) (Figure 2).  

Finally, when patients with bronchial reversibility were 

considered, FEV
1
 change was positively related to sputum 

eosinophils (r
s
=0.82, P=0.003) (Figure 3) and negatively 

related to sputum neutrophils (r
s
=-0.66, P=0.030).

Discussion
In this study, we evaluated, in mild and moderate COPD 

patients, BHR, airway inflammation, and bronchial revers-

ibility, three characteristics more frequent in asthmatics but 

which can also characterize COPD patients.

We found that BHR, sputum eosinophils, and bronchial 

reversibility were not clustered in only one subgroup of 

COPD subjects but were spread among most of the subjects, 

either present alone or associated. Subjects with BHR had 

higher hyperinflation and more sputum eosinophils than 

those without BHR. The presence of eosinophils in the 

airways was associated with a higher number of exacerba-

tions in the previous year and a higher symptom score. 

Methacholine dose was negatively related to the symptom 

score and the number of exacerbations in the previous 

year in subjects with BHR, and bronchial reversibility was 

positively related to sputum eosinophils and negatively to 

sputum neutrophils.

The novelty of our study is the consideration of BHR, 

reversibility, and sputum eosinophils together showing that 

the heterogeneity of the disease could be even wider than 

thought. BHR, sputum eosinophils, and reversibility are 

usually present in asthma. If these characteristics would be 

present in only one subgroup of COPD patients, this could 

be considered an overlap between COPD and asthma. While 

in our study we showed that both patients with only one of 

these characteristics and patients with all of them exist, it 

would be worthy to follow them to evaluate the impact of 

these characteristics on the clinical history of the disease.

According to published data, different percentages of 

COPD patients, from 50% to up 95%, more frequently 

females, have BHR,8,30 which is associated with more severe 

disease and a more rapid decline of FEV
1
.31 We found that 

41.3% of mild and moderate COPD subjects had BHR and 

that these subjects had higher hyperinflation. Postma and 

Kerstjens32 previously demonstrated that BHR in COPD is 

predominantly associated with RV/TLC.

The importance of evaluating BHR in COPD is due to 

the fact that BHR was associated with a rapid FEV
1
 decline, 

and significantly associated with death from COPD, while 

an improvement in BHR with fluticasone and fluticasone/

salmeterol was described in COPD patients.33,34 BHR in 

COPD was predominantly associated with sputum eosino-

phils, independently from the different stimuli used to 

evaluate it, such as methacholine, mannitol, and AMP.8,35,36 

van den Berge et al8 however, through a multivariate analy-

sis, showed that sputum neutrophils and lymphocytes are 

Figure 1 Venn-diagram showing the percentage distribution of bronchial 
reversibility, bronchial hyperresponsiveness, and sputum eosinophilia in the COPD 
subjects enrolled in the study.
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independent determinants of BHR, and Dima et al15 found a 

positive correlation between BHR and sputum neutrophils. 

Other studies showed a weak correlation between BHR 

and airway inflammation, confirming their dissociation in 

COPD subjects.37 In all our subjects, we found high sputum 

neutrophils compared to reference values of healthy con-

trols, as expected, but only eosinophils were higher in the 

BHR group compared to the non-BHR patients. However, 

we found a few patients with BHR without sputum eosino-

philia, confirming that different mechanisms inducing BHR, 

including the smoking habit, might exist. Smoking is one of 

the main determinants of BHR and neutrophil recruitment 

in the airways, and smoking cessation reduces both BHR 

and airway inflammation.38

Sputum eosinophils have been previously described in 

COPD patients, particularly during exacerbation,39,40 and the 

importance of their evaluation lies in their good response 

to steroid treatment. We chose 3% as the cut-off for spu-

tum eosinophilia, considering that it is more reproducible 

over time.41 Although all cut-off points greater than 2% are 

reproducible, 3% cut-off resulted in the highest agreement 

for distinguishing eosinophilic from noneosinophilic airway 

inflammation.42

Our patients are all in a stable phase of disease, but 

patients with sputum eosinophilia had a higher number of 

exacerbations in the previous year and a higher symptom 

score.

A significant bronchodilator response can be present in 

many patients with COPD.13,43 Bronchial reversibility is the 

characteristic more frequently present alone in the COPD 

patients we evaluated. In previous studies, COPD patients 

with bronchial reversibility had the same inflammatory pro-

file as subjects with irreversible bronchoconstriction, both as 

airway inflammatory cells and as expression of cytokines.15 

Papi et al14 found no correlation between FEV
1
 after salbuta-

mol and inflammatory cells, but showed that COPD patients 

with partial reversibility had increased sputum eosinophils. 

We did not find increased sputum eosinophils in patients 

with bronchial reversibility, but we found a correlation 

between FEV
1
 change and sputum eosinophils. Our data 

partly agreed with those of Papi et al14 and the reason why 

we did not find an increase in sputum eosinophils in subjects 

with partial reversibility could be due to the fact that some 

of the patients we evaluated were current smokers while all 

of the subjects enrolled in the study of Papi et al were ex-

smokers. Smoking habit, as previously discussed, is known 

Table 3 Bhr, reversibility, symptom score, and exacerbations in COPD patients considered altogether and divided according to 
sputum eosinophils

All patients  
(n=29)

Patients with eosinophils  
$3% (n=9)

Patients with eosinophils  
,3% (n=20)

P-value*

Bhr (µg) 1,600 (208–1,600) 100 (32–1,600) 1,600 (990–1,600) 0.010
reversibility (change FeV1 in %) 5.6 (0.3–14.6) 3.0 (0–21.1) 5.9 (1.1–13.2) 0.862
symptom score 8.0 (5.0–10.0) 8.0 (8.0–9.5) 6.5 (4.2–9.5) 0.031
exacerbations previous year 0.0 (0.0–1.0) 1.0 (1.0–1.5) 0.0 (0.0–1.0) 0.019

Notes: Values are expressed as median (interquartile range). Comparisons between variables were determined by unpaired t-test. *Patients with eosinophils $3% vs patients 
with eosinophils ,3%.
Abbreviations: Bhr, bronchial hyperresponsiveness; FeV1, forced respiratory volume in 1 second.

Figure 2 Correlation between the cumulative dose of methacholine (PD20) and the score of COPD symptoms questionnaire (rs=-0.76, P=0.005) (A), and the number of 
exacerbations in the previous year (rs=-0.59, P=0.021) (B).
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to increase neutrophil recruitment in the airways, which 

could have masked a mild eosinophil increase. Furthermore, 

when we considered subjects with bronchial reversibility, 

sputum neutrophils were negatively related to the magnitude 

of reversibility, confirming that sputum neutrophilia is a 

characteristic that is more significant in more severe patients 

with irreversible bronchial constriction.

Bronchodilator responsiveness seems to be relatively 

variable, and according to recent published data this phe-

notype of COPD patients cannot predict clinical relevant 

outcomes.43 However, Albert et al43 observed that patients 

with consistent bronchial reversibility showed a lower 

exacerbation rate and tended to have fewer hospitalizations 

due to exacerbation, as compared to patients with consistent 

bronchial irreversible. Also, in this case the authors did not 

consider BHR and airway inflammation together with bron-

chial reversibility.

We would like to emphasize the fact that this is a cross-

sectional, “real life” study, and all the subjects were outpa-

tients. Exclusion of steroid treated and exacerbated patients 

limited the number of subjects included. The follow-up of 

these subjects will give us the opportunity to better evaluate 

the impact of bronchial reversibility, hyperactivity, and spu-

tum eosinophilia in the long-term outcome of the disease.

In conclusion, we evaluated BHR, sputum airway 

inflammation, and bronchial reversibility, showing that 

these characteristics can be present alone or associated 

in mild-moderate COPD patients. The heterogeneity of 

COPD has been widely described in recent years, particu-

larly finding different COPD phenotypes. In this context, 

the evaluation of BHR and sputum airway inflammation, 

together with bronchial reversibility could be really use-

ful in personalizing therapy and in selection of patients at 

increased risk of exacerbations. Longitudinal studies are 

needed to validate these findings and clarify the interplay 

among BHR, sputum airway inflammation, and bronchial 

reversibility over time.
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