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Summary. It has been hypothesized that exhaled breath temperature (EBT) is related to the

degree of airway inflammation/remodeling in asthma. The purpose of this study was to evalu-

ate the relationship between the level of airway response to exercise and EBT in a group of

controlled or partly controlled asthmatic children. Fifty asthmatic children underwent measure-

ments of EBT before and after a standardized exercise test. EBT was 32.92 � 1.13 and

33.35 � 0.958C before and after exercise, respectively (P < 0.001). The % decrease in FEV1

was significantly correlated with the increase in EBT (r ¼ 0.44, P ¼ 0.0013), being r ¼ 0.49

(P < 0.005) in the children who were not receiving regular inhaled corticosteroids (ICS) and

0.37 (n.s.) in those who were. This study further supports the hypothesis that EBT can

be considered a potential composite tool for monitoring asthma. Pediatr Pulmonol.

� 2011 Wiley-Liss, Inc.

Key words: exhaled breath temperature; exercise-induced bronchoconstriction; asthma.

Funding source: none reported

INTRODUCTION

Asthma is characterized by airway inflammation
and remodeling of the airway walls, both of which
contribute to the pathology of the disease.1

In recent years, it has been hypothesized that the
level of exhaled breath temperature (EBT) is related
to the degree of airway inflammation2–6 as well as to
vascular6 and fibrous remodeling7 in asthma.

Exercise-induced bronchoconstriction is observed in
the majority of asthmatic children8 and, though its
mechanism is not yet fully elucidated, an interaction
between inflammatory cells, their released mediators,
and local vascular response has been hypothesized.9

The vascular dilation which is observed in response
of exercise-induced bronchoprovocation, possibly along
with the increased activity of the inflammatory cells in
the bronchial wall,2–6 can be hypothesized to be respon-
sible for a more pronounced increase in EBT in the
asthmatic patients with a greater degree of response to
exercise as compared to less reactive ones.

The scientific purpose of this study was to evaluate
whether the level of EBT in asthmatic children is relat-
ed to the degree of the airway response to exercise with
the consequent clinical objective to eventually consider
a potential role for EBT as an adjunctive tool for a
more comprehensive evaluation of the response to
exercise testing.

MATERIALS AND METHODS

Subjects and Study Design

This was a cross-sectional study involving 50 allergic
asthmatic children, 33 males and 17 females, aged 6–15
years (10.0 � 1.8 years). At the time of the study the
children were all controlled (n ¼ 24) or partially con-
trolled (n ¼ 26) according to the GINA definition.10

Thirty-one were not receiving any regular controller
therapy and 19 were treated with low dose inhaled
corticosteroids (ICS; 100 mcg of fluticasone). No child
receiving long-acting beta-2 agonist (LABA) was
admitted to the study and none had been treated with
short-acting medication in the 48 hr prior to the
measurements.
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The children were asked to avoid physical activity
and to maintain in a resting position in the morning
before the beginning of the experimental procedures,
which were always performed between 9:00 a.m. and
1:00 p.m.

Core body temperature and EBT were evaluated im-
mediately before the beginning of a standardized exer-
cise test and 30 min after the running session.

Both parents and children gave informed consent.
The study was approved by the Research Ethics
Committee of the University of Verona Hospital
(ClinicalTrials.gov Identifier: NCT00952835).

Exercise Challenge Test and Lung Function
Evaluation

A standardized exercise test protocol was used.11,12

Briefly, the children performed baseline spirometry and
then ran for 6 min on a treadmill at a speed fast enough
to achieve a heart rate of 85% of the maximum pre-
dicted value [220 � age (years)]. The laboratory was
air-conditioned (19–218C; relative humidity <50%)
during all the exercise tests. Nose clips were applied to
ensure breathing through the mouth. After the exercise
challenge, FEV1 was measured at 1, 3, 5, 10, 15, 20,
and 30 min after completing the running sessions. The
severity of EIA was expressed as the maximum percent-
age decrease after exercise from the baseline values of
lung function (%DFEV1).

Measurements of forced vital capacity (FVC), the
best of three manoeuvres according to ATS criteria,13

were recorded using an electronic spirometer (Jaeger,
Master Screen IOS, Germany) calibrated before the
arrival of each subject with a 3 L syringe (Cardinal
Health, Germany 234 GmbH). The FVC manoeuvres
were carried out with the child standing and wearing a
nose clip.

Body and Exhaled Breath Temperature

Body temperature was measured in the ear with an
electronic Genius 2 IR Tympanic Thermometer (Tyco
Healthcare Group LP, Mansfield, MA).

EBT was measured with an X-Halo device (Delmed-
ica Investments, Singapore) according to previously
validated methods.14,15 Briefly, the children 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 manoeuvre
was continued until the built-in software of the instru-
ment indicated that the measured value was stable,
fulfilling the criteria of a previously described mathe-
matical model; the instrument processed an incremental
temperature curve in relation to the initial temperature
of the air in the thermal chamber of the instrument, and
was able to capture the achievement of the temperature
plateau with an error <2%.16 The reproducibility of the
EBT measurements performed by X-Halo has been pre-
viously demonstrated to have an intraclass correlation
coefficient of 0.99.14

Statistical Analysis

The results are expressed as mean � SD. Within-
group differences before and after exercise were
evaluated using the paired Student’s t-test. Unpaired
comparisons were performed using the unpaired
Student’s t-test. Correlations were calculated using
Pearson’s correlation test.

RESULTS

Grouping for disease control level according to
GINA definition10 and for treatment resulted in age-
matched sub-groups. Lung function values for the sub-
groups are reported in Table 1.
The mean %DFEV1 after exercise was 6.95 � 5.79%

of the baseline value, being 4.22 � 4.37% for those
children who were classified as controlled according to
the GINA definition10 versus 9.47 � 5.87% for those
who were partly controlled (P < 0.001) being
7.07 � 5.64% for those children who were not receiv-
ing regular ICS treatment and 6.74 � 6.19% for those
who were (n.s.). Seventeen children had a % fall of
baseline FEV1 (%FEV1) � 10% and 33 < 10%.
Body temperature was 36.46 � 0.38C before exercise

and 36.50 � 0.248C 20 min after stopping running with
a mean change in body temperature (DbodyT8) of
0.048C (P < 0.03). Despite the degree of statistically
significance, such a narrow DbodyT8 should not be con-
sidered clinically relevant, not only for its very small
magnitude but also in consideration of the lack of any
statistically significant relationship with the increase in
EBT (DEBT) after exercise test (r ¼ 0.05; P ¼ 0.72).
EBT was 32.92 � 1.13 and 33.35 � 0.958C before

and after exercise, respectively (P << 0.001), with an

TABLE 1—Lung Function Parameters in the Different Subgroups

All patients Controlled Partly controlled P-value Treated Untreated P-value

FVC% 106.6 � 11.7 106.2 � 11.6 106.9 � 12.0 n.s. 105.2 � 8.2 105.5 � 10.8 n.s.

FEV1% 103.8 � 12.0 106.0 � 1 101.9 � 11.5 n.s. 105.7 � 6.8 102.4 � 14.7 n.s.

FEV1/FVC 99.7 � 8.0 99.1 � 8.2 94.6 � 7.3 0.07 99.8 � 6.9 94.4 � 8.1 0.03
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increase (DEBT) of 0.48C, which was significantly
higher than the value of the increase observed for body
temperature (P < 0.001). Baseline EBT was 32.85 �
1.008C in ICS-untreated children and 33.05 � 1.178C
in ICS-treated children (n.s.). It was 32.87 � 1.048C in
children with %DFEV1 < 10 and 33.03 � 1.12 in those
with %DFEV1 � 10 (n.s.).

DEBT was 0.27 � 0.308C in children who were
classified according to GINA guidelines10 and 0.56 �
0.588C in the partly controlled ones (P < 0.05), where-
as, it was 0.49 � 0.328C in children who were not
receiving regular ICS treatment and 0.32 � 0.378C in
those who were (n.s.). When grouping the children
according to the 10% baseline fall after exercise, those
with %DFEV1 < 10 had DEBT of 0.30 � 0.348C,
whereas, DEBT was 0.65 � 0.638C for those with
%DFEV1 � 10 (P ¼ 0.013; Fig. 1).

DEBT was significantly correlated with DFEV1

(r ¼ 0.44, P ¼ 0.0013), being r ¼ 0.49 (P < 0.005) for
those children not receiving regular ICS and 0.37 (n.s.)
for those who were (Fig. 2).

DISCUSSION

To the best of our knowledge, this is the first study
designed to evaluate the relationship between response
to a standardized exercise test and levels of EBT in
asthmatic children. This model was chosen because in-
flammation, remodeling, and bronchial hyper-respon-
siveness are related phenomena in the pathology of
asthma.1 Since all the above-mentioned mechanisms of
disease contribute to the response to exercise,17–22 such
a response could be considered a composite index
disease.

With this study model we observed a significant in-
crease in EBT after exercise in a group of allergic asth-
matic children, which was significantly greater for

partly controlled subjects as compared to controlled
ones but was not significantly influenced by grouping
the children according to treatment with ICS.
Though the baseline EBT values and the %DFEV1

after exercise were not significantly related, the magni-
tude of the increase in EBT was positively and signifi-
cantly related to the %DFEV1. These relationships are
exactly the opposite of those observed in previous stud-
ies with a similar experimental design, which measured
exhaled nitric oxide instead of EBT.19,23–27 In fact,
baseline exhaled nitric oxide before exercise has been
repeatedly shown to be related to the decrease in FEV1
after exercise, both in adults23–25 and children19,26,27;
and a decreased26 or unchanged19 level of nitric oxide
was observed at the end of the exercise test in asthmatic
children. Therefore, though the lack of exhaled nitric
oxide data for this study does not allow to draw a safe
conclusion, it is tempting to speculate that the exhaled
nitric oxide and EBT may reflect different effects of
exercise on the airway of asthmatic children.
The association between the degree of airway respon-

siveness to exercise and the baseline levels of exhaled
nitric oxide in atopic asthmatic children is consistent
with the hypothesis of a relationship between the level
of airway inflammation and hyper-responsiveness in
this class of patients28 and it is in agreement with the
demonstration that the percentage of eosinophils in the
airways of asthmatic patients is significantly related to
and an independent predictor of EIB severity.18 EBT
and exhaled nitric oxide have previously been reported
to be related in asthmatic children, therefore, suggesting
a potential role of EBT as a marker of airway inflam-
mation.2–6 Nevertheless, the significant relationships
observed in the present study between DEBT and
%DFEV1, but not between baseline EBT and the
response to exercise, support the idea that EBT could
represent a composite indicator of disease in asthma,

Fig. 1. Individual values for DEBT, grouped according to a

10% cut-off of DFEV1.

Fig. 2. Relationship between DEBT and %DFEV1 in the study

group. (&, ICS-untreated children; &, ICS-treated children).
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including airway vascular remodeling, rather than just
be a marker of airway inflammation. This hypothesis is
in keeping with the conclusion of a previous study by
Paredi et al.6 who suggested that EBT, being related to
bronchial blood flow, could possibly indicate vascular
remodeling in asthma. The rationale for this hypothesis
is based on the knowledge that microvascular prolifera-
tion at the site of the bronchial mucosa is one of the
key features of airway remodeling in asthma, which is
related to the degree of severity,29 and that it can be
partially responsive to treatment with ICS.30,31

Deeper insight into the possible mechanisms may
come from a body of previous studies relating exercise-
induced asthma and vascular modifications at the site of
the bronchial wall in asthma. A study by Kanazawa
et al.32 showed that vascular endothelial growth factor
(VEGF) was significantly correlated with the maximal
% fall in FEV1 induced by exercise and with airway
vascular permeability, thus confirming a relevant role of
vasculature in the pathogenesis of exercise-induced
bronchoconstriction.

The same group, in a further study, demonstrated that
the severity of exercise-induced bronchoconstriction
and the vascular regulatory factor angiopoietin-2 are
significantly related in asthmatic patients.9 That obser-
vation is consistent with the demonstration that angio-
poietin-2 is capable of inducing increased vascular
leakage,33 which is not prevented by anti-inflammatory
treatment with ICS.34

Furthermore, extremely high pulmonary blood flow
has recently been shown to be capable of inducing air-
way hyper-responsiveness, especially when it is accom-
panied by an increase in capillary pressure.35 The
authors of that study35 suggest that the combination of
these phenomena, that is, when they happen simulta-
neously, can be particularly relevant in exercise testing
and exercise-induced asthma.31

In a wider perspective, a further link between vascu-
larity and airway remodeling in asthma comes from the
observation that VEGF levels are related not only to
proliferation of blood vessels but also to fibrosis of the
bronchial wall,36 and that it can modulate matrix metal-
loproteinase-9 (MMP-9) expression in asthma.37 In this
regard, EBT was observed to be related to MMP-9 in
asthmatic children.7

Therefore, though the complex interactions between
airway inflammation and remodeling in asthma are
largely unknown, it is clear that vascular alterations,
both functional, such as the level of bronchial vascular
reactivity, permeability and leakage, and anatomic, in-
cluding the angiogenetic phase of remodeling and its
interactions with subepithelial fibrosis, are pivotal char-
acteristics of the disease.38

In conclusion, the data from the present study further
support the hypothesis that EBT can be considered a

potential composite research tool for asthma investiga-
tion and warrant the necessity for deeper insight on ba-
sic mechanisms in order to define the clinical benefit of
EBT in asthma monitoring.
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