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Factors Associated with Dysfunctional Breathing in
Patients with Difficult to Treat Asthma
Eve Denton, MBBS(Hons), MPH, FRACPa,b, Janet Bondarenko, B Physioc, TunnRen Tay, MBBS, MRCPa,
Joy Lee, BHB, MBChB, FRACPa, Naghmeh Radhakrishna, MBBS, FRACPa, Fiona Hore-Lacy, BNutSci(Hons)a,
Catherine Martin, PhDb, Ryan Hoy, MBBS, FRACPa,b, Robyn O’Hehir, FAHMS, PhD, FRACPa,d,
Eli Dabscheck, MBBS, FRACPa, and Mark Hew, MBBS, PhD, FRACPa,b Melbourne, Victoria, Australia

What is already known about this topic? Dysfunctional breathing is an important treatable trait in difﬁcult asthma. Little
is known about why it arises, whom it afﬂicts, and who should be assessed.
What does the article add to our knowledge? This study found that dysfunctional breathing is present in almost 50% of
patients with difﬁcult asthma, and associated with poorer asthma status and control. Anxiety, depression, and sinonasal
scores were independent risk factors for dysfunctional breathing.
How does the study impact current management guidelines? This study builds a proﬁle of dysfunctional breathers in
difﬁcult asthma and highlights an important interaction between comorbid treatable traits.
BACKGROUND: Understanding of dysfunctional breathing in
patients with difﬁcult asthma who remain symptomatic despite
maximal inhaler therapy is limited.
OBJECTIVE: We characterized the pattern of dysfunctional
breathing in patients with difﬁcult asthma and identiﬁed
possible contributory factors.
METHODS: Dysfunctional breathing was identiﬁed in patients
with difﬁcult asthma using the Nijmegen Questionnaire (score
>23). Demographic characteristics, asthma variables, and
comorbidities were assessed. Multivariate logistic regression was
performed for dysfunctional breathing, adjusted for age, sex,
body mass index, and airﬂow obstruction.
RESULTS: Of 157 patients with difﬁcult asthma, 73 (47%) had
dysfunctional breathing. Compared with patients without
dysfunctional breathing, those with dysfunctional breathing
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experienced poorer asthma status (symptom control, quality of
life, and exacerbation rates) and greater unemployment. In
addition, more frequently they had elevated sino-nasal outcome
test scores, anxiety, depression, sleep apnea, and gastroesophageal reﬂux. On multivariate analysis, anxiety (odds ratio [OR],
3.26; 95% CI, 1.18-9.01; P [ .02), depression (OR, 2.8; 95%
CI, 1.14-6.9; P [ .03), and 22-item sino-nasal outcome test
score (OR, 1.03; 95% CI, 1.003-1.05; P [ .03) were independent risk factors for dysfunctional breathing.
CONCLUSIONS: Dysfunctional breathing is common in
difﬁcult asthma and associated with worse asthma status and
unemployment. The independent association with psychological
disorders and nasal obstruction highlight an important
interaction between comorbid treatable traits in difﬁcult
asthma. Ó 2018 The Authors. Published by Elsevier Inc. on
behalf of the American Academy of Allergy, Asthma &
Immunology. This is an open access article under the CC BYNC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/). (J Allergy Clin Immunol Pract 2019;7:1471-6)
Key words: Asthma; Difﬁcult asthma; Severe asthma; Treatable
trait; Dysfunctional breathing; Breathing pattern disorder;
Depression; Anxiety; Chronic rhinosinusitis

INTRODUCTION
A subgroup of patients with asthma has difﬁcult asthma, with
uncontrolled disease despite maximal inhaled therapy. These
patients experience signiﬁcant morbidity, consume substantial
health care resources, and present an ongoing clinical challenge.1
Poor asthma control is manifested by residual symptom
burden following treatment, but does not always correspond to
the severity of airﬂow obstruction. One cause of disproportionate
breathlessness in asthma is dysfunctional breathing, which is
increasingly recognized but remains poorly understood.2,3 In
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Abbreviations used
HADS A and D- Hospital Anxiety and Depression Scale
OR- Odds ratio
QOL- Quality of life
VCD- Vocal cord dysfunction

dysfunctional breathing, a disruption to the normal biomechanical pattern of breathing results in respiratory and nonrespiratory symptoms.4 There are thought to be multiple
different abnormal breathing patterns that fall under the umbrella of dysfunctional breathing including the most welldescribed, hyperventilation, but other forms include deep sighing, thoracic-dominant breathing, mouth breathing, accessory
muscle use at rest, and thoraco-abdominal asynchrony. All are
inefﬁcient methods of breathing that can result in symptoms.5
Furthermore, these patterns of dysfunctional breathing have
been shown to commonly overlap within the same patient.6 The
presence of dysfunctional breathing can cause symptoms in patients with asthma who are unresponsive to escalation of asthma
therapies but responsive to breathing retraining.6
The Nijmegen Questionnaire incorporates questions that
cover 4 domains including symptoms related to the respiratory
system, the peripheral and central neurovascular systems, and
anxiety.7-11 The questionnaire is able to distinguish adults with
hyperventilation from healthy controls,7,12 and also remains the
only validated tool to detect hyperventilation in the presence of
asthma.13
We have previously reported the substantial presence of
dysfunctional breathing in patients with difﬁcult asthma.14
Dysfunctional breathing occurring at this end of the asthma
spectrum may well exert the greatest clinical impact, but also
yield the maximum therapeutic potential.
In this study, we therefore aimed to characterize the presence
of dysfunctional breathing in a cohort with difﬁcult asthma and
to identify risk factors that may contribute to its development.
We assessed patient demographic characteristics, asthma variables, and other comorbid treatable traits.

METHODS
Study design
We included consecutive adult patients who underwent systematic
assessment for difﬁcult asthma at our institution between June 1,
2014, and December 31, 2017, as previously described.15 Patients
were referred to our difﬁcult asthma program from specialist respiratory and allergy physicians with at least 1 of the following: severe or
frequent asthma exacerbations despite treatment, inadequate control
of asthma symptoms, unclear diagnosis, severe airﬂow obstruction,
and/or complex management issues. These patients underwent a
structured evaluation process comprising a standardized history, examination, adherence monitoring (via electronic monitoring device
where possible),16 and a structured investigation process with the
option for speciﬁc investigations and interventions based on clinical
need. All patients evaluated via the program completed asthma and
comorbidity questionnaires at baseline as well as lung function, skin
prick testing, and other investigations as clinically indicated. Asthma
diagnosis was based on the demonstration of variable airﬂow
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obstruction via bronchodilator response, peak ﬂow variability, and/or
bronchoprovocation testing in the presence of a consistent clinical
history. Asthma control was assessed via the 6-item Asthma Control
Questionnaire, a validated questionnaire in asthma.17-19 Quality of
life (QOL) was assessed via the Asthma Quality of Life Questionnaire.20-23
Ethics approval for this analysis was obtained from the Alfred
Hospital Human Research Ethics Committee (approval reference
no. 285/15) and requirement for speciﬁc informed consent was
waived.
Patients were diagnosed with dysfunctional breathing if they had
a positive Nijmegen Questionnaire deﬁned by a score greater than
23 and accompanied by compatible clinical symptoms including
excessive dyspnea.7,12 As with any questionnaire, the Nijmegen score
has limitations including a variation in cutoff scores used for
detecting the presence of dysfunctional breathing in different studies;
for this reason, a sensitivity analysis was performed using the Nijmegen score as a continuous rather than dichotomous variable.
With regard to other comorbidities, psychiatric history was
assessed by a history of clinical diagnosis and the Hospital Anxiety
and Depression Scale (HADS A and HADS D), a questionnaire that
has been validated to detect the presence of current anxiety and
depression in an outpatient population.24 A HADS A score of more
than 11 signiﬁes the presence of anxiety and a HADS D score of
more than 8 signiﬁes the presence of depression.24 Atopy was
deﬁned by the presence of allergen speciﬁc IgE by a positive skin
prick test result and/or positive serological testing to common aeroallergens. Allergic rhinitis diagnosis was based on clinical allergist
diagnosis in the presence of atopy, and the level of symptom control
was based on the Rhinitis Control Assessment Test, a validated
questionnaire that assesses rhinitis-speciﬁc symptoms.25 Chronic
rhinosinusitis diagnosis was based on clinical symptoms with a
positive computed tomography sinuses or compatible ear, nose, and
throat specialist examination. Control of chronic rhinosinusitis
symptoms was assessed using the validated sino-nasal outcome test
score.26 Obstructive sleep apnea was diagnosed on polysomnography. Gastroesophageal reﬂux diagnosis was based on
compatible clinical symptoms plus an elevated Gastroesophageal
Reﬂux Disease Questionnaire score of more than 2 or known history
of gastroesophageal reﬂux disease on acid suppression medication.
Vocal cord dysfunction (VCD) was diagnosed clinically by a
specialist in VCD (ear, nose, and throat surgeon, speech pathologist,
or respiratory physician) and supported by the Pittsburgh Index and
the Vocal Cord Dysfunction Questionnaire. A subgroup of patients
had the diagnosis conﬁrmed by visualization of paroxysmal vocal
fold motion on laryngoscopy.

Statistical methods
Nijmegen score was categorized, with a cutoff of more than 23
signifying the presence of dysfunctional breathing according to
previously published data.7,27 Univariate and multivariate analyses
were undertaken using logistic regression. Selected variables with
P values of less than .1 were included in the logistic regression model
to determine factors independently associated with dysfunctional
breathing. In addition, a decision was made a priori to include sex,
age, FEV1 %predicted, and body mass index in the model regardless
of P values on univariate analyses. Data were analyzed with SPSS
Version 24 (IBM, Armonk, NY).
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dysfunctional breathing also had worse asthma control (ACQ 6
2.8 vs 2.1; P ¼ .001). Asthma-related QOL, measured by the
Asthma Quality of Life Questionnaire, was worse in those with
dysfunctional breathing (3.8 vs 4.6; P < .001).

FIGURE 1. Distribution of Nijmegen questionnaire scores among
patients with difficult asthma. The interrupted line indicates the
cutoff score for dysfunctional breathing diagnosis

RESULTS
Patient characteristics
A total of 163 consecutive patients with difﬁcult asthma underwent systematic assessment, of whom 157 completed Nijmegen questionnaires and were included for analysis, and the
spread of Nijmegen scores is shown in Figure 1.
Among 157 included patients, the prevalence of dysfunctional
breathing was 47% (73 of 157). The distribution of Nijmegen
questionnaire scores showed a biphasic elevation, with peaks at
10 and 24 in what otherwise approximated a normal distribution. Baseline characteristics of the cohort are presented in
Table I, stratiﬁed by the presence or absence of dysfunctional
breathing. One hundred two were female (65%). Female patients
had signiﬁcantly higher mean Nijmegen questionnaire scores (24
vs 20; P ¼ .04). Mean age was 52 14 years (n ¼ 157) and
signiﬁcantly different between the sexes: females 49  14 years
and males 56  13 years (P ¼ .005). There was no difference in
mean age between those with and without dysfunctional
breathing (P ¼ .7). Only 52% of the cohort was employed and
those with dysfunctional breathing were signiﬁcantly less likely to
be employed (44% vs 61%; P ¼ .04).
Lung function and phenotype
There was no difference in FEV1% predicted, total serum IgE,
blood eosinophils, or fractional exhaled nitric oxide in those with
and without dysfunctional breathing (Table I). Patients with the
most severe degree of airﬂow obstruction (FEV1 %predicted
<40%) had similar Nijmegen scores to those with less severe
airﬂow obstruction (mean, 22.3 vs 22.5; P ¼ .95).
Asthma control and QOL
As expected, baseline asthma control overall was poor, with
mean number of severe exacerbations in the 6 months before review of 2.6  2.1 and 6-item Asthma Control Questionnaire score
of 2.4  1.3 (Table I). Those with dysfunctional breathing had a
signiﬁcantly higher number of exacerbations in the 6 months
before review (3 vs 2.5; P ¼ .037) and a nonsigniﬁcant increase in
reliever use in puffs per week (38 vs 27; P ¼ .17). Those with

Comorbidity diagnosis and control
Body mass index was elevated at baseline but did not differ
signiﬁcantly between those with and without elevated Nijmegen
questionnaire scores (P ¼ .5). Psychiatric comorbidity was
frequent in the cohort, with 25% of patients having anxiety and
29% depression. Those with positive Nijmegen questionnaire
scores had a signiﬁcantly higher prevalence of comorbid anxiety
(41% vs 11%; P < .001) and depression (44% vs 18%;
P ¼ .001). Similarly, there were higher HADS scores in those
with positive Nijmegen questionnaire scores, HADS A (10 vs
5.3; P < .001) and HADS D (7.6 vs 3.6; P < .001) scores.
Allergic rhinitis and chronic rhinosinusitis were not more
frequent in those with dysfunctional breathing (Table I). However, symptom control scores were signiﬁcantly worse with
allergic rhinitis control, measured by Rhinitis Control Assessment Test (19 vs 22; n ¼ 151; P ¼ .009) and sinonasal
symptom scores, measured by the 22-item sino-nasal outcome
test (47 vs 32; n ¼ 155; P < .001; minimum clinically important
difference, 9). Obstructive sleep apnea (41% vs 24%; n ¼ 157;
P ¼ .02) and gastroesophageal reﬂux disease (59% vs 35%;
n ¼ 157; P ¼ .002) were signiﬁcantly more frequent in those
with dysfunctional breathing. VCD was not found more
frequently in dysfunctional breathing (Table I).
Multivariate analysis
On multiple logistic regression, sinonasal symptoms (22-item
sino-nasal outcome test, odds ratio [OR], 1.03; 95% CI, 1.0031.05; P ¼ .03), anxiety (OR, 3.26; 95% CI, 1.18-9.01; P ¼ .02),
and depression (OR, 2.8; 95% CI, 1.14-6.9; P ¼ .03) were all
independent risk factors for dysfunctional breathing (Table II).
Results were similar when analysis was performed using Nijmegen questionnaire score as a continuous rather than as a
dichotomous variable (data not shown).
DISCUSSION
Given the extremely high prevalence of dysfunctional
breathing in this cohort with difﬁcult asthma—of almost 50%—
there is a profound need to enhance detection and treatment of
dysfunctional breathing. In this study, patients with dysfunctional breathing had poorer asthma status and unemployment,
which are key patient outcomes. Dysfunctional breathing was
also independently predicted by anxiety, depression, and uncontrolled sinonasal disease, suggesting an important interaction
between multiple comorbid treatable traits (Figure 2). These
ﬁndings offer potential mechanistic insights and novel treatment
avenues for dysfunctional breathing.
Breathlessness is common in patients with difﬁcult asthma,
and this breathlessness may sometimes be disproportionate to the
degree of airway pathology.4 Dysfunctional breathing is a common but underrecognized cause of excessive breathlessness in this
population, and is important to identify due to the potential for
treatment.28 Breathing retraining in those with mild to moderate
asthma improves QOL and symptoms,29 and recent data from
our group suggest similar beneﬁts in more severe asthma.6 It is
possible that all patients with difﬁcult asthma may derive beneﬁt
from breathing retraining regardless of Nijmegen questionnaire
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TABLE I. Baseline characteristics of patients with difficult asthma (n ¼ 157), comparing those with (Nijmegen questionnaire score >23)
and without dysfunctional breathing
Characteristic

Demographic
Age (y), mean  SD
Female sex, n (%)
Employed, n (%)
Smoker, n (%)
Never
Ex
Current
Asthma variables, mean  SD
Asthma duration (y)
FEV1 (% predicted)
Blood eosinophils (109/L)
FENO (ppb), n ¼ 132
Serum total IgE (kU/L)
Exacerbations in previous 6 mo
Reliever use (puffs per week)
Six-item Asthma Control Questionnaire
Asthma Quality of Life Questionnaire
Comorbidities
Obesity, n (%)
BMI (kg/m2), mean  SD
Chronic rhinosinusitis, n (%)
SNOT-22 score, mean  SD
Allergic rhinitis, n (%)
RCAT, mean  SD
Anxiety—clinical diagnosis, n (%)
Anxiety HADS A score > 11, n (%)
Depression—clinical diagnosis, n (%)
Depression HADS D score > 8, n (%)
VCD—clinical diagnosis, n (%)
VCD on laryngoscopy, n (%)
Gastro-oesophageal reﬂux, n (%)
Obstructive sleep apnea, n (%)

Difficult asthma
(n [ 157)

No dysfunctional
breathing (n [ 84)

With dysfunctional
breathing (n [ 73)

P value

52  14
102 (65)
82 (52)

52  16
51 (61)
51 of 84 (61)

51  12
51 (70)
31 of 70 (44)

.7
.23
.04

88 (56)
61 (39)
7 (4.5)

52 of 84 (62)
27 of 84 (32)
4 of 84 (5)

36 of 73 (49)
34 of 73 (47)
3 of 73 (4)

.25











.52
.6
.32
.46
.84
.04
.17
.001
<.001

30.4
67
0.34
33
515
2.6
32
2.4
4.2











19
22.2
0.36
28
1010
2.1
49
1.3
1.3

82 (52)
31.4  8.3
63 of 157 (40)
39  21
82 of 157 (52)
21  5.1
39 of 130 (30)
38 of 154 (25)
44 of 130 (34)
46 of 155 (30)
58 of 157 (37)
25 of 157 (16)
72 of 157 (46)
50 of 157 (32)

31
67.6
0.33
31
500
2.3
27
2.1
4.6











17
22
0.36
25
1034
1.9
41
1.2
1.2

29
65.7
0.46
34
532
3
38
2.8
3.8

41 of 84 (49)
30.9  8.9
36 of 84 (43)
32  19
45 of 84 (54)
22  4.8
14 of 69 (20)
9 of 83 (11)
17 of 69 (25)
15 of 84 (18)
27 of 84 (32)
13 of 84 (16)
29 of 84 (35)
20 of 84 (24)

41 of
31.9
27 of
47
37 of
19
25 of
29 of
27 of
31 of
31 of
12 of
43 of
30 of

20
22
1.1
30
988
2.3
57
1.3
1.2

73 (56)
 7.6
73 (37)
 20
73 (51)
 5.3
61 (41)
71 (41)
61 (44)
71 (44)
73 (43)
73 (16)
73 (59)
73 (41)

.36
.5
.45
<.001
.7
.009
.01
<.001
.02
<.001
.18
.87
.002
.02

BMI, Body mass index; FENO, fractional exhaled nitric oxide; ppb, parts per billion; RCAT, Rhinitis Control Assessment Test; SNOT-22, 22-item sino-nasal outcome test.
Bold indicates statistical signiﬁcance (P < .05).

score. However, in resource-limited environments, review of all
patients by a specialist physiotherapist is not feasible and a
method of identifying patients who may beneﬁt most is
important.
The ﬁrst key ﬁnding in this study was that psychiatric disease
is independently associated with dysfunctional breathing among
patients with difﬁcult asthma. This association has long been
suspected even though previous evidence has been scarce.30-33
After adjusting for multiple variables, patients with difﬁcult
asthma with dysfunctional breathing were 3.3 times more likely
to have anxiety and 2.8 times more likely to have depression than
those without dysfunctional breathing. These are important
ﬁndings, not least because these conditions are potentially
treatable. Other data from our center have revealed that
breathing retraining improves Nijmegen questionnaire scores but
has no effect on HADS scores. This suggests that psychiatric
disease should be speciﬁcally addressed alongside breathing
retraining in those with both conditions.6

The second key ﬁnding on multivariate analysis was that patients with difﬁcult asthma with dysfunctional breathing were
more likely to have elevated sinonasal scores. This association is
biologically plausible, as uncontrolled nasal congestion could be
leading to mouth breathing, itself a form of dysfunctional
breathing.30,34 Therefore, assiduous attention to treating sinonasal
comorbidities may well be important to reduce dysfunctional
breathing symptoms. Indeed, a previous longitudinal report from
our center found that improvements in both sinonasal scores and
Nijmegen questionnaire scores could be achieved through active
targeting of comorbidities in difﬁcult asthma.3
Comorbidities in difﬁcult asthma are considered to be an
important bundle of treatable traits, each of which may impact
asthma control.3,35 The data from this study support the hypothesis that interactions may also occur between these comorbid
treatable traits.3 It is possible that clusters of such comorbidities
may exert a combined effect on asthma outcomes, and this area
requires further study.
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TABLE II. Multivariate analysis for dysfunctional breathing
Variable

Male sex
Age
FEV1 (% predicted)
Body mass index
Exacerbations in previous 6 mo
Six-Item Asthma Control Questionnaire
Asthma Quality of Life Questionnaire
Anxiety score on Hospital
Anxiety and Depression Scale
Depression score on Hospital
Anxiety and Depression Scale
22-Item sino-nasal outcome test
Obstructive sleep apnea
Gastroesophageal reﬂux disease

OR

95% CI

P value

0.85
0.98
0.98
1.003
1.1
1.05
0.96
3.26

0.35-2.07
0.95-1.01
0.96-1.01
0.95-1.06
0.9-1.35
0.63-1.78
0.55-1.67
1.18-9.01

.71
.17
.14
.91
.34
.84
.87
.02*

2.8

1.14-6.9

.03*

1.03
1.78
1.96

1.003-1.05
0.69-4.58
0.82-4.69

.03*
.24
.13

*P < .05.

FIGURE 2. A proposed paradigm of associations and consequences of dysfunctional breathing in difficult asthma

On univariate analysis, patients with dysfunctional breathing
in our cohort experienced signiﬁcantly more asthma exacerbations requiring oral corticosteroids. They also had worse asthma
control and QOL. The difference between Asthma Quality of
Life Questionnaire scores in those with positive Nijmegen
questionnaire score compared with negative Nijmegen questionnaire score was statistically and clinically signiﬁcant (0.93;
minimal clinically important difference, 0.5). Thus, the potential
beneﬁt of identifying and treating dysfunctional breathers among
patients with difﬁcult asthma may be substantial.
In this cohort, no association was found between lung function impairment and elevated Nijmegen questionnaire scores.
We speciﬁcally examined the subset of patients with the most
severe airways obstruction, who might be postulated to have a
higher likelihood of breathlessness due to organic disease.
However, their Nijmegen questionnaire scores were no different
from the scores of those without severe airways obstruction.
Similarly, inﬂammatory biomarker levels such as total serum IgE,
atopic status, and serum eosinophils were unrelated to Nijmegen
questionnaire scores. These results highlight the need to investigate for dysfunctional breathing in all patients with difﬁcult
asthma regardless of lung function impairment or inﬂammatory
phenotype.
We found that those with dysfunctional breathing were
signiﬁcantly less likely on univariate analysis to be employed,
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an important ﬁnding given the relatively young population
and the economic implications. Similar to previous data, we
found an association between younger age and the presence of
dysfunctional breathing. Unlike other studies we found no
correlation between the presence of dysfunctional breathing
and sex.36
There was no statistically signiﬁcant association found between the presence of dysfunctional breathing and VCD. It is
possible that this association was underestimated because of our
strict diagnostic criteria for VCD requiring patients to have either
undergone laryngoscopy or been diagnosed by a specialist in this
area. However, not all patients underwent laryngoscopy or were
reviewed by VCD specialists.
We used the presence of an elevated Nijmegen questionnaire
score to indicate the presence of dysfunctional breathing.
Although the Nijmegen questionnaire score has limited utility as
a diagnostic tool, it remains the only validated method of diagnosing dysfunctional breathing in patients with asthma. In the
absence of a criterion standard diagnosis, this is the most widely
used and practical diagnostic tool. Although data were collected
prospectively, the analysis was performed retrospectively and this
could lead to information bias. This was an uncontrolled study
and suffers from the lack of an appropriately matched control
group.
In conclusion, dysfunctional breathing affects almost half the
patients with difﬁcult asthma. It is independently associated with
anxiety, depression, and poorer upper airway scores, highlighting
an interaction between comorbid treatable traits. These data
highlight the importance of addressing dysfunctional breathing
in difﬁcult asthma, and may offer enhanced diagnostic and
treatment strategies.
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