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Summary. Background: Exhaled breath temperature (EBT) reflects airways (both eosinophilic and

neutrophilic) inflammation in asthma and thusmay aid themanagement of childrenwith asthma that

are treatedwith anti-inflammatory drugs. A newEBTmonitor has becomeavailable that is cheapand

easy to use and may be a suitable monitoring device for airways inflammation. Little is known about

howEBTrelates to asthma treatment decisions, disease control, lung function, or other non-invasive

measures of airways inflammation, such as exhaled nitric oxide (ENO). Objective: To determine the

relationships between EBTand asthma treatment decision, current control, pulmonary function, and

ENO. Methods: Cross-sectional prospective study on 159 children aged 5–16 years attending a

pediatric respiratory clinic. EBT was compared with the clinician’s decision regarding treatment

(decrease, no change, increase), asthma control assessment (controlled, partial, uncontrolled), level

of current treatment (according to British Thoracic Society guideline, BTS step), ENO, and

spirometry. Results: EBTmeasurement was feasible in the majority of children (25 of 159 could not

perform the test) and correlated weakly with age (R¼0.33, P¼<0.01). EBT did not differ

significantly between the three clinician decision groups (P¼0.42), the three asthma control

assessment groups (P¼0.9), or the current asthma treatment BTS step (P¼0.57). Conclusions &

Clinical Implications: EBTmeasurement was not related to measures of asthma control determined

at the clinic. The routine intermittent monitoring of EBT in children prescribed inhaled corticosteroids

who attend asthma clinics cannot be recommended for adjusting anti-inflammatory asthma therapy.
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INTRODUCTION

Asthma management in children is currently guided by
symptoms and aided by lung function measurement in
older children. Inhaled corticosteroids act by dampening
airways inflammation and have become the main form of
anti-asthma therapy.1 Despite asthma being a chronic
inflammatory airways disease, we do not routinely assess
inflammation and adjust therapy on its presence or extent.
Eosinophilic inflammation persists in the airways of
children with mild, moderate, and severe classical atopic
asthma and can be non-invasively measured by using
exhaled nitric oxide (ENO).2–5 Despite this, the use of
ENO has not been shown in all studies to be helpful in the
longitudinal monitoring of childhood asthma.6,7 This
apparent lack of utility of ENO may be because
eosinophilic inflammation is not the sole or only driver
underlying the symptoms of asthma. It could also be that
ENO values need to be interpreted in light of the recent
medication adherence, which can be difficult to assess.
Induced sputum eosinophil count has been used to guide
asthma therapy in adults but has been less well studied in

children and given its practical difficulties and lack of
immediately available results, it is unlikely to enter routine
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clinical practice. Other simple ways of measuring the
underlying airways inflammation in asthma are needed.
Recently, exhaled breath temperature (EBT) has been

hypothesized to reflect the extra heat produced from
underlying airways inflammation in asthma and in
particular its increased vascularity.8–12 The temperature
of blood in the bronchial wall vasculature deep within the
lungs represents core body temperature and heat is
transferred out into the inspired air. EBT is not simply
another measure of body temperature and does not
correlate with ear canal and axillary temperatures, which
themselves are closely correlated.8–12 Detectable in-
creases in EBT have been shown to herald the onset of
viral-induced asthma exacerbations in children and are
seen in exercise challenges in both children with asthma
and children without asthma.14–16 Whereas exhaled nitric
oxide levels relate closely to eosinophilic airways
inflammation, EBT is likely to be related to all types of
inflammation, including neutrophilic inflammation. Neu-
trophil inflammation has recently been associated with
severe asthma that is unresponsive to inhaled cortico-
steroids (ICS).13 Popov et al. described a specifically
designed portable device for the measurement of EBT,
which is now commercially available. Each exhalation the
patient makes increases the temperature inside the
reservoir chamber until temperature equilibrium is
reached. The EBT measurement can be made with
precision and is highly repeatable.13 Previous research
suggests that EBT may be associated with age in
childhood, lung volume, and room temperature.17,18

With the recent availability of a cheap, easy to use
handheld EBT device and studies showing that daily
monitoring of EBT parallels other indices of asthma
control, it is important to further evaluate its role as a
measurement in an outpatient pediatric setting. For EBT
to become a useful adjunct to the clinical management of
childhood asthma, its relation to current asthma control
and treatment needs to be further clarified.
The aim of this study, therefore, was to examine a group

of children with asthma (mostly on inhaled cortico-
steroids) attending a respiratory pediatrics outpatient
clinic and to determine the relationships between EBT,
current asthma control and treatment, pulmonary func-
tion, ENO, and the clinician’s decision regarding future
management.

METHODS

Participants

Consecutive children with asthma (aged 5–16 years)
attending the respiratory clinic in the Royal Belfast
Hospital for Sick Children (RBHSC) were recruited
within the time constraints of the clinic session. All
assessments were conducted between 9 AM and 1 PM to
minimize potential diurnal variation. Children with

current head colds, chest infections, or asthma exacer-
bations were not included. The physicians (MDS,
VMcG), who were blinded to the EBT measurements,
clinically assessed all subjects. Parental written informed
consent or child assent where appropriate was obtained
and the study was approved by the Office of Research
Ethics Committees for Northern Ireland.
Subjects had been diagnosedwith asthma by a physician

(MDS, VMcG) and all had a history of recurrent wheezing
(e.g. precipitated by respiratory infection, exercise, or
exposure to allergens) andmore than two-thirds had atopic
disease (eczema, allergic rhinitis) or other allergies,
including food allergy. After taking a detailed respiratory
history, recording of lung function, and ENO value, the
children were classified according to how well the asthma
was controlled. The physician then made a decision as to
whether asthma treatment was to be altered. The
physicians’ primary aim in asthma management was to
try to control children’s asthma at the lowest acceptable
dose of inhaled corticosteroids.
Thephysicians then classified each child’s asthma control

according to the following broad general categories:
controlled (no nocturnal wakening, infrequent short acting
beta 2 agonist use e.g. <2 puffs/week, occasional mild
symptoms, e.g. with exercise and no exacerbations in last
3months), partially controlled (nocturnal wakening <3
nights/week, beta 2 agonist use, e.g. <4 puffs/day, mild
limitation in exercise tolerancedue to asthma, and2or fewer
mild exacerbations in the previous 3 months), or uncon-
trolled (nocturnal wakening 4–7 nights/week, beta 2 agonist
use, e.g.>5 puffs/day, limitation in exercise tolerance due to
asthma and or significant asthma exacerbations requiring
oral steroid, Emergency Department attendance, or hospital
admission in the previous 3 months).
The physician’s decision, on the basis of clinical

history, examination, pulmonary function, and ENO
record (if available) as to whether treatment should be
decreased, unchanged or increased was recorded.
Current asthma medications were recorded and sub-

jects were classified according to the British Thoracic
Society (BTS) treatment stages.1 This variable (BTS-
step) and the physician’s decision to alter therapy took
into account and adjusted for the current level of
adherence as reported by either the parent or child.

Exhaled Nitric Oxide (ENO)

ENO was measured before spirometry using the
handheld NObreath1 (Bedfont Scientific Ltd., Kent,
UK) as per manufacturer’s instruction and as previously
described.19 The average of twomaneuvers was recorded.

Spirometry

Forced expiratory volume in 1 sec (FEV1), forced vital
capacity (FVC), and the ratio FEV1/FVC were measured
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using the MicroLab (CareFusion, Rolle, Switzerland)
according to the ERS standards andwith the child friendly
visual incentive screen on. Percent predicted values were
reported, which take into account gender, age, and height.

Exhaled Breath Temperature (EBT)

EBT was measured using the commercially available
handheld device, X-Halo1 (Delmedica, Singapore). In
addition, the time to temperature equilibration was
recorded. In brief, the children were asked to inhale
through the nose and exhale into the X-Halo device
using normal tidal breathing. The children breathed
continuously into the thermal chamber until the central
heat sink reached a temperature plateau. Each exhala-
tion increases the temperature inside the reservoir
chamber until temperature equilibrium is reached. The
thermal sensor in the device is claimed to be accurate to
0.03 8C.

Analysis

Descriptive data were reported as mean (SD) or median
(IQR, range) as appropriate. Lung function and ENO
distributions (after log transformation) were normal and
parametric comparative statistics were used (ANOVA).
As the distribution of EBTwas mildly skewed to the left,
between group comparisons of EBT were made using
Kruskal–Wallis tests. If the ANOVA or Kruskal–Wallis
test showed statistically significant results, post-hoc tests
were then performed to determine which groups were
different. Correlations were made using either Pearson’s
or Spearman’s correlation coefficients (R) where appro-
priate. Two repeated EBT maneuvers were recorded in a
subgroup of cases and repeatability was reported as the
mean difference between the two measurements, intra-
class correlation coefficient (ICC), and 95% limits of
agreement. A P-value less than 0.05 indicated statistical
significance. JMP1 version 11 (SAS Institute, Inc., Cary,
NC) statistical software was used.

Sample Size

A sample size of greater than 100 participants was
calculated to give a 2-sided 95% confidence interval of
0.45–0.71 for an observed correlation of 0.6 between
FeNO and EBT if such a correlation existed.13

RESULTS

We recruited 159 children (60%male), aged between 5
and 16 years (median: 10 years, IQR: 7–13 years).
The majority of the children had other clinical atopic
disease (eczema, allergic rhinitis) or food allergies.
Twenty-five children, mostly less than 7 years of age,
were unable to adequately perform the EBT test with the
commonest reason for failure being an inability to
continue until temperature equilibrium was obtained;

results from 134 children are reported. The distribution of
the time taken to make the EBT measurement (time to
temperature equilibration) ranged from 1.02 to 8.4min
(median 3.22min, IQR: 2.02–4.60min). Room tempera-
ture ranged between 24.30 and 25.8 8C and did not
correlate with EBT (correlation coefficient R¼�0.02).
The distribution of EBTwas mildly skewed to the left and
values ranged between 27.23 and 35.16 8C (median:
33.76 8C, IQR: 31.80–34.23 8C).
EBT was weakly positively correlated with age

(correlation coefficient R¼ 0.33, P< 0.01) and with
lung volume (FVC, R¼ 0.34, P< 0.01). No correlation
was observed between EBT and lung volumes when
expressed as percentage predicted (FVC%, R¼ 0.08,
P< 0.4). Childrens’ ages were similar in the grouping
variables (physician’s decision, control).
Fourteen children were only taking when required beta

2 agonists (BTS step 1), 17 children were on low-dose
inhaled corticosteroids (�400mg/day of ICS; BTS step
2), 44 children were on moderate-dose ICS (400–800mg/
day) combinedwith a long acting beta 2 agonist (LAB2A)
(BTS step 3), 38 were on high-dose ICS (>800mg/day)
and LAB2A and/or a leukotriene antagonist (LTA, BTS
step 4), and 21 children were requiring additional oral
steroids or anti-IgE therapy (BTS step 5).

Physician’s Decision Regarding Future Treatment

EBT levels for the three treatment decision groups
(treatment decreased, unchanged, increased) are shown in
Table 1. When EBT levels were compared across the 3
groups, there was no difference between EBT (decrease:
median¼ 32.42 8C [IQR: 31.23–34.23 8C] versus no
change: median¼ 33.82 8C [IQR: 32.08–34.27 8C] versus
increase: median¼ 33.69 8C [IQR: 31.04–34.23 8C],
P¼ 0.42, Fig. 1).

EBT and Asthma Control

EBT levels for the three asthma control groupings
(controlled, partially controlled, uncontrolled) are shown
in Table 1. When EBT levels were compared across the
three groups, there was no statistically significant
difference between EBT (controlled: median¼ 33.52 8C
[IQR: 31.42–34.23 8C] versus partially controlled:
median¼ 33.79 8C [IQR: 32.11–34.23 8C] versus uncon-
trolled: median¼ 33.79 8C [IQR: 32.12–33.79 8C],
P¼ 0.9, Fig. 2).

EBT Levels and Current Asthma Treatment (BTS
step)

Although EBTwas the highest in those on BTS step 5
treatment when the EBT levels were compared across the
BTS treatment subgroups, there was no statistical
difference found (P¼ 0.57, Table 1 and Fig. 3).
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EBT levels and ENO and spirometry

EBT did not correlate closely with either Log ENO
(R¼ 0.06, P¼ 0.6, Table 1 and Fig. 4) or with any of the
spirometry indices (FEV1 [%]: R¼ 0.06, FVC [%]:
R¼ 0.14, Ratio FEV1/FVC: R¼�0.09)

Log ENO levels were statistically higher in children
where the therapy was increased compared to either no
change or decrease (P< 0.05), and was higher for those
with uncontrolled compared to controlled asthma
(P< 0.05). In addition, ENO was higher for those on
BTS-step 5 (P< 0.05).

TABLE 1—Summary of EBT, ENO and spirometry by BTS-step, by treatment decision and by asthma control.

EBT (8C)
median (IQR),

range

ENO (ppb)

median (IQR),

maximal value

FEV1 (%

predicted)

mean (SD)

FVC (%

predicted)

mean (SD)

FEV1/FVC ratio

mean (SD)

By BTS-step

Step 5 N¼ 21 34.11

(33.40–34.34),

28.49–35.16

25 (11–53), 300 82 (13) 89 (13) 0.78 (0.08)

Step 4 N¼ 38 33.80

(32.07–34.19),

27.40–34.88

6 (2–16), 230 91 (14) 92 (12) 0.85 (0.1)

Step 3 N¼ 44 33.73

(32.29–34.20),

28.25–34.75

7 (2–26), 129 94 (19) 93 (14) 0.87 (0.1)

Step 2 N¼ 17 33.11

(30.87–34.23),

28.15–34.82

8 (4–48), 106 86 (19) 86 (18) 0.84 (0.08)

Step 1 N¼ 14 33.48

(30.92–34.23),

27.23–34.71

9 (3–31), 106 90 (13) 88 (14) 0.86 (0.07)

P-value (post-hoc

comparative

difference)

P¼ 0.57 P¼<0.01 (BTS step 5>
other BTS steps)

P¼ 0.1 P¼ 0.4 P< 0.01 (BTS step 5 has lower value

than all other BTS steps)

By treatment decision

Increase N¼ 40 33.69

(31.04–34.23),

28.25–34.78

26 (7–59), 300 88 (19) 89 (15) 0.84 (0.1)

No change N¼ 83 33.82

(32.08–34.27),

27.23–34.88

7 (1–16), 230 91 (17) 91 (14) 0.85 (0.1)

Decrease N¼ 11 32.42

(31.23–34.23),

29.65–34.23

6 (4–13), 25 92 (10) 90 (12) 0.87 (0.05)

P-value (post-hoc

comparative

difference)

P¼ 0.42 P¼ 0.0025 (increase >
no change)

P¼ 0.65 P¼ 0.72 P¼ 0.8

By asthma control

Uncontrolled N¼ 35 33.79

(32.12–33.79),

28.25–35.16

25 (5–59), 190 87 (20) 90 (15) 0.82 (0.1)

Partial control N¼ 47 33.79

(32.11–34.23),

27.40–34.47

13 (4–30), 300 89 (19) 93 (12) 0.84 (0.08)

Controlled N¼ 52 33.52

(31.42–34.23),

27.23–34.88

5 (1–13), 72 92 (16) 90 (15) 0.87 (0.07)

P-value (post-hoc

comparative

difference)

P¼ 0.9 P< 0.001 (uncontrolled

> Controlled)

P¼ 0.4 P¼ 0.6 P¼ 0.1

EBT (8C) and ENO (ppb) are displayed as median (IQR, range) and FEV1 (%), FVC (%, and ratio FEV1/FVC are displayed as mean (SD).

EBT, exhaled breath temperature, ENO, exhaled nitric oxide, FEV1, forced expiratory volume in 1 sec, FVC, forced vital capacity. Lung function

values are expressed as percentage predicted for age and gender. Post-hoc testingwas performed if the ANOVAorKruskal–Wallis testP- valuewas

close to or below 0.05.
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The ratio FEV1/FVC was lower for those on BTS-step
5 (P¼ 0.007). However, the ratio FEV1/FVC measure-
ment did not differ according to the physician decision or
asthma control.

Repeatability of EBT measurement

Nineteen patients performed two repeated EBT
maneuvers. The mean difference between the two
measurements was 0.15 8C (P¼ 0.6), intra-class correla-
tion coefficient (ICC)¼ 0.98, 95% limits of agreement
�1.3 to 1.0 8C. When the results of one child’s paired
measurements were excluded (very poor agreement) the
95% limits of agreement reduced to�0.59 to 0.47 and the
ICC was 0.99 indicating very good repeatability.

DISCUSSION

We and others have previously shown that ENO is a
non-invasive marker of eosinophilic airways inflamma-
tion and that ENO levels are strongly related to the clinical
features of childhood asthma and the clinical decision-
making process.5 However, ENO measurements have not
yet been integrated into clinical management strategies
since the added value is still uncertain.6,7 ENO concen-
trations seem to correlate with eosinophilic airways
inflammation but the level of eosinophilic inflammation

does not always correlate with symptoms and lung
function. Indeed, other non-eosinophilic airway inflam-
mation may exist as in neutrophilic inflammation in
severe asthma. Increased EBT is thought to relate to the
extra heat produced by the increased bronchial wall blood
flow and should reflect any type of inflammation. As
treatment guidelines recommend the use of anti-inflam-
matory medications for the control of asthma, our
hypothesis was that eliciting the relationship between
EBT levels, asthma control, and treatment may indicate
what role, if any, EBT measurement could play in the
clinical management of asthma.
In this study, we found that the majority of children

with asthma and some as young as 5 years old were able to
use the X-Halo1 (Delmedica, Singapore) EBTmeasuring
device. The commonest reason for failure related to an
inability of some children to continue the test
until temperature equilibrium had occurred. Some
successful tests took longer than 8min of tidal breathing
before temperature equilibration occurred. Newer ver-
sions of the X-Halo EBTwill have reduced this time. We
were able to confirm that EBT increased with age in
children with asthma and with also with the absolute
values of lung function (FVC) and this increase was
similar at all levels of asthma treatment or control.
However, the magnitude of the age effect we observed

Fig. 1. Box and whisker plots of EBT (0C) according to physician’s treatment decision. The

whiskers were set at the upper or lower quartile�1.5*IQR and dots are outliers. IQR is the

interquartile range.
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Fig. 2. Box and whisker plots of EBT (0C) according to assessment of asthma control. The

whiskerswere set at the upper or lower quartile�1.5*IQR and dots are outliers. IQR: interquartile

range.

Fig. 3. Box andwhisker plots of EBT (0C) according toBTS-step treatment. Thewhiskerswere set

at the upper or lower quartile�1.5*IQR and dots are outliers. IQR: interquartile range.
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(R¼ 0.34) while statistically significant is much smaller
than that reported by Kralimarkova et al. who reported a
correlation of R¼ 0.75.17 Although lung volume is
related to age, we did not find any relationship between
EBT and lung volumes when they were expressed as
percentage predicted for age and gender, a previously
reported association.17,18 EBT measurement correlated
weakly with raw lung volumes (FVC) but not with any
lung volumes when expressed as a percentage predicted.
This suggests that larger lung volumes are associated with
increased EBT rather than abnormalities of airway
caliber. In addition, in general, lung function testing is
not a good marker of asthma control.
In addition, we observed no correlation between EBT

and room temperature. However, our clinic temperature
range was limited between 24.3 and 25.8 8C.
The first area addressed in this study was relating the

EBT levels to the physician’s decision regarding future
treatment and the assessment of current asthma control.
The main finding of our study is that EBT measurements
in a large group of asthmatic children did not relate to the
clinical decision to alter treatment or to the assessment of
current asthma control.
The decision regarding whether a child with asthma’s

medication should be decreased, unchanged, or increased
is based on the clinical assessment of symptoms, physical
examination, and where possible on objective measures,
such as spirometry. Differences between the decision to

change treatment and asthma control related to the
physicians perceived risk of future exacerbation (for
example, a childrenwhose asthmawas controlled over the
summermonthswould not have had his treatment reduced
if seen at the clinic at the start of a potentially bad season).
Hence, this decision can be regarded as a sensitive
indicator of the physician’s conclusions regarding the
current disease control and potential risk for any given
child. Although the study was not designed with the
appropriate blinding to study differences in ENO between
well and poorly controlled asthma, we note that ENO is
higher in children attending the asthma clinic with poorly
controlled asthma when the clinician decided to increase
therapy.5 During the course of this study, some children
and their parents admitted to non-adherence to prescribed
inhaled corticosteroid therapy and we classified such
children, BTS-step 1 as they had asthma but were on no
ICS treatment. Non-adherence to asthma therapy is
common, is typically hidden from the physician, and has
the ability to interfere with how tests are interpreted. For
example, a high EBT or ENO could mean ongoing
airways inflammation despite treatment or perhaps
more likely non-adherence to current treatment. To
overcome this problem would require the use of an
electronic dose recorder within the inhaler or directly
observed therapy so that test results could be interpreted
in the light of very recent adherence. Another potential
reason why we did not find a close relationship between

Fig. 4. Scattergram of EBT (0C) versus Log ENO.
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EBTand asthma control may relate to the variable amount
of excessivemucus that children with asthma have in their
airways. Cystic fibrosis, a condition with intense airways
neutrophillic inflammation is associated with low EBT
values.20 The large blankets of thick mucus covering the
airway walls may prevent heat exchange from the
inflamed bronchial wall and the gas exchanged with
breathing. We also acknowledge that a close relationship
between EBT and asthma control may not have been
identified as EBT may only be a useful measurement in
particular asthma phenotypes but not all.
We found that EBT was the highest in children who

were at Step 5 BTS; however, this was not statistically
elevated (Table 1). This group of children with severe
asthma may have increased neutrophilic inflammation
that may be less responsive to ICS. However, the same
children had statistically significant elevated ENO,
suggesting eosinophilic airway inflammationwas present.
Our study was cross-sectional in nature and therefore

only provides information about how EBT relates to
areas of asthma assessment at each clinic snapshot view.
Much of the previous reported research on EBT has been
with serial repeated measurements on the same individu-
als.21 Svensson et al. showed that EBT increased with
exercise and remained elevated in children with asthma
whose FEV1 dropped by more than 10%.22 Similarly,
Peroni et al. reported that the decrease in FEV1 after
exercise correlated mildly with EBT (correlation coeffi-
cient R¼ 0.44).23 Further research is, therefore, needed in
prospective trials with a patient group adjusting anti-
inflammatory therapy according to daily changes in EBT
and compared to a group using standard symptom based
therapy.
EBT is known to increase with viral infections. A

limitation to our study is that we didn’t record a precise
time interval since the most recent viral infection and
when the EBT record was made. The children studied
were stable with no obvious current viral infections or
asthma exacerbations at the time of EBT measurement.
Lastly, but very importantly, we identified two children

with problem wheezing requiring anti-asthma therapy
who had a very low EBT (19 and 27 8C), but excluded
them from our analysis as they had primary ciliary
dyskinesia (PCD). This is an important observation that
may parallel that of the well-publicized findings of low
ENO being detected in children with PCD.24 Nasal nitric
oxide measurement is now recommended as a screening
test for PCD. It will require EBT to be studied in a much
larger group of people with PCD to find out whether EBT
could function as a cheap, easy-to-use screening test for
this difficult-to-confirm disease. In addition, Carraro et al.
have shown that EBT is low in a group of children with
bronchopulmonary dysplasia (BPD) and hypothesized
that this was resultant on the remodeled and reduced
airway wall vasculature.25 Other potential mechanisms

that could explain the low EBT in children with PCD or
immune deficiencies could relate to the thicker blanket of
bronchial mucus blocking the transfer of heat energy from
the bronchial blood vessels to the air.

CONCLUSIONS

At a general secondary and tertiary pediatric respirato-
ry clinic, we have observed that measurement of EBT is
feasible in children as young as 5 years. The EBT level
was not related to the physician’s decision to alter
treatment, the assessment of current asthma control,
current BTS-step of therapy, lung function, or ENO.
Routine measurement of EBT at the clinic can not be
recommended. From the literature, EBT measurements
may be the most useful when measured on a day-to-day
basis by individual patients.
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