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ABSTRACT
The smoking habit is accompanied by an acute inflammatory response which follows tissue injury. It would
be desirable to find a non-invasive inflammatory marker that would simplify the task of studying and mon-
itoring smokers more simply and allow us to identify populations at risk of contracting Chronic Obstructive
Pulmonary Disease (COPD). Today’s expectations regarding research focus on issues ranging from inflam-
matory markers to those of exhaled breath temperature (EBT) are considerable. That said, although the EBT
has been largely studied in asthma and COPD, there have not been any studies thus far that have analysed
the effect of cigarette smoking on the EBT.

Bearing this in mind, in this longitudinal study we aim to analyse the EBT in current smokers, monitor
the effects both of cigarette smoking on EBT and of what happens after smoking cessation. Twenty-five (25)
smokers (59.5 ± 3.1 yrs, 12 M) who participated in a multi-disciplinary smoking cessation programme and
25 healthy never-smokers (58.7 ± 2.9, 13 M) underwent EBT measurement. EBT values were higher in smok-
ers before smoking (T0) than in never-smokers [34.6 (34.2–35) vs 33.2 (32.4–33.7)°C, p < 0.001. The smokers
repeated measurement 5 minutes after smoking a cigarette (T1) and 2 hours after (T2). They repeated EBC
measurement after 1 week (T3) and then after 3 months (T4) from smoking cessation. EBT is higher in smokers
compared to controls. EBT increases after cigarette smoking and progressively decreases with the increase
of time from when the last cigarette was smoked.

Thus, we can conclude that EBT is increased in smokers and also sensitive to the acute effect of cigarette
smoke.

ABBREVIATIONS: EBC: exhaled breath condensate; EBT: exhaled breath temperature

Background

Cigarette smoking induces an inflammatory response in the
airways that may play a key role in the pathogenesis of
chronic obstructive pulmonary disease (COPD) (1). The acute
inflammatory response which follows smoking-related tissue
injury, includes the recruitment and activation of neutrophils,
eosinophils and macrophages as well as the release of many
inflammatory mediators and growth factors through oxidative
stress pathways (2). This inflammation seems to persist for
decades after smoking cessation (3).

Currently, no biological markers are sufficiently sensitive
to assess lung health before functional abnormalities become
apparent (4). Consequently, lung-specific biomarkers indi-
cating epithelial cell activation or damage through airways
are desirable for the evaluation of smoking exposure, effects
and identification of a patient’s susceptibility to smoking
(4).

A great amount of interest in the study of smokers’ airways
has been recently directed to non-invasive respiratory samples
such as induced sputum and exhaled breath condensate (EBC)
where mainly inflammatory markers have been studied (5). A
moderate amount of literature also exists on other non-invasive
markers related to airways inflammation, the exhaled nitric

CONTACT Giovanna E. Carpagnano giovannaelisiana.carpagnano@unifg.it Institute of Respiratory Disease, Department of Medical and Surgical Sciences, Univer-
sity of Foggia , Italy, phone: ; fax: .

oxide (FeNO). Both these non-invasive methods are particu-
larly suited to smokers, being subjects that, seeming healthy, had
problems undergoing other non-invasive techniques for airway
sampling.

Exhaled breath temperature (EBT) is a promising non-
invasive technique for assessing airway inflammation. Because
“calor” is one of the cardinal signs of inflammation, some
authors recently recommended considering EBT as a potential
(6, 7) new method to detect inflammatory processes in the con-
ducting airways due to changes in the blood-flow perfusion of
their walls and adjacent structures (8).

EBT measurement follows in the wake of previously compli-
cated thermographic techniques that were applied in the past
to inflammatory conditions and cancer (9), but have not been
made available to everyone. Today, we can measure the tem-
perature of airways in human subjects by using the newest
third-generation device, the XHalo, in a simple, acceptable, non-
invasive and user-friendly way.

Although EBT has already been investigated in main inflam-
matory lung diseases such as asthma, COPD, infections and lung
cancer (10–12), to the best of our knowledge there are no exist-
ing studies about the effect of smoking on the exhaled breath
temperature, nor are there any on potential changes in EBT after
smoking cessation.

©  Taylor & Francis Group, LLC
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Table . Subjects characteristics

Smokers
Healthy

never-smokers

n  
M/F / /
Age (yrs)  ±   ± 
FEV (%)  ±   ± 
FVC (%)  ±   ± 
CO (ppb)  ±   ± 
Smokers of < pack-day  −
Smokers of  pack-day  −
Smokers of > pack-day  −

Abbreviations: FEV: Forced Expiratory Volume in the first second; FVC: forced vital
capacity; CO: carbon monoxide.

In this longitudinal study we aim to analyse the EBT in cur-
rent smokers. Furthermore, we investigated the acute effect of
cigarette smoking and smoking cessation on the EBT.

Methods

This is a longitudinal study in which the subjects were followed
for 3 months. The study population consisted of 25 patients
(mean SD age 59.5 ± 3.1, 12 males, FEV1: 102.0 ± 2.9, FVC
101.3 ± 2.2) who participated in a multi-disciplinary smoking
cessation programme at the Smoking Unit of the Department of
Respiratory Disease, University of Foggia (Foggia, Italy) and 25
healthy never-smokers (mean SD age 58.7 ± 2.9, 13 males, FEV1:
103.4 ± 3.3, FVC 102.1 ± 2.6) recruited by advertisement as
control subjects (Table 1). Written informed consent was (for the
participation in the study and for publication of data) obtained
from all the subjects upon approval of the study by the Ethics
Committees of the University of Foggia (n = 132/2013). The
study started January 2010 and ended August 2010.

Of the 25 smokers in the multidisciplinary smoking cessation
program 11 (44%) subjects (age 53 ± 8.5 yrs; 20 males) success-
fully quit smoking for 1 month, only 6 (11.5%) for 3 months.

All 25 smokers and controls enrolled underwent exhaled
breath temperature measurement during the morning. Smokers
measured EBT before smoking (T0: free from smoking from at
least 5 hours from their last cigarette and before their entrance
into the smoking cessation protocol. They measured their EBT
5 minutes after smoking a cigarette (T1) and 2 hours after
(T2). All the subjects smoked a cigarette of the same brand.
Ear temperature was measured by means of an ear thermome-
ter (OMRON, Model Gentle Temp 5100, Healthcare Europe,
Netherlands) to exclude the eventuality of patients having fever.
Following enrolment, all the smokers participated in the same
behavioural therapy program and according to their degree of
dependence (Fagerstrom test)—they received nicotine replace-
ment therapy (25-mg Nicorette1 Invisi patches) or Varenicline as
part of their smoking cessation treatment. During each follow-
up, confirmation of their smoking status was assessed by exhaled
CO (Smokerlyzer® Micro EC50 device (Bedfont Scientific Ltd,
Kent, UK). They repeated EBT measurement after 1 week (T3)
and after 3 months (T4) from smoking cessation.

None of the subjects enrolled showed spirometric alterations.
None of the subjects presented any symptoms of lower respira-
tory tract infection (dyspnoea, cough and/or purulent sputum)
for � 3 months prior to enrollment. The exclusion criteria for

Figure . Exhaled breath temperature (EBT) values (°C) are higher in smokers sub-
jects than in never-smokers subjects.

the study were as follows: 1) antimicrobial treatment during the
previous 4 weeks; 2) treatment with oral corticosteroids in the
previous 3 months; 3) hospital admission during the previous
3 months; 4) the presence of any severe co-morbidities (e.g.,
severe immunosuppression, malignancies and coagulopathies).

Smokers (all of them for � 10 years), were divided into three
subgroups: subjects who smoked <1 pack-day (n = 5), subjects
who smoked 1 pack-day (n = 10) and subjects who smoked >1
pack-day (n = 10).

Exhaled breath temperature measurement

EBT was measured with an XHalo device (Delmedica Invest-
ments, Singapore) according to previously validated methods
(13, 14). Briefly, patients were requested to inhale freely through
the nose and to exhale into the device at a rate and depth typical
of their normal tidal-breathing rhythm. The reproducibility of
the EBT measurements performed by X-Halo had been previ-
ously demonstrated to have an intraclass correlation coefficient
of 0.99 (13). EBT is a variable independent from atmospheric
pressure and humidity and also from breathing pattern (15).

Statistical analysis

Data are expressed as median (25%–75% percentile) values. A
Mann–Whitney test and a Wilcoxon-matched paired test were
used to compare the groups and correlations between variables
were studied using Spearman’s rank correlation test. A p value of
< 0.05 was considered statistically significant.

Results

Significantly higher EBT values were observed in smokers
than in never-smokers [34.6 (34.2–35) vs 33.2 (32.4–33.7)°C,
p < 0.001, Figure 1]. Exhaled CO levels were higher in smokers
than in never smokers [17 (15.50–19.50) vs 5 (3–7), p < 0.001].

The EBT rises significantly within 5 minutes of smoking 1
cigarette (T1) compared to 2 hours after (T2) [34.9°C vs 34.6°C,
p < 0.005]. A significant reduction of EBT was observed after
smoking cessation for 1 week (T3) [34.3°C, p < 0.005] and for
3 months (T4) [34.2°C, p < 0.005], Figure 2.
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Figure . Changes in exhaled breath temperature (EBT) values (°C) in smokers at
T (free from smoking from at least  hours from their last cigarette), T ( minutes
after smoking a cigarette), T ( hours after last cigarette smoked), T (after smoking
cessation since  week) and T (after smoking cessation since  months).

EBT at T0 increases with the increase of the number of
cigarettes smoked daily [< 1 pack-years vs 1 pack-years vs >1
pack-years 34.4°C vs 34.9°C vs 35.2°C, Figure 3] and positively
correlated with pack-year and exhaled CO (r = 0.4, p < 0.05;
r = 0.5, p < 0.01, Figure 4 ). The EBT at T0 further resulted
negatively correlated with FEV1 and FVC (r = − 0.5, p < 0.01;
r = −0.4, p < 0.05).

Discussion

In this study we showed that the EBT is increased in smokers
compared to controls, that it is sensitive to the acute effect of
cigarette smoke as well as to smoking cessation. The EBT pro-
gressively decreases with time from the last cigarette smoked,
although 3 months of smoking cessation are not sufficient to
bring the EBT value into a normal range.

The effect of cigarette smoking (CS) on airways inflammation
has been widely studied in the laboratory in mice (16, 17). Most
of these studies have analysed the time course of the changes
in the inflammatory cells and mediators in the airways and the
lungs of mice during acute and long exposure to CS (16) and the
effect of smoking cessation (17).

Figure . Exhaled breath temperature (EBT) values (°C) in smokers of<  pack-years,
 pack-years and >  pack-years.

In most human studies where the diverse inflammatory
markers were measured in sputum, nasal lavage (4, 18) or
BAL fluid (19) of healthy smokers and COPD during active
smoking or after smoking cessation, the difference in levels of
these inflammatory markers between smokers with and without
COPD often turned out to be merely quantitative (20), whereas
contrasting results are available on reversibility to these markers
after smoking cessation (21–25).

Although it could be very interesting to analyze what happens
in the airways of smokers before the parenchymal and functional
abnormalities that characterize COPD become apparent, to find
smokers that undergo invasive (or otherwise troublesome pro-
cedures) to sample their airways is difficult, which makes it dif-
ficult to identify early markers of COPD. A possible solution to
this problem can be the advent of non-invasive methods such
as exhaled NO and exhaled breath condensate (EBC), both of
which have been studied in smokers and COPD (5, 26).

Among the non-invasive methods used to study airways
inflammation one cannot avoid mentioning the exhaled breath
temperature technique. Measuring EBT with the XHalo device
is very fashionable and warrants clinical successes due to the
levels of high precision and reproducibility involved as well as
the acceptability from subjects (15). The rationale behind this
approach is that tissue vascularization and temperature increase
are inherent in the process of inflammation, and that the ability
to detect the temperature signal of the inflamed airways would
make it simple to measure the inflammatory status (15).

The interest in EBT led to it being used to make measure-
ments in patients with the commonest inflammatory diseases
such as asthma (6, 27), infection and COPD (28–30). Although
EBT usually increases in the presence of airways inflammation,
as happens in the case of asthma and infection, it has been found
to be shifting in the opposite direction in COPD, for the decrease
of the vascularity of the bronchi and an inflammation of the air-
ways that may have opposite effects on the regulation of heat loss
(28–31). Although already a decade ago, when Paredi (28) stud-
ied the effect of COPD on breath temperature, he did not analyse
the effect of active smoking, as all COPD patients enrolled in his
study were ex-smokers.

In this study, therefore, we were the first, to the best of
our knowledge, to analyse the EBT of current healthy smok-
ers. We reported a significant increase of the EBT in smokers
compared to non-smokers. That was expected, considering the
extensive evidence suggesting that cigarette smoking causes air-
way inflammation and a bronchial increase of blood flow. The
correlation that we observed between EBC and exhaled CO, a
component that is most probably affected by vasodilation, fur-
ther supports that both these pathological conditions that char-
acterize airways of smokers are strongly influenced by each other
and act synergistically increasing exhaled breath temperature.
We further reported that the EBT technique is sensitive to the
number of cigarettes smoked as we found that the EBT measured
positively correlate with pack-years.

To better explore the effect of acute cigarette smoke on the
exhaled breath temperature in the context of this study we mea-
sured the EBT after 5 minutes from smoking a cigarette and
2 hours afterwards (smoke-free interval). We reported a signif-
icant increase of EBT immediately after smoking that already
falls in the 2 hours when free from smoking. The EBT behaviour
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Figure . Positive correlation between exhaled breath temperature (EBT) (°C) values and exhaled CO (top) and pack-year (bottom).

is the same as that of other inflammatory markers previously
measured in airways whose levels significantly decrease minute
by minute after smoking (26, 32). The basic EBT begins to sig-
nificantly decline after one week from smoking cessation and
further decreases after 3 months. The results of this longitudinal
study allow us to deduce that there is an acute impact of cigarette
smoke on EBT that is reduced over the smoke-free time but that
didn’t return to a normal range in the observation time. Our
results are, however, in line with previous studies on mice and
humans, which conclude that the inflammatory changes in the
airways caused by cigarette smoke exposure were only partially
reversed after smoking cessation (3, 8, 22–25).

Another important finding of this study was the negative cor-
relation observed between exhaled EBT, FEV1 and FVC, thus
suggesting that measurement of EBT may be useful in predict-
ing the early onset of lung function impairment as previously
suggested for the exhaled IL-6 (29).

Nevertheless, a first limitation of this study can be said to
lie in the low number of patients enrolled; it would be worth-
while to boost this figure in order to support our suppositions.
The second but equally important limitation is the short time
of follow-up of patients after smoking cessation. We believe that
it is fundamental to follow subjects over time (1, 2 years, etc.
after smoking cessation) to see if there is a time interval from the
beginning of smoking cessation in which the airways inflamma-
tion and consequently the exhaled temperature come back into
a normal range. We are planning to overcome these limits in a
future study.

In conclusion, our results of this preliminary study would
seem to suggest that exhaled breath temperature is increased in
smokers and also sensitive to the acute effect of cigarette smoke.

That said, although the EBT significantly decreases with smok-
ing cessation, it resulted as being only partially reversed after
3 months from the last cigarette.

As Popov stated, we believe that the temperature of the
exhaled breath has revealed itself to be an unexplored area on the
map of human physiology and disease (17). With this study we
have only indicated one new area of interest that further under-
lines the utility of this simple and inexpensive approach in the
study of both smokers and subjects at risk of COPD (the airways
pathophysiology of smokers). However, although we believe that
the EBT is a fascinating new non- invasive marker for airways
diseases, we think that it will remain confined to research until
the method can be validated. For this reason we are actually
working on validation and standardization of the method and
in the definition of reference value of EBT and factors that we
suppose might influence its measure as environmental variables,
age and sex.

Declaration of interest statement

The authors declare that they have no conflicts of interest. The authors are
responsible for the content and the writing of this manuscript.

References

1. Piacentini GL, Bodini A, Peroni D, Ress M, Costella S, Boner AL.
Exhaled air temperature and eosinophil airway inflammation in aller-
gic asthmatic children. JACI 2004; 114(1):202–4.

2. National Institutes of Health, National Heart, Lung and Blood Insti-
tute. Global Initiative for Chronic Obstructive Lung Disease(GOLD):
Global strategy for the diagnosis, management and prevention

D
ow

nl
oa

de
d 

by
 [

N
ov

ar
tis

 s
ite

 li
ce

ns
e]

 a
t 0

2:
01

 1
4 

M
ar

ch
 2

01
6 



COPD: JOURNAL OF CHRONIC OBSTRUCTIVE PULMONARY DISEASE 5

of chronic obstructive pulmonary disease. NHLBI/WHO work-
shop report. NIH Publication No 2701A 2001. Available from:
wwwgoldcopdcom. (accessed May, 2010).

3. Adcock IM, Caramori G, Barnes PJ. Chronic obstructive pulmonary
disease and lung cancer: new molecular insights. Respiration 2011;
81:265–284.

4. Bouloukaki I, Tsiligianni IG, Tsoumakidou M, Mitrouska I,
Prokopakis EP, Mavroudi I, et al. Sputum and nasal lavage lung-
specific biomarkers before and after smoking cessation. BMC Pulm
Med 2011; 11:35.

5. Piacentini GL, Peroni D, Crestani E, Zardini F, Bodini A, Costella
S, et al. Exhaled air temperature in asthma: methods and rela-
tionship with markers of disease. Clin Exp Allergy 2007; 37:
415–419.

6. Piacentini GL, Bodini A, Zerman L, Costella S, Zanolla L, Peroni DG,
et al. Relationship between exhaled air temperature and exhaled nitric
oxide in childhood asthma. Eur Respir J. 2002;20:108–111.

7. Paredi P, Kharitonov SA, Barnes PJ. Faster rise of exhaled breath tem-
perature in asthma: a novel marker of airway inflammation? Am J
Respir Crit Care Med. 2002;165:181–184.

8. Popov TA, Kralimarkova TZ, Tzachev CT, et al. Development of
an Individual Device for Exhaled Breath Temperature Measurement.
IEEE Sensors J 2010; 10(1):110–113.

9. Stefanadis C, Chrysohoou C, Panagiotakos DB, Passalidou E, Katsi V,
Polychronopoulos V, et al. Temperature differences are associated with
malignancy on lung lesions: a clinical study. BMC Cancer 2003; 3:1.

10. Kasper DL, Braunwald E, Fauci AS, et al. Principles of Internal
Medicine. New York: McGraw-Hill, 2005.

11. World Health Organization (WHO). WHO Framework Convention
on Tobacco Control: A Key Milestone. Nikogosian H.. Bull World
Health Organ. 2010;88:83. doi: 10.2471/BLT.10.075895”.

12. Carpagnano GE, Lacedonia D, Spanevello A, Martinelli D, Saliani V,
Ruggieri C, et al. Exhaled breath temperature in NSCLC: could be a
new non-invasive marker? Med Oncol 2014; 31(5):952.

13. Popov TA, Dunev S, Kralimarkova TZ, Kraeva S, DuBuske LM. Evalu-
ation of a simple, potentially individual device for exhaled breath tem-
perature measurement. Respir Med 2007; 101:2044–2050.

14. Xepapadaki P, Xatziioannou A, Chatzicharalambous M, Makrinioti H,
Papadopoulos NG. Exhaled breath temperature increases during mild
exacerbations in children with virus-induced asthma. Int Arch Allergy
Immunol 2010; 153:70–74.

15. Popov TA, Kralimarkova TZ, Lazarova CT, et al. Daily Monitoring of
Asthmatics by Means of Individual Devices for Exhaled Breath Tem-
perature Measurement. IEEE Sensors J 2010; 10(1):44–48.

16. D’hulst AI, Vermaelen KY, Brusselle GG, Joos GF, Pauwels RA. Time
course of cigarette smoke-induced pulmonary inflammation in mice.
Eur Respir J 2005; 26: 204–213.

17. Braber S, Henricks PA, Nijkamp FP, Kraneveld AD, Folkerts G. Inflam-
matory changes in the airways of mice caused by cigarette smoke expo-
sure are only partially reversed after smoking cessation. Respir Res
2010; 11:99.

18. Xepapadaki P, Xatziioannou A, Chatzicharalambous M, Makrinioti
H, Papadopoulos NG. Exhaled Breath Temperature Increases during
Mild Exacerbations in Children with Virus-Induced Asthma. Int Arch
Allergy Immunol 2010; 153:70–74.

19. Andersson O, Cassel TN, Sköld CM, Eklund A, Lund J, Nord M. Clara
cell secretory protein. Levels in BAL fluid after smoking cessation.
Chest. 2000;118:180–182.

20. Isajevs S, Taivans I, Svirina D, Strazda G, Kopeika U. Patterns of
inflammatory responses in large and small airways in smokers with
and without chronic obstructive pulmonary disease. Respiration 2011;
81:362–371.

21. Adcock IM, Caramori G, Barnes PJ. Chronic Obstructive Pulmonary
Disease and Lung Cancer: New Molecular Insights. Respiration 2011;
81:265–284.

22. Skold CM, Hed J, Eklund A. Smoking cessation rapidly reduces cell
recovery in bronchoalveolar lavage fluid, while alveolar macrophage
fluorescence remains high. Chest 1992; 101(4):989–995.

23. Pelkonen M, Notkola IL, Tukiainen H, Tervahauta M, Tuomilehto J,
Nissinen A. Smoking cessation, decline in pulmonary function and
total mortality: a 30 year follow up study among the Finnish cohorts
of the Seven Countries Study. Thorax 2001; 56(9):703–707.

24. Willemse BW, ten Hacken NH, Rutgers B, Lesman-Leegte IG, Postma
DS, Timens W. Effect of 1-year smoking cessation on airway inflam-
mation in COPD and asymptomatic smokers. Eur Respir J 2005;
26(5):835–845.

25. Turato G, Di Stefano A, Maestrelli P, Mapp CE, Ruggieri MP, Roggeri
A, et al. Effect of smoking cessation on airway inflammation in chronic
bronchitis. Am J Respir Crit Care Med 1995; 152(4 Pt1):1262–1267.

26. Balint B, Donnelly LE, Hanazawa T, Kharitonov SA, Barnes PJ.
Increased nitric oxide metabolites in exhaled breath condensate after
exposure to tobacco smoke. Thorax 2001; 56:456–461.

27. Peroni DG, Chinellato I, Piazza M, Zardini F, Bodini A, Olivieri F,
et al. Exhaled breath temperature and exercise-induced bronchocon-
striction in asthmatic children. Pediatr Pulmonol 2011;47(3):240–4.

28. Paredi P, Caramori G, Cramer D, Ward S, Ciaccia A, Papi A, et al.
Slower rise of exhaled breath temperature in chronic obstructive pul-
monary disease. Eur Respir J 2003; 21:439–443.

29. Melo RE, Popov TA, Solé D. Exhaled breath temperature, a new
biomarker in asthma control: a pilot study. Temperatura do ar exal-
ado, um novo biomarcador no controle da asma: um estudo piloto. J
Bras Pneumol 2010; 36(6):693–699.

30. Polosa R, Ciamarra I, Mangano G, Prosperini G, Pistorio MP, Vancheri
C, et al. Bronchial hyperresponsiveness and airway inflammation
markers in non asthmatics with allergic rhinitis. Eur Respir J 2000;
15:30–35.

31. Piacentini GL, Peroni DG, Bodini A, Corradi M, Boner AL. Exhaled
breath temperature as a marker of airway remodeling in asthma: a pre-
liminary study. Allergy 2008; 63:484–485.

32. Pifferi M, Ragazzo V, Previti A, Pioggia G, Ferro M, Macchia P, et al.
Exhaled air temperature in asthmatic children: a mathematical evalu-
ation. Pediatr Allergy Immunol 2009; 2(20):1399–3038.

D
ow

nl
oa

de
d 

by
 [

N
ov

ar
tis

 s
ite

 li
ce

ns
e]

 a
t 0

2:
01

 1
4 

M
ar

ch
 2

01
6 


	Abstract
	Declaration of interest statement
	References

