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1. Introduction

Chronic obstructive pulmonary disease (COPD) is character-
ized by a mostly irreversible airflow limitation as a result of 
small airway obstructions or parenchymal destruction [1]. 
Airway inflammation of the tracheobronchial tree is a domi-
nant feature of the disease, which accelerates with acute exac-
erbation of COPD (AECOPD). In addition, the bronchial 
blood flow might be altered in COPD, as early histological 
studies demonstrated decreased airway wall vascularity in 

emphysema [2]. Innovative minimally invasive methods 
including analysing sputum [3], exhaled breath condensate 
[4], and exhaled volatiles [4, 5], or measuring the exhaled 
breath temperature (EBT) may allow the monitoring of airway 
inflammation in COPD.

The exhaled breath temperature is suggested for assessing 
airway inflammation by reflecting an indication of inflamma-
tion, i.e. a change in the local airway blood flow [6]. Different 
methods have been applied for measuring EBT in patients 
with airway diseases. Using the single controlled exhalation 
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Abstract
The measurement of the peak exhaled breath temperature (EBT) during multiple tidal breaths 
offers an easy, non-invasive tool for monitoring airway inflammation. Chronic obstructive 
pulmonary disease (COPD) is linked to airway inflammation, which is further aggravated by 
exacerbations of the disease. However, the peak EBT has not been studied in patients with 
COPD. The breath temperature was measured (X-halo, Delmedica Investments) in 19 control 
non-smoking subjects (age: 28  ±  11 years, mean ± standard deviation), 19 control smoking/
ex-smoking subjects (53  ±  9 years), 20 patients with stable COPD (66  ±  8 years), and 17 
patients with COPD at onset and also after recovery from an acute exacerbation (AECOPD; 
65  ±  10 years). Spontaneous sputa were collected in AECOPD. The intra-class correlation 
coefficient of the repeated EBT measurements in non-smokers was 0.87 (95% confidence 
interval: 0.70–0.95). The peak EBT was different between the subject groups (Kruskal–Wallis 
test, p = 0.02), with lower values in the patients with stable COPD (34.00/33.35–34.34/°C; 
median /interquartile range/) than in the smoking/ex-smoking control subjects (34.51/34.20–
34.68/°C, p < 0.05). The EBT was higher at the onset of AECOPD (34.58/34.12–34.99/°C, 
p < 0.05) compared to in a stable condition, and positively correlated with the sputum 
leukocyte count (p = 0.049, r2 = 0.30; Spearman test) and neutrophil percentage (p = 0.03, 
r2 = 0.36). The breath temperature decreased after recovery from AECOPD (34.10/33.72–
34.43/°C, p = 0.008; Wilcoxon test). The peak exhaled breath temperature, recorded during 
multiple tidal breaths, increases with an acute exacerbation of COPD, and may be related to 
accelerated airway inflammation. The application of exhaled breath temperature measurements 
when monitoring the activity of COPD should be further assessed in longitudinal studies.
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technique, both the increment of temperature rise and the 
plateau temperature can be recorded. Paredi et al reported a 
slower rise of EBT in COPD, which may be related to changes 
in the bronchial blood flow and tissue remodelling seen in 
emphysema [7]. In asthma, a faster rise in EBT in adults 
[8], and an increased temperature plateau in children have 
been reported [9]. However, a better separation between the 
patients and controls was obtained when analysing only the 
plateau phase of the breath temperature curve, which could 
better reflect the diseased state of the peripheral airways in 
asthma [10].

Using the tidal breathing method, the temperature is meas-
ured during multiple breaths and the peak EBT is recorded. This 
protocol requires fewer controlled measurement circumstances 
than during the process of a single controlled exhalation; a vali-
dated hand-held measuring device is now available. The peak 
EBT increases in children with asthma and reflects changes 
in disease control [11]. Moreover, after exercise in adults with 
asthma, the EBT increases and remains elevated for an extended 
period [12]. However, no studies have examined the peak EBT 
in COPD, or how it is influenced by airway inflammation.

In this study we hypothesized that the peak EBT measured 
using the tidal breathing method is altered in stable COPD 
compared to equivalent smoking controls, and that it is influ-
enced by an acute exacerbation of the disease.

2. Methods

2.1. Study subjects

2.1.1. Clinical study. Thirty-seven adults with COPD and 
thirty-eight control subjects participated in this study. The 

patients were enrolled from the outpatient clinic during regu-
lar visits, or from inpatient wards after admission to the Dept. 
of Pulmonology, Semmelweis University, Budapest, Hun-
gary. The control subjects were volunteers working in the 
department.

The patients had a known COPD, which was previously 
established by a respiratory specialist [1], and were either 
in a stable condition according to the opinion of the respira-
tory specialist (n = 20), or had been admitted to an inpatient 
ward due to AECOPD (n  =  17). The inclusion criteria for 
the patients were current dyspnoea, symptoms of chronic 
coughing or sputum production, post-bronchodilator FEV1/
FVC < 0.70 and FEV1 < 80% predicted without reversibility 
(FEV1 increase < 200 ml and <12%) as measured previously 
[1]. The patients hospitalized due to an AECOPD presented 
worsening dyspnoea and sputum production and/or puru-
lence starting < 72 h prior to admission (Anthonisen type I/
II: 12/5 [13]). The treatment during hospitalization was 
determined by the treating clinician. All but one patient were 
treated with intravenous glucocorticoids starting at a dose of 
40–80 mg methylprednisolone per day for 2–3 d, which was 
then decreased and administered orally. Ten patients received 
an initial dose of a systemic corticosteroid before the first 
sampling on admission, and 14 patients were receiving oral 
methyl prednisolone at the time of discharge from hospital. Ten 
patients were receiving oral antibiotics, six were on oral theo-
phylline, and all were being administered a nebulized short-
acting β2-agonist as well as an anticholinergic drug (the other 
inhaled drugs are shown in table 1). The exclusion criteria for 
the patients included radiological signs of pneumonia; fever; 
antibiotic use for any reason 4 weeks prior to the exacerba-
tion; COPD exacerbation; systemic corticosteroid use during 

Table 1. Subject characteristics.

Control  
non-smoker

Control  
smoker/ex-smoker Stable COPD

AECOPD

Onset Recovery

Subjects, n 19 19 20 17
Male/Female 10/9 5/14 13/7* 9/8
Age, years 28  ±  11 53  ±  9&& 66  ±  8** 65  ±  10
Current/ex-smoker NA 13/6 5/15* 8/9
Pack-years NA 31  ±  17 61  ±  42** 44  ±  19
GOLD stage I/II/III/IV NA NA 0/9/9/2 3/8/6/0
FVC, L NA 3.29  ±  0.61 2.61  ±  0.71** 2.19  ±  0.74 2.62  ±  0.77##

FVC, % predicted NA 100  ±  14 72  ±  12** 70  ±  24 79  ±  21
FEV1, L  NA 2.65  ±  0.49 1.33  ±  0.42** 1.26  ±  0.60 1.57  ±  0.67#

FEV1, % predicted NA 95  ±  10 49  ±  16** 48  ±  18 61  ±  22##

FEV1/FVC NA 0.80  ±  0.07 0.52  ±  0.13** 0.55  ±  0.12 0.59  ±  0.14#

SaO2, % NA NA 93.7  ±  2.4 92.1  ±  4.3 94.6  ±  2.1
PaO2, mmHg NA NA 68  ±  7 66  ±  14 70  ±  8#

PaCO2, mmHg NA NA 34  ±  5 36  ±  8 36  ±  6
Arterial blood pH NA NA 7.44  ±  0.03 7.44  ±  0.03 7.45  ±  0.02
ICS/LABA/LAMA NA NA 19/19/16 12/14/11 15/16/14
ICS dose, µg BDP equivalent NA NA 1470  ±  694 706  ±  609&& 918  ±  579
C-reactive protein, mg L‒1 NA NA NA 4 /3–19/ 3 /3–4/#

CAT score NA NA NA 22  ±  6 15  ±  5##

Data are expressed as mean ± SD or median /interquartile range/; baseline spirometric data are presented. && p < 0.01 Control non-smoker versus control 
smoker/ex-smoker. * p < 0.05, ** p < 0.01 Control versus stable COPD. && p < 0.01 stable COPD versus AECOPD onset. # p < 0.05, ## p < 0.01 AECOPD 
onset versus recovery.
AECOPD, acute exacerbation of COPD; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; SaO2, arterial oxygen saturation; PaO2, partial 
pressure of arterial oxygen; PaCO2, partial pressure of arterial carbon dioxide; ICS, inhaled corticosteroids; LABA, long-acting inhaled β2-agonist; LAMA, 
long-acting inhaled muscarinic antagonist; BDP, beclomethasone dipropionate; CAT, COPD assessment test; NA, not applicable.
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the previous 4 weeks; a need for ventilatory support in cases 
of patients with AECOPD; pulmonary embolism; current 
cancer or pulmonary malignancy in the past; other chronic 
pulmonary disease; current systemic infection; or a history of 
airway allergies.

A control group consisting of current smokers and ex-
smokers (who stopped smoking  >  6 months ago) with  ≥10 
pack years were recruited. The spirometric values were within 
a normal range without any past bronchial reversibility (if 
applicable). The exclusion criteria for all the control subjects 
were symptoms of upper or lower airway infection, fever; 
antibiotic use for any reason in the past 4 weeks; current 
cancer or past pulmonary malignancy; any chronic pulmonary 
disease or current acute pulmonary disease; current systemic 
infection; or any past airway allergy.

The protocol was approved by the Medical Ethical 
Committee at Semmelweis University, and all the subjects 
gave their informed written consent. The study was conducted 
in accordance with the principles embodied in the Declaration 
of Helsinki.

2.1.2. Methodological study. The volume of condensed water 
remaining in the X-halo device after the EBT measurements 
was measured in eight current smokers (five patients with sta-
ble COPD and three non-COPD volunteers, pack years: 5–40, 
age: 30–70 years). All the measurements were taken indoors 
in the same room (temperature range: 22–24 °C).

Seven control non-smokers had their EBT measured at 
room temperature (22–24 °C), and also after a 30 min break 
outdoors (temperature range: 3–10 °C).

2.2. Design of the clinical study

The study had cross-sectional and longitudinal parts. In the 
cross-sectional part, the non-smoking control subjects, cur-
rent/ex-smoking volunteers, and patients either with stable 
COPD or with AECOPD at the onset of exacerbation (<24 h 
after admission to hospital) were included. The medical his-
tories were recorded and the exhaled breath temperature 
was recorded for all the subjects on one occasion. The body 
temperature was measured for the subjects except for the 
non-smokers. Spirometry was performed on the smoking/ex-
smoking control subjects and the stable patients. Spirometry 
along with plethysmography was performed on the patients 
with AECOPD, and the arterialized ear lobe blood gases were 
measured in most of the stable (n = 17), and all of the exac-
erbated patients. In addition, to assess the intra-subject repro-
ducibility of the EBT measurements, the recordings were 
repeated for the non-smoking controls after a 30 min break.

In the longitudinal part, the patients with AECOPD were 
studied at the onset of exacerbation (after admission to hos-
pital), and after treatment and recovery on the day of their 
discharge from hospital (8   ±   1 d after sampling on admis-
sion). As part of the routine clinical procedure, a chest x-ray 
was done on admission; venous blood was taken to measure 
the C-reactive protein (CRP); the blood gases were measured; 
and spirometry and plethysmography were performed both on 
admission and discharge. On both days the EBT and axillary 

body temperature were recorded, spontaneous sputum was 
collected from the patients who could provide a sample 
(n = 14), and the patients completed the COPD Assessment 
Test (CAT [14]).

2.3. Measurements

2.3.1. Temperature measurements. The EBT was measured 
using the tidal breathing method with a hand-held breath ther-
mometer (X-halo, Delmedica Investments, Singapore [11, 
15]). The subjects inhaled through their nose and exhaled into 
the mouthpiece of the thermometer through an antimicrobial 
filter (supplied by NIOXMINO, Aerocrine, Solna, Sweden) 
with continuous tidal breathing while the device displayed the 
breath temperature and sample duration in real-time. An X-halo 
consists of a metal core with an inbuilt high-precision thermal 
sensor (discriminative ability  <0.03 °C) in a 300 ml thermo-
insulated chamber. The metal core has a high thermal capacity 
and excellent heat conduction. The exhaled air flows over the 
metal core and into the chamber; it then leaves the chamber 
via the outflow openings with the last fraction of breath stay-
ing the longest in the chamber. When the metal core reaches 
a thermal balance the measurement ends, and the peak EBT 
and sample time are recorded. The metal chamber was dis-
infected after each measurement; the same thermometer was 
used during the study after cooling down to room temperature. 
The measurements were taken indoors at room temperature 
between 10 a.m. and 4 p.m.; the timing was similar (<1 h dif-
ference) for both measurements in the longitudinal study. All 
the subjects were asked to refrain from eating, drinking, smok-
ing, or using inhaled medication at least one hour before the 
EBT measurement, and they had at least a 30 min break before 
the sampling. The sample recordings of the EBT in relation to 
time are shown in figure 1. The axillary body temperature was 
measured with a mercury thermometer for 10 min.

2.3.2. Lung function. Spirometry was performed on the 
smoking/ex-smoking control subjects and the patients with 
stable COPD (the forced vital capacity, the forced expira-
tory volume in 1 s, and the forced expiratory flow of 25–75% 
were recorded). Additionally, patients with exacerbation also 
underwent plethysmography (the airway resistance, residual 
volume, and total lung capacity were recorded). The lung 
function tests were performed according to current guidelines 
(PDT-111/pwc, Piston, Budapest, Hungary [16]).

2.3.3. Collection and processing of spontaneous sputum. After 
rinsing their mouth and blowing their nose, the patients col-
lected their first spontaneous sputum in the morning, which 
was processed < 2 h after the sample was discharged, based 
on the protocol adapted from Pizzichini et al [17]. Any por-
tion macroscopically appearing as saliva was discarded. 0.1% 
freshly prepared dithiotreitol (Sigma-Aldrich, St Louis, MO, 
USA) was added to the sputum as a 4:1 weight ratio and was 
homogenized at room temperature for 15 min, then filtered 
through a 40 µm nylon mesh (Becton Dickinson, Franklin 
Lakes, NJ, USA). The suspension was centrifuged, and the 
pellet was re-suspended in 1–2 ml PBS. The total cell count 
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was calculated in a haemocytometer, and the cell viability was 
assessed in a trypan blue exclusion assay (Sigma-Aldrich). 
The cytospins were prepared, and Diff-Quik staining was used 
for the differential cell counting. A sample was considered 
acceptable if a differential cell count could be done on at least 
200 non-squamous cells (n = 13 pairs of sputa; 333  ±  88 cells/
cytospin). The differential cell counts were expressed as a per-
centage of the non-squamous cells. The absolute cell numbers 
were calculated as (% cell × total non-squamous cell count)/
sputum weight.

2.4. Statistical analysis

The primary outcome was the peak exhaled breath temper-
ature. Based on preliminary data, the a priori sample size 
calculation was done using G*Power 3.1.9 software [18]. 
Considering the four independent groups, 19 subjects per 
group had to be recruited to yield a power (1-β) of 0.80 for 
the trial (α  =  0.05, calculated effect size  =  0.40). Any data 
showing non-normal distribution (D’Agostino and Pearson 
test) were log-transformed before analysis, except for a EBT 
when the transformation did not yield a normal distribution. 
If no cells were counted on the cytospin slides, a value of 
0.1 was used instead of zero before the log-transformation. 
Normally distributed data were analyzed using a one-way 
ANOVA and Bonferroni post-hoc test on the 4 groups, and 
using paired t-tests for the patients with COPD exacerbation 

(mean  ±  standard deviation). Non-normally distributed data 
were processed using a Kruskal–Wallis test and a Dunn’s mul-
tiple comparison test on the 4 groups, and using a Wilcoxon 
signed rank test on the same subjects (median /interquartile 
range/). A Spearman test was used for the correlation analysis, 
and the categorical data were analyzed using the Fisher’s exact 
and χ2 tests (GraphPad Prism 4.0, GraphPad Software, San 
Diego, USA), and figure 1 was created using STATISTICA 7 
(StatSoft, Tulsa, USA). An outlier was defined as a data point 
of more than 1.5 interquartile ranges below the first quartile or 
above the third quartile. The intra-class correlation coefficient 
was calculated using SPSS 22.0.

3. Results

3.1. Subject characteristics

The control non-smoking subjects were younger than the 
smoking/ex-smoking controls. The patients with stable COPD 
were older with a history of heavier smoking and presented 
lower spirometric values than the smoking/ex-smoking con-
trol subjects. The male subjects were represented more by the 
patients than the controls. The patients with exacerbation did 
not differ from the patients with a stable disease in GOLD 
severity, demographic data, smoking habits, spirometric 
values, or arterial blood gas values. No significant differences 
were observed in the use of ICS or long-acting bronchodilators 

Figure 1. Sample plots of exhaled breath temperature (EBT) measurements in relation to time. Dashed lines show the duration of the 
measurement (x-axis) and the peak EBT values (y-axis).
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as a maintenance therapy between the stable and exacerbated 
patients (at the onset of a relapse), but the average dose of ICS 
was significantly lower in the AECOPD group. The character-
istics are summarized in table 1.

3.2. Exhaled temperature decreases in stable COPD but 
rises at exacerbation

The peak EBT was different between the groups (p = 0.02). 
The breath temperature was similar for the non-smoking 
and smoking/ex-smoking control subjects (34.13/33.65–
34.48/ versus 34.51/34.20–34.68/°C, p > 0.05). The exhaled 
breath temperature decreased in patients with stable COPD 
(34.00/33.35–34.34/°C) compared to the smoking/ex-
smoking control subjects (p  <  0.05). The peak EBT was 
higher in the patients with exacerbated COPD (34.58/34.12–
34.99/°C, p  <  0.05) than in those with a stable condition 
(figure 2). The EBT levels did not correlate with the spiro-
metric or plethysmographic parameters for any of the subject 
groups (p  >  0.05, data not shown). No differences in axil-
lary body temperature were measured for the smoking/ex-
smoking control subjects (36.4  ±   0.3 °C), the patients with 
stable COPD (36.5   ±   0.3 °C), and those with exacerbated 
disease (36.7  ±  0.4 °C, p > 0.05). The peak EBT and axillary 
body temperature showed no relationship for any of the study 
groups (control: p = 0.81, r = −0.06; stable COPD: p = 0.18, 
r = 0.31; AECOPD: p = 0.58, r = 0.14).

3.3. Exhaled breath temperature correlates with sputum neu-
trophilia in AECOPD and decreases after recovery

In AECOPD we did not find any significant correlation 
between the EBT or CRP levels, or the CAT score, which 

were measured at the onset of exacerbation (p > 0.05, data not 
shown). However, the EBT was positively associated with the 
sputum total inflammatory cell count (p = 0.049, r2 = 0.30; 
figure 3(a)) and the sputum neutrophil percentage (p = 0.03, 
r2 = 0.36; figure 3(b)), and showed a correlation trend with the 
total neutrophil count (p = 0.08, r2 = 0.25; figure 3(c)), but not 
with the other inflammatory cell counts (not shown).

The exhaled breath temperature was significantly lower 
after recovery (34.10/33.72–34.43/°C) compared to the peak 
temperature measured at the onset of exacerbation (p = 0.008; 
figure 4). No changes in axillary temperature were observed at 

Figure 2. Peak exhaled breath temperature values in control 
subjects (non-smoking and smoking/ex-smoking) and COPD 
patients with stable disease or at the onset of an acute exacerbation 
(AECOPD; Kruskal–Wallis test with Dunn’s multiple comparison 
test, p = 0.02). Data are displayed in box and whiskers plot (box 
depicts median with first and third quartiles, whiskers show first 
quartile − 1.5 interquartile range and third quartile +1.5 interquartile 
range). Open circles symbolize outlier data points.

Figure 3. Correlation between peak exhaled breath temperature 
(EBT) and total inflammatory cell counts (a), neutrophil 
percentage (b) and neutrophil cell count (c) in spontaneous 
sputum collected at the onset of an acute COPD exacerbation 
(Spearman correlation).
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the end of hospital treatment (36.6  ±  0.4 °C) compared to the 
one taken on admission (p = 0.16). Due to therapy, the FVC 
and FEV1 significantly increased, the arterial oxygen tension 
improved, the level of CRP decreased, and the CAT score was 
significantly and meaningfully reduced (table 1). We did not 
find a correlation between the absolute or percentage changes 
in the EBT or the clinical parameters assessed at the onset of 
and after recovery from AECOPD (p > 0.05, data not shown).

By the day of discharge from hospital, the amount of 
sputum significantly decreased (p  =  0.01); the percentages 
and cell counts of neutrophil (p = 0.003 and p = 0.02) and 
eosinophil granulocytes (p  =  0.02 and p  =  0.01) were also 
reduced (table 2).

3.4. Intra-subject repeatability, the influences of smoking, 
age, gender, and measurement length on the EBT

The non-smoking control volunteers took two EBT mea-
surements on the same day. The intra-class correlation 
coefficient for the repeated measurements was 0.87 (95% 
confidence interval: 0.70–0.95), and 95% of the intra-
subject differences were within the limits of agreement as 
analyzed by the Bland-Altman test (mean intra-subject dif-
ference ± 1.96 SD of the difference: −0.27  ±   0.66). There 
was no difference in the EBT between the non-smokers 
and current smokers (n = 13, p = 0.11). We did not find a 
correlation between age and the EBT in the non-smoking 
subjects (p  =  0.67, r2  =  0.01), the control smoking/ex-
smoking subjects (p = 0.34, r2 = 0.05), or the patients with 
stable COPD (p = 0.10, r2 = −0.15) or exacerbated disease 
(p = 0.26, r2 = −0.08). The exhaled breath temperature was 
higher in males than in females in the non-smoking control 
group (34.74 /34.43–35.37/°C versus 33.72/33.28–34.24/°C, 
p  =  0.008), but not in the other groups (data not shown). 
The time to reach a peak EBT level was similar for the non-
smoking control subjects (366   ±   121 s), the smoking/ex-
smoking controls (357  ±  70 s), and the patients with stable 
COPD (359   ±   112 s) or exacerbated disease (378   ±   64 s; 
p = 0.75). When all the subjects were analyzed as one group, 
no relationship was found between the peak EBT and the 

length of the measurement (p = 0.32, r2 = 0.02). No adverse 
effects, including coughing or increased dyspnoea, were 
observed during the measurements.

3.5. Exhaled water condensation and the effects of cold 
ambient temperature during EBT measurement

As part of the methodological studies, we assessed the volume 
of condensed water remaining in the apparatus after EBT 
measurements on three patients with COPD and on five con-
trol smokers. The volume of water (281  ±  189 µl) showed a 
direct correlation with the length of the recording (p = 0.004, 
r2 = 0.96), but not with the EBT values (p = 0.39, r2 = 0.15).

To study the effects of cold ambient temperature on the 
EBT, seven non-smoking volunteers took measurements both 
at room temperature and outdoors, where the ambient tem-
perature was 3–10 °C. The EBTs measured outdoors were 
lower than those recorded at room temperature (32.66/31.67–
33.59/°C versus 34.20/33.82–34.92/°C, p = 0.02).

4. Discussion

This study shows that the peak exhaled breath temperature 
decreases in stable COPD, but rises during an acute relapse 
of the disease. With regard to exacerbation, the breath tem-
perature is associated with increased neutrophilic airway 
inflammation, and it decreases when the inflammation is 
attenuated in response to systemic corticosteroid and/or 
antibiotic therapy. These results indicate that the exhaled 
temperature in COPD can be a marker of accelerated airway 
inflammation at exacerbation, suggesting that breath tem-
perature measurements may be useful for monitoring dis-
ease activity.

To our knowledge, this is the first study that has systemati-
cally assessed the exhaled breath temperature in smoking and 
ex-smoking control subjects, as well as in patients with stable 
and exacerbated COPD. We used the tidal breathing method 

Figure 4. Peak exhaled breath temperature (EBT) values at the 
onset and recovery of an acute exacerbation of COPD (Wilcoxon 
signed rank test).

Table 2. Characteristics of spontaneous sputa of patients 
hospitalized due to an acute exacerbation of COPD.

Onset Recovery

of acute COPD exacerbation

Sputum weight, g 2.69 /1.74–3.96/ 1.40 /0.85–2.72/*
Total inflammatory cell 
count, 104/g sputum

377 /175–1202/ 176 /100–344/

Cell viability, % 79 /68–92/ 81 /66–87/
Neutrophils, % 71 /63–76/ 51 /34–61/**
Neutrophils, 104/g  
sputum

232 /125–881/ 73 /34–208/*

Macrophages, % 27 /21–30/ 49 /35–66/**
Macrophages, 104/g 
sputum

130 /43–302/ 83 /35–154/

Eosinophils, % 1.7 /0.4–5.3/ 0.7 /0–1.5/*
Eosinophils, 104/g  
sputum

7.1 /5–12.1/ 1.0 /0.8–2.6/*

Lymphocytes, % 0.6 /0.1–1/ 0.6 /0.4–0.8/
Lymphocytes,  
104/g sputum

1.5 /0.7–1.1/ 1.0 /0.3–2.1/

Data are presented as median /interquartile range/. * p < 0.05, ** p < 0.01 
versus onset.
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to measure the EBT, which had previously been successfully 
implemented due to ease of use. We have shown here that this 
technique is feasible for patients with COPD, and even for 
those with exacerbated disease experiencing further limita-
tions in their expiratory capacity. In line with previous studies 
[11, 12], the axillary body temperature, a surrogate marker 
of the core body temperature [19] and an important clinical 
measure, showed no relationship with the peak exhaled breath 
temperature, indicating that the EBT values reflect airway 
rather than systemic inflammation. The exhaled breath tem-
perature was not related to the lung function variables, the 
type of inhaled medication in use, the severity of the COPD, 
or the patient’s health status. This suggests that the EBT may 
be associated with other aspects of COPD.

Our data demonstrate that the peak exhaled breath temper-
ature is lower in patients with stable COPD compared to the 
control smoking or ex-smoking subjects. These findings sup-
port the previous observation that the rise of EBT is slower in 
stable COPD patients than in healthy subjects. These authors 
found that the rate of increase in breath temperature corre-
lates with exhaled nitric oxide (NO), a potent vasodilator, and 
suggested that this parameter might be related to bronchial 
blood flow and tissue remodelling [7]. In contrast to bronchial 
asthma, where the increased bronchial blood flow correlates 
to the rate of change in the EBT [20], bronchial circulation is 
unchanged in stable COPD [21]. However, the alveolar ven-
tilation-perfusion mismatch, present from an early stage of 
the disease, might also influence the EBT. Furthermore tissue 
remodelling processes such as the increased thickness of the 
airway wall and the occlusion of small airways with inflam-
matory exudates and mucus might also reduce heat exchange 
and result in decreased EBT values. The role of these mecha-
nisms in the regulation of the EBT should be studied by taking 
complementary measurements of anatomical/physiological 
dead space and by the assessment of alterations in lung mor-
phology [22].

In this study we have clearly shown that the onset of COPD 
exacerbation is associated with a marked increase in the peak 
exhaled breath temperature, which positively correlates with 
sputum neutrophilia. An elevated EBT can be explained by 
the increased perfusion of inflamed airways. With regard to 
COPD exacerbation, elevated levels of inflammatory media-
tors such as tumour necrosis-alpha or interleukin-1β are meas-
ured in the airways [3], which could induce the production of 
the potent vasodilator nitric oxide in the airway epithelium 
[23]. In support of this, the concentration of exhaled nitric 
oxide is higher at the onset of COPD exacerbation than after 
recovery [24]. Nevertheless, other inflammatory mediators 
and also hypoxia could modify the airway blood flow [25]. 
The influence of local inflammation on the peak EBT is sup-
ported by our observation that a decrease in the EBT after 
clinical recovery from COPD exacerbation is parallel to atten-
uated airway inflammation.

COPD exacerbations lead to a faster decline in lung 
function [26], impair quality of life [27], and the treatment 
puts a great financial burden on our healthcare systems [1]. 
Therefore, finding non-invasive methods for disease moni-
toring would be of great clinical benefit. The analysis of 

exhaled breath condensate, a non-invasive airway sample, 
has shown some promise, but a methodological validation 
for potential biomarkers is still required before clinical use 
[28]. Unfortunately, EBC pH, the most studied parameter, 
could not differentiate between patients with stable and exac-
erbated COPD [29]. However, as we demonstrated, the EBT 
measurements hold promise in predicting the onset of disease 
relapse and also to monitor airway inflammation during clin-
ical exacerbation, thus potentially guiding systemic steroid 
administration. Importantly, as an elevated EBT is associated 
with neutrophilic airway inflammation, it can characterize 
the inflammatory phenotype of COPD exacerbations and aid 
therapeutic decisions. These potentials for EBT monitoring in 
exacerbated COPD should be further explored.

The measurement of exhaled breath temperature is a rela-
tively new technique; therefore we have also addressed some 
methodological issues. First, the intra-subject reproduc-
ibility of our EBT measurements was similar to a previous 
study as shown by the good intra-class correlation [11], but 
we observed variable differences in the absolute EBT values. 
Second, as evaporation from the alveolar, airway and oral sur-
faces is associated with cooling of the airway surfaces, we 
investigated the relationship between the EBT and the rate 
of condensation in the x-halo apparatus. The volume of con-
densed water correlated with the measurement length but not 
with the exhaled temperature, which suggests that the peak 
EBT might not be directly influenced by the rate of evapora-
tion during breathing. Thirdly, we demonstrated that the EBT 
measurements are greatly influenced by an ambient tempera-
ture below room temperature. This observation is in line with 
a previous study showing that the EBT measured using the 
single controlled exhalation technique is affected by ambient 
temperature [30].

We acknowledge the methodological issues of our study, 
which limit the current clinical interpretation of EBT moni-
toring in COPD. The intra-subject reproducibility is relatively 
high and should be further improved by more thoroughly 
exploring the influence of potential confounding factors such 
as temporal changes in ambient temperature, variable lung vol-
umes in the subject groups, the influence of physiological and 
alveolar dead space, or the acute effects of cigarette smoking. 
In the patients with stable COPD in particular, the peak 
exhaled breath temperature showed relatively high variations, 
which should be better explained in future studies by a more 
detailed characterization of patients according to their inflam-
matory phenotype, and also by testing the short- and long-
term effects of inhaled and systemic drugs on EBT. Steroids 
are known to have a vasoconstrictor effect; therefore the 
unmatched doses of inhaled corticosteroid (ICS) between the 
stable and exacerbated patients could have potentially affected 
the breath temperature readings in this study. However, the 
effects of ICS on bronchial circulation in COPD is not clear, 
as in a previous study ICS treatment did not change the bron-
chial blood flow (at least in a stable condition [21]). Although 
the inhalation of a β2 agonist increases bronchial circulation in 
the short term (< 20 min), we restricted the use of medication 
prior to the EBT measurements with a sufficiently long latency 
to prevent this influence. In support of this, in one group of 
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control volunteers (n = 5) we did not observe any acute effects 
of either inhaled fluticasone or salbutamol on the EBT (data 
not shown); this observation should also be confirmed in the 
patients. Even though the clinical applicability and usefulness 
of EBT monitoring in COPD need further confirmation by 
methodological and clinical investigations, due to the ease of 
use, it might serve as an additional tool in inflammometry, an 
important new dimension in disease management.

Sputum induction has been proven to be safe in COPD 
exacerbation [31], due to the low lung function in our popu-
lation (median/interquartile range/ for FEV1 % predicted: 
45/29–59/). However, we decided to analyze the spontaneous 
sputa in the exacerbated patients because of safety reasons. 
We adopted a previously validated method for sputum pro-
cessing [17], which yields similar total and differential inflam-
matory cell counts in the spontaneous and induced sputum, 
thus giving ground for the reliability of our data.

In conclusion, we have demonstrated that the peak exhaled 
breath temperature decreases in stable COPD but rises with 
acute exacerbation, and is positively associated with airway 
neutrophilia. An assessment of the exhaled breath temperature 
in COPD might be a new method to monitor airway inflamma-
tion, and its potential in disease monitoring should be further 
proven by methodological and clinical studies.
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