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Tidal-Breathing Measurement of Exhaled Breath
Temperature (EBT) in Schoolchildren
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M. Campisano, MD,1 S. Martella, Lab Tech,1 and M.P. Villa, MD
1

Summary. Background: Non-invasive assessment of airway inflammation is particularly useful in

children. The exhaled breath temperature (EBT) may reflect inflammatory vasodilation and serve

to assess respiratory symptoms and therapy with inhaled corticosteroids (ICs). Aims: To compare

EBTwith other non-invasive measurements in unselected schoolchildren in relation to respiratory

symptoms and IC-therapy, as well as to assess reproducibility, and potentially influencing factors.

Methods: In 298 Italian schoolchildren, we assessed tidal-EBT, FENO, spirometry, skin-prick tests,

questionnaires on chronic respiratory symptoms, and medication. Subjects were divided as

follows: reported wheeze, respiratory symptoms other than wheeze, and without symptoms.

Results: Subjects with reported wheeze (n¼30) more frequently presented atopy, respiratory

symptoms, higher FENO, lower lung function than subjects with symptoms other than wheeze

(n¼141) and those without symptoms (n¼127), but had a similar EBT. IC-treated children (5

wheeze, 9 respiratory symptoms other than wheeze, 4 without chronic symptoms) had lower

median (interquartile range) EBT levels than IC-untreated children (n¼280) [EBT: 31.7 (30.1–

32.5) vs. 32.6 (31.4–33.4), P¼0.027]. Duplicate EBT measurements were highly reproducible

(ICC¼0.94). In a multiple linear-regressionmodel, EBTwas explained by age, weight, duration of

EBTmeasurement, FENO, and ambient temperature (r¼0.63, P<0.001). Conclusion: Tidal-EBT

measurements are easy to perform, reproducible, though symptom misclassification may

affect the results obtained regarding the effect of IC therapy. Factors influencing EBT

should be addressed in further epidemiological studies. Pediatr Pulmonol.

� 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Non-invasive assessment of airway inflammation is
particularly useful in children. Since inflammation is
characterized by vasodilation and heating, exhaled breath
temperature (EBT) may serve as a means of indirectly
assessing the level of airway inflammation in a number of
respiratory diseases.1–4

To date, EBT has been assessed by means of two
different methods: the single-breath and the tidal-
breathing methods.1,2,5 The single-breath method records
the exhaled temperature during a slow exhalation from a
maximal inspiration so that the rise and the plateau of the
heath signal can be measured and analyzed. Several
reports based on this method have detected a higher EBT
in subjects with respiratory disease (such as asthma and
COPD) than in healthy controls, though the EBT slope
was found to be more discriminating in some of these
studies and the plateau in others.1–4,6,7 The tidal-breathing
method is based on a cumulative rise in thermal energy as
the subject breathes normally into a portable device until a

heat equilibrium is reached.5 EBT values at this
equilibrium point have been shown to be close to those
measured at the plateau with the single-breath method.8

The tidal-breathing method is easy to perform and is
suitable for subjects of any age; moreover, comparisons
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based on this method between patients and subjects
without respiratory disease are encouraging.5,9,10

No tidal-breathing EBT measurements have yet been
conducted in unselected schoolchildren populations.
Studies in the epidemiological setting may help to
evaluate the usefulness of EBT in the screening of
subjects with respiratory disease; in order to conduct such
studies, knowledge is required on the reproducibility of
these measurements and factors that might influence
them.
The aim of our study was to compare tidal-breathing

EBT, lung function, the fractional concentration of
exhaled nitric oxide (FENO), and atopy skin-prick tests
in an unselected population of schoolchildren divided
according to a parent-reported history of chronic
respiratory symptoms; data were confirmed by the
presence of recent respiratory symptoms (past 4 weeks)
and the use of corticosteroid therapy. Measurement
reproducibility and multiple linear regression were tested
to assess the influence of environmental and subjective
factors on EBT.

MATERIALS AND METHODS

Population

Subjects were drawn from a non-selected population of
schoolchildren from central Italy (Ronciglione, VT)
following a previously described method.11 Parents of
children from grade III to grade VIII classes were asked to
complete a questionnaire and to give permission for their
children to be tested. Permission for all the measurements
(EBT, FENO, spirometry, and skin-prick tests) was
obtained for 304 of the 363 children (83.7%). The
parents of all the tested children signed the informed
consent. The study was approved by the Institutional
Ethics Committee (Comitato Etico dell’Azienda Ospe-
daliera Sant’Andrea, Roma).

Study Design

According to the answers given in the questionnaire,
the overall population was analyzed according to the
presence or absence of chronic respiratory symptoms and
assigned to one of three groups: no chronic respiratory
symptoms, respiratory symptoms other than wheeze, and
wheeze. Allocation of subjects according to presence or
absence of chronic respiratory symptoms was indepen-

dent of reported current medication. All the subjects were
assessed on the basis of the same criteria (questionnaire,
EBT, FENO, spirometry, and skin-prick tests) between
October and December 2011.

Questionnaire

Parents completed a modified version of the American
Thoracic Society questionnaire for respiratory symp-
toms12 designed to collect information on the child’s
history of respiratory symptoms and current medication,
as has previously been described.11 An affirmative answer
to the question on “current or past wheeze” (Has your
child ever had asthma, or wheezing or whistling attacks?)
was accepted as a questionnaire-based diagnosis of
wheeze. This criterion was not applied to subjects who
answered affirmatively to any other question on respira-
tory symptoms but negatively to “current or past wheeze.”
“Respiratory symptoms other than wheeze” were defined
as an affirmative answer to persistent cough (a 3-month
history of cough on �4 days a week), a physician
diagnosis of bronchitis or pneumonia in the previous
12 months, or rhinitis (hay fever or a runny nose, apart
from colds). In addition, parents were asked about their
child’s recent symptoms (wheeze, cough, blocked, or
runny nose in the past 4 weeks), and whether these
symptoms were still present. The respiratory questions
are published in detail elsewhere.11 Any use of anti-
inflammatory therapy was always interpreted as a sign of
discordance between the parent’s perception of the
therapy required and the clinical criteria adopted by
general practitioners (GPs).

EBT Measurements

Tidal-breathing EBT was measured by means of a
portable device (X-halo breath thermometer, Delmedica
Investments, Singapore) validated and fully described
elsewhere.5,8,13 This technique allows the subject’s
exhaled air to pass into a thermally isolated chamber
across an inflow valve, then into a copper tube with a
thermal sensor, while outflow valves discard the excess air
at every exhalation. Tidal breathing ismaintained until the
built-in software of the instrument indicates that the
temperature increase within the thermal chamber has
reached a plateau.5,13 The device reproduces the thermal
curve plateau with an error of 2%.8

Subjects in a sitting position wearing a mouthpiece
were asked to inhale through the nose and to exhale orally
during quiet tidal breathing into the breath thermometer.
Duplicate measurements were obtained after a 5-min
resting interval.
Body temperature was measured in the ear using an

electronic Genius 2 Tympanic Thermometer (Tyco
Healthcare Group LP, Mansfield, MA). Ambient temper-
ature and percent-relative humidity were assessed daily.

ABBREVIATIONS:

EBT exhaled breath temperature

ICs inhaled corticosteroids

FENO fractional concentration of exhaled nitric oxide

ICC intraclass correlation coefficient

BMI body mass index
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Spirometry

Dynamic volumes and flows were measured with a
portable spirometer (heated Fleisch pneumotachograph
ESS-g, Biomedin s.r.l., Padova, Italy). Duplicate meas-
urements from at least three acceptable maneuvers were
obtained and recorded.14

Fractional Exhaled NO Measurements

FENO was measured using an electrochemical device
(HyPair FENO,Medisoft Group, Sorinnes, Belgium). The
single-breath online technique was used as recommended
by the ATS/ERS-guidelines.15 Each subject repeated the
exhalation manoeuvre after a 1–2min interval; at least
two samples were collected from each subject at an
expiratory flow of 50ml/sec and expiratory pressure of
10 cm H2O.
All the subjects were asked to avoid food intake and

physical exercise for at least 2 hr before testing.

Skin Prick Tests

Allergen sensitization was measured by means of skin-
prick tests on the volar aspect of the forearm. The battery
of allergens consisted of Dermatophagoides pteronyssi-
nus (Dpt), Dermatophagoides farinae (Dpf), cat hair,
Alternaria tenuis, mixed grass, mixed tree pollen, and
Parietaria officinalis (Soluprick, ALK-Abelló, Horsholm,
Denmark). Histamine dihydrochloride (10mg/ml) was
used as the positive control, and diluent (50%glycerol and
50% physiological saline) as the negative control. After
15min, wheal size was recorded in mm as the long axis
and its perpendicular axis; the mean of these two
measurements was calculated. A wheal �3mm in size
was considered to be a positive reaction to the allergen.
Atopy was defined as the presence of at least one positive
skin reaction. The sum of all the positive reactions (sum of
wheal sizes) in a subject was termed the “prick index.”16

Statistical Analysis

The Kolmogorov–Smirnov goodness-of-fit test was
used to analyze the normal distribution of continuous
variables. Skewed variables were expressed as median
values and their interquartile range (IQR). Spearman’s rho
correlation coefficient was used to assess the relationship
between EBTand the other variables. Contingency tables
(chi-squared test) were used for the comparison of
proportions; unpaired t-test or Mann–Whitney U-test and
one-way analysis of variance (ANOVA), with post hoc
Scheffe’ test or Kruskal–Wallis test, were used to
compare two or more groups, as required.
The Bland-Altman plot for agreement was used to

assess the coefficient of repeatability (CR¼ two SDs from
the mean difference) between duplicated EBT measure-
ments.17 The intraclass correlation coefficient (ICC) was

used to assess reproducibility of measurements. An ICC
value of 1.0 denotes perfect reproducibility, while a value
of 0.0 denotes no reproducibility other than that expected
by chance.18

A multiple linear regression analysis (stepwise method)
was performed with EBT values as dependent variables
and several potentially explanatory (independent) varia-
bles selected on the basis of either a significant correlation
with EBT or significant differences for EBT values
between categories of a single variable (e.g., differences in
EBT between sexes, females¼ 0, and males¼ 1; differ-
ences between subgroups of chronic respiratory symp-
toms: absence¼ 0, symptoms other than wheeze¼ 1,
wheeze¼ 2). “Atopy” was entered into the regression
analysis as a single variable: no atopy¼ 0, atopy¼ 1.
Partial correlation plots between the dependent and

independent variables were used to assess the linearity of
residuals. To estimate the functional form of the
regression model, residuals were plotted against values
of each independent variable as well as against predicted
values of the dependent variable. Residual plots with a
random pattern indicate a good fit, whereas a curve
pattern on a residual plot indicates that a non-linear model
is more appropriate. Tolerance statistics was used to
assess co-linearity (i.e., strong correlations between
independent variables); tolerance ¼ 1� R2

i , where R2
i

is the squared multiple correlation of a variable with the
other independent variables. The statistical software
SPSSþ version 10.0 (SPSS, Chicago, IL) was used for
calculations. P-values of <0.05 were considered statisti-
cally significant.

RESULTS

Two hundred and ninety-eight of the 304 children (age
range: 7.9–15.0 years) successfully completed all the
measurements; three of the six children who were
excluded refused to perform measurements, another
two were unable to perform acceptable lung function
maneuvers, while the last had a syncope-like reaction
after the skin-prick tests. Median values (range) of
ambient temperature and percent-relative humidity were
21.38C (16.5–24.8) and 44.0% (34.0–57.0), respectively,
during the study period.

Characteristics of the Schoolchildren Population

The groups were divided, according to reported
chronic respiratory symptoms, into three groups: wheeze
(30/298: 10.1%), respiratory symptoms other than
wheeze (141/298: 47.3%) and no chronic respiratory
symptoms (127/298: 42.6%). Subjects with reported
wheeze were more frequently atopic, more frequently
suffered respiratory symptoms, and had lower lung
function and higher FENO than subjects with respiratory
symptoms other than wheeze or children without chronic

Tidal-Breathing EBT in Schoolchildren 3

Pediatric Pulmonology



respiratory symptoms. No between-group differences
were found in EBT, the demographic characteristics or
measurement conditions (Table 1).
Eighteen children (5 with reported wheeze, 9 with

respiratory symptoms other than wheeze and 4 without
chronic respiratory symptoms) were receiving therapy
with inhaled corticosteroids (ICs), which is indicative of
discordance between the parent reports and the criteria
adopted by the GPs; all of these children, except two with
recurrent wheeze, had had respiratory symptoms in the
previous 4 weeks (Table 1). These 18 IC-treated children
had lowermedian (IQR) EBT values than the 280 children
not receiving IC therapy [31.7 (30.1–32.5) vs. 32.6 (31.4–
33.4), P¼ 0.027)], though no difference in age emerged
(10.4� 1.7 years vs. 10.3� 1.8 years). IC-treated

children also had lower EBT than the subgroups of IC-
untreated children without (n¼ 157) or with (n¼ 123)
reported symptoms in the previous 4 weeks [31.7 (30.1–
32.5) vs. 32.5 (31.4–33.4) and 32.7 (31.4–33.4), P< 0.05
for both comparisons)].

Reproducibility of EBT Measurements

Duplicate EBT measurements proved to be highly
reproducible (ICC¼ 0.94). The mean difference
between the second measurement and the first measure-
ment was 0.398C, while the repeatability coefficient was
(CR¼ 2 SD) 1.848C. The rather high repeatability
coefficient improved (i.e., decreased) from subjects
aged below the 50% percentile (�9.9 years, n¼ 153,

TABLE 1—Characteristics of the Study Population by Parent-Reported Chronic Respiratory Symptoms

No chronic respiratory

symptoms (n¼ 127)

Respiratory symptoms

other than wheeze (n¼ 141)

Wheeze

(n¼ 30)

Demographics

Age, year 10.4� 1.8 10.1� 1.8 10.1� 1.7

Male/female, n 64/63 76/65 19/11

Height, cm 143.9� 12.9 142.7� 12.0 141.7� 11.0

Weight, kg 41.4� 12.9 41.5� 13.7 41.1� 11.1

BMI, kg/m2 19.7� 3.6 20.0� 4.1 20.2� 3.6

Subject conditions

Ear temperature, 8C 36.1� 0.4 36.0� 0.5 36.0� 0.4

Duration EBT meas, sec 183.8� 59.9 190.3� 61.2 163.2� 43.8

Atopy, n (%)1 25/105 (23.8) 46/123 (37.4) 14/20 (70.0)��

Therapy with ICs, n (%) 4 (3.2) 9 (6.4) 5 (16.7)

Ambient conditions

Relative humidity, % 44.0 (41.0–50.0) 43.0 (41.0–48.5) 44.0 (41.0–54.0)

Temperature, 8C 21.0� 1.5 21.0� 1.6 21.2� 1.0

Measurements

FENO, ppb 10.5 (7.5–15.5) 12.5 (8.5–19.5) 16.2 (9.9–31.0)��

EBT, 8C 32.6 (31.4–33.3) 32.5 (31.3–33.4) 32.4 (31.2–33.2)

Spirometry

FEV1% 100.8� 11.7 98.5� 9.9 97.8� 8.7

FVC% 100.8� 10.9 99.8� 9.5 100.7� 8.2

FEV1/FVC 91.4� 5.0 90.7� 5.1 88.4� 5.5�

FEF25–75% 97.1� 18.2 94.4� 18.3 84.8� 15.7��

Respiratory symptoms

Past 12 months

Rhinitis, n (%) 0 (0) 35 (24.8) 9 (30.0)

Cough, n (%) 0 (0) 23 (16.3)�� 13 (43.3)��

Wheeze, n (%) 0 (0) 0 (0) 17 (56.6)

Bronchitis, n (%) 0 (0) 42 (29.8) 10 (33.3)

Pneumonia, n (%) 0 (0) 10 (7.1) 1 (3.3)

Recent symptoms2

Past 4 weeks, n (%) 33 (26.0) 88 (62.4)�� 18 (60.0)��

Still present, n (%) 22 (17.3) 41 (29.1)� 10 (33.3)

Variables are expressed either as a percentage or as mean� SD or as median and interquartile range (IQR).
1Data obtained from the measurement of 248 subjects.
2Wheeze, cough, blocked or runny nose in the past 4 weeks with or without fever or sore throat.
�P< 0.05.
��P< 0.005 versus children without chronic respiratory symptoms by Mann–Whitney test or by Chi-square (Fisher test). Children with reported

wheeze had also higher FENO, lower FEF25–75% and more frequent cough past 12 months than children with respiratory symptoms other than

wheeze (P< 0.05).
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CR¼ 2.128C) to subjects aged above the 50% percentile
(>9.9 years, n¼ 145, CR¼ 1.488C). Reproducibility was
even higher when EBT values exceeded 31.08C (Fig. 1).

Influence of Environmental and Subjective Factors
on EBT

Correlations in the Overall Population. Median EBT
values increased slightly as ambient temperature rose, but
were unrelated to ambient-relative humidity. EBT values
increased above all with age and age-related variables
(height, weight, BMI, absolute spirometric values, and
duration of EBT measurement; Table 2). By contrast,

EBT did not correlate with ear temperature, the prick
index or FENO. Worthy of note is the close correlation
between the rise in EBT values and the duration of the
EBTmeasurement (r¼ 0.58,P< 0.001); furthermore, the
duration of duplicate measurements was fairly reproduc-
ible (ICC¼ 0.70; Fig. 2). The duration of the EBT
measurement was also found to increase with age
(r¼ 0.26, P< 0.001). EBT did not correlate with
narrower airway caliber as measured by the FEV1 percent
predicted or FEV1/FVC ratio.
Analysis by Centiles of Age.The increase in EBT (median,

IQR) by quartiles of age is described both for each group
divided according to respiratory symptoms and the
overall population (Table 3).
In subjects above the 50% percentile of age (>9.9

years), an inverse relationship emerged between EBTand
FENO (r¼�0.17, P¼ 0.036). The EBT in these older
subjects also increased as their quartiles of percent-
predicted BMI grew, even though their mean age
remained similar (Table 4).
Regression Model for the Overall Population. The multiple

linear regression analysis (stepwise) with EBT values
as the dependent variable, and ambient temperature,
age, weight, height, BMI, absolute spirometric variables,
duration of EBT measurement, FENO, atopy, sex,
respiratory symptoms, and current therapy with ICs
as the potential explanatory variables, yielded a five-
variable model (r¼ 0.63, P< 0.001). This model includ-
ed age, weight, duration of EBT measurement, FENO and
ambient temperature (Table 5). Testing of residual plots
yielded a random pattern, which indicates a good fit
linear-model.

Fig. 1. Reproducibility of EBTmeasurements. Bland–Altmanplot

for the difference in duplicated EBT measurements (2nd�1st)

and average of duplicated EBTmeasurements (1stþ2nd/2). The

mean difference between the second measurement and the first

measurement was 0.398C (horizontal black line) and the

coefficient of repeatability (2 SD) 1.848C (horizontal dotted

lines); differences decreased for averaged EBT values above

318C. Marks represent subjects aged below (�9.9 years, open

squares) and above (>9.9 years) the 50% percentile.

TABLE 2—Spearman’s Rho Correlations With EBT in the
Whole Population (n¼ 298 Children)

Variable EBT

Age, year r¼ 0.38, P¼ 0.000

Weight, kg r¼ 0.33, P¼ 0.000

Height, cm r¼ 0.34, P¼ 0.000

BMI, kg/m2 r¼ 0.24, P¼ 0.000

FVC, L r¼ 0.35, P¼ 0.000

FEV1, L r¼ 0.34, P¼ 0.000

FEF25–75, L/s r¼ 0.28, P¼ 0.000

Duration of EBT measurement, s r¼ 0.58, P¼ 0.000

Ambient temperature, 8C r¼ 0.22, P¼ 0.000

Lung function variables are given as absolute values (L or L/sec).

Fig. 2. Relationship between EBT values and duration of EBT

measurements (r¼0.58, P�0.001). Marks represent subjects

aged below (�9.9 years, open squares) and above (>9.9 years)

the 50% percentile.
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DISCUSSION

In our unselected population of schoolchildren divided
according to a parent-reported history of chronic
respiratory symptoms, subjects with a history of wheeze
had similar tidal-breathing EBT levels, lower lung
function, higher FENO and a higher frequency of atopy
and respiratory symptoms than either subjects with
respiratory symptoms other than wheeze or children
without chronic respiratory symptoms. Low EBT levels
were found in children being treated with ICs, regardless
of whether they were reported to have chronic respiratory

symptoms. EBTmeasurements were highly reproducible,
though influenced by environmental and subjective
factors.
Since no other studies have measured tidal-breathing

EBT in unselected pediatric populations, we can compare
our results with those from studies conducted in the
clinical setting alone. Popov et al.5 whose studywas based
on the tidal-breathing method, reported a higher EBT in
uncontrolled asthmatic patients than in healthy adults.
Paredi et al.1,3 whose studywas based on the single-breath
method, reported that a marked increase in exhaled air
temperature (De8T) could discriminate asthmatic from

TABLE 3—Median (Interquartile Range) EBT by Age Percentiles

Quartiles of age

(range, year)

Subjects

No chronic

respiratory symptoms

Respiratory symptoms

other than wheeze Wheeze Total

<258 (6.0–8.7) n¼ 30 n¼ 40 n¼ 5 n¼ 75

31.3 (29.2–32.3) 31.4 (29.8–32.4) 29.1 (26.9–33.6) 31.3 (29.2–32.3)

258–508 (8.7–9.9) n¼ 31 n¼ 34 n¼ 13 n¼ 78

32.3 (31.2–33.4) 32.7 (31.3–33.4) 32.2 (31.5–32.8) 32.5 (31.3–33.3)

508–758 (9.9–11.3) n¼ 31 n¼ 36 n¼ 6 n¼ 73

32.8 (32.0–33.3) 33.1 (31.7–33.5) 32.7 (30.4–33.3) 32.9 (32.0–33.4)

>758 (11.3–14.0) n¼ 35 n¼ 31 n¼ 6 n¼ 72

33.1 (32.5–33.6) 32.5 (31.6–33.5) 33.4 (32.7–34.3) 33.0 (32.3–33.6)

No significant between-group differences in EBT were found within age quartiles.

TABLE 4—Median (Interquartile Range) EBT by Quartiles of Percent-Predicted Body Mass Index (BMI)

Age cut-off (range), n Variables

BMI quartiles

<25 25–50 50–75 >75

�9.9 years (7.9–9.9) n¼ 153 Number n¼ 24 n¼ 15 n¼ 39 n¼ 75

EBT (8C) 32.0 (30.1–32.6) 32.2 (29.4–33.3) 31.9 (30.9–33.1) 32.0 (30.0–33.1)

Age (year) 8.8� 0.7 8.7� 0.6 8.8� 0.6 8.9� 0.6

>9.9 years (9.9–15.0) n¼ 145 Number n¼ 9 n¼ 15 n¼ 42 n¼ 79

EBT (8C) 32.1 (31.5–32.5) 32.7 (32.5–33.6)� 32.9 (32.2–33.4)� 33.2 (31.9–33.5)�

Age (year) 11.9� 1.3 11.7� 1.6 12.1� 1.4 11.5� 1.3

�P< 0.05 versus BMI centile< 25%.

TABLE 5—Linear Regression Model (Stepwise)

Model

Unstandardized coefficients Standardized coefficients

t Sig.B Std. error Beta

Coefficients1

(Constant) 17.704 1.620 10.926 0.000

Age (year) 0.248 0.086 0.208 2.886 0.004

Weight (kg) 0.02348 0.011 0.151 2.229 0.027

EBT duration (s) 0.0151 0.002 0.465 9.029 0.000

FENO (ppb) �0.01606 0.008 �0.107 �2.102 0.037

Ambient T. (8C) 0.387 0.062 0.324 6.226 0.000

1Dependent variable: EBT.
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healthy adult subjects, while Piacentini et al.4 and Pifferi
et al.6 reported that the EBT plateau, as opposed to De8T,
could be used to distinguish asthmatic children from
healthy controls.
In the present study, we did not detect any differences in

EBT between schoolchildren divided according to parent-
reported respiratory symptoms. One possible explanation
is that the respiratory symptoms in these childrenwere not
sufficiently severe to prevent any of these children from
attending school, unlike patients such as those with
uncontrolled asthma or recent asthma exacerbations.
Findings by Xepapadaki et al.9 demonstrate that
asthmatic children with a common cold and/or mild
exacerbation of asthma have higher EBT levels than
asthmatic controls (the latter being free of asthmatic or
common-cold symptoms during the previous 6 weeks),
thereby suggesting that EBTacts as a biomarker of airway
inflammation in children with a virus-induced asthma
phenotype. Moreover, we have previously found higher
EBT levels in asthmatic patients with reported moderate-
to-severe dyspnea in the previous four weeks than either
in asthmatic patients with mild dyspnea or without
dyspnea or in healthy children.10

Unlike the EBT measurements, increased FENO

distinguished subjects with reported wheeze from those
without chronic respiratory symptoms; these findings
confirm those obtained in our previous studies conducted
on similar unselected schoolchildren populations.11,19

The majority of our subjects with reported wheeze
were also atopic, a factor known to influence FENO

levels.11,15,19 In addition, our study was conducted in
autumn, a season in which approximately two-thirds of
atopic children in the same school were found to be
sensitized to house dust mites (HDM) between October
and December in 2001.19 We have previously described
an effect of HDM on FENO levels in these populations.11

The present study further supports the value of this marker
in the assessment of atopic-eosinophilic airway inflam-
mation.19,20 Subjects with reportedwheeze also had lower
lung function, as assessed by a peripheral airways marker
(FEF25–75), whereas no between-group differences were
observed in FEV1, which suggests that middle flow rates
are more suited to the assessment of lung function for
pediatric epidemiological purposes.
Eighteen of the children, including four without a

history of chronic respiratory symptoms, were being
treated with ICs because of recent respiratory symptoms,
suggesting that at least some of these children were
though as having asthma-like symptoms by their GPs. The
limited number of IC-treated subjects prevented us from
analyzing the effect of the anti-inflammatory therapy on
EBT in each of the groups divided according to the
reported chronic respiratory symptoms (e.g., wheeze).
Nonetheless, IC-treated children yielded lower EBT
values than IC-untreated children regardless of whether

they had displayed respiratory symptoms in the previous
4 weeks. Recent studies have found a decrease in EBT
among asthmatic patients both before and after treatment
with corticosteroids.5,21,22 Taken together, these findings
suggest that EBT is more suited to the assessment of the
response to anti-inflammatory therapy rather than to that
of thermal differences in the airways between subjects
without chronic respiratory symptoms and those with a
history of respiratory symptoms including wheeze.
The results obtained in our large population confirm

that EBT measurements are reproducible, particularly
those recorded above 318C, which are more common in
older children; indeed, age proved to be a factor that
affected such measurements markedly. The reproducibil-
ity of tidal-breathing EBT has been reported in small
groups of patients5 and is comparable to that yielded
by EBT measurements based on the single-breath
method.1,2,4

The influence of age on EBT has previously been
reported in two studies conducted on a limited patient
series.10,23 We now confirm the relevance of this factor
and add the subject’s weight as another factor that raises
the EBT. As the results yielded by our comparison of the
quartiles of percent-predicted BMI suggests, the effect of
body mass should be taken into account when using this
method.
The correlation between increased EBT and the

duration of tidal-breathing maneuvers is in contrast to
the findings of a study by Kralimarkova et al.24 conducted
on 65 adult subjects; in their study, the duration of the
EBT measurements (median 8min, range 4–16) was not
influenced by age, gender, height, weight, or diagnosis of
asthma. The relationship that emerged in our study
between the duration of tidal-breathing maneuvers and
EBT persisted after a multiple linear regression analysis
was performed. Since the duration of EBT was also
related to age, a likely explanation is that a higher tidal
volume during the maneuvers delays the thermal
stabilization into the device; an alternative hypothesis is
that the time required to achieve the thermal plateau is
directly proportional to the temperature arising from the
airways.
The slight inverse relationship that we found between

EBT and FENO has not previously been reported.
Piacentini et al.2 described a direct relationship between
these variables (a parallel increase between EBT
increasing and FENO) in 52 asthmatic children, thereby
suggesting that the measurement of EBT may be an
effective means of assessing airway inflammation in such
patients. The discrepancy between the findings in these
studies may be due to differences in both the subjects
enrolled and the EBT method used.
We found that EBT levels were not affected by atopy

and tended to decrease with FENO levels. These findings
allow us to hypothesize that EBT and FENO detect

Tidal-Breathing EBT in Schoolchildren 7

Pediatric Pulmonology



different types of inflammation. However, the proportion
of subjects with marked airway inflammation or airway
remodeling (a factor that may increase EBT)3,25–27 is, as
expected, low in unselected populations, as was the
number of subjects with atopic wheeze in our study.
The weak correlation we found between EBT and

ambient temperature also warrants consideration insofar
as it suggests that EBT needs to be measured at a
restricted-controlled environmental temperature. Our
findings are in contrast with those of Popov et al., even
though we measured EBTat a wide range of environmen-
tal temperatures (16.5–24.88C) that are close to those
reported by the afore-mentioned authors in adult subjects
(18–258C).5 An increasing effect of ambient temperature
on EBT has previously been described in a study by Logie
et al. in healthy children, though the authors of that study
used a different (single breath) technique28; EBT values
obtained with that technique were corrected by subtract-
ing environmental temperature, according to Piacentini
et al.’s2 method, to distinguish asthmatic from healthy
children. Although environmental temperature does not
affect tidal-EBT measurements in adults, our results
suggest that it does affect such measurements in children.
Differences in thermal production between adults and
children (probably due to differences in body mass and
airway/lung volumes) may account for this effect.
In keeping with the findings reported by Xepapadaki

et al.9 and Noble et al.,26 we did not observe any
relationship between EBT and airway patency as
measured by percent-predicted spirometric values. It
has been reported that EBT levels (single-breath
technique) are affected by vital capacity.28 Although
we did detect a correlation between EBT and absolute
spirometric values (rather than with their percentage of
predicted), this correlation was excluded from the
regression model, thereby suggesting that absolute
dynamic volumes and flows in our subjects depended
on age and other anthropometric characteristics rather
than on EBT.
In conclusion, tidal-EBT measurements are easy to

perform and reproducible, though less discriminative than
lung function, FENO, and skin-prick tests, as a means of
distinguishing children with a history of respiratory
symptoms in unselected populations. The low tidal EBT
levels observed in subjects treated with ICs should be
interpreted with caution as some of these children might
have been misclassified as having asthma-like symptoms.
The tidal-EBT method described in our study provides

reproducible measurements in real time, though it should
be borne in mind that it may be affected by several
environmental and subjective factors. Further epidemio-
logical studies are warranted to explore whether the
correction of these factors may help to optimize this
method for the screening of subjects with respiratory
disease.
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