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Abstract

Objective: Dysfunctional breathing (DB) refers to abnormal patterns of breathing. No gold
standard exists for diagnosis. In clinical practice we regularly see children with functional breathing
problems. We collected data from this patient group to gain more insight into the characteristics
of children with dysfunctional breathing.

Methods: We composed a retrospective, cross-sectional study. The population consisted of
children referred to a physiotherapist by a pediatrician due to suspected dysfunctional breathing.
Data from 2013-2015 were collected from patient files, selected according to patterns and onset
of symptoms, concomitant asthma, Nijmegen questionnaire (NQ) score, maximum exercise
capacity and breathing pattern.

Results: A total of 201 patients were included in the study, 66% of whom were female. The
mean age was 13.9 years; 26% of the children were overweight. The most frequently reported
symptoms were breathlessness, chest pain/tightness and dizziness. Fifty-two percent had a
NQ score 223, mainly female. Twenty-eight percent of the children scored < p5 for their age on
maximum exercise capacity; this proportion was substantially higher among males. Of the total
population, 78% scored < p50 for their age. Subgroups with a higher body mass index (BMI)
showed lower maximum exercise capacity. Children presenting with pulmonary symptoms were
primarily misdiagnosed with asthma.

Conclusion: Dysfunctional breathing is a common cause of respiratory complaints. Most
children with dysfunctional breathing have a high BMI and are in poor physical condition, which
suggests a clinically relevant comorbidity and possible options for therapy. Children are often
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falsely diagnosed with asthma; better recognition will decrease unnecessary medication use.

Introduction

Dysfunctional breathing (DB) describes a group of
abnormal breathing patterns. The definition of DB is unclear
and no gold standard exists for diagnosis. Symptoms include
hyperventilation, breathlessness, chest tightness and chest
pain, but also anxiety, light-headedness and fatigue. Besides
these symptoms, patients may also exhibit unsteadiness,
exercise intolerance, frequent sighing and predominantly
non-diaphragmatic respiratory efforts [1,2]. DB may result in
either intermittent or chronic complaints. DB often remains
undetected or may be falsely diagnosed as asthma, and may
therefore be responsible for a serious burden of morbidity
and unnecessary medication use.

Boulding, et al. recently proposed a classification of
dysfunctional breathing patterns in adults, including
hyperventilation syndrome, periodic deep sighing and thoracic
dominant breathing [2]. Differentiation can be obtained by
using the Nijmegen questionnaire (NQ) or monitoring tidal
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spirometry, but some overlap in patterns does exist. Co-
existing respiratory or cardiac disorders should be ruled out
or treated.

In recent years, we have noticed a growing number of
patients in our outpatient clinic with functional breathing
problems but no underlying cardiac or pulmonary disease. We
propose to classify these patients as dysfunctional breathers.
In aretrospective study, we collected data on patients referred
with suspected dysfunctional breathing in order to gain more
insight into the characteristics of children with dysfunctional
breathing. In the future we hope for better recognition of these
patients, to improve medical management and quality of life.

Methods

We composed a retrospective, cross-sectional study. The
population included all children referred to a specialized
pediatric physiotherapist by a pediatrician at our clinic due
to suspected dysfunctional breathing in the period 2013-
2015. Our pediatricians had noted each patient’s medical
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history and history of complaints, taken standard body
measurements and performed a physical examination. If
necessary they performed additional investigations to rule
out other pathologies.

Following referral, the physiotherapist completed the
Nijmegen questionnaire during consultation.

The Nijmegen questionnaire consists of 16 items related
to respiratory symptoms, excessive ventilation and central
nervous system symptoms. The respondent is asked to rate
the occurrence of each symptom on a scale of 0 to 4 [3]. The
maximum total score is 64. A total score of 18-23 signifies
possible symptomatic hyperventilation. A score = 23 is likely
for symptomatic hyperventilation in adults [3,4].

Breathing patterns were evaluated at rest and during
exercise, unless dysfunctional breathing was already evident
at rest. All children with asthma used bronchodilators
before starting the exercise tests. The children underwent
standardized exercise tests, namely the Bruce treadmill test
(children under the age of 13) or the bicycle test (children
aged 13 and older) [5,6]. Reference values for maximum
endurance time are available for both tests [7,8], and these
were used to determine p-values according to age. When
processing the results, we considered the two tests to be
equal. Any complaints provoked during the exercise test were
noted.

The following data were extracted from digital patient
files: demographics, history of complaints, time since onset
of symptoms, pre-existing diagnosis of asthma, asthma
medication, NQ score, maximum exercise capacity related
to age, and any complaints and/or dysfunctional breathing
provoked during the exercise test. With regard to body mass
index (BMI), standard deviation scores (SDS) were determined
according to Dutch reference values [9]. We determined each
patient’s main complaint (symptom) subjectively in order
to classify them as presenting with ‘pulmonary symptoms’,
‘cardiac symptoms’, or ‘other symptoms’.

All outcomes were performed using SPSS Statistics 24.0
(IBM, SPSS Inc., Armonk, NY). Besides basic descriptive tests,
we also used t-tests to compare means, chi-squared tests
to compare proportions and correlation tests (Pearson’s)
to determine correlations. The one-way ANOVA test and
Jonckheere-Terpstra test were used to determine correlations
between various parameters.

Results

A total of 201 patients were included in the study, 66%
of whom were female (Table 1). BMI SDS were distributed
normally (median 0.64, interquartile range 1.74) in our
population. The mean BMI SDS of the patients in the study
population was higher than the BMI of the overall population
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inthe same age category: 26% of the children in our population
were overweight (BMI SDS 1-2) and 13% were obese (BMI
SDS > 2). The symptoms recorded during consultation are
listed in table 2. The most frequently reported symptom
was breathlessness, followed by chest pain/tightness and
dizziness. Sixty percent of the children had been experiencing
symptoms for more than 6 months.

Nijmegen questionnaire

NQ scores were available for 175 patients (Table 3). The
mean NQ score was 22.8 + 9.7. More than half of the patients
had NQ scores = 23, indicating dysfunctional breathing.
Seventeen percent had NQ scores of 18-23, indicating
possible dysfunctional breathing. Mean NQ sores in females
were significantly higher than in males (p = 0.001). Mean NQ

Table 1: demographics and clinical characteristics of the children (n = 201).
Female 132 (65.7)
Sex
Male 69 (34.3)
Age (years) 13.9+23
Mean value 0.66 +1.17
BMI SDS BMI SDS 1-2 51 (26.2)
BMI SDS > 2 25(12.8)
Predominant Pulmonary 107 (53.2)
redominan Cardiac 52 (25.9)
symptoms
Other 42 (20.9)
> 3 months 35(17.9)
Durati ; 4-6 months 43 (22.1)
urafion 6-12 months 37 (19.0)
symptoms
1-2 years 33 (16.9)
> 2 years 47 (24.1)
Asthma diagnosis 53 (26.4)
Data are presented as n (%), mean + SD
BMI: Body Mass Index; SDS: Standard Deviation Score

Table 2: Symptoms reported by the children during consultation.
Reported symptoms (% children)

Breathlessness 76.6
Chest pain/tightness 51.2
Dizziness 49.8
Headache 33.8
Palpitations 25.4
Tingling 234
Tiredness 229
Hyperventilation 16.4
Coughing 16.4
Tight throat 15.9
Reduced exercise tolerance 10.0
Anxiety 9.0
Sucking 0

Table 3: NQ scores.

All children Female Male
Total 173 117 56
NQ score 228+97 24497 19.4+8.9
NQ score = 23 90 (52.0) 70 (59.8) 20 (35.7)
NQ score 18-23 30 (17.3) 17 (14.5) 13(23.2)
NQ score < 18 53 (30.6) 30 (25.6) 23 (41.1)
Data are presented as n (%), mean + SD
NQ: Nijmegen Questionnaire
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scores did not differ significantly between children with a
prior history of asthma and those without (23.9 + 9.4 vs. 22.3
+ 9.8 respectively; p = 0.35). BMI SDS and NQ score were not
significantly correlated (p = 0.08). No significant difference
was found in mean NQ score between children who presented
with ‘pulmonary’, ‘cardiac’ or ‘other’ symptoms (p = 0.32).

Maximum exercise test

A total of 191 patients underwent an exercise test (Figure
1). Ten children exhibited dysfunctional breathing at rest
and were therefore not required to perform an exercise
test. Fifty-four children (28%) demonstrated a maximum
exercise capacity < p5 for their age, and 149 children (78%)
had a score < p50 for their age. Males showed significantly
lower levels of exercise capacity than did females (p = 0.005).
Maximum exercise capacity was negatively correlated with
BMI SDS (p < 0.001), meaning that children with higher BMI
SDS demonstrated lower maximum exercise capacity.

In 154 children (80.6%), the exercise test provoked
dysfunctional breathing as well as certain other symptoms
specific to each child.

Asthma

Fifty-three children (26%) had a previous history of
asthma, diagnosed prior to the onset of dysfunctional
breathing symptoms. Most of them experienced respiratory
symptoms without positive effect of their asthma medication.
Dysfunctional breathing was regarded as a comorbidity.

Thirty-two children (16%) were using asthma medication
before referral, but the pediatric lung specialist excluded
the diagnosis of asthma. Evaluation by the specialized
physiotherapist showed dysfunctional breathing. Half of this
group were even using inhaled corticosteroids or a combination
of inhaled corticosteroid and long-acting beta-2-agonists before
referral. Misdiagnosis with asthma had occurred mainly in
children presenting with pulmonary symptoms, in particular.

Maximum exercise capacity compared to age and sex
specified normal values
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Figure 1: Maximum exercise capacity compared to normal values per age and sex.
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Discussion

In this study, we describe a group of 201 children
who presented at our clinic with symptoms suggestive of
dysfunctional breathing. We collected data to gain more
insight into the characteristics of children with dysfunctional
breathing. The most common presenting symptom was
breathlessness, followed by chest pain/tightness and
dizziness. A large proportion of the children were overweight
or obese. More than half of the patients had high NQ scores,
suggesting dysfunctional breathing. During maximum exercise
tests, we were able to provoke abnormal breathing patterns in
the majority of the children. The exercise tests also revealed
poor physical condition. Some children with dysfunctional
breathing had been misdiagnosed with asthma.

There is currently no gold standard for diagnosing
dysfunctional breathing. A common test used for diagnosis is
the Nijmegen questionnaire (NQ) [3], but this questionnaire
has not been validated for use in children. In our study, NQ
scores suggested dysfunctional breathing (score = 18) in 69%
of the children. Mean NQ sores in females were higher than in
males, although we could not find a possible explanation for
this. Previous studies in adults have indicated an overdiagnosis
of dysfunctional breathing among asthma patients when
based on the NQ compared to results from progressive
exercising tests [10,11]. In our study, NQ values did not differ
between children with asthma and those without, so it is
unlikely that overestimation of NQ values occurred. While
the literature has proposed more objective measurements of
breathing patterns during rest and exercise (such as manual
assessment of respiratory motion [12] and, more recently,
optoelectronic plethysmography [13]), these measurements
are not widely used in clinical practice, and especially not in
children. In this study, breathing patterns at rest and during
maximum exercise tests were therefore assessed by trained
physiotherapists. We found that exercise testing provoked
abnormal breathing patterns and symptoms specific to each
child (as mentioned in their histories) in 80% of the children.
We conclude that exercise tests provoking symptoms and
enabling the evaluation of abnormal breathing patterns is
a better means of diagnosing dysfunctional breathing in
children than is the NQ.

Maximum exercise testing also revealed that a substantial
number of the children were in strikingly poor physical
condition. We found no direct relationship between
dysfunctional breathing and poor physical condition in the
literature, however. Poor physical condition could perhaps
be explained by the high incidence of overweight and obesity
in our population. BMI SDS was found to be an independent
risk factor for functional exercise capacity as measured by the
six-minute walk test in children, irrespective of lung function
parameters [14]. However, the large proportion of children
who were in poor physical condition in the overall group might
suggest a direct relationship between dysfunctional breathing
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and exercise capacity. It remains unclear whether it is low
exercise capacity that leads to dysfunctional breathing or
dysfunctional breathing that leads to poor physical condition
through exercise avoidance. This finding could indicate
possible additional therapeutic targets for children with DB.

Regarding the high incidence of overweight children in our
population, we were unable to find any existing data on the
relationship between obesity and dysfunctional breathing.
In a large survey among adults, however, Sin et al. reported a
relationship between BMI and the risk of self-reported asthma,
bronchodilator use and dyspnea upon exertion, where the
highest BMI quintile (BMI > 31.0 kg/m?) demonstrated the
lowest risk of significant airflow obstruction [15]. The high
BMI group also reported lower levels of physical activity in
the previous month. The authors suggest that asthma may
be overdiagnosed in obese adults. Our study also revealed
misdiagnoses of asthma, though this was not related to BMI.
The Sin et al. survey did not include evaluation of breathing
patterns, so no data are available in that respect.

Dysfunctional breathing is more prevalent in patients
with asthma than in non-asthmatics, both in adults [4] and
in children [16]. De Groot, et al. reported a dysfunctional
breathing incidence of 5.3% in children with severe or
difficult-to-control asthma, based solely on NQ scores [17]. In
that study population, dysfunctional breathing was found to
be related to poorer asthma control. Asthmatic children were
also represented in our cohort: those were children whose
pediatricians suspected that dysfunctional breathing was
contributing to their pulmonary symptoms. Of this subgroup
(consisting of 53 children), 25 children had NQ scores >23;
however, all children demonstrated abnormal breathing
patterns during exercise tests. Although we cannot rule out the
simultaneous occurrence of asthma symptoms, no wheezing/
coughing was reported during the exercise tests and all
previously diagnosed asthmatic children used bronchodilators
before the exercise tests to minimalize negative influence of
asthmatic symptoms. Our results confirm the presence of
comorbidity for dysfunctional breathing in children with
(poorer controlled) asthma. Asthmatic children with poorer
asthma control need to be tested for dysfunctional breathing as
well, since additional treatment for DB can improve symptoms.

A striking finding is that 32 children in our cohort had been
previously misdiagnosed with asthma. Clinical evaluation of
these children did not confirm the asthma diagnosis, but
revealed respiratory complaints caused by dysfunctional
breathing. Symptoms resolved after physiotherapy training
for breathing problems, mostly in combination with physical
training activities. Asthma medication was discontinued in
this group.

Conclusion

Our retrospective study found the Nijmegen questionnaire
to be an insufficiently sensitive test for diagnosing
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dysfunctional breathing in children. More accurate diagnoses
may be obtained by having trained physiotherapists evaluate
breathing patterns during maximum exercise tests that
provoke abnormal breathing. The majority of the children
included in our study also showed limited exercise capacity
and were overweight, which suggests a clinically relevant
comorbidity and revealing additional therapeutic targets.
Children presenting with pulmonary symptoms are at
particular risk of being misdiagnosed with asthma. Maximum
exercise tests may be a helpful examination to improve
the context that doctors give children unnecessary asthma
medication.
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