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Dysfunctional breathing in children with
asthma: a rare but relevant comorbidity

Eric P. de Groot*, Eric J. Duiverman” and Paul L.P. Brand*"'

ABSTRACT: Hyperventilation and other clinical manifestations of dysfunctional breathing have
been reported in childhood, but the prevalence is unknown. In adults, dysfunctional breathing
may be a relevant comorbidity in asthma. We aimed to determine the prevalence of dysfunctional
breathing in children with asthma and its impact on asthma control.

We performed a cross-sectional survey in 203 asthmatic children (aged 5-18 years), using the
Nijmegen Questionnaire and the paediatric Asthma Control Questionnaire.

Dysfunctional breathing was found in 11 (5.3%) children; more females (eight (12.9%) out of 62)
than males (three (2.1%) out 144, p=0.002). There was a dose-dependent relationship between
increasing Nijmegen Questionnaire scores (increased risk of dysfunctional breathing) and poorer
asthma control. Poor asthma control was more common in patients with dysfunctional breathing
(10 (90.9%) out of 11 children) than in children without (65 (32.3%) out of 192 children; OR 19.3,
95% CI 3.14-430.70; p<0.0001). The median Asthma Control Questionnaire in children with
dysfunctional breathing was higher (median (range) 2.00 (1.50-3.17)) than in children without
(0.50 (0.17-1.17); p<0.001).

The prevalence of dysfunctional breathing in children and adolescents referred to a hospital-
based paediatric asthma clinic for severe or difficult-to-control asthma is 5%. The association
between dysfunctional breathing and asthma control suggests that this may be a clinically
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chronic or recurrent changes in breathing

pattern, causing respiratory and non-
respiratory complaints [1]. Symptoms of dysfunc-
tional breathing include dyspnoea with normal
pulmonary function, deep sighing, chest pain,
chest tightness, frequent yawning, hyperventila-
tion and breathlessness during exercise [2, 3]. The
severity of these symptoms may range from mild
and hardly obtrusive to full-blown attacks of
severe hyperventilation and panic [3].

D ysfunctional breathing has been defined as

Although cases of hyperventilation and other
clinical manifestations of dysfunctional breathing
have been reported in childhood [4-9], the pre-
valence of dysfunctional breathing in children is
unknown. Studies in adults have shown that:
1) dysfunctional breathing may be a relevant
comorbidity in (difficult) asthma; 2) almost one-
third of asthmatic adults have symptoms of
dysfunctional breathing; and 3) treatment for
dysfunctional breathing helps in improving asthma
control in these patients [2]. To our knowledge, there
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are no studies examining the prevalence of dysfunc-
tional breathing in asthmatic children and adoles-
cents. We designed this study to examine the
prevalence of symptoms of DB in school-aged
children and adolescents with asthma, and to assess
its association with asthma control.

METHODS

Study population

Between June 2008 and June 2009, consecutive
children and adolescents visiting the Princess
Amalia clinic (Zwolle, the Netherlands) for a
scheduled follow-up visit for asthma were
approached for participation in this cross-sectional
questionnaire-based survey. Inclusion was contin-
ued over a full 1-year period. The diagnosis and
management of asthma follows Global Imitative
for Asthma (GINA) guidelines [10, 11].

Inclusion and exclusion criteria

Inclusion criteria were: 1) diagnosis of asthma,
made by a paediatrician according to international
guidelines [10]; 2) maintenance therapy with
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inhaled corticosteroids (or combination therapy) for at least
3 months before the study; 3) the ability to perform reproducible
lung function testing; and 4) proper understanding of the Dutch
language. Children with serious bronchopulmonary, neuro-
muscular or cardiovascular comorbidity were excluded.

Nijmegen Questionnaire

The Nijmegen Questionnaire (NQ) was used to screen patients
for the presence of symptoms suggestive of dysfunctional
breathing (table 1) [12]. The NQ consists of 16 questions on
symptoms of dysfunctional breathing. For each item, the
respondent is asked to rate the occurrence of the symptom on a
scale ranging from 0 (never) to 4 (very often). Responses are
added to form a total NQ score. A total score of 23 or higher
has a sensitivity of 91% and specificity of 95% for the diagnosis
of symptomatic hyperventilation in adults [12]; a score of 18-23
signifies possible symptomatic hyperventilation. In previous
surveys of dysfunctional breathing in adults with asthma, an
NQ score >23 was used to identify dysfunctional breathing
[13, 14].

Asthma control

Asthma control was measured by the childhood Asthma Control
Questionnaire (ACQ) [15-18]. Children aged >12 years com-
pleted the questionnaires themselves; in children aged <12 years,
the parents completed the questionnaires. Aggregated ACQ scores
<1.0 were considered to indicate well-controlled asthma [17].

Pulmonary function and nitric oxide measurement

Expiratory flow-volume loops were recorded according to
European Respiratory Society guidelines [19] on a Jaeger
MasterScreen (Jaeger, Houston, TX, USA). The forced expira-
tory volume in 1s and forced vital capacity were recorded,
and expressed as a % of the predicted reference value [20].
Exhaled nitric oxide fraction (FeNO) was measured using the
NIOX MINO device (Aerocrine, Solna, Sweden), according to
standardised guidelines [21] and expressed in parts per billion.

Symptoms suggestive of dysfunctional
breathing: the Nijmegen Questionnaire
Chest pain
Feeling tense
Blurred vision
Dizziness
Confusion or loss of touch with reality
Fast or deep breathing
Shortness of breath
Tightness across chest
Bloated sensation in stomach
Tingling in fingers and hands
Difficulty in breathing or taking a deep breath
Stiffness or cramps in fingers or hands
Tightness around the mouth
Cold hands or feet
Palpitations in the chest
Anxiety
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Specific IgE to inhaled allergens

Data on aero-allergen sensitisation were recorded from the chart if
it had been obtained no longer than 2 years before the pa-
tient entered the study. The ImmunoCap system (Pharmacia
Diagnostics, Uppsala, Sweden) was used for specific IgE assess-
ments. Sensitisation was defined as a specific IgE concentration
>0.35 kU-L™. A positive specific IgE test for any of the five major
aero-allergens for children in the Netherlands (house dust mite,
tree and grass pollen, cat and dog dander) was considered to
reflect aero-allergen sensitisation.

Statistical analysis

SPSS 15.0 (SPSS Inc, Chicago, IL, USA) was used to analyse the
data using t-tests to compare means and Chi-squared tests to
compare proportions. NQ score, FeNO levels and ACQ scores
were assessed by nonparametric methods because of their non-
normal distributions. Total IgE levels were log-transformed
before analysis.

RESULTS

A total of 206 children and their parents were included in the
survey. None of the approached parents and children declined
participation. Characteristics of the 206 patients are presented
in table 2. Most patients had well-controlled asthma with
normal lung function, as reported previously in studies from
our clinic [22, 23], and in studies from similar settings.

Prevalence of dysfunctional breathing

The response to the individual items in the NQ is presented in
table 3. The frequency distribution of total NQ scores is presented
in figure 1. Of the 206 patients, 11 (5.3%) had NQ scores >23,
indicating dysfunctional breathing, and 18 (8.7%) had NQ scores
of 18-23 (possible dysfunctional breathing). Females were more
likely to have dysfunctional breathing (NQ score >23, eight
(12.9%) out of 62) than males (three (2.1%) out of 144; p=0.002).
There was no significant difference in age between children with
NQ scores >23 (mean+sD 11.7+4.7 years) and those with NQ
scores <23 (10.4 +3.7 years; p=0.321) The ages of the 11 children

1y :18 8 Demographic and clinical characteristics of the
206 study participants

Female 62 (30.1)
Age years 10.4+3.7
BMI kg-m™2 17.2+3.1
Asthma maintenance therapy 195 (94.7)
ICS* <250 pg-day™ 143
ICS 251-500 pg-day™ 44

ICS >500 pg-day™ 1
Combination therapy ICS+LABA 51
FVC % pred 101.3+12.0
FEV1 % pred 100.3+14.7
FeNO ppb 12.5 (0-24)
Sensitised to one or more aeroallergens 106 (51.5)

Data are presented as n (%), mean+sb, n or median (range). BMI: body mass
index; ICS: inhaled corticosteroids; LABA: long-acting B-agonist; FVC: forced
vital capacity; % pred: % predicted; FEV1: forced expiratory volume in 1 s;
FeNO: exhaled nitric oxide fraction. #: daily dose of fluticasone (or equivalent).

VOLUME 41 NUMBER 5 1069



ASTHMA

E.P. DE GROOT ET AL.

1= B Responses to individual items in the Nijmegen Questionnaire (NQ)

Never Seldom Sometimes Often Very often
All patients™
Chest pain 125 38 34 2
Feeling tense 78 54 47 16 8
Blurred vision 136 30 25 1
Dizziness 122 31 32 9 2
Confusion or loss of touch with reality 173 9 17 0 0
Fast or deep breathing 45 57 68 27 &
Shortness of breath 108 46 a 5 1
Tightness across chest 74 56 57 9 1
Bloated sensation in stomach 119 40 30 7 2
Tingling in fingers and hands 155 27 15 0
Difficulty in breathing or taking a deep breath 70 42 71 5} 1
Stiffness or cramps in fingers or hands 183 12 4 0
Tightness around the mouth 191 7 1 0
Cold hands or feet 114 28 35 15 7
Palpitations in the chest 111 46 31 8
Anxiety 137 30 23 4 3
NQ >23'
Chest pain 3 2 4 1 1
Feeling tense 0 0 6 3 2
Blurred vision 2 3 3 2 1
Dizziness 1 1 5 2 2
Confusion or loss of touch with reality 3 2 6 0 0
Fast or deep breathing 0 1 4 4 2
Shortness of breath 1 4 5 1 0
Tightness across chest 2 1 4 4 0
Bloated sensation in stomach 3 0 3 3 1
Tingling in fingers and hands 3 3 2 3 0
Difficulty in breathing or taking a deep breath 0 0 6 5 0
Stiffness or cramps in fingers or hands (5} 4 1 1 0
Tightness around the mouth 8 3 0 0 0
Cold hands or feet 0 0 3 3 5
Palpitations in the chest 1 1 4 2 3
Anxiety 2 1 4 2 2

Data are presented as n. #: n=206; : n=11.

with high NQ scores indicating dysfunctional breathing ranged
from 5 to 18 years (mean 11.7 years).

Impact on asthma control

Completed ACQ questionnaires were obtained in 203 (98.5%)
children. Overall, asthma was well controlled in the study
population, with 128 (63.1%) children having an ACQ score
<1.0, indicating fully controlled asthma. The relationship
between NQ scores and ACQ scores is presented in figure 2.
There was a dose—dependent relationship between increasing
NQ scores (increased risk of dysfunctional breathing) and
poorer asthma control, despite the limited variability in ACQ
scores. Poor asthma control (ACQ >1) was significantly more
common in patients with NQ scores >23 (10 (90.9%) out of 11
children) than in children with an NQ score <23 (65 (32.3%)
out of 192; OR 19.3, 95% CI 3.14-430.70; p<<0.0001). The median
ACQ in children with an NQ score >23 was higher (median
(range) 2.00 (1.50-3.17)) than in children with an NQ score <23
(0.50 (0.17-1.17); p<<0.001) (fig. 1).
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Relationship of NQ scores to pulmonary function, FeNO
levels and aeroallergen sensitisation

There were no significant differences in sex, pulmonary
function, FeNO and sensitisation to aero-allergens between
patients with low, intermediate and high NQ scores (table 4).

DISCUSSION

In this large sample of paediatric outpatients with chronic
persistent asthma, 5% of patients had symptoms suggestive of
dysfunctional breathing on the NQ. This prevalence of
dysfunctional breathing in children with asthma is much
lower than that reported in adults in previous similar surveys
(29%) [14]. Despite the low prevalence of dysfunctional
breathing in children and adolescents with asthma, our survey
did show a significant and clinically relevant negative
association between dysfunctional breathing and asthma
control (fig. 2). This suggests, therefore, that screening for
dysfunctional breathing as a significant comorbidity may be
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FIGURE 1. Frequency distribution of Nijmegen Questionnaire total scores.

justified in children and adolescents with asthma, in particular
when asthma is poorly controlled [24, 25].

To our knowledge this is the first study examining the
prevalence of dysfunctional breathing in children and adoles-
cents with asthma. In adults, dysfunctional breathing has been
studied more extensively. In general population samples of
adults, prevalence rates of dysfunctional breathing of 6-10%
have been reported [26, 27]. In a UK primary care practice, in a
random sample of 300 adults with asthma, 29% had scores
>23 on the NQ [13]. In agreement with our study, dysfunc-
tional breathing was more common in females than in males.
In contrast to the previous studies in adults, which were
conducted in general practice, our population was recruited in
a specialised hospital-based paediatric asthma clinic, in which
patients can only be seen after referral by their primary care
practitioner. It is likely, therefore, that the population of
children and adolescents recruited for this study represents a
more severe or difficult-to-control group of asthmatic patients
than the groups of patients in previous studies in adults who
were recruited from primary care practices. Even in this group
of children and adolescents with relatively severe or difficult to
treat asthma, dysfunctional breathing was rare. Together with
the rarity of published data on dysfunctional breathing in
children, this observation strongly suggests that dysfunctional
breathing is rarer in children than in adults with asthma.

Despite its relatively low prevalence, however, there was a
strong and dose-dependent association between dysfunctional
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FIGURE 2. Asthma Control Questionnaire (ACQ) score for the different groups
of Nijmegen Questionnaire Score. <18: no dysfunctional breathing; 18-23:
possible dysfunctional breathing; >23: dysfunctional breathing. *: p<0.0001;
¥ p=0.056.

breathing and asthma control in our study (fig. 2). Due to the
cross-sectional nature of our study, it is impossible to draw
firm conclusions as to the causal nature of this association.
There is overlap between symptoms of dysfunctional breathing
(table 1) and those of asthma, with symptoms such as
shortness of breath, chest tightness, impossibility of deep
breathing and rapid breathing. It could, therefore, be argued
that increased NQ scores are merely a marker of more severe
or more poorly controlled asthma. The symptoms of fast or
deep breathing, difficulty in breathing or taking a deep breath,
and tightness across chest were indeed frequently reported by
patients with NQ scores >23, but shortness of breath was not
(table 3). Because physiotherapy for dysfunctional breathing in
adult asthmatics not only reduces dysfunctional breathing
symptoms but also improves their asthma, identifying and
treating dysfunctional breathing in adults is clinically worth-
while. Our results, showing an association of dysfunctional
breathing to poor asthma control in children, suggest that
identifying and treating dysfunctional breathing in asthmatic
children is worth pursuing as well.

Treatment of dysfunctional breathing is directed at relaxation
and re-institution of normal breathing pattern, by means of
breathing retraining techniques under supervision of a
physiotherapist [2, 28]. In adult asthmatics, such treatment

17:\:1E 578 Relationship of Nijmegen Questionnaire (NQ) scores to sex, pulmonary function and aero-allergen sensitisation

NQ >23 NQ 18-23 NQ <18 p-value
Female/male 8/3 11/7 130/47 0.003
FEV1 % pred 102.8+11.6 99.18+12.3 100.3+£15.17 0.825
FeNo ppb 14.0 (2.3-24.8) 13 (6.8-51.3) 12.0 (0-23.8) 0.312
Aero-allergen sensitisation 3/11 9/18 94/177 0.251

Data are presented as n, mean +sb or median (range), unless otherwise stated. FEV1: forced expiratory volume in 1's; % pred: % predicted; FeNO: exhaled nitric oxide

fraction.
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with brief physiotherapy intervention improves symptoms of
dysfunctional breathing, reduces impairment by breathing
problems in daily life and, when exercising, increases both
generic and disease-specific quality of life, and reduces the
number of emergency visits for asthma [2, 28]. These
improvements were maintained in many patients 6 months
after the intervention [2]. No such studies have been
performed in children and adolescents. Our clinical experience
suggests that breathing retraining in paediatric patients with
asthma and symptoms of dysfunctional breathing is beneficial
in reducing complaints [3].

The primary strength of our study is that it is the first to
examine the presence of dysfunctional breathing in children
with asthma, and its association with asthma control. Similar to
earlier studies on dysfunctional breathing, the main limitation
of our study is the lack of a gold standard for dysfunctional
breathing. In adults, the NQ has been used as a screening tool
for dysfunctional breathing, although it was originally devel-
oped as a questionnaire for hyperventilation, which, although
part of the dysfunctional breathing spectrum, is not identical to
dysfunctional breathing [3]. The NQ has not been validated in
children. Clinical descriptions of dysfunctional breathing in
children have reported symptoms such as deep sighing or
excessive yawning that are not captured in the NQ [29]. In
addition, the NQ has only been developed as a screening tool
for the diagnosis of hyperventilation, not as an instrument to
assess the severity of dysfunctional breathing symptoms [30].
When asthma is not well controlled, especially in exercise, and
the asthma treatment is optimised without improvement of
asthma symptoms, dysfunctional breathing should be consid-
ered as a comorbidity. Awaiting further validation, the NQ
may be used for such screening purposes. Exercise-induced
shortness of breath without wheeze appears to be the most
common presenting symptom of dysfunctional breathing in
children [3, 8, 9]. Visual inspection of breathing pattern during
exercise by paediatric physical therapists may also help in
recognising dysfunctional breathing [3].

Further studies are therefore needed to develop and validate a
screening instrument for dysfunctional breathing and its severity
in children and adolescents, in particular for those with asthma.

In conclusion, dysfunctional breathing appears to be rare in
children and adolescents referred to a hospital-based paedia-
tric asthma clinic for severe or difficult-to-control asthma, with
only 5% of patients reporting an NQ score >23. However, the
strong and dose-dependent association between dysfunctional
breathing and asthma control suggests that dysfunctional
breathing may be a clinically relevant comorbidity in paedia-
tric asthma, and that identifying and treating dysfunctional
breathing in children and adolescents with asthma may be
worthwhile. For this purpose, a valid screening instrument for
dysfunctional breathing in children is urgently needed.
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