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Take Home Message

Anxious, vigilant monitoring of breathing may contribute to dysfunctional breathing. We validated a
short self-reported outcome measure that allows researchers and clinicians to measure how much
individuals display such breathing-specific vigilance.
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Abstract

Dysfunctional breathing (DB) is common among people with and without primary respiratory
pathology. While anxiety can contribute to DB, the underpinning mechanism is unclear. One
explanation is that anxiety induces conscious, vigilant monitoring of breathing, disrupting
‘automatic’ breathing mechanics. We validated a new tool that quantifies such breathing-related
‘vigilance’: the Breathing Vigilance Questionnaire (Breathe-VQ).

Three-hundred-and-forty healthy adults (Mag=27.3 years, range: 18-71; 161 men) were recruited
online. We developed an initial Breathe-VQ (11 items, 1-5 Likert scale) based on the Pain Vigilance
and Awareness Scale, using feedback from the target population and clinicians. At baseline,
participants completed the Breathe-VQ, Nijmegen Questionnaire (NQ), State-Trait Anxiety Inventory
(form 2), and Movement-Specific Reinvestment Scale (assessing general conscious processing).
Eighty-three people repeated the Breathe-VQ two weeks later.

Five items were removed based on item-level analysis. The resulting six-item Breathe-VQ
guestionnaire (score range: 6-30) has excellent internal (alpha=.892) and test-retest reliability
(1CC=.810), a minimal detectable change of 6.5, and no floor/ceiling effects. Validity was evidenced
by significant positive correlations with trait anxiety and conscious processing scores (r's=.35-.46).
Participants at high-risk of having DB (NQ>23; N=76) had significantly higher Breathe-VQ score
(M=19.145.0) than low-risk peers (N=225; M=13.8+5.4; p<.001). In this ‘high-risk’ group, Breathe-VQ
and NQ-scores were significantly associated (p=.005), even when controlling for risk factors (e.g.,
trait anxiety).

The Breathe-VQ is a valid and reliable tool to measure breathing vigilance. High breathing vigilance
may contribute to DB, and could represent a therapeutic target. Further research is warranted to
test the Breathe-VQ’s prognostic value, and assess intervention effects.
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1. Introduction

Dysfunctional breathing (DB) is a breathing disorder where people demonstrate maladaptive
breathing pattern changes, such as hyperventilation [1,2], erratic breathing [2,3], reduced breath
holding ability [4], and frequent sighing [5]. People with dysfunctional breathing frequently
experience air hunger, in addition to non-breathing related symptoms (e.g., pain, dizziness; [6]), and
report reduced quality of life [3,7]. DB frequently occurs secondary to specific respiratory conditions,
such as asthma and Chronic Obstructive Pulmonary Disease (COPD; [8]), and affects many people
with ‘long COVID’ [9]. However, for around 10-20% of the general population, DB is primary [10,11],
and cannot be linked to clear pathophysiological changes [2].

Breathing exercises are a primary component of treatment of DB [1,12]. Such exercises are intended
to ‘retrain’ breathing control, enabling individuals to shift toward diaphragmatic breathing, lower
respiratory rate, and reduce upper-chest excursions while breathing [1,12]. Usually these breathing
exercises are accompanied by education on DB and relaxation techniques [13], as DB seems to be
linked to anxiety and associated changes in attention [14,15]. However, whilst some studies show
promising results [13,15], there is currently no conclusive evidence for any specific treatment of DB
[12].

One factor that complicates the treatment of DB is the lack of clarity around its aetiology.
Psychological factors, especially anxiety, may directly alter breathing control [16], and play a key role
in the onset and maintenance of DB symptoms [15,17,18]. Anxiety is suggested to lead to increased
attention to breathing [14], and to affect the perception of breathing sensations [22]*. We
hypothesise this is due to enhanced vigilant monitoring of breathing sensations, or what we would
refer to as excessive ‘breathing vigilance’ (see also [14]): the anxious monitoring of breathing
sensations with the aim of rapidly detecting changes that could signal a threat to breathing state.
Excessive breathing-vigilance will both elevate breathing awareness — reducing the threshold for
detecting changes in breathing — as well as bias its interpretation — increasing the likelihood that
changes will be interpreted as signalling imminent harm. Put simply, a ‘hypervigilant’ individual will
be more likely to notice breathing changes and interpret these as threatening. This elicits conscious
attempts to regulate breathing [e.g., 14] to counteract these perceived changes. Yet breathing is
typically a subconscious process, making it susceptible to disruption from conscious interference.
This creates a potential vicious cycle where inaccurate perceptions and inefficient adaptations to
breathing further reinforce anxiety and vigilance [21]. Similar vigilance-based mechanisms have also
been implicated in other conditions affecting bodily functions that are (typically) subconsciously
controlled, but where the typical physiological substrate is not present (e.g., pain/postural control;
[23-26]). As of yet, however, we cannot directly test the role of vigilance in DB, as we lack a
measurement instrument that specifically assesses breathing vigilance.

Therefore, the present study primarily aimed to develop an instrument that measures an individual’s
general tendency to experience breathing-vigilance in daily life. Measurement instruments exist that
investigate related constructs, such as the Breathlessness Beliefs Questionnaire (BBQ; [27]), the
Multidimensional Dyspnoea Profile (MDP; [28]), and the Dyspnoea-12 [29]. However, none measure
vigilance directly, but rather associated factors, e.g. beliefs about breathing symptoms. The
Multidimensional Assessment of Interoceptive Awareness (MAIA) questionnaire [30] and Body
Vigilance Scale [21] both combine concepts of awareness of bodily sensations and different factors

1 This is a core feature of what is often referred to as ‘interoception’ in the literature: “...the ability to identify,
access, understand, and respond appropriately to the patterns of internal signals” (p3 [19], [20]).
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relating to attention, but neither were developed specifically for breathing — which limits their utility
for use in DB, as vigilance is likely domain-specific [31]. Further, the recently developed Three-
Dimensional Interoceptive Sensations Questionnaire [32] includes specific items related to breathing
awareness in general, but do not capture the anxiety component of breathing vigilance.

Therefore, the current study aimed to develop and validate a self-reported breathing-specific
vigilance questionnaire (Breathe-VQ) that directly measures vigilance of breathing, and captures the
potential interplay between conscious monitoring/control of breathing and anxiety. For this
purpose, a pain-specific measure (the Pain Vigilance and Awareness Questionnaire; [23]) was
adapted to inform the creation of the Breathe-VQ, which subsequently was validated in a large
sample of adults without primary respiratory conditions, recruited from the general population. As
stated earlier, primary DB is known to be prevalent in the general adult population, affecting around
one in every five individuals [10,11].

2. Methods

2.1. Participants
2.1.1. Recruitment

Three-hundred-and-forty adults were recruited for this study (between January-July 2021).
Regarding sample size, key analyses in this study were the factor analyses and retest reliability
analysis (section 2.4 describes these tests in detail). For the former, a subject-to-variable ratio of at
least 10:1 has been recommended, and as the aim for the questionnaire was to measure one factor
only (breathing vigilance as unitary construct) 100 participants would be required in total. However,
it was decided to err on the side of caution and to aim for two samples of 150-200 participants for
each analysis [33]. For test-retest reliability, the aim was to have a minimal number of 60 individuals
with complete data for the Breathe-VQ at both T1 and T2, as this would ensure 80% power to detect
an intraclass correlation coefficient of .80 (95%Cl: .70-.90). Anticipating drop-out, the first 130
participants were also invited to complete the questionnaire at T2, but no further invites were sent
out once 90 participants had completed the questionnaire at T2.

Recruitment took place online, using two complementary modes of recruitment: (i) Recruitment
through Brunel University London’s Division of Psychology Research Participant Sign-up System
(SONA); (ii) Recruitment through ‘Testable Minds’ (https://www.testable.org/), a GDPR-compliant,
well-established global online platform for participant recruitment. Participants recruited through

SONA were given study credits in exchange for participation, while participants recruited through
Testable Minds were given monetary compensation (S3).

As this study was focused on people with primary dysfunctional breathing, participants were
recruited from the general population, using the following eligibility criteria: (i) 218 years of age, (ii)
no self-reported diagnosis of respiratory and/or cardiac conditions, (iii) no diagnosis of COVID-19
within the preceding three months and/or chronic COVID syndrome (“long-COVID”).2

2 We excluded people with (ii) or (iii) because we were primarily interested in primary dysfunctional breathing
for this initial validation study.
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Institutional ethical approval was obtained from the College of Health, Medicine and Life Sciences
Research Ethics Committee of Brunel University London. All participants provided online written
informed consent prior to participation.

2.2. Measurement instruments
2.2.1. Breathe-VQ - Initial development

The 14-item version of the Pain Vigilance and Awareness Scale [23,34] was adapted to create initial
items for the Breathe-VQ. This version was then refined through 4 iterations of feedback from
researchers with expertise in respiratory research and/or psychological theory (IS, EK, TE, VM, MJ,
AL) as well as members of the intended population (N=15, age: 23-28 years, gender: 2 male, 13
female). The team then decided on the contents of the Breathe-VQ that would undergo formal
validation, based on the feedback on the readability and face validity of the items. An Open Science
Framework page (https://osf.io/shqtf/) details the (justification for) different iterations and changes
made. The final agreed-upon Breathe-VQ that was completed by participants for further validation is
presented in Table 1.

2.2.2. Nijmegen Questionnaire

The Nijmegen Questionnaire (NQ; [35]) was used to screen symptoms indicative of dysfunctional
breathing. This measure comprises 16 items (scores 0-4; total score: 0-64). Scores >23 have been
argued to suggest hyperventilation syndrome, a type of dysfunctional breathing [35].

*¥* TABLE 1 NEAR HERE***

2.2.3. Trait anxiety and movement-specific reinvestment

For the construct validity analysis, both trait-anxiety and trait-propensity to consciously monitor and
control motor processes were assessed.

The State-Trait Anxiety Inventory (STAI-2; [36]) was used to measure trait-anxiety. The Trait form
contains 20 items (scored 1-4), and total scores range between 0-80. Higher scores indicate greater
trait anxiety.

The Movement-Specific Reinvestment Scale (MSRS; [37]) measured how much people consciously
monitor and control motor processes. This questionnaire contains 10 items, scored from one
(“strongly disagree”) to six (“strongly agree”). Five items form the subscale “Conscious Motor
Processing” (probing control of movement), while the other 5 items form the “Movement Self-
Consciousness" subscale (probing movement self-awareness). Subscale scores range from 5-30,
higher scores reflecting greater conscious movement processing.

2.3. Procedures

2.3.1. Timepoint 1 (T1)

Participants completed the study online. After providing informed consent, participants answered
screening questions, to determine eligibility. They would then complete additional questions on age,
sex, general health, (earlier) diagnosis of anxiety and/or depression, followed by the Breathe-VQ,
NQ, MSRS, and STAI-2 (in this order).

2.3.2. Timepoint 2 (T2)
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To assess test-retest reliability, participants received an email invitation to complete the Breathe-VQ
a second time, two weeks after T1 (M: 14.7+2.7, range: 13-26). If necessary, a one-off reminder
email was sent one week later. This time period was considered sufficient to minimise recall bias.

2.4. Data analysis and statistics

All data were analysed with SPSS and AMOS (version 26; IBM, Chicago, IL). Alpha was set at p=.05.
Figure 1 summarises the flow of the study and analyses. Analyses involved four different steps:

2.4.1. Step 1 - Initial screening of items
In step 1, individual items’ behaviour was analysed. Items were flagged for removal if:

e there were a large number of missing (or multiple) responses (>5%)

e >50% of responses were the minimum or maximum score

e test-retest reliability was low (2-way, random effect, consistency single measures ICC<.5;
[38]).

The research team discussed flagged items, and reached agreement on whether these should be
excluded from the subsequent analysis steps.

2.4.2. Step 2 - Dimension reduction and validation

Step 2 concerned exploratory factor analysis and subsequent confirmatory factor analysis.
Participants were first randomly allocated (using random.org, 50:50 ratio) to either an ‘exploratory’
or ‘confirmatory’ subsample (see Figure 1). Exploratory analysis (principal axis factoring; varimax
rotation) was done using the T1 Breathe-VQ data (on items retained after step 1). The inflection
point in the scree plot was used to identify the number of latent factors for the scale. Removal of
items was considered if they loaded insufficiently (<0.4; [39]) on a factor, loaded on multiple factors,
and/or if they showed low item-rest correlations (r<0.3).

Next, confirmatory factor analysis was performed to assess if the data fitted the factor-structure as
determined with the preceding exploratory factor analysis, using he T1 data of the ‘confirmatory’
subgroup. The procedure entailed analysis of the variance-covariance matrix with maximum
likelihood estimation [40]. Iltems were constrained to load on the factor(s) they should load on based
on the exploratory factor analysis. Pairs of error terms within each factor were allowed to co-vary if
this improved model fit. Model fit was evaluated using standard criteria (see Supplementary
material 2 for details [41-43]).

Subsequently, “measurement invariance” was determined, to assess whether the scale structure
was similar for men and women — this because women are more likely to experience DB [10], which
may affect their interpretation of the questionnaire. See Supplementary material 2 for details [44].

2.4.3. Step 3 - Reliability and measurement error

Internal consistency (Cronbach’s alpha) and test-retest reliability (2-way, random effect, consistency,
single measures ICC) of the finalised Breathe-VQ was determined. Alpha and ICC >.70 indicate
sufficient reliability. In addition, measurement error (SEM = SD + 2*V(1-ICC); [45]), and minimal
detectable change on group and individual level were calculated (MDCgroup= SEM x 1.96 x V2/Vn;
MDCindividual = SEM x 1.96 x V2; [46]). Finally, floor and ceiling effects for the total Breathe-VQ score
were screened for (i.e., >15% of participants scoring lowest/highest possible scores [47,48]).

2.4.4. Step 4 - Construct validity
Construct validity was assessed by correlating (Pearson’s r) Breathe-VQ total scores with (i) STAI, and



195
196
197

198
199
200
201
202

203
204
205
206

207

208
209

210
211
212
213
214
215
216
217

218

219

220

221
222
223
224
225
226
227

228
229

230
231
232
233
234
235
236

(ii) MSRS subscale scores. Construct validity would be evidenced in case of significant weak to
moderate correlations (.3-.5), as this would evidence that trait conscious processing and trait anxiety
are related yet distinct constructs (a measure of divergent validity).

Next, independent samples t-test were used to assess whether people at risk of having DB (NQ>23)
have higher total Breathe-VQ scores compared to low-risk peers (NQ<23). This aspect of construct
validity is also known as “known-group validity”. Further, a ROC plot was used to determine the cut-
off for the Breathe-VQ scale for which there was an optimal trade-off between sensitivity and
specificity when differentiating between the ‘high risk of DB’ and ‘low risk of DB’ group.

Finally, linear regression analysis investigated whether total Breathe-VQ scores would be
significantly associated with severity of DB-related symptoms (NQ) within the group of people at risk
of DB (see above), when controlling for confounding variables (age, gender, trait-anxiety score, and
depression diagnosis; [10,14,15,17]).

3. Results

3.1. Participant characteristics

Figure 1 summarises the flow of the study. In total, 340 participants completed the study at T1, of
which 17 were excluded due to self-reported respiratory and/or cardiovascular diagnosis.

Table 2 lists the characteristics of the remaining 323 participants. Participants were relatively young
and scored relatively high on the Nijmegen Questionnaire and STAI-2. Table 2 also lists the
characteristics of the test-retest subsample (i.e., those individuals who also completed the
guestionnaire at T2). Note that this subsample was found to be somewhat younger, to include more
women, and to have a higher score on the NQ compared to the overall sample.

*** FIGURE 1 NEAR HERE ***

*%* TABLE 2 NEAR HERE ***

3.2 Step 1 - Initial screening of items.

For the initial 11-item Breathe-VQ, no clear issues were noted regarding missing values (N=26 in
total, N<6 (1.9%) for separate items). Reliability was acceptable to good for items 1-6 and 10-11
(ICC>.581, range: .581-.704). Items 7 (ICC=.466) and 9 (ICC=.329) had low test-retest reliability
(ICC<.500). Item 8 showed a potential floor effect (minimum value >50% of responses). Therefore,
items 7-9 were removed from the questionnaire prior to further analyses. Supplementary material 1
summarises item-level characteristics.

3.3. Step 2 - Dimension reduction and validation

3.3.1. Exploratory factor analysis.

Exploratory factor analysis on the 8 selected items (items 1-6, and items 10-11) revealed a one-
factor solution (Table 3). Item 10 exhibited a very low factor loading (.114), while item 11 was the
only item with a loading <.700. Upon reflection, the research team deemed item 10 to not fully
capture breathing vigilance, but rather its behavioural consequences. Item 11’s relatively lower
loading suggests potential issues with this item’s interpretation. Coupled to the borderline floor
effect for both items (42% and 46%, see Supplementary material 2) it was therefore decided to

8
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remove both items, and run the analysis a second time. As shown in Table 3, all six items still loaded
highly on one factor only. Items 1-6 were therefore selected for the subsequent confirmatory factor
analysis.

*** TABLE 3 NEAR HERE ***

3.3.2. Confirmatory factor analysis

Item-factor loadings were positive and high (.64-.81), and model fit indices were good (x*(8)=10.046,
p=.262; x*/df=1.256; CFI=.995; GFI=.978; RMSEA=.041 [.000, .108]; SRMR=0.030). Further tests
supported measurement invariance, which indicates that the scale structure is similar across men
and women. See Supplemental material 3 for further details.

Figure 2 presents the final Breathe-VQ. On average, participants scored 15.1 points (SD=5.9) at T1.

3.4. Step 3 - Reliability and measurement error

The test-retest sample’s (N=83; Figure 1) Breathe-VQ scores were highly similar for T1 (M=15.6,
SD=15.4) and T2 (M=15.4, SD=5.1), showing excellent retest-reliability (ICC=.810, 95%CI[.721, .873]).
Standard error of measurement was 2.33 points. As such, the minimal detectable change was
estimated at 0.7 on group level, and 6.5 on individual level.

Results showed excellent internal consistency (alpha =.892). No indications of floor or ceiling effects
were evident, as only 5.0% (N=16) of individuals scored the minimal possible score (6 points), and
1.2% (N=4) scored the maximal possible score (30 points).

3.5. Step 4 - Validity

Regarding construct validity, Breathe-VQ sum scores significantly correlated to scores on the STAI
(r=.351, p<.001, N=297), and participants’ Conscious Motor Processing (r=.459, p<.001, N=302) and
Movement Self-Consciousness (r=.385, p<.001, N=302) scores. This supported divergent validity.

Regarding ‘known-group’ validity, the ‘low risk of DB’ group (NQ<24; N=216) had significantly lower
scores (M=13.8, SD=5.4, range=6-30) on the Breathe-VQ compared to the 74 people in the ‘high risk
of DB’ group (M=19.1, SD=5.0, range= 9-30; t(288)=7.760, p<.001, d=1.05). ROC analysis revealed an
area-under-the-curve of .771 for the Breathe-VQ for predicting ‘risk of DB’ group status (95% Cl:
.712-.831). A cut-off of 16.5 was identified to have optimal sensitivity (.718) and specificity (.681)
when differentiating between ‘low-risk’ and ‘high-risk’ of DB groups.

Finally, linear regression analysis showed that, within the ‘high risk of DB’ group, Breathe-VQ scores
were significantly associated with the scores on the NQ — even when controlling for confounding
variables (trait anxiety, age, sex, depression diagnosis). That is, explained variance significantly
increased when Breathe-VQ scores were added in a second analysis step (AR?=.100, p=.005; see
Supplementary material 3).

*** FIGURE 2 NEAR HERE ***

4. Discussion

This study describes the development of the novel, simple-to-use Breathe-VQ. This is a self-reported
outcome measure of an individual’s anxious monitoring of their breathing state. The Breathe-VQ is a

9
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simple brief six-question patient-reported questionnaire and is free to use for non-commercial
purposes (CC BY-NC-SA licence). This study shows the questionnaire to be valid and reliable, and also
provides specific preliminary thresholds for differentiating between people with and without risk of
DB (16.5 points) and for minimal detectable differences at group and individual level. Finally,
Breathe-VQ scores were positively associated with NQ scores in participants at risk of having DB,
even when controlling for other factors associated with DB, suggesting that Breathe-VQ scores scale
with severity of complaints. Combined, this shows that the Breathe-VQ is a valid and reliable tool for
measuring breathing vigilance in the general population (i.e., those without specific respiratory
conditions other than potential primary dysfunctional breathing).

Breathing is typically a mostly automated physiological function that requires little conscious
monitoring or control. However, in our sample, those participants at risk of DB often displayed
vigilant monitoring of their breathing. It is important to stress that we cannot draw causal inferences
based on our cross-sectional data. Yet there is a real likelihood that this vigilance may in fact be
excessive (i.e., they may be “hypervigilant” towards breathing), and may contribute to and/or
maintain breathing-related complaints. Studies on balance control, which like breathing is
traditionally viewed as an ‘automatic’ physiological function, show that people will become
consciously focused on their balance during situations that threaten their stability (e.g., walking
across uneven ground or standing at height). This, in turn, has been shown to induce distorted
perceptions of instability — whereby people perceive themselves to be more imbalanced than they
actually are [26]. It seems plausible that the same mechanisms may be at play in people with DB.
Note though, that in the current study, the greater breathing vigilance reported by people at risk of
DB may also be the result of having experienced maladaptive breathing. Likely, a reciprocal
relationship exists, where hypervigilance may both be triggered by, and a trigger of, disrupted
breathing mechanics. Future studies need to further explore the nature of the relationship between
breathing vigilance and dysfunctional breathing.

The Breathe-VQ provides a means to screen for breathing-specific vigilance in the general
population. We present a specific cut-off that may prove useful in distinguishing between those with
‘normal’ vigilance (below 16.5 points) and those with elevated vigilance. Studies may evaluate
whether those with elevated scores will develop DB at follow-up, or will benefit from interventions
that aim to reduce vigilance. Such findings would support a causal role for breathing vigilance, and
would be an important step in evaluating potential clinical utility of the scale. For people with
excessive breathing-related vigilance, it may be useful to adopt intervention methods that aim to
help ‘recalibrate’ perceptions and appraisal of breathing ([50]). Mindfulness based approaches may
help in this regard [50], especially in combination with exercises aimed at re-educating
interpretation of breathing related bodily signals, and anxiety-alleviating interventions. Some arts-in-
health practices such as Singing for Lung Health [51] may be useful in this regard, as well as more
generally used mind-body movement therapies such as yoga, or tai-chi [50].

Limitations

Data were collected during a period in which there were very strict COVID-19 restrictions. As such,
participants may have been more relatively more aware of their breathing in general. Indeed, this
may explain the relatively high proportion of people with elevated trait anxiety and NQ scores in our
sample. Second, we used a threshold of greater than 23 on the NQ and, while this may indicate a
greater risk of having DB, it is not by itself sufficient to diagnose DB. Third, there were differences in
age and gender between the overall sample and the subsample who repeated the questionnaire
completion for test-retest reliability purposes. Yet, as the confirmatory factor analysis revealed
measurement invariance for gender, we are confident this did not substantially influence our results.

10
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Fourth, as this study did not validate the Breathe-VQ against measures that assess generic
interoception (i.e., the breathing-specific items of the THISQ; [32]), future studies could explore the
relationship between breathing vigilance and breathing-specific interoception. Finally, the study
focused on primary DB only, and as such caution is warranted when extrapolating findings to
populations with respiratory conditions (with or without secondary DB). For such populations, given
the time scales of most interventions (such as pulmonary rehabilitation), it would be important to
ascertain how stable breathing vigilance scores are over periods of time longer than the two-week
retest interval employed in the present study.

Further research

Further work is now needed to investigate if the questionnaire scores can be used to predict future
development of DB, and/or changes in DB severity over time. This would require studies in which the
guestionnaire is tested in a sample who have confirmed DB (diagnosed by a trained clinician, using
appropriate multidimensional assessment methods (52)). The questionnaire should also be tested in
people who have chronic respiratory diseases, and determine its responsiveness to change following
pulmonary rehabilitation.

Conclusion

Dysfunctional breathing in the absence of clear underlying pathology is a common health issue. The
underpinning mechanisms are poorly understood. In this study, we adapted a pain vigilance
guestionnaire to develop the Breathe-VQ. This scale is a valid and reliable tool to measure vigilance
of breathing in an otherwise healthy population consisting of individuals with and without suspected
DB. We found large and significant differences in breathing vigilance (Breathe-VQ scores) between
those with a high vs low risk of DB, and scores scaled with NQ scores in those with a high risk of DB.
Further research is now warranted exploring the Breathe-VQ in clinical populations and establishing
intervention effects on vigilance of breathing.
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353 Table 1. Initial 11-item version of the Breathe-VQ.
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357

Never Sometimes Always
1. I closely monitor how difficult my 1 3 5
breathing feels
2. | become alarmed when | experience 1 3 5
breathlessness or tightness in my chest
3. I am highly aware of small changes in 1 3 5
how my breathing feels
4. | feel as if | am more aware of my 1 3 5
breathing than other people
5. When something happens that affects 1 3 5
my breathing, | am anxious to work out
how breathless | am
6. | worry about fluctuations in my 1 3 5
breathing
7. 1 avoid situations that | fear will 1 3 5
increase feelings of breathlessness
8. | become preoccupied with monitoring 1 3 5
my breathing
9. | remain calm in situations that affect 1 3 5
my breathing
10. | worry that physical activity will 1 3 5
increase my sensation of breathlessness
11. I dwell on my breathing 1 3 5

NB: Instructions were as follows: “Please read the sentences below and choose a number between 1 (never)
and 5 (always) that best describes how you typically feel in relation to your breathing.”
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Table 2. Characteristics of total sample (N=323) and of the subsample that completed test-retest
measurements (N=83).

Total Sample

Retest Reliability

(=323 Subsampe
General Male / Female / Non-binary (N) 161/160/2 9/73/1
Age (years; M £SD (range)) 27.3+9.8 (18-71)® 22.1+5.6(18-49)
Nijmegen

Questionnaire

Total score (M £SD (range))

Score>23 (n, %)

17.8 £ 10.0 (0-49)°

76 (24%)

21.3+£9.4(0-45)°

26 (31%)

Self-reported
General Health

Excellent (n (%))

Very Good (n (%))
Good (n (%))

74 (22.9%)

142 (44.0%)
85 (26.3%)

15 (18.1%)

43 (51.8%)
22 (26.5%)

Fair (n (%)) 16 (5.0%) 3 (3.6%)
Poor (n (%)) 3 (0.9%) 0 (0%)
Missing (n (%)) 3 (0.9%) 0 (0%)
Psychological
Characteristics / Diagnosis of Depression (n (%)) 51 (16%) 13 (16%)
Traits
Diagnosis of Anxiety (n (%)) 68 (21%) 21 (25%)

Trait Anxiety (STAI-2;
M SD (range))

MSRS — CMP (M £SD (range))
MSRS — MS-C (M £SD (range))

46.6 + 12.4 (21-80)

15.9 + 5.7 (5-30)¢
16.2 + 6.7 (5-30)¢

48.1+11.4 (26-78)f

15.0 + 5.4 (5-28)¢
16.0£ 6.2 (5-28)¢

22 missing values; 1 missing value; ©18 missing values; 11 missing values; 6 missing values; 2 missing values;

3 missing values;

Abbreviations: M = mean; MSRS — CMP = Movement-Specific Reinvestment Scale, Conscious Movement
Processing subscale; MSRS - MS-C = Movement-Specific Reinvestment Scale, Movement Self-Consciousness
subscale; n = number; SD = standard deviation; STAI-2 = State-Trait Anxiety form 2 (trait assessment);

13



367
368

369
370

371
372

Table 3. Factor loadings for each item, presented separately for each of the two runs of the

exploratory factor analysis.

Item

RUN1?®

RUN 2"
(after excluding
items 10, 11)

Factor Loadings
(explained variance 59.4%)

Factor Loadings
(explained variance 68.8%)

1. | closely monitor how difficult
my breathing feels

2. | become alarmed when |
experience breathlessness or
tightness in my chest

3. I am highly aware of small
changes in how my breathing
feels

4. | feel as if | am more aware of
my breathing than other people
5. When something happens that
affects my breathing, | am
anxious to work out how
breathless | am

6. | worry about fluctuations in
my breathing

10. | worry that physical activity
will increase my sensation of
breathlessness

11. I dwell on my breathing

.742

729

.812

.745

.768

741

114

512

.796

.795

.768

.767

.819

.802

n/a

n/a

@Kaiser-Meyer-Olkin assessment (KM0)=.899; all individual KMQs2.748 (>0.5 threshold [33]).

bKM0=.900; individual KMOs>.890;
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373  FIGURES

Total number of participants
who consented: N=340

Brunel: N=138
Testable Minds: N=202

Excluded from all analyses w
(N=17):
- Cardiac/respiratory condition: N=17
(8 men, 9 women)

"

[ Included in further analysis: ]

e Excluded from all analyses
l involving T2 data (N=48)
............................ - - Did not respond: N=45

Invited to complete ¢ - Missing items for T1: N=2

Breathe-vq ot T2:

! - Missing items for T2: N=1

N=131 i
Included in analysis involving T1 data only: Included in analysis involving T2 data:
N=323 N=83
Analysis step 1: Analysis step 2: Analysis step 3: Analysis step 4: Analysis step 1: Analysis step 3:
initial item selection Dimension reduction Reliability analysis of Validity Initiol evaluation Reliability analysis
finol Breathe-vQ & selection of of final Breathe-
- ?, .n:-a\ ol FEsponses Sample split in g ) - Alpha: N=311 - Concurrent - items va
. Ven/mexscore per _'c:“lc'a‘;“ hﬁ’; - Floor/ceiling: Ne311¢ cormelation with: - Retest reliabifity for | - Retest reliability for
e rmeRen S - NG N=290° each item total score
. -STAL N=287° - SEM, MDC
Entire sample combined: - MSRS: N=302¢

- Invariance: N=305" - Discriminant: N=250°
- Predictive: N=71"

Figure 1. Study flow. Participants were recruited (online) through Brunel and Testable Minds. The figure shows who were in- and excluded for which analysis, and why. *8

participants excluded (missing value(s)); ® 5 participants excluded (missing value(s)); © 14 participants excluded (N=2: stated they did not identify as female/male; N=12:
missing values); 912 participants excluded (missing values); ® 33 participants excluded (N=21: missing value for NQ; N=1: missing value for NQ & Breathe-VQ; N=11: missing
value for Breathe-VQ); ' 26 participants excluded {N=14: missing value for STAI; N=4 missing value for both STAI & Breathe-VQ; N=8: missing value for Breathe-VQ); & 21
participants excluded (N=9: missing value for MSRS; N=2 missing value for both MSRS & Breathe-VQ; N=10: missing value for Breathe-VQ); " 76 participants initially

374 included, as their NQ scores »23. 5 of these excluded due to missing STAI or Breathe-VQ scores.

375
376 Figure 2. Final Breathing Vigilance Questionnaire (Breathe-VQ).

Breathing Vigilance Questionnaire (Breathe-vVQ)
Please read the sentences below and choose a number between 1 (never) and 5 (always) that best
describes how you typically feel in relation to your breathing.

Never Sometimes Always

1. I closely monitor how difficult 1 2 3 4 5
my breathing feels

2. I become alarmed when | 1 2 3 4 5
experience breathlessness or
tightness in my chest

3. 1 am highly aware of small 1 2 3 4 5
changes in how my breathing
feels

4. I feel as if | am more aware of 1 2 3 4 5
my breathing than other people

5. When something happens 1 2 3 4 5
that affects my breathing, I am
anxious to work out how
breathless | am

6. | worry about fluctuations in 1 2 3 4 5
my breathing

NB: Item scores are summed to yield a total score ranging from 6-30 points, with higher scores suggesting greater
breathing vigilance.

377
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514  SUPPLEMENTAL MATERIALS:
515 Supplementary Material 1. Results of initial screening of items.

Item n/% % min/max ICC (95% CI) Included?
missing score

1. I closely monitor how difficult 2/0.6% 27% /4% .705 (.577, .799) Yes

my breathing feels

2.1 become alarmed when | 2/0.6% 16%/16%  .573(.409,.702) Yes

experience breathlessness or
tightness in my chest

3. 1 am highly aware of small 1/03% 20%/7% .609 (.454, .728) Yes
changes in how my breathing

feels

4. | feel as if | am more aware of 2/0.6% 34% /6% .705 (.578, .799) Yes
my breathing than other people

5. When something happensthat 1/0.3%  25% /9% .692 (.561, .790) Yes

affects my breathing, | am
anxious to work out how
breathless | am

6. | worry about fluctuations in 4/12% 35% /4% .646 (.500, .755) Yes
my breathing
7. | avoid situations that | fear will 3/0.9%  43% /6% 464 (.277, .617) No

increase feelings of
breathlessness

8. | become preoccupied with 2/06% 54% /1% .571 (.406, .701) No
monitoring my breathing

9. | remain calm in situationsthat 6/1.9% 7%/ 14% .381 (.181, .550) No
affect my breathing

10. | worry that physical activity 2/06% 42% /4% .712 (.588, .804) Yes

will increase my sensation of

breathlessness

11. | dwell on my breathing 1/03% 46% /1% .675 (.538, .777) Yes
516  Table S1.

517 NB: Predetermined cut-off values were 5% (missing cases per item), 50% (% of maximal / minimal scores for an
518 item), and ICC<.500. Excluded items —items 7, 8, and 9 - are highlighted in red.
519
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Supplementary Material 2. Factor Analyses

For the confirmatory factor analysis, we evaluated model fit of a model where items 1-6 were
constrained to load on one underlying factor/construct (based on the exploratory analysis’ results).
T1 data from the ‘confirmatory subsample’ were used for this purpose. We then assessed the
standardised item-factor loadings, the chi-square statistic — both raw (x?) and divided by its degrees
of freedom (x%/df; both should be close to zero for good fit), goodness-of-fit and comparative fit
indices (CFl; values>.95 indicate good fit), standardized root mean squared residual (SRMR;
values<.08 indicate good fit), and the root mean square error of approximation (RMSEA; values<.05
indicate good fit [40-42].

In an initial run, we found standardised item-factor loadings for items 1-6 to be positive and high
(.65-.79). While model fit indices showed mixed results (x*(9)=26.338, p=.002; x*/df=2.926; CFI=.958;
GFI=.941; RMSEA=.112 [.064, .163]; SRMR=0.043), inspection of modification indices revealed model
fit could be improved by allowing items 5 and 6’s error terms to covary (MI=12.584). In a second
analysis run, we found that item-factor loadings remained positive and high when these error terms
covaried (.64-.81; Figure S2). Further, model fit indices substantially improved, and were now good
overall: ¥3(8)=10.046, p=.262; x*/df=1.256; CFI=.995; GFI=.978; RMSEA=.041 [.000, .108];
SRMR=0.030.

Table S2 shows the results of measurement invariance testing. For this analysis, model fit was
assessed when item-factor loadings were free to differ between male and female subgroups
(configural invariance), when item-factor loadings were equated across groups (so-called metric
invariance testing), and when both the item-factor loadings and the intercepts of the model were
equated across groups (so-called scalar invariance). As model fit remained statistically similar across
all these three steps —i.e., non-significant change in x? ACFI<0.010 ARMSEA<0.015, and
ASRMR<0.030 (metric invariance) or <0.010 (scalar invariance) — the scale’s structure can be
considered to be similar regardless of group status (cut-offs based on [43]).

In sum, confirmatory factor analysis supported the results obtained by the exploratory factor
analysis: We can be confident the scale taps into one underlying construct (breathing vigilance) and
that this scale structure is similar for men and women (measurement invariance).

Breathe- m e
AQ

tema J(e)
(ttems_Jo(e5)

Figure S2. Final overall model yielded by the confirmatory factor analysis. Shown are the standardized item-
factor loadings. Abbreviated item numbers refer to the 6 selected items of the Breathing Vigilance
Questionnaire (Breathe-VQ). Also shown are the covariance between the residual error terms (‘e’) of items 5
and 6.
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556  Table S2. Results of measurement invariance testing.
Invariance X x*/df | CFI RMSEA SRMR | Model Ve ACFlI | ARMSEA | Decision
test (90%Cl) comp. ASRMR

1. Config. 24.560 | 1.535 | .991 .042 .028 N/A N/A N/A N/A Accept
df=16 [.000, .073]
p=.078

2. Metric 26.710 | 1.272 | .994 .030 .030 1 2.149 .003 -.012 Accept
df=21 [.000, .060] df=5 .002
p=.181 p=.828

3. Scalar 27.884 | 1.267 | .994 .030 .035 2 1.174 | .000 .000 Accept
df=22 [.000, .059] df=1 .005
p=.180 p=0.27

9

Abbreviations: CFl = Comparative fit index; Config. = Configural; GFl = Goodness-of-fit index; Model comp. = Model
comparison; N/A= Not applicable; RMSEA = Root mean square error of approximation; SRMR = Standardized root

mean squared residual; df = degrees of freedom;
NB: None of the changes in the indices exceeded the threshold for acceptable model fit change (ACFI<-0.010
ARMSEA<0.015, and ASRMR<0.030 (metric invariance) or <0.010 (scalar invariance));
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Supplemental Material 3. Results of the linear regression analysis.

Table S3 presents the results regarding the linear association between breathing vigilance scores

(Breathe-vQ) and Nijmegen Questionnaire scores, within a subgroup of people at risk of having DB

(N=71). Note that, while 76 participants fell in the ‘high risk of DB’ category, 5 of these could not be
included as they had missing items for either the Nijmegen, STAI, or Breathe-VQ questionnaires (and
hence scores could not be calculated for these measures).
Table S3. Results of regression model.
MODEL 1
Dependent variable: Nijmegen Questionnaire scores
B (SE) [95% CI] p R? R? change
Step 1 .139 (p=.040)
Constant 21.598 (6.678) [8.265, 34.931] .002
Trait Anxiety (STAI) .206 (.072) [.062, .350] .006
Age (in years) -.032 (.105) [.241, .178] .763
Gender .458 (1.481) [-2.500, 3.416] .758
Depression Diagnosis -1.013 (1.507) [-4.021, 1.995] .504
Step 2 .239 (p=.003)  .100 (.005)
Constant 14.531 (6.773) [1.005, 28.057] .036
Trait Anxiety (STAI) .203 (.068) [.066, .339] .004
Age (in years) .018(.101) [-.184, .219] .861
Gender .512 (1.403) [-2.291, 3.315] 717
Depression Diagnosis -1.812 (1.453) [-4.715, 1.090] 217
Breathing Vigilance (Breathe-vQ) .385(.132) [.122, .648] .005

Abbreviations: Cl = confidence interval; SE = standard error; STAIl = State-Trait Anxiety Inventory;
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