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Abstract

Vibrotactile positional therapy (PT) is a relatively new treatment for positional obstructive
sleep apnoea (POSA). It uses vibrotactile stimulus to encourage the sleeper to change
position when supine. The overall aim of this thesis was to investigate the efficacy of
vibrotactile PT as a clinical treatment for patients with POSA. To achieve this, different
experimental approaches were used, including a systematic review and meta-analysis, a
clinical trial, and a physiological study.

The systematic review was carried out to evaluate the effect of vibrotactile PT on apnoea
hypopnoea index (AHI), percentage of time spent in supine (%Tsupine), and patient-centred
outcomes in patients with POSA compared to baseline. The results showed that vibrotactile
PT was effective in reducing both AHI and %Tsupine. Although the Epworth Sleepiness Scale
and the Functional Outcomes of Sleep Questionnaire minimally improved, these changes did
not reach clinically important differences; however, limited data were found on quality of
life (SF-36) vitality score.

A prospective, three-month, multicentre, randomised, parallel, double-blind trial (The POSA
Trial, ISRCTN51740863) was developed to investigate the effect of vibrotactile PT on AHI,
quality of life and daytime functioning at follow-up, adjusted for the baseline, in patients
with POSA compared to sham-vibrotactile PT. Baseline data (AHI, quality of life and daytime
functioning) obtained from the participants recruited at the Royal Brompton Hospital are
presented in the thesis. The mean baseline AHI for RBH participants was in the mild OSA
category compared to the patients in the systematic review; however, a higher baseline
%Tsupine was found. The baseline patient-centred outcomes were also comparable to those
found in the systematic review.

A physiological study in healthy participants (n=27) was carried out to investigate the effect
of vibrotactile stimulus on arousability from sleep. A novel analysis method was developed
to measure arousability. This included the duration from the vibrotactile stimulus to the
position change using polysomnography. The results of this study showed heterogenous
arousability responses to the vibrotactile stimulus with different phenotypes. Compared to
males, healthy females took longer to respond to the vibrotactile stimulus and, therefore,

were more resilient to arousability.



In summary, the findings of this thesis have shown that vibrotactile PT devices are effective
in treating patients with POSA. However, limited data on sensitive patient-centred
outcomes exist. The POSA trial will provide data to address this evidence gap. Furthermore,
the physiological findings in people without OSA showed that males are more arousable
than females. This information may be of value when considering personalisation of clinical
treatment. Future research of POSA will need to consider the arousability phenotype when

planning treatment options.
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CHAPTER 1: General Introduction

1.1 Overview of the Thesis

This introduction will provide the background to this thesis, starting with an overview of the
prevalence, physiological, clinical phenotypes, and treatments of obstructive sleep apnoea
(OSA). Positional obstructive sleep apnoea (POSA) is included in a separate section because
it is the core topic of this thesis. This section includes a detailed discussion of the definitions,
prevalence, and clinical features of POSA. In addition, the underlying anatomical and
physiological abnormalities are discussed. The various treatments available for POSA are
also included, with a focus on the new generation vibrotactile positional therapy (PT).
Because the measurement of arousability is an integral part of this thesis, arousability and
the previous methods of measuring it are also reviewed in detail. Moreover, gender
differences and how they influence subjective and objective sleep quality and the clinical
presentations of OSA are reviewed. In the final section of this chapter, the aims of the thesis

are presented.

1.2 Background

OSA is a prevalent respiratory disorder estimated to occur in nearly 1 billion people
worldwide (Benjafield et al., 2019; Yingjuan et al., 2019). It is characterised by repetitive
partial or complete obstruction of the upper airway during sleep, which results in
hypoxemia and frequent arousals that can lead to sleep fragmentations. OSA has been
linked to several health consequences, such as cardiovascular diseases (CVDs) (Floras, 2018),
neurocognitive disfunction (Olaithe et al., 2018), and poor quality of life (Moyer et al.,

2001).

OSA is a multifactorial disorder. Accumulating evidence shows that various anatomical and
physiological factors contribute to the pathogenesis of OSA. In the majority of cases, the
anatomical abnormality is the most important factor determining who develops OSA (White,
2016). OSA patients tend to have an upper airway with small cross-sectional area (Ciscar et
al., 2001). However, the airways are also more prone to collapse, and this factor has been

linked to enlarged upper airway soft tissues (Sforza et al., 2000) due to obesity (Carter &
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Watenpaugh, 2008). Abnormalities in the craniofacial bony structures have also been

identified as a risk factor for developing OSA (Lowe et al., 1996; Schwab et al., 2003).

More recent evidence suggests various physiological traits play an important role in the
development of OSA (Jordan et al., 2014; Shin et al., 2016). These traits vary widely in OSA
patients, and they include a low respiratory arousal threshold, a high loop gain, and poor
function of the upper airway muscles (Eckert & Wellman, 2015). In the following section, the

physiological and clinical OSA phenotypes that have been identified are summarised.

1.3 Physiological Phenotypes of OSA

Although it is known that OSA is a disorder of anatomical compromise, researchers in the
field are currently identifying other physiological mechanisms that could also contribute to
the development of OSA. Physiological traits that have been identified to contribute to the
development of OSA include a low respiratory arousal threshold, high loop gain, and

compromised function of the upper airway muscles.

1.3.1 Respiratory arousal threshold

The respiratory arousal threshold has been defined as the level of intrathoracic pressure, at
which point a person will wake up from sleep, immediately before cortical arousal (Eckert &
Younes, 2013). A low arousal threshold indicates that the sleeper can be easily awoken from
sleep. Conversely, a person with a high arousal threshold may require more stimuli to awake

from sleep.

It is now recognised that patients who suffer from OSA have a higher respiratory arousal
threshold (<25 cmH;0), compared to those who do not have OSA (Osman et al., 2018; Shin
et al., 2016). This occurs in those who have had the disease for some time, where they
developed a high respiratory arousal threshold as a compensatory mechanism. However, a
number of studies have shown that at least 30% of patients with OSA have a low respiratory
arousal threshold (Eckert, 2018). Interestingly, this subgroup of OSA patients are not obese
(Gray et al., 2017), which may demonstrate that non-anatomical aspects can contribute to

the development of OSA.

A low arousal threshold means that a negative intrathoracic pressure (as low as —15 cm H;0)

can lead to waking up from sleep (Eckert, 2018). It has been long thought that waking up
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early following a respiratory disturbance is a protective mechanism for OSA patients.
However, it has now been shown that arousals do not occur, or they occur after a
respiratory event in a majority of respiratory events (75%) in OSA patients (Eckert & Younes,
2014). This means that arousal from sleep is a consequence of OSA for a majority of
respiratory events. Waking up prematurely can prevent the accumulation of ventilatory
stimulus, which effectively recruits upper airway muscles to reopen obstructed upper
airways (Eckert & Younes, 2013). This premature and frequent arousal from sleep stops OSA
patients from entering stable and deep sleep (stage N3). The consequence of this is that the
sleeper enters a vicious cycle of premature arousal, which will lead to light sleep, which in
turn predisposes the sleeper to another respiratory event that leads to premature arousal,
and so the cycle goes on (Eckert & Younes, 2013). However, when sleepers enter a state of
deep sleep and then develop a respiratory event, it is harder for them to arouse from sleep
and therefore get enough time to recruit upper airway muscles. This phenomenon has been
demonstrated in people with a respiratory arousal threshold that was higher during deep

sleep (Carberry et al., 2016; Ratnavadivel et al., 2009).

Because of the improved understanding of the underlying pathophysiological mechanism,
the low arousal threshold is now targeted with drug therapy, at least in research settings.

This treatment option is discussed in section 1.6.

1.3.2 Ventilatory control instability (high loop gain)

The high loop gain (so called ventilatory control instability) has been identified as another
important pathophysiological trait that contributes to the pathogenesis of OSA. Originally,
loop gain was an engineering concept used to describe the stability of negative feedback
control systems (Shin et al., 2016). In OSA, loop gain is defined as the ratio of the amount of
ventilatory response to a given ventilatory disturbance (Osman et al., 2018). This loop gain
has three main components: (1) plant gain, (2) controller gain, and (3) circulation delay
(Osman et al., 2018). The plant gain represents the reservoir of carbon dioxide (CO;) in the
blood, lungs, and tissues (Osman et al., 2018). The controller gain represents
chemosensitivity (Osman et al., 2018). The circulation delay is the time it takes for CO; to
mix with blood and to reach chemoreceptors (Osman et al.). Patients with high loop gain

produce an exaggerated ventilation response to minimal changes in CO; (Osman et al.,
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2018). High loop gain has been shown to be present in approximately a third of OSA patients
(Eckert, 2018). As a result of this suggestion, therapeutic options have been identified to
modify the loop gain (Wellman et al., 2008). These therapeutic options are discussed in

section 1.6.

1.3.3 Poor function of the upper airway muscles

The third pathophysiological trait that has been identified to contribute to the pathogenesis
of OSA is poor function of the upper airway muscles. Two main mechanisms have been
identified to contribute to the compromised upper airway muscles. They include poor
muscles responsiveness and effectiveness (Lai et al., 2019). Muscle responsiveness is
defined as the ability of the upper airway muscles to increase activity in response to the
increased neural drive that results from respiratory stimuli during sleep. These stimuli
include changes in the negative pharyngeal pressure or changes in arterial blood gas (most
frequently CO>) (Lai et al., 2019). Patients with poor muscle responsiveness have a reduced
ability to increase muscle activity, according to the level of neural drive. Poor effectiveness
of the upper airway muscles is also the inability of these muscles to dilate the upper airway
in the presence of airway narrowing, despite the presence of satisfactory neural drive (Lai et
al., 2019). In approximately one third of OSA patients, these dysfunctionalities (poor
responsiveness and effectiveness) are considered the most important mechanism leading to
the development of OSA (Eckert et al., 2013). Personalised treatment for such underlying

pathophysiological mechanisms is discussed in section 1.6.

To summarise, the field has taken major steps to identify the three physiological traits (i.e.
low respiratory arousal threshold, high loop gain, and poor upper airway muscle function)
that are linked to the development of OSA. Efforts are now being made to develop relatively
simplified methods to identify these traits. There is also a search for new therapeutic

options, which are discussed in section 1.6.

1.4 Clinical Phenotypes of OSA

In addition to the identification of different physiological phenotypes, there is also great
interest in the clinical phenotyping of OSA patients. The current approach to the diagnosis
of OSA does not fully take into consideration the multifactorial nature of the disease. OSA is

a heterogenous disease associated with a number of risk factors, a number of clinical
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presentations, and multiple disease consequences. Taking this heterogeneity into

consideration is important for the success of any treatment.

A recent review paper identified 16 major studies that have attempted to clinically
phenotypes OSA (Zinchuk & Yaggi, 2020). These studies used different analytical approaches
to cluster OSA based on demographic data, anthropometric data, symptoms,
polysomnographic features, and associated comorbidities. In these studies, three to seven
clusters were found. Based on these clusters, the authors of the review paper derived four
common clinical phenotypes (Zinchuk & Yaggi, 2020). These four phenotypes are based on
demographic data, anthropometric data, symptoms, polysomnographic features, and
associated comorbidities (Figure 1.1). In addition, two clusters based on polysomnographic

features were identified (Figure 1.2).
The four clinical phenotypes included the following:

1- ‘Classic OSA’: in which patients tend to be predominantly younger, obese, male, and
complain of drowsy driving and excessive sleepiness. They present with low
comorbidities, high AHI, and moderate hypoxemic burden. This phenotype is at a
higher risk of coronary heart disease (CHD) and heart failure. These patients seem to
benefit the most from CPAP treatment.

2- ‘Oldest comorbid OSA’: in which patients tend to be predominantly older, obese
males with low to moderate symptom burden (e.g. excessive sleepiness, snoring,
disturbed sleep). In addition, these patients suffer from significant hypoxemic
burden, high AHI, and are considered at the highest risk of comorbidities such as
diabetes, hypertension, and CVDs. This phenotype seems to be the lowest in terms
of CPAP adherence and benefit.

3- ‘Insomnia, female OSA’: in which patients tend to be predominantly female, middle
age, slightly obese, and have significant insomniac symptoms. These symptoms
include difficulty to enter and or maintain sleep and early morning awakenings.
These patients present with moderate AHI and hypoxemic burden. CPAP treatment
can offer this phenotype a medium benefit, in which apnoeic symptoms are relieved.
However, it is associated with medium adherence. CPAP adherence and benefit may

be boosted by the use of cognitive behavioural therapies for insomnia.
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4- ‘Upper airway symptoms, youngest OSA’: Patients in this cluster tend to be the
youngest — and predominantly male. They present mainly with upper airway
symptoms such as chocking, snoring, breathing cessation, and sudden awakening
from sleep. These patients tend to be non-sleepy and non-insomniac. AHI in this
phenotype is moderately high, but the hypoxemic burden is lowest across the

phenotypes. In this phenotype, adherence to CPAP is low.

Subtype A: Subtype B:
“Classic” Oldest, comorbid

Feature

Least CPAP benefit
? Manage comorbidity

PSG AHI High

T90% Medium

Subtype D:
Subtype C: Youngest, upper
Female, insomnia airway symptoms

adherence
ident

Difficulty falling
asleep, early
awakening,
nonrestorative sleep

Snoring, sudden ™
kE‘g‘s ess I(\g%dl-n;m CPAP benefit
heamn H‘a = ? Alternative/adjunct

treatments treatments

? CBTi + CPAP (eq, oral appliance,
drugs)

PSG AHI Medium
T90% Medium

Figure 1.1: Clinical phenotypes of OSA

This figure shows the clinical phenotypes identified based on 16 OSA phenotyping studies. AHI: apnoea-
hypopnoea index; T90%: percent of total recording or sleeping time spent with oxygen saturation under 90%;
ESS: Epworth Sleepiness Scale; CBTi: cognitive behavioural therapy for insomnia; CVD: cardiovascular disease;
QOL: quality of life (assessed by using the Short Form-36 Health Survey); PSG: polysomnography; The subtypes
included in the figure were drawn from 16 different studies that tried to phenotype OSA. Therefore, Nstwu: is the
number of phenotyping studies that identified similar subtypes. The figure is adopted from (Zinchuk & Yaggi,
2020) with permission (appendix 1).

In addition to the clinical phenotypes, two other phenotypes were identified (Zinchuk &
Yaggi, 2020). These were based on studies that used polysomnographic features. The

authors described these two phenotypes as follows:

1- ‘Severe, hypoxemic OSA’: in which patients tended to be predominantly male,
and the highest in terms of body mass index (BMI), hypoxemia, and respiratory

events, especially apnoeas.
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2- ‘Severe, non-hypoxemic OSA’: in which patients tended to be predominantly

male, but with a lower BMI, sleepiness, and the lowest hypoxemic burden.

Subtype E: Subtype F:
Severe, hypoxemic Severe, non-hypoxemic
0‘::‘IZQ 23;59

--------- Sleep stages -~ Z3% - sooozzozSkep

EEIS

stages -----%

2 3
Oximetry o102 0%

1 WWW”’MM’“

Risk:

Low CPAP adherence
? Neurocognitive
dysfunction

Risk:

rate: 01 Sessign
o102 P

D/OIACT:0  Hypopneas

Incident CVD

AHI = high; Hypoxic:Ar. Apn. = high; AHI = high; Hypoxic:Ar. Apn. = low;
Apnea L. = medium; O, nadir = low. Apnea L. = short; O, nadir = high.

Figure 1.2: Polysomnographic phenotypes

This figure shows the polysomnographic phenotypes identified by (Zinchuk & Yaggi, 2020). AHI: apnoea-
hypopnoea index; CPAP: continuous positive airway pressure; Hypoxic:Ar Apn.: ratio of apnoeas with 4%
desaturation only to apnoeas with arousal only; Apn. L.: apnoea length; CVD: cardiovascular disease; OAT: oral
appliance therapy. The subtypes included in the figure were drawn from 16 different studies that tried to
phenotype OSA. Therefore, Nsw: is the number of phenotyping studies that identified similar subtypes. This
figure is adopted from (Zinchuk & Yaggi, 2020) with permission (appendix 1).

The identification of these clinical phenotypes has facilitated multiple research pathways to
improve both diagnosis and treatment. However, it is important to note these phenotypes
are not fully reproducible; and therefore, searching for better identification methods to

might enhance reproducibility of phenotyping (Zinchuk & Yaggi, 2020).

Other phenotypes that have been reported in the literature are based on polysomnographic
features. These include REM-predominant and supine-predominant OSA (Zinchuk et al.,

2017).

The REM-predominant OSA includes patients who are predominantly female and of younger
age. Their PSG features include reduced total sleep time, REM duration, and sleep
efficiency. During REM, these patients show lower respiratory drive and long and severe
hypoxia. The supine predominant OSA is the main topic of this thesis and, therefore, is

discussed in detail in section 1.5.
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1.5 Positional Obstructive Sleep Apnoea (POSA)
OSA is affected by the sleeping position (Cartwright, 1984), and the supine position is known
to be the position in which the upper airway is most likely to collapse (Frank et al., 2015).
When OSA occurs in the supine position, it is referred to as positional obstructive sleep
apnoea (POSA) (Frank et al., 2015). As shown in Figure 1.3, respiratory events (desaturations
and apnoeas) are predominantly seen during the supine position (van Kesteren &
Hilgevoord, 2015).
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Figure 1.3: A polysomnographic hypnogram showing positional obstructive sleep apnoea

This figure shows an overnight sleep study. Please note that, when in the supine position, patients start having
obstructive events (in black) and desaturation events (in green). Moreover, note the arousal marker at the top
of the picture shows that the arousal events also predominantly occurred in the supine position. S1: stage N1;

S2: stage N2; S3: stage 3; S4: stage 4, Sec: seconds; SpOz: Oxygen saturation as determined by pulse oximetry.
Modified from (van Kesteren & Hilgevoord, 2015) with permission (appendix 2).
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1.5.1 Definitions of POSA
The POSA definition varies in the literature; Cartwright defined the POSA as having an AHl in
the supine position that is twice that of AHI in the non-supine position, along with an AHI of
more than five events/hr (Cartwright, 1984). Mador et al. amended this definition by adding
a non-supine AHI of less than five events/hr and a minimum of 15 minutes of sleep time in
the supine and non-supine position (Mador et al., 2005). Marklund et al., however, defined
it as having an AHI of > 10 events/hr in the supine position, along with an AHI < 10 events/hr
in the non-supine position. Bignold et al. was the first to combine the Cartwright criteria and
a minimum of 20 minutes in the supine, as well as the non-supine position, along with a
non-supine AHI that is less than 15 events/hr (Levendowski et al., 2018). In the Amsterdam
Classification of POSA, it was proposed that, once a patient is diagnosed as an OSA patient,
and has at least 10% of the total sleep time spent in the non-supine and supine sleeping
position, they can be classified into three categories based on their response to PT (Frank et
al., 2015). One classification was patients who were treatable (i.e. a true positional patient).
A further classification was patients who could not benefit from PT and were therefore non-
positional. A final classification was being treatable but not curable (i.e. the OSA was a
multifactorial patient) (Frank et al., 2015). Levendowski et al. introduced a new definition in
which the overall AHI needed to be at least as 1.4 times the non-supine AHI (Levendowski et
al., 2014). The same group revised their criteria so the overall AHI needed to be 1.5 times
that of the non-supine AHI (Levendowski et al., 2018). The reason for this revision was to
increase the likelihood that the AHI would improve by a minimum of 50% by avoidance of
supine sleep (Levendowski et al., 2018). In one study, the researchers compared all the
above criteria and found the overall/non-supine AHI criteria was the most consistent criteria
for the detection of POSA patients, who were most likely to show significant and important
decreases in terms of the overall AHI if the supine position was avoided (Lee et al., 2017;

Levendowski et al., 2018).

1.5.2 Prevalence of POSA
The prevalence of POSA differs based on the criteria used in each study. However, a number
of studies have shown that more than 50% of patients with OSA have POSA (Lee et al., 2017;
Mo et al., 2011; Oulhaj et al., 2017; Ravesloot et al., 2016). A recent population-based study,

which screened more than 1,700 individuals using PSG, found that POSA was present in 75%
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of OSA patients (Heinzer et al., 2015). In addition, they found that POSA was present in 53%
of the entire population they screened and that exclusive POSA (non-supine AHI < 5
events/hr) was as prevalent as 36% (Heinzer et al., 2018). POSA patients tended to be more
prevalent in the mild and moderate categories of AHI, with a prevalence of more than 80%
in either category (Mo et al., 2011). This compares to a prevalence of about 40% in the

severe AHI category (Mo et al., 2011).

1.5.3 Clinical features of POSA
The clinical features of POSA patients are usually different, compared to non-positional OSA
patients. Typically, POSA patients are younger than non-positional OSA (Yingjuan et al.,
2019). It is also more common in men than women (Yingjuan et al., 2019). Positional
patients tend to occur in the mild and moderate categories of AHI severity (Mo et al., 2011).
Furthermore, their snoring is noticeable by their partners to be louder when in the supine
position (Joosten et al., 2014). In addition, their objectively measured daytime sleepiness
using maintenance of wakefulness test is less than non-positional OSA patients (Oksenberg
et al., 2009). BMI in POSA patients is typically lower than non-positional OSA patients (Mo et
al., 2011). In addition, POSA patients have a smaller neck and waist circumference (Yingjuan
et al., 2019). Moreover, they have a lower Mallampati score (Yingjuan et al., 2019). In terms
of ethnicity, POSA has been reported to be more prevalent in Asian patients (Mo et al.,

2011).

1.5.4 Anatomical abnormalities associated with POSA
A full understanding of the anatomical abnormalities in patients with POSA is still not well
developed, compared to OSA patients. However, over the past two decades, progress has
been made in uncovering the anatomical compromise in patients with POSA. It has been
shown that, when OSA patients change body position, the size and shape of their upper
airway is affected (Walsh et al., 2008). Specifically, the upper airway changes to a more
circular shape in the lateral position, compared to a more traverse elliptical airway in the

supine position (Walsh et al., 2008). This is represented in Figure 1.4.
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Figure 1.4: A schematic diagram of the upper airway size and shape in supine and lateral
position in OSA patients

This figure represents a schematic diagram of the bony enclosure of the upper airway in supine and lateral
positions for OSA patients. Note that the compartments represent how the upper airway tissues are arranged
around the pharyngeal airway. Please also note that, on the left diagram (supine position), the pharyngeal airway
shape is elliptical, compared to the more circular airway on the right diagram (lateral position). The shaded area
in the left diagram (supine) represents the anterior soft tissues mass acting on the pharyngeal airway. This is
compared to the right diagram (lateral), which has a smaller shaded area, representing the mass of lateral soft
tissues. A: anterior soft tissues mass; L: lateral soft tissues mass; P: posterior soft tissues mass; PA: pharyngeal
airway; OSA: obstructive sleep apnoea. Modified from (Walsh et al., 2008) with permission (appendix 3).
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One study used magnetic resonance imaging (MRI) with three-dimensional reconstruction
of the images to compare the upper airway morphology in POSA patients to non-positional
OSA patients and healthy control participants (Saigusa et al., 2009). They found that POSA
patients had a smaller pharyngeal lateral wall and soft tissues compared to non-positional
OSA patients. This may indicate that smaller gravitational forces could be exerted on the
lumen of the pharynx compared to non-positional OSA patients (Saigusa et al., 2009). In
addition, they found that POSA patients had lower facial height and smaller craniofacial
volume. Additionally, they found POSA patients had a backward mandible position,

compared to the maxilla.

The site of the upper airway collapse seems also to differ in POSA patients compared to
non-positional OSA patients. A drug-induced sleep endoscopy study compared sites of
collapse between POSA and non-positional OSA patients (Victores et al., 2014). They found
that the most common site of collapse for both POSA and non-positional OSA patients (in
the supine position) was the palatal collapse, accounting for 91% and 82%, respectively.
They also found most POSA patients showed a combined tongue and palatal collapse. In the
supine position, both tongue-related collapse, and epiglottic collapse, were twice as
frequent in POSA patients (73% and 64%, respectively) compared to non-positional OSA
patients (36% and 36%, respectively) (Victores et al., 2014). As seen in Figure 1.5, 91% of
POSA patients improved their upper airway obstruction upon change in body position from
supine to lateral (Victores et al., 2014). However, in non-positional OSA patients, the pattern

of obstruction was not significantly altered by the changing body position.
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Figure 1.5: Site of collapse in supine compared to lateral position in POSA patients

The nasopharyngoscopic view of a POSA (A and B) and non-positional OSA patient (C and D). Note that, when
the POSA patient was in the supine position (A), the airway collapsed, but when the same patient moved into
the lateral position (B), the airway remained open. However, when the non-positional OSA patient was in the
supine position (C), the airway collapsed, and there was almost no improvement when they switched to the
lateral position (D). Modified from (Victores et al., 2014) with permission (appendix 4).
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A recent study investigated whether moving from the supine to the lateral position
improved the upper airway patency in OSA patients and simultaneously measured the
epiglottic pressure and airflow (Marques et al., 2017). By grouping participants according to
the structure that caused the collapse, the authors were able to define three groups, using
natural supine endoscopy. The groupings were (1) epiglottis collapse, (2) tongue-related
collapse, and (3) non-tongue related collapse (lateral walls and palatal collapse). Contrary to
common belief, they found that tongue-based collapse did not improve when the position
was changed from the supine to the lateral position. Similarly, the associated airflow did not
improve (Figure 1.6). This refutes the belief that the tongue falls back during supine sleep,
associated with gravitational forces. Only epiglottic collapse had a significant improvement
when moving from the supine to the lateral position, with a significant improvement in the

associated airflow. Non-tongue-related collapse slightly improved following a change

position.
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Figure 1.6: Airflow between the supine and lateral positions in both tongue-based collapse
and epiglottic collapse

Note that ventilation and airflow did not improve with tongue-based collapse when the patients
changed from the supine to the lateral position. However, in patients with epiglottic collapse, both
ventilation and airflow were improved when the position was changed from the supine to the lateral
position. Modified from (Marques et al., 2017) with permission (appendix 5).
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1.5.5 Physiological traits in POSA
Physiological traits in POSA are less studied compared to OSA. A recent review on this topic
showed that sleeping in the supine position, compared to the lateral position, in OSA
patients during NREM stages resulted in higher (positive) critical closing pressure (Pcrit)
values (2—-3 cm H;0) (Joosten et al., 2014). Such findings indicate a more collapsible upper
airway in the supine position (Joosten et al., 2014). The studies included in the review found
the supine position was determined by the trunk. Recent studies, however, have
demonstrated that, even if the neck/head position is in the supine position, regardless of

the trunk position, higher Pcrit values were noted (Joosten et al., 2015).

Other physiological traits include the upper airway gain, arousal threshold, and loop gain. In
a physiological study, Joosten et al. investigated the effect of the lateral position on these
physiological traits in severe OSA patients (Joosten et al., 2015). They also conducted a sub-
analysis on POSA patients and found that switching from the supine to the lateral position
significantly increased both passive and active muscle responsiveness, and there was also a
significant reduction of the upper airway critical closing pressure. However, no
improvements were noted in the loop gain or arousal threshold. In the sub-study on the
POSA patients, moving to the lateral position significantly improved the upper airway gain

and Pcrit, resulting in almost complete resolution of the OSA (Joosten et al., 2015).

Similar to other physiological traits, most lung volume studies have not focused on POSA
patients. However, moving from the lateral to the supine position is known to result in a
reduction of functional residual capacity (FRC). It has previously been proposed that a
reduction in FRC during sleep can trigger several potential mechanisms that can contribute
to the development of OSA. These include a reduction in lung compliance, a reduction of
outward chest wall recoil, and a shift of blood centrally (Avraam et al., 2019). A recent study
that investigated FRC during sleep in healthy males and females (both normal and
overweight participants) demonstrated that FRC was significantly reduced when moving
from the lateral to supine position during sleep (Avraam et al., 2019). This reduction was
independent of weight and gender. A similar drop in the FRC (340 ml = 13%) was noted in
another study that compared awake FRC when moving from the lateral to the supine

position in POSA patients (Joosten et al., 2015).
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1.6 Treatment of OSA

The field is currently moving toward a personalised approach for the management of OSA.
In this section, the therapeutic options currently available for OSA are discussed. This
includes continuous positive airway pressure (CPAP), mandibular advancement devices
(MADs), hypoglossal nerve stimulation, surgical treatments, and pharmacological

treatments.

1.6.1 Continuous positive airway pressure (CPAP)

There are numerous treatment options for OSA. However, the first line and the most
clinically effective treatment is CPAP. This works by applying a positive pressure to the
upper airway, splinting and preventing its collapse (Sullivan et al., 1981). CPAP reduces the
AHI to less than five events/hr in greater than 90% of patients (Gottlieb & Punjabi, 2020). In
addition, a recent systematic review and meta-analysis of 184 studies demonstrated that
CPAP, compared to no treatment, resulted in a clinically significant reduction of excessive
daytime sleepiness, motor vehicle accidents, and blood pressure (Patil et al., 2019). In
addition, it resulted in an important improvement in sleep-related quality-of-life measures
(Patil et al., 2019). Although it is considered the gold standard and most efficacious
treatment, its effectiveness is hindered by poor patient adherence rates, which can be as

low as 29% (Wozniak et al., 2014).

1.6.2 Mandibular advancement devices (MADs)

While CPAP is the first line of therapy for OSA, mandibular advancement devices (MADs) can
be offered to patients with mild or moderate OSA severity who are intolerant to CPAP
(Gottlieb & Punjabi, 2020). It can also be prescribed for patients with mild and moderate
OSA who prefer an alternative therapy to CPAP (Gottlieb & Punjabi, 2020). MADs consist of
bespoke, denture-like plates designed to fit the lower and upper teeth (Gottlieb & Punjabi,
2020). They can be adjusted to advance the mandible in a forward motion, which increases
the upper airway space (Gottlieb & Punjabi, 2020). These devices are less effective in
reducing the AHI, and compared to CPAP, MADs result in AHI reduction of approximately
50% (Sutherland et al., 2015). However, because of greater adherence to MADs, the efficacy
of MADs may be comparable to CPAP (Phillips et al., 2013). Many health outcomes have

been shown to be improved by MADs. These include, blood pressure, daytime sleepiness,
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and quality of life (Phillips et al., 2013). An important point is that MADs are less effective in
REM and supine-dependent OSA (Sutherland et al., 2015). Some adverse events that have
been reported with MADs include movement of teeth and temporomandibular joint
discomfort. The recent European Respiratory Society guidelines reviewed data from 13
studies (n=597 patients) that compared CPAP and MAD. Despite effectiveness of MAD, the
task force suggested that CPAP should be used as first line treatment (Randerath et al.,
2021).

1.6.3 Hypoglossal nerve stimulation

Another treatment option for OSA is a surgically implanted hypoglossal nerve stimulation
device. This treatment works by stimulating the hypoglossal nerve, which enhances tongue
protrusion (Gottlieb & Punjabi, 2020). This device consists of a pulse generator with effort
sensor and stimulation lead (Strollo Jr et al., 2014). The effort sensor is used to detect the
ventilatory effort and is implanted between the internal and external intercoastal muscles.
This stimulation lead is implanted in the submental area and is used to stimulate the
branches of the hypoglossal nerve responsible for tongue protrusion. This device has been
tested for selected OSA patients with (1) moderate to severe OSA with AHI less than 50
events/hr, (2) inability to use CPAP, (3) BMI less than 32 kg/m?, and (4) patients without
concentric upper airway collapse, as confirmed by endoscopy (Strollo Jr et al., 2014). In the
STAR trial, this device was effective in reducing the AHI by approximately 70% (Strollo Jr et
al., 2014). However, the applicability of such treatment is limited because of its invasive

nature, and it is associated with a high cost.

An alternative to this invasive option is the transcutaneous electrical stimulation of the
upper airway dilator muscle. In a feasibility study, Steier et al. found a reduced AHI with
treatment, from 28 to 10 events/hrs. When the stimulation was withheld, the AHI increased
back to 27 events/hr (Steier et al., 2011). In a sham-controlled RCT (the TESLA trial; n = 36),
the device was effective in reducing the ODI by a mean of 4 (95% Cl -0.6 to 8.9) events/hr
(Pengo et al., 2016). However, when sub-group analysis was performed in responders (with
predominantly mild to moderate OSA), there was a reduction in the group mean AHI by 9
(95% CI 2.0 to 16.2) events/hrs and in the ODI by 10 (95% Cl 3.9 to 16.0) events/hr (Pengo et

al., 2016). The modest reduction of the respiratory events in the whole sample showed that
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the higher effectiveness in the ‘responders’ is another indication that OSA is a heterogenous
disease, and, therefore, a personalised treatment approach is needed. The selection of
participants may also explain the significant results from the STAR trial, compared to the
TESLA trial. In the STAR trial, patients were assessed for absence of concentric collapse of
the upper airway. This was used as a major inclusion criterion, which was assessed via
endoscopy. However, this was not performed in the TESLA trial because the trial procedures

were non-invasive.

1.6.4 Surgical treatments

Another treatment option for OSA is surgical treatments. Most of the surgical procedures
focus on modifying anatomical structures, rather than bypassing structures (such as
tracheostomy). The most common surgery is the uvulopalatopharyngoplasty (Gottlieb &
Punjabi, 2020). This surgery is a partial or complete excision of the soft palate and the uvula,
as well as the tonsillectomy (Gottlieb & Punjabi, 2020). The success rate of this surgery was
about 50% (Caples et al., 2010). A number of other surgical procedures exist, such as
radiofrequency ablation, and laser-assisted uvulopalatoplasty. A systematic review and
meta-analysis has concluded that most of these procedures are associated with inconsistent
results, small sample sizes, and misleading definitions, which may also influence the

reported success rates (Caples et al., 2010; Elshaug et al., 2007).

Another surgical procedure is the maxillomandibular advancement. This procedure is
achieved by the LeFort | maxillary plus bilateral mandibular osteotomies and with forward
fixation of the facial skeleton (Gottlieb & Punjabi, 2020). Recent meta-analysis that included
45 studies showed that MMA produced a mean percentage reduction of the AHI by 80%
(Zaghi et al., 2016). In addition, the recent ESR guidelines reviewed the data from one study
that compared the auto-titrated positive airway pressure (APAP) and the maxillomandibular
advancement. The task force suggested that either the CPAP or MMA can be used as

treatment in adult OSA patient (Randerath et al., 2021).

1.6.5 Pharmacological treatments

The pharmacological treatments discussed in this section are relatively new options for OSA,

and they are still under investigation. However, recent efforts to identify and understand
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the underlying physiological traits, discussed in section 1.3, have increased the viability of

pharmacological therapy as an option for OSA patients.

e Drugs targeting upper airway dilator muscles

Recent trials using drug therapy to improve upper airway patency by modifying muscle
responsiveness are promising. These studies targeted the serotonergic and noradrenergic
neurons because the firing frequencies of these neurons are substantially reduced during
sleep (White, 2016). When serotonin and noradrenaline were applied to the neurons
responsible for genioglossus (GG) muscle activity, the GG muscle activity increased
significantly (White, 2016). However, during REM sleep, these neurons are under muscarinic
cholinergic inhibition and therefore are mostly unresponsive to excitation by
neurotransmitters such as serotonin and noradrenaline (White, 2016). This may explain the
modest improvements in OSA, when selective serotonin reuptake inhibitors were used, such
as fluoxetine (Hanzel et al., 1991), paroxetine (Kraiczi et al., 1999), and ondansetron
(Stradling et al., 2003). Similar results were found when using noradrenergic reuptake
inhibitors such as protriptyline (Brownell et al., 1983). This finding may be explained by the
high alerting properties of adrenergic agonist drugs, which negatively affect sleep (White,

2016).

e Drugs targeting high loop gain

High loop gain has been targeted by two main treatments: oxygen therapy and
acetazolamide. Oxygen therapy may reduce the high loop gain by reducing responsiveness
to PCO; at the central chemoreceptor and carotid bodies (assuming healthy respiratory
control and sea-level atmospheric pressure) (White, 2016). In OSA patients with high loop
gain, oxygen therapy reduces AHI by approximately 50% (Edwards et al., 2014; Wellman et
al., 2008). However, such treatment effects on other non-selected OSA populations (without
high loop gain) were not so promising (White, 2016). This finding may highlight the need for
a personalised approach to the diagnosis and treatment of OSA. Acetazolamide, which is a
respiratory stimulant, was also tested for the treatment of patients with high loop gain; it

resulted in approximately a 50% reduction in AHI (Edwards et al., 2012).

e Drug targeting low arousal threshold
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Another physiological trait that has been targeted with drug therapy is the low arousal
threshold, discussed in section 1.3.1. For the upper airway muscle to activate and open the
upper airway, enough time is needed before arousal occurs. Thus, by elevating the arousal
threshold in OSA patients with a low arousal threshold, enough time is given for the upper
airway muscle to dilate the airway. Therefore, using a hypnotic to increase the arousal
threshold, such as eszopiclone, has shown promising results and resulted in significant

improvements in sleep quality and daytime functioning (Roth et al., 2005).

A common theme in all of the treatment options discussed above is that the success rate
was variable across patients with different OSA severity. This variability may also be
accounted for by the different physiological traits in the patients selected. This could be a
catalyst for the field to adopt a more personalised approach to the diagnosis and treatment
of OSA. However, because many health-care systems do not have the capacity to test for

these different traits, simple and clinically applicable tests are much needed.
e Drugs targeting daytime symptoms

Excessive daytime sleepiness (EDS) is one of the most frequent symptoms in patients with
OSA (Mehra et al., 2021). Despite effective treatment of OSA, residual sleepiness can persist
(Mehra et al., 2021). The prevalence of the residual sleepiness ranges from 16% to 58%
despite adequate adherence to CPAP (Mehra et al., 2021). Number of therapeutic agents

were developed to treat this residual sleepiness.

Modafinil which is a wakefulness promoting agent can be used to treat residual sleepiness in
OSA patients (Rosenberg et al., 2021). This medication is approved in the United States and
was approved in Europe but it had been recently withdrawn because of possible risks of
CVDs and neuropsychiatric disorders (Mehra et al., 2021). Number of trials have shown that
Modafinil was effective in reducing EDS. A recent meta-analysis on data from 1466 patients
found that Modafinil was effective in reducing ESS by 2.2 points (Chapman et al., 2016 ). In
addition, the review showed that it improved the maintenance of wakefulness test
compared to placebo by 3 minutes (Chapman et al., 2016 ). However, this medication has
been shown to be linked to a higher risk of stroke in patients with OSA (Mehra et al., 2021).
In addition, it has been shown to increase systolic blood pressure by 3 mmHg compared to

placebo (Mehra et al., 2021).
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Another agent that promotes wakefulness is Solriamfetol. This medication is a
norepinephrine and dopamine reuptake inhibitor (Rosenberg et al., 2021). Solriamfetol is
currently approved in the United States and in Europe. A recent study that randomised 459
OSA patients showed that a minimum of 75mg of Solriamfetol significantly reduced the ESS
to less than 10 points in more than 50% of the studied patients compared to 38% in the
placebo group (Schweitzer et al., 2019). In addition, the maintenance of wakefulness test
was reduced by more than 20 minutes in 54% of participants who used Solriamfetol
compared to 23% in the group that used placebo drug (Schweitzer et al., 2019). Side effects
of this medication were mild or moderate and were more common in the group using
Solriamfetol compared to placebo (Schweitzer et al., 2019). Most frequent side effects were
headache, insomnia, nausea, anxiety, and upper respiratory tract infections (Mehra et al.,

2021).

Another therapeutic agent that can be used for treatment of EDS is Pitolisant (Rosenberg et
al., 2021). It is a selective histamine H3-receptor antagonist which can be used to promote
wakefulness in OSA patients who suffer from EDS (Mehra et al., 2021). Recently, the effect
of Pitolisant was investigated compared to placebo on 244 OSA patients who were adherent
to CPAP but had residual EDS (Pépin et al., 2021). The ESS was significantly reduced by 2.6
points compared to placebo (Pépin et al., 2021). Most common sides effects were headache

and insomnia (Pépin et al., 2021).

One of the therapeutic options that can be used for OSA patients is positional therapy.
Because positional therapy is a core topic of this thesis, it was given a separate section in

which it will be discussed in more details.

1.7 Positional therapy (PT) as a treatment for POSA

PT has been shown to be a promising treatment in patients with POSA (Ravesloot et al.,
2017). PT is any technique that can be used to prevent sleeping in the supine position
(Ravesloot et al., 2013). A number of techniques have been used, and they include

traditional PT and the new generation vibrotactile PT devices.

1.7.1 Traditional PT techniques
Traditional PT techniques are usually bulky objects, like a tennis ball, or an object of similar

size that are inserted in a pocket and sewn into the back of nightwear. These traditional
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techniques work by causing discomfort when patients move into the supine position, thus
urging them to move to a non-supine position. These techniques cause significant
discomfort and frequent awakenings. A number of studies have evaluated the efficacy of
these techniques and found they are efficacious in reducing supine sleep time and therefore
AHI (Bignold et al., 2009; Loord & Hultcrantz, 2007; Oksenberg et al., 2006). However, they
are very poorly received by patients, mainly due to excessive discomfort (Bignold et al.,
2009; Loord & Hultcrantz, 2007; Oksenberg et al., 2006). This has resulted in a low long-
term compliance rate (10%) (Bignold et al., 2009). Therefore, traditional PT techniques are
not considered a satisfactory treatment that can be used routinely for POSA patients for a

long period of time.

1.7.2 Vibrotactile PT devices
As a result of the poor tolerability and compliance with traditional PT techniques, a number
of devices have recently been developed; these are referred to as vibrotactile PT devices. All
of these devices work by producing gentle vibrotactile stimuli to urge patients to avoid

sleeping in the supine position (Ravesloot et al., 2016).

There are currently four vibrotactile PT devices that have been tested clinically and are
available in the market. These different vibration devices are worn on different sites on the
body, including the back of the neck (Levendowski et al., 2014), the chest (Bignold et al.; van
Maanen et al., 2013), and the forehead (Hidalgo Armas et al., 2019). The Night Shift™ Sleep
Positioner (Advanced Brain Monitoring Inc., California, USA) is worn on the back of the neck
(Levendowski et al., 2014). The NightBalance™ Sleep Positioner Trainer (Den Haag, the
Netherlands) and the BuzzPOD Body Position Orientation Device (Gorman ProMed Pty Ltd.,
Victoria, Australia) are worn around the chest (Bignold et al., 2011; van Maanen et al.,
2013). The Somnibel™ Positional Therapy System (Sibel, Barcelona, Spain) is secured over

the forehead (Hidalgo Armas et al., 2019). Figure 1.7 displays pictures of these devices.
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Figure 1.7: Positional therapy devices on different bodily sites

This figure shows the different positional therapy devices in their different bodily sites. In picture (A), the Night
Shift device is shown; it is worn around the neck. In picture (B), the Night Balance Sleep Positioner device is
shown; it is worn around the chest. In picture (C), the BuzzPOD device is shown; it is also worn around the chest.
In picture (D), the Somnibel is shown; it is secured on the forehead. Pictures are modified from (Bignold et al.,
2011; Dieltjens et al., 2015; Hidalgo Armas et al., 2019; Levendowski et al., 2014) with permission (appendix 6).

In the following section, a brief description will be given of the common features to all of
these devices. A detailed description of the devices used in this thesis is given in chapter 2,

section 2.6.

All the above devices are small, simple, and lightweight vibrotactile devices. As described
above, the different devices are worn on different bodily sites, which include the neck,
chest, or forehead. These devices contain position sensors to determine the sleeping
position. In addition, they contain small vibrating motors that are similar to the ones in
contemporary smartphone devices. These motors are responsible for producing the
vibrotactile stimulus. These devices can be worn on different bodily sites via Velcro type
belts (chest worn devices), silicon rubber bands (neck worn device), or they can be secured
using clips to a sticker (forehead secured device). All of them work by detecting the supine
position during sleep, and in response they start producing gentle vibrations, which
increases gradually until a change in sleep position is detected. All of the devices are able to

monitor usage and compliance data.

o Efficacy of the PT devices

The efficacy of the vibrotactile PT devices has been investigated by many studies. A
systematic review and meta-analysis has been performed as part of this thesis and is

presented in chapter 3.

1.8 Arousability and PT
One of the potential consequences of using the vibrotactile stimulus is that it may cause

arousal from sleep and sleep fragmentation. This fragmentation might be due to either
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frequent awakenings or frequent cortical arousals. An awakening is classified to have

occurred when a cortical arousal lasts for more than 15 seconds (Berry et al., 2012).

1.8.1 The AASM criteria for scoring an arousal from sleep

A cortical arousal is defined by the AASM as ‘an abrupt shift in EEG to a higher frequency,

including alpha, theta, or beta, for at least 3 seconds, with at least 10 seconds of stable

sleep preceding the change’ (Berry et al., 2012). Arousals are part of the normal sleep

process. Indeed, a recent comprehensive meta-analysis has shown that cortical arousals

frequently occur during normal sleep (Boulos et al., 2019). Table 1.1 represents data from

this study — these data are included in this thesis as an example of normative data for

arousals and sleep quality indices in 5,000 healthy subjects.

Table 1.1: Normative data for arousability and sleep quality

Mean Age (years)
Total First Night Second
Variable
Sample PSG Night PSG
18-34 35-49 50-64 65-79 >80
Arousal index 126 96 125 165 188 316 135 9-6
(events/hr) (11-8-13-3) (8-8-10-5) (10-7-14-2) (14-9-18-2) (15-3-22:3) (15-4-47-8) (12-5-14-6) (8-0-11-2)
Sleep onset 154 143 144 157 195 414 147 14-4
Rteneylin) (14-2-16-7) (12-5-16-1) (12-3-166) (13-7-17-8) (15-2-23-8) (14-2-68-6) (13-3-16-1) (12-3-16-4)
Total sleep time 394-6 410-6 3866 372:0 346-0 1986 3716 419-7
(min) (388-4-400-8) | (404-5-416-6) (371-4-4019) (358-1-85-89) (326-7-365-4) (142-5-254-7) (361-8-381-3) (412-0-427-4)
Sleep efficiency 85-7% 89-0% 85-4% 83-2% 77-5% 45-7% 84-2% 89-3%
(%) (84-8-86-6) (88-0-90-0) (83-7-87-1) (81-0-85-4) (73-0-81-9) (33-7-57-7) (83-0-85-4) (88-0-90-5)
Wake after 482 321 511 640 771 527 379
Sleeplon=et (43-8-52-6) (28-2-36-1) (41-1-61-1) (55-1-72:9) (57-3-96:9) _ (467-58-7) (30-6-45-2)
(min)
hr: hour; PSG: polysomnography. These data are adopted from reference (Boulos et al., 2019) with permission (appendix 7).

In addition, this study showed that arousals from sleep increase proportionally with age; for

each decade of age, the arousal index (Al) increases by 2.1 (1.5-2.6) events/hr. This

relationship is represented in Figure 1.8.
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Figure 1.8: The arousal index and its association with age

This figure shows the relationship between the mean arousal index (events/hr) and the mean age (years). Each
dot in this figure represents data from a single study. The red line indicates the mixed-effects meta-regression
line. It shows that, as age increases, the arousal index is increased proportionally. Modified from (Boulos et al.,
2019) with permission (appendix 7).

In patients with OSA, frequent arousals from sleep have been shown to be associated with
clinically significant outcomes (White & Younes, 2012), including EDS (Bonnet & Arand,
2003; Thomas, 2003), substantial activation of the cardiovascular responses (Trinder et al.,

2003), and cognitive dysfunction (Bucks et al., 2013).

Several studies have evaluated the effect of vibrotactile PT on the arousal index, and these
will be reviewed in chapter 3, section 3.3.2. The arousal index is the frequency of arousals,
but this measure disregards other important characteristics such as the duration and
intensity of the arousal. Therefore, it may be more useful for investigating the effect of the
vibration stimulation on the EEG rhythm, rather than count the number of arousals to
calculate an index. None of the studies reviewed to date have reported the impact of the
vibration stimuli on cortical arousals. There is a need for studies focusing on the impact of
PT on sleep quality (Ravesloot et al., 2017). Additionally, it is important to evaluate whether
a change in objective sleep is associated with changes in subjective sleep quality and

daytime function.
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1.8.2 Using arousal intensity to measure arousals from sleep

Previous research has attempted to categorise cortical arousals into four visually different
groups (Younes, 2004). In OSA patients, researchers have found these groups were
correlated with the amount of ventilatory overshoot (Younes, 2004). Subsequently,
Azarbarzin et al. categorised arousals into different intensity levels (Azarbarzin et al., 2014).
Using wavelet transformation, EEG signals at the beginning and end of each cortical arousal
(during NREM sleep) were decomposed into five signal coefficients. Based on these five
coefficients, the wavelet transformation generated 14 different characteristics. These
characteristics were based on different time and frequency characteristics. Based on these
characteristics, each cortical arousal was given a scale from zero (No changes in EEG) to nine
(highest arousal intensity). The developers found that arousal intensity was stable within
individuals when measurements were repeated over two nights (Azarbarzin et al., 2015).

One disadvantage of this method was that it is based on subjective judgement.

1.8.3 Defining the arousal threshold in response to a respiratory stimulus

The respiratory arousal threshold, defined as the nadir negative intrathoracic pressure at
the last breath immediately before a cortical arousal, can be measured in patients with OSA
(Eckert & Younes, 2013). This method has been described in detail elsewhere (Wellman et
al., 2011; Wellman et al., 2013). Briefly, however, the patient sleeps in the supine position
and is fitted with PSG and a customised nasal mask, which is similar to a nasal CPAP mask
and a nasopharyngeal catheter — secured to stay in the epiglottic area. Airflow is measured
using a pneumotachometer, and both negative and positive pressure are applied via a

breathing circuit.

Prior to the measurement of the respiratory arousal threshold, optimal CPAP is maintained
until the patients’ sleep is stabilised in NREM. Once stabilised, the CPAP is reduced until the
airflow is limited. The breathing effort is monitored until the patients reach the most
negative intrathoracic pressure, as indicated by the epiglottic pressure (the nadir pressure
just before arousal). This process is repeated multiple times throughout the night, and the

average is taken to represent the respiratory arousal threshold.
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This is a complex, invasive, and labour-intensive method that can only be done in
physiological sleep research laboratories, and few laboratories around the world have the
skill needed to carry out these measurements. Therefore, this method is not clinically
applicable. Modifications to the invasive method have been tried (Wellman et al., 2013).
Another simplified method showed that the respiratory arousal threshold can be extracted
from the PSG (Sands et al., 2018). However, it was only moderately correlated to the

invasive method (Sands et al., 2018).
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Figure 1.9: Respiratory arousal threshold measurement

This figure shows how the respiratory arousal threshold is measured. Once flow limitation has been reached, as
indicated in the flow channel by the flatting of the waveform, the most nadir (lowest) epiglottic pressure
represents the respiratory arousal threshold. This is represented by a small circle on the Pepi channel. Picture
adopted from (Eckert, 2018) with permission (appendix 8).

Taken together, these methods show it is important to evaluate arousability in OSA patients.
However, there is a need for a simpler method that can be used in patients using
vibrotactile PT. This thesis describes the development of a novel method that can quantify

arousability and sleep recovery in participants using PT.

1.9 Gender Differences and Sleep

Over the past few decades, a number of differences have been recognised in the causes and
consequences of OSA occurring in males and females. These differences have been
observed in the clinical presentation and specifically in the subjective sleep quality,

objective sleep quality, and prevalence of sleep disorders.
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1.9.1 Gender differences in subjective and objective sleep quality
Females are more likely to report poorer subjective sleep quality than males (Dorsey et al.,
2021), as shown by the higher Pittsburgh Sleep Quality Index, which is indicative of poorer
sleep quality. In addition, sleep onset latency has been shown to be longer in females than
males (Dorsey et al., 2021). Furthermore, females are more likely to report frequent
awakenings during the night (Dorsey et al., 2021). Complaints of non-restorative sleep has

also been shown to be higher in females compared to males (Kaplan et al., 2017).

Similarly, objective sleep quality has been shown to be different between males and
females. Deep sleep has also been shown to be higher in females than males (Basoglu &
Tasbakan, 2017; Redline et al., 2004; Zhou et al., 2021). In a large study, the researchers
found that females have 106% more deep sleep than males (Redline et al., 2004). This
finding seems to be generalised to all age groups in which females showed a higher
percentage of deep sleep (Basoglu & Tasbakan, 2017; Redline et al., 2004; Zhou et al.,

2021). In addition, females seem to have less of stage N1 and N2 than males.

1.9.2 Gender differences in the prevalence of sleep disorders
The prevalence of sleep disorders has been shown to be different between males and
females. Males have been shown to have a higher prevalence of OSA (24%) than females
(9%) (Jordan & McEvoy, 2003). Interestingly, the prevalence of OSA almost doubles in
postmenopausal females. This observation is independent of BMI and age (Young et al.,
2003). However, females also seem to have a higher prevalence of insomnia (40%) than
males (Mallampalli & Carter, 2014). In addition, the prevalence of restless leg syndrome

seems to be higher in females than males (Mallampalli & Carter, 2014).

1.9.3 Gender differences in OSA
In the context of OSA, females tend to present more with insomnia complaints, daytime
fatigue, and morning headache (Basoglu & Tasbakan, 2017; Wheaton et al., 2012).
Conversely, males are more likely to report witnessed apnoeas, snoring, and daytime
sleepiness (Wheaton et al., 2012). Females with OSA also present higher depression and
mood disturbance than males (Basoglu & Tasbakan, 2017; Shepertycky et al., 2009).During
pregnancy, females tend to exhibit more snoring than before pregnancy (Dunietz et al.,

2018).
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Objective sleep quality in males with OSA is reduced, compared to females, across all ages
(Basoglu & Tasbakan, 2017; Gabbay & Lavie, 2012; Zhou et al., 2021). Females seem to have
more of a partial airway (hypopnoeas), compared to the complete obstruction that occurs in
males (Anttalainen et al., 2007). In addition, females have longer duration of respiratory
events (e.g. apnoeas and hypopnoea) than males (Vagiakis et al., 2006). Interestingly, mild
and moderate OSA has been shown to be more prevalent in females, than males (Basoglu &
Tasbakan, 2017; Vagiakis et al., 2006). Unlike males who commonly have respiratory events
that are not sleep stage dependent, females seem to have more REM-dependent
respiratory events, which may reflect the higher prevalence of mild to moderate OSA in
females (Basoglu & Tasbakan; O'Connor et al., 2000). POSA has been shown to be more

prevalent in males than females (Basoglu & Tasbakan, 2017; O'Connor et al., 2000).

1.9.4 Gender differences in OSA mechanisms
The differences in the prevalence and severity of OSA have been attributed to gender
differences in the anatomical and pathophysiological mechanisms that contribute to the
development of OSA. Females have smaller and narrower upper airways, in both the supine
and sitting position, than males (Lin et al., 2008). This would support that females are,
potentially, greatly predisposed to OSA compared to males (Lin et al., 2008). However, as
discussed above, OSA is more prevalent in males than females. This suggests there are other
mechanisms that protect females from developing OSA (Lin et al., 2008). A possible
explanation is that the critical closing pressure has been shown to be lower (less collapsible)
in females than males (Sforza et al., 1999 ). This was observed despite that females had a
higher BMI; and that the age, OSA severity, and ODI were similar between both males and

females (Sforza et al., 1999 ).

Another potential explanation for the lower prevalence of OSA in females is hormonal
changes. Studies have investigated the prevalence in OSA pre and post-menopausal
females. Postmenopausal females who were using hormone replacement therapy were not
at increased risk of OSA, compared to premenopausal females (Bixler et al., 2001). However,
when postmenopausal females without hormone replacement therapy were compared to
premenopausal females they were at higher risk (approximately four-fold) of OSA (Bixler et
al., 2001). Another study of 589 females who were enrolled in the Wisconsin Sleep Cohort

showed postmenopausal females were at a higher risk of OSA than premenopausal females;
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this finding was independent of other known factors (Young et al., 2003). Interestingly,
when the odds ratio was calculated for having OSA (AHI> 15 events/hr), it was 3.5 times
higher for postmenopausal female than premenopausal female (Young et al., 2003). More
recently, researchers investigated the longitudinal data of sleep in the Midlife Women Study
and found, in females who were perimenopausal, each additional year was associated with

a 4% higher AHI (Mirer et al., 2017).

Despite these potential anatomical and hormonal differences in females with OSA, the exact
mechanisms for OSA in females are not known. The potential role of hormones is further
supported by the integral role they play in fat distribution. For example, in postmenopausal
females, fat is more likely to occur in the trunk and upper body, compared to
premenopausal females who have more fat in the lower body (Lin et al., 2008; Manber et

al., 2003). This observation was independent of aging and body habitus changes.

Another explanation is that progesterone has a stimulant effect on neural respiratory
control (Lin et al., 2008). This suggestion is supported by the evidence that, when
postmenopausal females are given estrogen (Manber et al., 2003) or a combined therapy of
progesterone and estrogen (Pickett et al., 1985), the AHI is reduced significantly. However,
these studies had small sample sizes, and a recent review concluded that the evidence on
hormone replacement therapy is weak, and the current literature cannot support this

conclusion (Lindberg et al., 2020).

Taken together, it is clear that sleep and sleep disorders are different in females than males.
However, the exact mechanisms that explain these differences are not known. Therefore,
more research (both physiological and clinical) is needed in females to uncover the possible
underlying mechanisms. Similarly, it is not known how females will differ from males in
terms of their responses to the PT. Additionally, it is not known whether objective and
subjective sleep quality are different in females compared to males following the use of

vibrotactile PT.
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1.10 Aims of the Thesis
1.10.1 Evidence gaps

POSA is prevalent among patients with OSA, and it usually occurs within the mild and
moderate spectrum of OSA. It is currently known that patients with this severity of OSA are
less adherent to the most effective treatment, CPAP. In addition, traditional PT is associated
with significant discomfort and low adherence, despite being effective. Relatively new
vibrotactile PT devices have been developed to deliver a gentle vibrotactile stimuli when
patients are in the supine position, urging them to change position. Although such stimuli

are considered gentle, there are concerns they might lead to arousal from sleep.

This thesis has evaluated the effectiveness of vibrotactile PT and the possible approaches
that can assist with the personalisation of therapy — and thus the success of this treatment.
The overall aim of this thesis was to investigate the effect of vibrotactile PT devices on
arousal from sleep in patients with POSA. To achieve this aim, three experimental studies

were carried out: a systematic review, a clinical trial, and a physiological study.

1.10.2 The systematic review (chapter 3)
The primary aim of the systematic review and meta-analysis was to investigate the effect of
vibrotactile PT devices on AHI and the percentage of time spent in the supine position
(%Tsupine) in patients with POSA, compared to the baseline. The secondary aims were to

investigate the effect of vibrotactile PT devices on the following:

e  Excessive daytime sleepiness using the Epworth Sleepiness Scale

e Daytime functioning using the Functional Outcomes of Sleep Questionnaire
e The 36-Item Short Form Health Survey (SF-36) vitality score

o Sleep efficiency

e The arousal index

1.10.3 The POSA trial (chapter 4)

A prospective, three-month, multicentre, randomised, parallel, double-blind trial (The POSA
Trial, ISRCTN51740863) was developed to investigate the effect of vibrotactile PT on AHI,
quality of life, and daytime functioning at follow-up, adjusted for the baseline, in patients

with POSA, compared to sham-vibrotactile PT.
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In this chapter, the baseline data (AHI, quality of life, and daytime functioning) obtained
from the participants recruited at the Royal Brompton Hospital were compared to the data

obtained from the systematic review (chapter 3).

1.10.4 Arousability and sleep recovery responses in healthy participants (chapter 5)
The physiological study was carried out to investigate the effect of the vibrotactile stimulus
on arousability from sleep using a novel analysis method developed to measure arousability.
The secondary aim tested the hypothesis that females are more resilient to arousability than

males, as well as to specifically evaluate whether:

=

Arousability and sleep recovery responses are influenced by gender.
2- Arousability and sleep recovery responses are sleep state dependent.

3- Subjective sleep quality is influenced by gender.

4- There are different arousability and sleep recovery phenotypes.
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CHAPTER 2: General Methods

This chapter describes the methods that are common to the experimental chapters included
in this PhD thesis (chapters 3-5), including the methods used for measuring sleep, both
objectively and subjectively. Methods of subjective sleep quality measurement are also
described, including both validated questionnaires and a bespoke questionnaire that was
developed to assess the participants’ experience using a vibrotactile positional therapy (PT)

device and to evaluate its impact on sleep quality (chapter 5).

The final section of this chapter reports the data obtained from comparing two different
vibrotactile PT devices. This comparison was carried out prior to the development of the

protocol described in chapter 5.

2.1 Participants and Patient Recruitment Information

The participants included in this thesis were recruited between March 2019 and August
2021. For the systematic review (chapter 3) and the POSA Trial (chapter 4), participants
were patients with POSA. In the POSA Trial, data were reported for patients recruited from
the Centre for Sleep at the Royal Brompton Hospital (RBH). A detailed description of the
recruitment process and eligibility criteria for these participants can be found in chapter 4,

section 4.2.1

Chapter 5 required the recruitment of healthy participants. Due to the lockdowns imposed
by the COVID-19 pandemic and the repatriation of the author to the Kingdom of Saudi
Arabia, healthy participants were recruited from both Imperial College London and the
Kingdom of Saudi Arabia, specifically from Imam Abdulrahman bin Faisal University in
Dammam or King Abdullaziz University and Hospital in Jeddah. Full details of the
recruitment process and eligibility criteria for these participants are shown in chapter 5,

section 5.2.1.

2.2 Ethical Approval and Conduct of Research
The studies included in this thesis were carried out with ethical approval, which is
summarised in table 2.1. Copies of these ethical approval documents can be found in

appendices (13, 14,19, and 20).
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Participants were supplied with patient information sheets (PIS) prior to participation in the
study (appendices 16, and 21). Written informed consent was obtained from each
participant (appendices 17, and 22). The research was conducted in accordance with Good

Clinical Practice guidelines (Imperial College London). The author completed both the Good

Clinical Practice guidelines and local consent training at RBH.

Table 2.1: Ethical approval information for the experimental studies

Chl\alzfer Title of the Study Approval Body Approval No.
The Efficacy of Vibrotactile Positional International CRD42020188617
Therapy Devices on Patients with Prospective Register
Chapter 3 | Positional Obstructive Sleep Apnoea: a for Systematic
Systematic Review and Meta-Analysis Reviews
(PROSPERO)
Positional Therapy for Obstructive Sleep | Yorkshire and the REC Reference:
Apnoea: a Randomised Controlled Trial | Humber — South 19/YH/0222
Chapter 4 | to Assess the Effect on Health and Yorkshire REC IRAS Reference:
Wellbeing in Older and Younger People. 252494
(The POSA Trial)
Different Arousal and Recovery Imperial College
Responses in Healthy Individuals Using P London ® ICREC 201C5874
a Vibrotactile Neck-Worn Positional
Chapter 5 Therapy Device Imam Abdulrahman
. . . . IRB-2020-04-275
Bin Faisal University

2.3 Study Environment and Participant Safety
The collection of data during sleep using portable polysomnography (PSG) did not occur
until such procedures were permitted by the approving body. This restriction was put in

place to minimise unnecessary travel and to reduce the risk of COVID-19 transmission.

PSG was performed in the participants’ homes (chapter 5) following strict cleaning and
disinfection procedures before, during, and after each sleep study. Each participant was
contacted three weeks after the study to ensure that they had not contracted the COVID-19
infection. None of the participants reported contracting the COVID-19 infection. PSG is

described in section 2.4.1.
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2.4 Methods Used for the Objective Measurement of Sleep

2.4.1 Overnight home sleep study
Atype ll overnight portable PSG was performed in the study described in chapter 5. Data were
recorded on a compact flash card using sleep monitoring equipment (SOMNOscreen Plus,
OMNOmedics GmBH, Randersacker, Germany). On the morning following the sleep study, the

data were transferred directly to an encrypted laptop computer.

Participants were instructed to maintain a consistent overnight sleep pattern for at least
one week prior to the study. Prior to the night of the study, participants were asked to
prepare for their usual bedtime sleep routines. The author visited the participants at their
homes at least two hours prior to their usual sleeping time to set up the PSG for data

collection.

The author performed an overnight PSG while participants slept with the neck-worn
vibrotactile PT device. The set-up and recording of the PSG were performed in accordance
with the American Academy of Sleep Medicine (AASM) Manual for the Scoring of Sleep and
Associated Events: Rules, Terminology and Technical Specification (Berry et al., 2012). The
complete set-up of the PSG, including application of the electrodes, impedance check, and

calibration, took approximately one hour.

PSG electrode application included six electroencephalogram (EEG) channels (two frontal,
two central, and two occipital), two electrooculogram (EOG) channels, three chin
electromyogram (EMG) electrodes, electrocardiogram (ECG), position sensor, finger pulse
oximetry, nasal pressure and oral—nasal thermal flow, a snore-measuring microphone,

thoracic and abdominal effort bands, and two lateral anterior tibialis EMG electrodes.
e Electroencephalogram (EEG)

The electrical activity of the brain was recorded across the surface of the scalp using ten 10
mm goldcup electrodes (Grass Technologies, Rhode Island, USA), including eight active
electrodes and two reference electrodes (C3, C4, Cz, F3, F4, 01, 02). The odd-numbered
electrodes (left hemisphere of the brain) were referenced to the right mastoid (M2), and
even-numbered electrodes (right hemisphere of the brain) were referenced to the left

mastoid (M1). An additional electrode was applied and secured to the midpoint of the

50



forehead and served as a ground electrode. As recommended by the AASM, the electrodes
were positioned on the scalp in accordance with modified international 10-20 EEG system
(figure 2.1). This system includes the inion to nasion and left preauricular to right
preauricular as reference points from which measurements are taken, and the distance
between the electrodes is either 10% or 20% of these measurements along the sagittal or
the traverse line (figure 2.1). The position of each EEG electrode was identified and marked
using a removable pencil prior to the application of the electrodes. Using an abrasive
medical paste (Nuprep, Weaver and Company, Colorado, USA), each electrode site was
gently abraded and cleaned of the excess paste using non-woven gauze. This step was
necessary to reduce impedance at the site of the electrode and to improve transmission of
brain electrical activity from the scalp to the goldcup electrode. Each electrode was then
filled with a conductive paste (Ten20 conductive paste, Weaver and Company, Colorado,
USA) and secured using a thin layer of non-woven gauze. The same application process was
used for the ground electrode, which was placed at the midpoint of the forehead. The
reference electrodes were applied using the same process, with M1 and M2 secured over

the left and right mastoid processes, respectively.

Nasion

Figure 2.1: The placement of EEG electrodes using the modified international 10-20%
system

This figure shows the applied electrodes (C3, C4, Cz, F3, F4, 01, O2). These electrodes are spaced by either 10%
or 20% from each other using the modified international 10-20 system. This system uses the inion to nasion
and left preauricular to right preauricular as reference points. In addition, two reference electrodes (M1 and
M2) are shown. This figure is adapted from the American Academy of Sleep Medicine Manual for the Scoring of
Sleep and Associated Events: Rules, Terminology and Technical Specification, V2.5.
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e Electrooculogram (EOG)

EOG electrodes were applied using an identical process as described for EEG electrodes with
the exception that they were secured in place using adhesive tape. The right electrode was
placed 1 cm above and 1 cm lateral to the outer canthus of the left eye, and the left
electrode was placed 1 cm below and 1 cm lateral to the outer canthus of the left eye

(figure 2.2).

outer canthus

v

Y

Figure 2.2: The placement of EOG electrodes

The right EOG electrode was placed 1 cm above and 1 cm lateral to the outer canthus of the right eye (E2). The
Left EOG was placed 1 cm below and 1 cm lateral to the outer canthus of the left eye (E1). This figure is
adapted from the American Academy of Sleep Medicine Manual for the Scoring of Sleep and Associated Events:
Rules, Terminology and Technical Specification, V2.5

e Chin electromyogram (EMG)

Three chin EMG electrodes were applied to the mental and submental areas. Following the
same prepartion and cleaning process as for EEG and EMG, two goldcups were applied 2 cm
apart below the inferior edge of the mandible, and one goldcup was applied at the midline
above the inferior edge of the mandible (figure 2.3). The electrodes were secured using an

adhesive tape.
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Figure 2.3: The placement of the chin EMG electrodes

Three EMG electrodes were applied to the mental and submental areas. Following the same prepartion and
cleaning process, two goldcups were applied 2 cm apart below the inferior edge of the mandible (Chin1, Chin2),
and one goldcup was applied at the midline above the inferior edge of the mandible (ChinZ). This figure is
adapted from the American Academy of Sleep Medicine Manual for the Scoring of Sleep and Associated Events:
Rules, Terminology and Technical Specification, V2.5.

An impedance check was perfomed following application of the electrodes. For appropriate
signal transmission, impedance of < 5000 Q was deemed acceptable. If the impedance was
above the acceptable limit, troubleshooting of the electrode site was carried out, and

conductive gel was applied until an acceptable level was met.
e Measurement of respiratory signals

Respiratory measurements were made by monitoring nasal and oral airflow,

thoracoabdominal movements, and oxyhaemoglobin saturation.

Oronasal airflow was measured using a thermistor oronasal airflow device, which detected
changes in the temperature induced by airflow (Berry et al., 2012); specifically, cooler air
during inspiration and warmer air during exhalation. These changes in temperature led to
changes in the resistance of the airflow. This technology is only recommended for the
detection of apnoeas as it is only accurate in detecting the presence or absence of airflow

(Berry et al., 2012), not the reduction in airflow that occurs during hypopnoea.

Nasal airflow was measured by a nasal cannula connected to a pressure transducer, which

used differences in pressure across the nares in relation to atmospheric pressure to quantify
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airflow (Berry et al., 2012). This technology is recommeded for detection of hypopnoeas and

airflow limitation (Berry et al., 2012).

Throacic and abdominal breathing movements were measured using respiratory inductance
plethysmography (RIP) belts worn around the chest and abdomen. The belts contained
wires that were attached in a zig-zag manner. Chest wall and abdominal movements were

measured using changes in voltage (inductance) across the wires (Berry et al., 2012).

Oxygen saturation was measured by pulse oximetry using somnomedics finger probe. Two
principles govern how the pulse oximeter works (Jubran, 2015): the first is that arterial
blood flow generates a pulsatile signal; and the second is the property of spectral analysis,
which dictates that oxidized haemoglobin (oxyhaemoglobin) has a different absorption
length than reduced haemoglobin (deoxyhaemoglobin). Pulse oximeters contain two main
components: light-emitting diodes (LEDs) and a photosensor. The LEDs emit red light at a
wavelength of 660 nm and infrared light at a wavelength of 940 nm. The photosensor
measures how much of the light is transmitted, and using this value the oxygen saturation is

estimated.
e Measurement of snoring

A microphone (piezoelectric vibration sensor) is typically used to measure snoring; however,
during the collection of data in chapter 5, the microphone was instead used for the
recording of vibrations produced by the vibrotactile PT device, so snoring was measured
based on a flow interruption method using a nasal pressure cannula. This method was
previously used by (Hernandez et al., 2001); snores are identified as rapid oscillations in the
nasal pressure signal. This method is also recommended for the measurement of snoring in

the 2012 AASM manual (Berry et al., 2012).
e Body position, ECG, and leg EMG

The body position during sleep was determined using a position sensor built in to the
SOMNOscreen Plus (SOMNOmedics GmBH, Randersacker, Germany). This sensor

differentiates between various body positions (right, left, upright, supine, and prone).
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The electrocardiogram (ECG) electrodes were applied using AASM modified lead Il

placement (Berry et al., 2012). Two electrodes were applied: one below the right clavicle at

the midclavicular line, and one the left midaxillary line around the sixth intercostal space.

Leg EMG was recorded by attaching two adjacent electrodes each on the left and right

anterior tibialis muscle. The same prepartion and cleaning process was used as for chin

EMG.

After the application of all the electrodes, mechanical and physiological calibrations were

performed. Instructions for physiological calibration are shown in table 2.2. Figure 2.4 shows

the complete set-up for the PSG.

Table 2.2: Commands used for physiological calibration during PSG

Command Targeted Measurement
Look straight ahead and keep your eyes closed. EEG
Open your eyes and keep them open. EEG
Look left, right, down, up, and blink your eyes. EOG
Grind your teeth. EMG

Make a snoring sound.

Nasal pressure

Breath in, out, and then hold your breath.

Airflow sensors and belts

Kick your legs.

Leg EMG

Lay in supine position.

To activate vibration of vibrotactile
PT device and check function of

microphone before sleeping

EEG: electroencephalogram; EOG: electrooculogram; EMG: electromyogram.
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EEG: to measure Chin EMG: to measure Chest and abdomen bands: Pulse oximetry:
brain activity muscle activity to measure breathing effort to measure
oxygen saturation

Nasal Cannulae: to measure
airflow and snoring

EOG electrodes: to
measure eye movements

Figure 2.4: A sleeper wearing the kit for polysomnography (SOMNOscreen Plus device)

The figure shows a sleeper wearing the PSG equipment (picture adapted from SOMNOmedics GmbH website).

The sampling frequency and filters used to collect the data during PSG are shown in table

2.3. These settings are in accordance with the AASM 2012 recommendations (60).

Following the application of the electrodes, the SOMNOscreen Plus device was temporarily
connected to a laptop computer to ensure all signals were functioning properly. Participants
were informed that they could move freely during the night of data collection and were
further instructed to note the time that they turned the lights on or off. In addition, the
SOMNOscreen Plus device was pre-programmed to stop recording at the participant’s usual

wake time.

In the morning after the sleep study, the equipment and questionnaire were collected from
the participant’s home and data were transferred from the SOMNOscreen Plus device to an

encrypted laptop computer for analysis.
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Table 2.3: Sampling rates and filters used during PSG

Low-Frequency Filter | High-Frequency Filter Sampling Rate

(Hz) (Hz) (Hz)
Electroencephalography 0.3 35 256
Electrooculography 0.3 35 256
Electromyography 10 100 256
Electrocardiography 0.3 70 256
Thermal Airflow 0.1 15 32
Microphone 10 100 256
Effort 0.1 15 128
Body Position 1 1 4
Hz: Hertz

2.4.2 Polygraphy
A type Il portable sleep monitor (polygraphy) was used to assess eligibility in the POSA Trial
(chapter 4). This method was only used in the POSA Trial (chapter 4), and therefore a full

description can be found in chapter 4.

2.5 Methods Used for the Measurement of Subjective Sleep Quality

2.5.1 Validated questionnaires
In this section the three validated questionnaires that were used in chapter 3 and chapter 4
will be described: the Epworth Sleepiness Scale (ESS), the Functional Outcomes of Sleep
Questionnaire (FOSQ), and the 36-Item Short Form Survey (SF-36). Additionally, studies that
were used to determine the minimum clinically important difference (MCID) for each

guestionnaire will be discussed.
e Epworth Sleepiness Scale (ESS)

The ESS was used at the beginning and at the end of the POSA Trial to evaluate the impact of
the intervention on daytime sleepiness (chapter 4). The ESS was also used in the systematic

review to evaluate the impact of the vibrotactile PT on sleepiness (chapter 3).

The ESS is the most widely used questionnaire to evaluate sleepiness (appendix 15). It
consists of eight items about the likelihood of dozing off or falling asleep in eight different
situations (Johns, 1991). Each item is scored from 0 to 3, in which 0 = would never doze, 1 =

slight chance of dozing, 2 = moderate chance of dozing, and 3 = high chance of dozing. The
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total possible score is 24 points. The interpretations of the scores are as follows: 10 or less
indicating no daytime sleepiness, 11-12 indicating mild daytime sleepiness, 13—15 indicating
moderate daytime sleepiness, and 16—-24 indicating excessive daytime sleepiness (Johns,

1991).

The MCID of the ESS has been investigated in two prior studies: Patel et al, conducted a
prospective study that included 125 OSA patients who completed the ESS before and after
three months of CPAP treatment (Patel et al., 2017). The determination of the MCID was
made using both distribution-based methods and anchor-based methods. The anchor was
based on response to a seven-point Likert global rating scale in which participants were
asked to rate the change in their daytime sleepiness from 0 to 7, which 1 indicating “much
less sleepy” and 7 indicating “much more sleepy”. Both statistical estimation methods
indicated that the ESS MCID lies between -2 and -3 points. One of the major disadvantages
of this MCID is that it was not based on an objective measure of sleepiness, nor did the
authors use a quality of life measure as an anchor. In addition, the study did not result in a
single number that could be used clinically or during calculation of sample size in clinical

trials.

A second study by Crook et al. (Crook et al., 2019) used data from three published clinical
trials to estimate the ESS MCID. All three randomized controlled trials (RCTs) included ESS as
an outcome measure. The methods used to determine the MCID were based on anchor-
based methods and distribution-based methods. The anchors used were the SF-36 Vitality
score and FOSQ global score. A method of triangulation of the resulting estimates from each
statistical method was used to produce a single-number MCID, which was 2 points. While

this is useful, none of the anchors used were used clinically.
e Functional Outcomes of Sleep Questionnaire (FOSQ)

The FOSQ is a self-administered disease-specific quality of life questionnaire that is used to
evaluate functional status in adults (Weaver et al., 1997) (appendix 15). This questionnaire is
used to assess the impact of excessive daytime sleepiness on normal, everyday activities,
and to evaluate the impact of the effectiveness of treatment on these activities (Weaver et

al., 1997).
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The questionnaire consists of thirty items which are categorised into five subscales: activity
levels, general productivity, social outcome, vigilance, and intimacy and sexual relationships.
The respondent is asked to rate the difficulty (due to excessive sleepiness) of performing a
certain activity on 4-point Likert scale. On average, the respondent can take approximately
15 minutes to complete the questionnaire. Scores range from 5 to 20, with higher scores

indicating lower sleepiness (i.e., better functional status).

Recently, the developer of the FOSQ questionnaire investigated the FOSQ MCID. This was
part of a trial that evaluated the use of Solriamfetol, a norepinephrine—dopamine reuptake
inhibitor, for three months in 690 OSA or narcolepsy patients suffering from excessive
daytime sleepiness (Weaver et al., 2021). Determination of the MCID was based on anchor-
based methods and distribution-based methods. A single-item Patient Global Impression of
Change (PGI-C) score and a single-item Clinical Global Impression of Change (CGI-C) score

were used as anchors to determine MCID. The resultant MCID was 2.2 in OSA patients.
e 36-Item Short Form Survey (SF-36)

The SF-36 is a self-administered, generic, well-validated quality of life questionnaire
(appendix 15). It was developed as part of the Medical Outcomes Study (Ware &
Sherbourne, 1992). The purpose of the questionnaire was to evaluate limitations related to
quality using thirty-six items distributed among eight different domains: physical
functioning, role limitations due to physical health as well as due to emotional problems,
vitality, emotional well-being, social functioning, pain, and general health. The score of each

domain ranged from 0 to 100, with higher scores indicating better quality of life.

A number of studies have shown that OSA affects several domains of the SF-36 score, and
that these scores can be improved with the use of CPAP (Bennett et al., 1999; D'Ambrosio et
al., 1999). In addition, a large population study showed that a higher AHI was associated
with lower scores in a number of SF-36 domains (Finn et al., 1998). However, only the
domain of vitality reflected that milder OSA was associated with poorer quality of life (Silva
et al., 2016). Recent studies have shown that vitality in SF-36 may be a more sensitive
outcome measure than other questionnaires such as ESS and FOSQ (Craig et al., 2012;

Wimms et al., 2020).

A summary of the three questionnaires is presented in table 2.4.
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Table 2.4: Summary of three common questionnaires used in chapters 3 and 4

ESS

FOSQ

SF-36

Function(s)

Daytime sleepiness.

The effect of EDS on
functional status in five

Quality of life measures on

assessed different domains. eight different domains.
Range of

possible 0-24 5-20 0-100

scores

e <10:nodaytime

e general productivity
e social outcome

e vigilance

e intimacy and sexual

sleepiness
e 11-12: mild daytime . N
. y A higher score indicates . -
. sleepiness . A higher score indicates
Interpretation . lower sleepiness (better . .
e 13-15: moderate daytime . better quality of life.
. functional status).
sleepiness
e 16-24: excessive daytime
sleepiness
e none e activity level e physical functioning

e role limitations due to
physical health

e role limitations due to
emotional problems

Domains relationships e vitality
e emotional well-being
e social functioning
e pain
e general health
Most
frequently
used score on Total ESS score FOSQ global score Vitality
domain of
OSA
Rt.eg‘ular Yes No No
clinical use
MCID for OSA -2to-3;0r-2 2.2 -

ESS: Epworth Sleepiness Scale; FOSQ: Functional Outcomes of Sleep Questionnaire; SF-36: 36-Item Short Form Survey; MCID:
minimum clinically important difference; OSA: obstructive sleep apnoea; No.: number; EDS: excessive daytime sleepiness.

2.5.2 Subjective, bespoke, visual analogue scale questionnaire

Because there is no validated questionnaire for assessing vibrotactile PT devices, an in-

house questionnaire was developed using a visual analogue scale to assess sleep quality and

patient experience with the device.

Item development for the bespoke questionnaire focused on three aspects: 1) sleep quality,

2) daytime functioning, and 3) ease of falling asleep. Additional questions were asked

following the sleep studies to characterise the participants’ experience with the vibrotactile
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PT device: 1) feeling of the vibrations, 2) disturbance of sleep, and 3) disturbance partner’s

sleep.

To ensure the face validity of this newly developed questionnaire, questions were

developed in consultation with experts in the field. Items were chosen so that each question

targeted a single, specific construct. Pilot testing of the questionnaire was completed with

the help of an expert in the content area, and also on the targeted respondents. Based on

the expert’s and respondents’ feedback, several revisions were made to improve the clarity

of the questions.

The bespoke questionnaire is shown in appendix 23 and consists of two parts, which are

shown in table 2.5 and 2.6. Part 1 was completed before the sleep study and included three

guestions about the participant’s sleep quality over the previous week. These questions and

corresponding response formats are shown in table 2.5. The total number of items in the

guestionnaire was small, and the entire questionnaire took only 2—4 minutes to complete.

Table 2.5: Part 1 of the bespoke vibrotactile PT questionnaire

Question number Question text Response

Overall, how do you rate your sleep quality over 0 to 100mm scale, which
1 the last week? represents worst-ever and best-

ever anchors, respectively

Overall, during the day how fresh and well rested | 0 to 100mm scale, which
2 have you been over the last week? represents worst ever and best

ever anchors, respectively

On average, how easy did you find falling asleep 0 to 100mm scale, which
3 over the last week? represents worst ever and best

ever anchors, respectively

mm: millimetre

The second part of the bespoke questionnaire was completed on the morning following the

sleep study and asks participants about sleep quality over the past night as well as questions

about their experience with the vibrotactile PT device. These questions and corresponding

response styles are shown in table 2.6.
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Table 2.6: Part 2 of the bespoke vibrotactile PT questionnaire

Question number

Question text

Response

Overall, how do you rate your sleep quality last

0 to 100mm scale, which

partner’s sleep over the last night?

1 night? represents worst ever and best
ever as anchors, respectively
Overall, how fresh and well rested did you feel 0 to 100mm scale, which
2 when you woke up today? represents worst ever and best
ever as anchors, respectively
On average, how easy did you find falling asleep 0 to 100mm scale, which
3 while wearing the positional therapy device over | represents worst ever and best
the last night? ever as anchors, respectively
Over the last night, did you feel the vibrations of | Yes or no
! the positional therapy device after falling asleep?
On average, how many times you felt the Open numerical response
vibrations of the positional therapy device per
> night over the last night? Please respond by a
number in the box below.
If applicable, how much did the vibrations of the | 0to 100mm scale, which
6 positional therapy device disturb your sleep over | represents not at all and very
the last night? much as anchors, respectively
If applicable, how much did the vibrations of 0 to 100mm scale, which
7 positional therapy device disturb your bed represents not at all and very

much as anchors, respectively

mm: millimetre

2.6 Vibrotactile PT Devices Used in This Thesis

Newly developed vibrotactile PT involves the use of small, non-invasive, watch-like devices

that use vibration to deter users from sleeping in the supine position. These devices can be

worn around the chest, neck, or forehead. An introduction to these devices is included in

chapter 1, section 1.7.2, and chapter 3 presents a systematic review and meta-analysis

investigating the effect of vibrotactile PT devices on the AHI and the %Tsupine in patients

with POSA. In the following section, the two devices used in this study are described in

detail; furthermore, the justification for their use is discussed.
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2.6.1 Neck-worn vibrotactile positional therapy device (Night Shift device™)
The Night Shift™ (Advanced Brain Monitoring, Carlsbad, CA, USA) was developed and
validated by Levendwoski et al. (figure 2.5)(Levendowski et al., 2014; Levendowski et al.,
2015). It consists of a small vibrating device measuring 55 mm (L) x 38 mm (W) x 16 mm (H)
and weighing 44 g. The device is powered by a non-removable, rechargeable battery. It is
worn around the back of the neck using an adjustable, non-latex, silicon rubber strap which

is secured using a magnetic clasp.

The Night Shift™ contains a position sensor that uses a three-dimensional digital
accelerometer to detect sleep position and to determine actigraphy-based classification of
wakefulness and sleep. This position sensor has been validated against position determined
by in-laboratory video recording and shows strong and significant agreement and

correlation (r =.93) (Levendowski et al., 2015).

In addition, the Night Shift™ measures loud snoring (more than 50 decibel) using an acoustic
microphone. The ability of this microphone to detect loud snoring has been used to
evaluate its ability to predict AHI in comparison with laboratory PSG with good success in
which it was highly correlated with supine, non-supine, and total AHI (Levendowski et al.,
2015). The Night Shift™ vibrating motors, similar to those found in contemporary

smartphones, are two 1G haptic motors.

Figure 2.5: Vibrotactile PT device, The Night Shift™ (Advanced Brain Monitoring, Carlsbad,
CA, USA)

This device determines sleep position by detecting when the wearer is in supine position.
Once a supine sleep position is detected by the enclosed position sensor, the vibrotactile
stimulus turns on and ranges from level 1 (very light vibrations) to level 6 (strong

vibrations); then, level 7 vibrations are delivered continuously until a non-supine position is
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detected. The stimulus is delivered incrementally over 6 levels of vibration that
progressively increase in intensity using a single vibrating motor. Each level of vibration
consists of six similar vibrations which are separated by two seconds. Once all 6 levels have
been activated, the second motor is activated alongside the first one to deliver the level 7
vibrations and consists of a stronger, random pattern of vibrations. The hardware and

software features of the Night Shift™ device are summarised in table 2.7.

2.6.2 Forehead-secured vibrotactile PT device (Somnibel™ PT System)
The Somnibel™ PT System (Sibel S. A. U., Barcelona, Spain) is another vibrotactile PT device.
It is a small, battery-powered, lightweight (16.8 g) device with a surface area of 4 cm? and
dimensions of 51.9 mm (L) x 31.7 mm (W) x 14.5 mm (H) (Armas et al., 2019) (figure 2.7,
panel A). The device consists of a vibrating motor and an accelerometer that are used to
determine sleeping position. It can be secured on the forehead using clips attached to a
fastening adhesive sticker (figure 2.7, panel B). The device automatically turns on when
clipped to the adhesive sticker. The device has a sleep delay of 15 min, which allows the
patient to fall asleep without vibration even when the supine position is detected. Once this
time has elapsed and the supine position is detected, the device will allow 30 s to pass
before vibration is activated. Vibrations are delivered incrementally over four levels of

intensity with the fourth level representing the maximum intensity.

The hardware and software features of the neck-worn and forehead-secured devices are

summarised in table 2.7, and data comparing the two devices are presented in section 2.9.
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Figure 2.6: Forehead-secured vibrotactile PT device, Somnibel™ PT System (Sibel S. A. U.,

Barcelona, Spain)

The figure shows the forehead-secured device, which was developed by Sibel S. A. U., Barcelona, Spain in
collaboration with researchers (Duran-Cantolla et al., 2013).
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Table 2.7: Summary of the features of vibrotactile PT devices

Brand name Night Shift™ PT Somnibel™ PT System*

USA Spain
Country of Origin

Weight 44 g 16.8¢g
non-removable, rechargeable battery non-removable, rechargeable
P
owered by battery
. . 55 mm (L) x 38 mm (W) x 16 mm (H) 51.9 mm (L) x 31.7 mm (W) x 14.5
Dimension
mm (H)
Bodily site back of neck or front of the chest forehead or chest
Neck: adjustable non-latex silicone rubber clipping of the device into the
strap secured by a magnetic clasp adhesive sticker
Secured by Chest: device secured in a belt
Position'sensor three-dimensional digital accelerometer Accelerometer®
two 1G haptic motors not specified
Vibrating motors
Charging/Length of up to 3 nights > 3 nights @ 10 h/night
work
Sleeping delay can be set to 15 or 30 min 15 min
Feedback delay none 30s
7 levels 4 levels
Levels of vibration
separated by 2 s and consists of six separated by 2 s

Pattern of vibration | vibrations

supine sleeping time, frequency and none
Data recorded duration of feedback, snoring, and
sleep/wake

PT: positional therapy; W: weight; H: height; L: length.

*The specifications are for the Somnibel base version. The device comes in another version (Somnibel Pro) which has more features.®
The type of accelerometer was not specified by the developers.

It should be noted that there is a third vibrotactile PT device that is available in the UK. The
NightBalance™ Sleep Positioner Trainer (Den Haag, The Netherlands) is worn around the
chest. The reason | did not include this device in the study was because the NightBalance™
device monitors the position of the truck. The AHI was significantly lower when measured
on the trunk compared with the forehead (van Kesteren & Hilgevoord, 2015; Van Kesteren

etal, 2011).
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2.7 Data Analysis

2.7.1 Analysis of the PSG
All PSG data collected in this study were analysed by the author. The scoring proficiency of
the author was assessed by the American Board of Sleep Medicine (September 2020) with a

score of 95.75%.

All sleep scoring was completed in accordance with AASM 2012 criteria (Berry et al., 2012)

and is summarised in table 2.8.
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Table 2.8: Summary of AASM 2012 criteria for scoring sleep

Sleep EEG EOG EMG
stage
When alpha waves (over occipital Slow eye movements Variable but often high
channels) occupy more than 50% of the are optional when eyes
epoch. closed
w Eye blinks (0.5-2 Hz) Normal or high
If no discernible alpha, but is associated Or
with = Reading eye
movements
Irregular conjugate eye
movements
Rapid eye movements
If subject generates alpha waves with Slow eye movements Less thanin W
eyes closed: rhythm of alpha is reduced are optional when eyes
and replaced by low-amplitude mixed- are closed
frequency activity (4-7 Hz) for
more than 50% of the epoch.
Slow eye movements Variable but less than in
N1 If no alpha waves are generated during w
eye closure, score if any of the following:
1) Vertex sharp waves
or
2) Rhythm shows 4-7 Hz activity
with slowing of background
frequencies by 2 1 Hz when
compared with stage W.
If either or both of the following criteria Usually none Variable but less than in
occur: w
N2 1) =K complex* not associated
with arousal
2) =2Trains of sleep spindles®
Slow wave activity (0.5 to 2 Hz and peak Usually none Lower than N2 but can
N3 to peak amplitude more than 75 be equal as REM
microvolt) is > 20%
REM Definite REM: low-amplitude mixed- Rapid eye movements Lowest
frequency activity (4-7 Hz)
EEG: electroencephalogram; EOG: electrooculogram; EMG: electromyogram; REM: rapid eye movement; N: non-rapid eye
movement; W: wake; Hz: hertz. * A K-complex is a well delineated, sharp upward deflection, followed by a negative deflection
which stand out from the background EEG and with a minimum duration of 0.5 seconds. * a sleep spindle is a train of unique
sinusoidal EEG waves with a frequency of 11 to 16 Hz and with a minimum duration o f0.5 seconds.

e Scoring of arousals according to AASM criteria

Arousals were scored in accordance with the AASM 2012 criteria (47) which include:

An abrupt shift in EEG rhythm to a higher frequency (alpha, theta, or beta)

Minimum duration for the abrupt shift in EEG must be 23 sand<15s

68



J Preceded by at least 10 s of stable sleep

2.7.2 Measurement of vibration produced by the vibrotactile PT device
Vibration produced by the vibrotactile PT device was measured using a standard
microphone which is typically used to measure snoring. The microphone was secured to the
vibrotactile PT device and connected directly to the SOMNOscreen. The direct connection of

the snore sensor to the SOMNOscreen allowed for accurate synchronisation with the EEG

recordings (Figure 2.7).
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Figure 2.7: Measurement of vibration produced by the vibrotactile PT device using a snoring microphone synchronised with EEG

This figure shows a 30 s epoch in which the volunteer was set up with PSG while wearing a vibrotactile PT device. The vibrations in the vibration channel were
recorded by a piezoelectric vibration sensor connected to the SOMNOscreen. As shown, three levels of vibration (underlined with green, orange, and red) are

synchronised with the EEG recording. Note that there are six vibrations for vibration level one (green), six vibrations for level 2 (orange), and three vibrations for
level 3 (red). Note the increasing intensity with each subsequent level of vibration.
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2.8 Novel Method for Analysis of Arousability and Sleep Recovery Following PT

As discussed in chapter 1, section 1.8, one of the concerns when using vibrotactile stimuli is
the possibility of causing arousals or awakenings, and it is likely that response to this
stimulus might differ among individuals. A discussion of different sleep phenotypes is
presented in chapter 1, section 1.3. To investigate the impact of the vibrotactile stimuli on
arousal, | developed a novel analytical method to indirectly measure arousability and sleep
recovery. This method is based on the concept that the vibration produced by the
vibrotactile PT device is considered an external stimulus which might lead to arousal and or

awakening.

Once a sleeper moves into the supine position, the vibrotactile PT device starts vibrating, as
can be seen in the vibration channel in figure 2.8. The beginning of the vibration (point A) to
the point of changing position away from the supine position (point B) represents the

duration to position change, which is represented by variable 2 in figure 2.8. | proposed that

this duration can be used as an indirect measure of arousability.

| have also proposed the duration to return to sleep, to indirectly quantify sleep recovery
from the external stimulus (vibration). This duration starts from the point of changing
position (point B) to the beginning of the first scorable epoch of sleep (point C). To ensure
that the sleeper was in stable sleep prior to the vibration, the two variables (variables 2 and
3) were only eligible to be scored if they were preceded by a scorable epoch of sleep in one

of the two epochs preceding the stimulus.
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Preceding two epochs of Sleep

Sleep Stage N2 Stage N2
Vibration
Position — —
left Left
Points:

@ Point of beginning of vibration
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Stage N1

2©

" Duration to return to sleep
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©

Supine Right

Duration to position change

2

Variables:

Preceding two epochs of sleep

IZI Duration to change in position

III Duration to return of sleep

Figure 2.8: Novel method for analysis of indirect measures of arousability and sleep recovery

This figure shows the novel method analysis that was developed by the author of this thesis. It shows three channels: sleep stage, vibration, and position. To determine
whether the sleeper has been aroused from sleep by the vibrotactile stimulus produced by the PT device, an indirect measure of arousability was developed. This measure is
the duration to position change which extends from the beginning of the vibrotactile stimulus to the change in position away from the supine position (from point A to point
B). In addition, an indirect measure of sleep recovery was developed: the duration to return to sleep. This extends from the point of position change away from the supine

position to the first epoch of scorable sleep.
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2.8.1 Statistical analyses
The statistical analyses specific to each study are described in their corresponding
experimental chapter. Statistical analyses were performed using SPSS V.27.0 (IBM, lllinois,
USA). Data were assessed for meeting parametric assumptions or not; this included testing
for normality of distribution, homogeneity of variances, linearity, and independence. To test
for normality of distribution, skewness and kurtosis were assessed. In addition, the
Kolmogorov-Smirnov and Shapiro—Wilk tests were used. Histograms, P—P plots, and Q—-Q
plots were analysed as appropriate, and homogeneity of variance was checked using Leven’s

test.

In general, descriptive statistical analyses of the data were performed to present baseline
characteristics and outcomes. If it met the parametric assumption, categorical data were
presented as proportions, while continuous data were presented as means * standard
deviation (SD). If the data did not meet the assumption, they were presented as a median
with interquartile range. Appropriate statistical tests were chosen based on meeting or not

the assumption of parametric testing.

2.9 Data collection to Compare the Neck-Worn (Night Shift™) and Forehead-Secured
(Somnibel™) Vibrotactile PT Devices

2.9.1 Background
The overall aim of the data collection was to compare the efficacy of the neck-worn and
forehead-secured vibrotactile PT devices. The specific aims were to compare the devices in
terms of the percentage of successful activations of vibration in response to supine position
and the duration to start of vibration. It was hypothesised that the neck-worn device would
demonstrate a higher percentage of successful activations of vibration in response to supine
position when compared with the forehead-secured device. In addition, it was hypothesised
that duration to start of vibration would be shorter in the neck-worn than the forehead-

secured device.

These hypotheses were based on data from audiology literature, where it is well established
that vibrotactile stimuli produced by a clinical bone vibrator can be transmitted via the
forehead (frontal) bone to the ear via osseous conduction mechanisms (Sohmer, 2017).

More recently, a clinical bone vibrator has been shown to transmit vibrotactile stimuli
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through soft tissue (such as the tissue of the posterior neck) (Sohmer, 2017). The back of the
neck is also a densely innervated area and is much closer to the vertebrae than the
forehead. Therefore, both osseous and non-osseous soft tissue conduction mechanisms
would favour the vibrotactile PT device being worn on the neck. However, the increased
sensitivity of the back of the neck may result in more frequent arousals from sleep and sleep

fragmentation.

2.9.2 Methods

e Participants

Healthy volunteers who were 18 years or older and who did not suffer from sleep disorders
or other chronic diseases were invited to participate in this study. These healthy participants
were comprised of staff recruited from Imperial College London or Imam Abdulrahman bin
Faisal University in Dammam. Ethical approvals were obtained from both institutions and

are found in appendix 19 and 20.
e Procedures and measurements

Two consecutive overnight PSG studies were performed in which the participant wore one
vibrotactile PT device on each night. The order of the PT devices was randomly assigned using

sealed envelopes. The PSGs were performed as described in section 2.4.1.

Vibrations were recorded using a microphone, as described in section 2.4.3. The duration to
start of vibration was measured as described in section 2.7.2. Successful activation of
vibration in response to the supine position was noted whenever the vibrotactile device
detected the supine position and responded by activating vibration. Successful position
change in response to vibration depended on whether vibration resulted in a position
change away from the supine position or not. Duration to change in position and duration to

return to sleep were noted based on the described novel analysis method in section 2.7.2.
e Analyses

Vibrotactile stimuli were analysed manually by counting the individual vibrations on the
microphone channel. Sequential vibrations with similar intensity were counted as a single
set, and scoring was done by author of this thesis. Blinding of the type of the PT device used

was not possible because of the unique pattern of vibrations for each device.
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The total number of supine events represents the total number of supine events that the
participant experienced throughout the night. The total number of sets of vibrations
represents the total number of vibrations activated throughout the night. The percentage of
successful activations of vibration in response to supine position was calculated by dividing

total sets of vibrations by the total number of supine events.

Descriptive statistics for the baseline characteristics were used to present outcome
variables. Summary data are presented as mean = SD, median (Q1, Q3), or median (min,

max), as appropriate.

2.9.3 Results
Six participants completed the comparative study. Demographic data are shown in table 2.9.

The mean age (years) was 36.7 + 6.8, and the mean BMI (kg/m?) was 25.3 + 3.8.

Table 2.9: Demographic data of participants

Participant Gender Age (years) Height (cm) Weight (kg) BMI (kg/m?)

1 M 29 163 88 33

2 M 31 168 68 24

3 M 36 182 76 23

4 F 42 175 75 24

5 M 35 164 62 23

6 M 47 188 90 25
Mean + SD - 36.7+6.8 173.3+10.2 76.5+11 253+338

M: male; F: female; SD: standard deviation; BMI: body mass index.

e Supine events and vibrations throughout the night

Table 2.10 shows the total number of the supine events per night for the different devices
for each participant. All participants experienced at least two supine events for both
devices. In addition, the vibrotactile stimulus in response to the supine position is shown for

each device.
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Table 2.10: Total number of supine events throughout the night and total number of sets

of vibrations between the neck-worn and forehead-secured device

Participants

Total supine events (event/night)

Total sets of vibrations (sets/night)

Neck-worn Forehead-secured Neck-worn Forehead-secured
device device device device
1 18 12 9 8
2 16 24 14 3
3 3 8 2 5
4 2 3 2 2
5 7 9 6 9
6 2 2 1 0
(“g‘:’d::;) 5(2, 13.75) 8.5 (2, 11.25) 2(1, 6) 4(0,7.25)

Q1: first quartile; Q3: third quartile; the reason for highlighting some numbers in grey is explained in the text.

e Percentage of successful activations of vibration in response to supine position

The group median percentage of successful activations of vibrotactile stimulus in response

to supine position for the neck-worn vibrotactile PT device was 76.2% (50, 100) as compared

with the forehead-secured vibrotactile PT device 64.6% (0, 100). This difference is mainly

due to participant 2. This comparison is presented in figure 2.9.
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% of Positive Response to Supine
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20.00
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Neck-worn Forehead-secured

Vibrotactile PT device

Figure 2.9: Median (min, max) percentage of successful activations of vibrotactile stimulus
in response to supine position between neck-worn and forehead-secured vibrotactile PT
devices

e Duration to start of vibration

Table 2.12 shows the median duration (Q1, Q3) to start of vibration, for each participant
and each device. For the neck-worn device, the group median duration (Q1, Q3) to starting
of the vibrotactile stimulus was 4.5 s (4, 5); for the forehead-secured device, the duration
was 32 s (30, 98.5) (figure 2.10). It is important to note that the forehead-secured device

uses a delay of 30-second to the start of the vibrotactile stimulus.
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Table 2.11: Duration to start of vibration in the neck-worn and forehead-secured devices

Participants Neck-worn device (seconds) Forehead-secured device (seconds)
1 4.5 30.0
2 5.0 25.0
3 4.0 208.0
4 680.0 98.5
5 8.0 32.0
6 4.0 -
Median (Q1, Q3) 4.5 (4,5) 32 (30, 98.5)
Q1: first quartile; Q3: third quartile.

100.00
20.00
80.00
70.00
Time (seconds)
50.00
40.00
30.00
20.00

10.00 5

oo

Neck-worn Forehead-secured
Vibrotactile PT device

Figure 2.10: Median (Q1, Q3) duration to start of vibration between neck-worn and
forehead-secured vibrotactile PT devices

2.9.4 Discussion
The main finding was that the neck-worn device performed better in detecting supine
position and successfully activating the vibrotactile stimuli as compared with the forehead-
secured device. In addition, the duration to starting of the vibrotactile stimulus was more
consistent and shorter for the neck-worn device as compared with the forehead-secured

device. Despite that the forehead-secured device uses a 30-second delay to the start of the
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vibrotactile stimuli, the interquartile range for this device was wider (30 — 98.5, seconds)

compared to the neck-worn device (4- 5, seconds).

A potential explanation for the forehead-secured device being less successful in detecting
the supine position could be that movements of the head may not represent movements of
the body. This might explain the values of participant 2 (table 2.10). This observation was
noted during early testing trials of PT devices; the neck-worn device uses 45° as the supine
threshold angle. A similar observation was made in a study comparing the position of the

forehead and of the trunk in 199 OSA patients (Van Kesteren et al., 2011).

In this study, body position during sleep was measured by the SOMNOscreen built-in
position sensor, which was located medially on the trunk, as described in section 2.4.1.
However, the vibrotactile devices vibrated in response to their detection of supine position
using built-in, three-dimensional accelerometers. Therefore, it is possible that while the
trunk was in supine position the head and neck were not, and therefore the device did not

produce vibrotactile stimulus.

Previous studies have investigated the position of the forehead vs the position of the trunk
and the effect of these relative positions on OSA severity (van Kesteren & Hilgevoord, 2015;
Van Kesteren et al., 2011). It has been shown that rotation of the head to supine position
significantly increased the AHI in about 31% of the study sample. (Zhu et al., 2017) reported
a similar observation in which the AHI dropped by about 10 events/hr when the head
rotated from supine to lateral while the trunk was in supine position. In their study, the
authors reported that in approximately 27% of the participants, OSA severity was essentially
resolved by rotation of the head away from supine position while the trunk was in the

supine position.

2.9.5 Summary
The neck-worn PT device activated vibrotactile stimulus in response to supine position more
consistently compared with the forehead-secured PT device. Furthermore, the duration to
starting of the vibrotactile stimulus was shorter in the neck-worn device as compared with
the forehead-secured device. This is despite that the forehead-secured device uses a 30-
second delay to start the vibrotactile stimuli. The following experimental chapters describe

the effect of the neck-worn device on the AHI and daytime functioning (chapter 4), and
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arousability (chapter 5). In chapter 3, a systematic review and meta-analysis were
conducted to investigate the effect of vibrotactile PT devices on the AHI of patients with

POSA.
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CHAPTER 3: The Efficacy of Vibrotactile Positional Therapy Devices on
Patients with Positional Obstructive Sleep Apnoea: a Systematic Review and
Meta-Analysis

3.1 Introduction

As discussed in chapter 1, obstructive sleep apnoea (OSA) is a common sleep disorder
affecting nearly one billion people worldwide (Benjafield et al., 2019; Yingjuan et al., 2019).
Chapter 1, sections 1.5.4 and1.5.5 presented a review of how the supine sleep position is a
risk factor for OSA (Cartwright, 1984), and when OSA occurs predominantly or exclusively in
the supine position, it is referred to as positional obstructive sleep apnoea (POSA) (Frank et
al., 2015). Section 1.5.1 of chapter 1 includes a discussion on different definitions for POSA;
the exact definition of POSA varies (Bignold et al., 2011; Cartwright, 1984; Frank et al., 2015;
Levendowski et al., 2018; Mador et al., 2005; Marklund et al., 1998), but it is often defined
as an apnoea-hypopnoea index (AHI) in the supine position that is twice that of a non-

supine AHI, with an overall AHI > 5 events/hr (Cartwright, 1984).

Chapter 1, section 1.5.3 discusses the clinical characteristics of patients with POSA. More
than 50% of patients diagnosed with OSA have POSA (Lee et al., 2017; Mo et al., 2011;
Oulhaj et al., 2017; Ravesloot et al., 2016). Patients with POSA are more likely to be male
(Aarab et al., 2009), young (Joosten et al., 2014), have a lower BMI (Mo et al., 2011), smaller
neck and waist circumferences, and lower Mallampati scores (Yingjuan et al., 2019), than
those with non-positional OSA. OSA severity in patients with POSA tends to be milder, with
a prevalence of POSA of 80% in mild-moderate OSA compared with 40% in severe OSA cases

(Mo etal., 2011).

PT has been proposed as an alternative treatment to continuous positive airway pressure
(CPAP) for the treatment of POSA. As discussed in chapter 1, section 1.7. PT is any technique
that prevents the patient from sleeping in the supine position (Yingjuan et al., 2019).
Traditional PT techniques use mechanical avoidance of the supine position and include the
use of a bulky object (e.g., a tennis ball attached to the back of nightwear or a wedge-
shaped pillow). These techniques are efficacious but are poorly tolerated (Bignold et al.,
2009; Loord & Hultcrantz, 2007; Oksenberg et al., 2006), with low long-term compliance
rates of around 10% (Bignold et al., 2009). Traditional PT techniques, therefore, have not

succeeded as a satisfactory routine treatment for POSA patients.
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Vibrotactile PT devices are a relatively new development in the treatment of POSA. These
devices are described in chapter 2, section 2.6. Briefly, these light-weight devices use
position sensors to sense body position and small haptic motors (similar to those in a
smartphone) to produce an incremental vibratory stimulus in response to movement to the
supine position, thus encouraging a position change away from supine. In addition, the
devices are capable of objectively monitoring usage and adherence data. Vibrotactile PT
devices can be placed on different sites on the body, such as the back of the neck
(Levendowski et al., 2014), chest (Bignold et al., 2011; van Maanen et al., 2013), or the
forehead (Armas et al., 2019). These devices are shown in chapter 1, figure 1.7. Data
comparing the efficacy of the neck-worn (figure 1.7, panel A) and forehead-secured (figure

1.7, panel D) vibrotactile PT devices are shown in chapter 2, section 2.9.

The primary aim of this systematic review and meta-analysis was to investigate the effect of
vibrotactile PT devices on the AHI and the %Tsupine in patients with POSA, in comparison
with the baseline. A secondary aim was to investigate the effect of vibrotactile PT devices on
daytime sleepiness, daytime functioning, quality of life, sleep efficiency, and arousal from

sleep.

3.2 Methods
A systematic review was performed in accordance with the Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocol (PRISMA-P) and was registered on

PROSPERO (CRD42020188617).

3.2.1 Inclusion criteria

e Study type: randomised parallel controlled and cross-over trials and prospective cohort
studies.

e Population: studies that involved adult participants diagnosed with POSA.

e Type of intervention: studies that used vibrotactile PT devices.

e Type of outcome: primary outcomes were the AHI and %Tsupine. Both variables were
measured objectively either by polygraphy or polysomnography (PSG) at a follow-up
visit and compared with the baseline. In addition, the following secondary outcomes
that assessed daytime functioning and quality of life outcomes, compared with the

baseline, were extracted: Epworth Sleepiness Scale (ESS) scores (Johns, 1991),
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Functional Outcomes of Sleep Questionnaire (FOSQ) global score (Weaver et al., 1997),
The 36-ltem Short Form Health Survey (SF-36) scores (Jenkinson et al., 1993). Secondary
outcome measures included objectively measured sleep quality outcomes (sleep

efficiency and arousal index).

3.2.2 Exclusion criteria
e Studies that were not in the English language.
e Studies that involved animals.

e Studies that used diagnostic modalities other than polygraphy or polysomnography.

3.2.3 Search strategy
To identify relevant research articles, an electronic search of articles up to September 10,
2021, of the following databases was performed: Medline (Ovid), Embase, Cochrane Library
(CENTRAL). The search strategy was developed in consultation with an expert librarian. The
following Medical Subject Headings (MeSH) terms, keywords, and combinations were used:
obstructive sleep apnoea, obstructive sleep apnoea, obstructive sleep apnoea hypopnea
syndrome, obstructive sleep apnoea hypopnoea syndrome, OSA, OSAHS, POSA, ePOSA,
positional, position, posture, supine, supine-isolated, supine-predominant, supine-exclusive,
dorsal, lateral, treatment, therapy, device, trainer. The search strategy for the electronic

databases is included in the online supplement (appendix 9).

3.2.4 Search procedures
Searches were performed by AA and Dr Julia Kelly. All identified articles were imported into
the COVIDENCE website (COVIDENCE systematic review software, Veritas Health Innovation,
Melbourne, Australia) and duplicates were removed. For the assessment of eligibility, both
reviewers (AA and JK) screened titles and abstracts of all identified research articles;
ineligible articles were excluded. An additional manual search of the reference lists of the
eligible articles as well as relevant systematic reviews was performed to capture articles that
were not identified in the original electronic search. A search for ongoing clinical trials was
also performed in the databases. Full-text review of all eligible articles was performed by
two reviewers (AA and JK). Disagreement was resolved through discussion until a consensus
was reached; where consensus could not be reached, the decision of a third reviewer (Dr C

Turnbull, University of Oxford) was sought.
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3.2.5 Data extraction
The following details were extracted from each research article and reviewed by two
reviewers (AA and JK): research study characteristics, participant characteristics,
intervention, and comparator characteristics. A standardised Microsoft Excel data extraction
form was used. In case of missing data, the corresponding author was contacted by email. I
data could not be obtained from the authors, calculation methods were used to determine
the mean and standard deviation (Wan et al., 2014). If data could neither be sourced from
the authors or calculated by a standard method, then it was not included in the quantitative
meta-analysis. If both per protocol and intention to treat data were available, then the data
on the more conservative intention to treat were used. The two reviewers (AA and JK)
independently judged each risk of bias for all included clinical trials. Disagreement was
resolved through discussion until a consensus was reached; if consensus could not be
reached, the decision of a third reviewer (Dr C Turnbull, University of Oxford) was sought.
The ‘Risk of Bias’ tool in the Cochrane Collaboration RevMan 5.4 software (Review Manager

[RevMan] software, The Cochrane Collaboration, Copenhagen) was used.

3.2.6 Data analysis
Synthesis of the results was aimed at clinically relevant outcomes including polygraphy or
PSG-measured variables and daytime functioning measures. A meta-analysis was performed
using RevMan 5.4 software (Review Manager [RevMan] software, The Cochrane
Collaboration, Copenhagen). Results of continuous outcomes were expressed as a mean
difference and 95% confidence interval. A random-effects model was used for the analysis
of the effect of vibrotactile PT at follow-up and compared with the baseline. Heterogeneity
among the included studies was assessed using prediction interval, /? statistics, and p-value.
Subgroup meta-analyses based on the level of OSA severity were performed if /> was > 50%

and p-value < 0.1.

3.3 Results

The systematic search revealed 1015 articles of which 342 were duplicates. After title and
abstract screening, 25 articles were assessed for eligibility for full-text reading. After
exclusions, 18 studies were included in this review, of which ten were clinical trials (five

parallel RCTs and five cross-over trials) and eight were cohort studies. The results of the
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search are presented in a PRISMA flow chart (figure 3.1). This search also identified four

ongoing, registered clinical trials which are available in appendix 10.

1015 references imported for
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-g 18 studies included
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£
————

7 studies excluded:

- different participants (n = 1)
(benign snorer vs OSA)

- different outcomes (n = 1) (data
from PT device only)

- different intervention (n = 2)
(traditional PT)

- different design (n = 3)
(retrospective)

Figure 3.1: PRISMA Flow chart showing the screening process

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; OSA: obstructive sleep apnoea;

PT: positional therapy.
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Of the included studies, participant age (mean + SD) ranged from 44 + 11.2 to 64.8 + 9.5
years. In all studies, the average BMI fell into the overweight category (25-30 kg/m?). The
studies tended to include participants across the OSA disease spectrum with no study
limiting participants to a single OSA severity; therefore, the level of OSA severity for each
study was based on the mean baseline AHI of the study: mild (4 studies: 2 clinical trials and
2 cohort studies), moderate (12 studies: 7 clinical trials and 5 cohort studies), and severe (2

studies: 1 clinical trial and 1 cohort study).

Most studies used chest-worn PT devices (6 clinical trials and 6 cohort studies), three used
neck-worn devices (2 clinical trials and 1 cohort study), two studies used a forehead-secured
PT device (1 clinical trial and 1 cohort study), and one study (1 clinical trial) used a

prototype.

Across the ten clinical trials, the control group varied between inactive PT treatment (2
studies), no treatment (1 study), mandibular advancement device (MAD) (2 studies), tennis
ball technique (TBT) (1 study) and auto-titrated positive airway pressure (APAP) (2 studies).
One study used two different comparisons, MAD only and combined MAD and PT. One

study used a comparison to no treatment and to inactive PT treatment.

The length of follow-up was different among the studies. In three studies, the length of
follow-up was less than one week (2 clinical trials, 1 cohort study). In six studies the length
of follow-up was between one week and one month (2 clinical trials and 4 cohort studies). In
the remaining nine studies, the length of follow-up was between one and three months (4
clinical trials and 3 cohort studies). These studies are summarised in table 3.1 and table 3.2

for clinical trials and cohort studies, respectively.
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Table 3.1: Summary of the baseline characteristics of the included clinical trials

Type .
Location
Authors of . Sample .
Design . Intervention and Name Control Follow-up
and Year Sleep size .
of Device
Study
Bignold Randomised .
etal., 2011 Chest, Inactive
. PG crossover n=15 PT 3 weeks
(Bignold et trial BuzzPOD | treatment
al., 2011)
van
Maanen Randomised . 1 nlght with
etal., 2012 Neck, Inactive device on
PSG crossover n =30 PT .
(van . prototype | treatment | and 1 night
trial
Maanen et off
al., 2012)
Dieltjens et .
al., 2015 PSG Ri::szr:\f;d n=20 PT (I:\:e:c MAD only, |~ 1night
(Dieltjens trial - Balagnce PT+ MAD | intervention
etal., 2015)
Eij |
etal, 2015 Chest,
. PSG Parallel RCT | n=55 PT Night TBT 1 month
(Eijsvogel et Balance
al., 2015)
Benoist et
. Chest,
al., 2017 psg | Multicentre | g PT Night MAD 3 months
(Benoist et Parallel RCT Balance
al., 2017)
Laub et al., Chest,
. No
2017 (Laub PG Parallel RCT | n=101 PT Night S 2 months
etal., 2017) Balance
Berry et al,, :\;l::::ri?stgz Chest,
2019 (Berry PSG crossover n=117 PT Night APAP 6 weeks
etal., 2019) . Balance
trial
Mok et al., Randomised Neck
2020 (Mok PSG crossover n =40 PT Night Sl’wift APAP 8 weeks
et al., 2020) trial &
Armas et No
al., 2021 Forehead, | treatment
(Hidalgo PSG Parallel RCT | n=128 PT o .| 12 weeks
Somnibel Inactive
Armas et treatment
al., 2021)
Suzuki et
al., 2021 Neck
’ =1 ! D
(Suzuki et PSG Parallel RCT | n=160 PT Night Shift MA 8 weeks
al., 2021)

RCT: randomised controlled trial; n: sample size; PSG: polysomnography; PT: vibrotactile positional therapy; MAD: mandibular
advancement device; TBT: tennis ball technique; APAP: auto-adjusting positive airway pressure; PG: polygraphy
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Table 3.2: Summary of the baseline characteristics of the included cohort studies

Type of

Location and

Auth |
Vi CEETT Sleep Design Sar.np € Intervention Name of Follow-up
Year size .
Study Device
van Maanen et
al., 2013 (van PSG Cohort study n=31 PT Chest, Night 1 month
Maanen et al., Balance
2013)
van Maanen et
al., 2014 (van Polygrap | Multicentre _ Chest, Night
Maanen & de hy cohort study n =106 PT Balance 6 months
Vries, 2014)
Levendowski
etal.,, 2014 . PSG Cohort study n=30 PT Chest, Night 1 month
(Levendowski Balance
etal., 2014)
Scarlata et al, .
2016 (Scarlata PSG | Cohortstudy | n=20 PT Necgéi';'t'ght 3 days
etal., 2016)
Beyers et al, .
h Nigh
2018 (Beyers et PSG Cohort study n=79 PT Chest, Night 1 month
Balance
al., 2018)
deRuiter et
aI.,' AL PSG Cohort study n=99 PT (SEEE N 12 months
Ruiter et al., Balance
2018)
Armas et al., Forehead
2019 (Armas et PSG Cohort study n=12 PT o) 4 weeks
Somnibel
al., 2019)
Beyers et al., .
h Nigh
2019 (Beyers et PSG Cohort study n =36 PT Chest, Night 12 months
Balance
al., 2019)

n: sample size; : polysomnography; PT: vibrotactile positional therapy; : polysomnography.
ple size; PSG: poly graphy; PT: vib ile positional therapy; PSG: poly: graphy
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3.3.1 Primary outcomes

e AHI with vibrotactile PT at follow-up compared with the baseline

Eighteen studies measured the total AHI at follow-up (with vibrotactile PT) as compared
with the baseline (no vibrotactile PT). One study (van Maanen & de Vries, 2014) was
excluded as mean (SD) data could not be calculated. Pooled analysis of 17 studies (n = 700)
showed a statistically significant reduction in the total AHI at follow-up as compared with
baseline (mean difference of -9.19 events/hr [95% Cl: -11.68, -6.70; p-value < 0.001]) (figure
3.2).

AHI with PT AHI without PT Mean Difference Mean Difference
Study or Subgroup Mean [events/hr] SD [events/hr] Total Mean [events/hr] SD [events/hr] Total Weight IV, Random, 95% CI IV, Random, 95% C|
Bignold et al, 2011 139 16 15 25 253 15 20% -11.10[-26.25,4.05 —_— 1
van Maanen et al, 2012 128 12 30 227 131 30 54% -14.90[-21.26,-8.54) —_—
van Maanen etal, 2013 144 1.2 N 17.3 57 K} 6.6% -290}7.32,1.52) T
Levendowski et al, 2014 75 730 247 147 30 56% -17.20[-23.14,-11.26] Em—
Dieltiens etal, 2015 116 84 20 234 113 20 55% -11.80(17.97,-563 —_—
Eijsvogel etal, 2015 9.8 76 27 14 49 29 72% -1.60[-4.98,1.78) e
Scarlata et al, 2016 44 55 20 16.8 95 20 6.3% -1240F17.21,-759) —
Benoist et al, 2017 ] 73 48 138 58 48 76% -4.90 [-7.56,-2.24) -
Laubetal, 2017 114 83 82 16.9 85 82 7.3% -5.50-8.73,-2.27) -
Beyers et al, 2018 98 179 79 195 311 79 45%  -070[17.61,-1.79) I
deRuiter et al, 2018 75 58 29 141 69 29 72% -6.60 [-9.88,-3.32) I
Amas etal, 2019 186 T4 12 335 147 12 38% -13.90[-23.21,-459
Beyers et al, 2019 8.4 98 M 17.3 85 34 66% -B90[1326,-454) —_—
Berryetal, 2019 73 68 110 15 83 10 79% -1420[16.21,-1219) -
Mok et al, 2020 13 138 40 234 155 40 53% -10.40[-16.83,-3.97] —
Ammas et al, 2021 204 134 43 306 188 43 51% -10.20(17.10,-3.30] I—
Suzuki etal, 2021 16.7 175 80 242 171 80 6.0% -7.50[12.86,-2.14) —_—
Total (95% CI) 700 702 100.0% -9.19[-11.68,-6.70] <&
Heterogeneity: Tau?= 19.49; Chi*=82.37, df= 16 (P < 0.00001); F=81% -ZEIJ _190 150 250

Testfor overall effect Z= 7.23 (P <0.00001) Favours with PT Favours without PT

Figure 3.2: Forest plot of clinical trials and cohort studies comparing total AHI with and
without vibrotactile PT (baseline)

AHI: apnoea hypopnea index; PT: positional therapy.

e Percentage of time spent in the supine position (%Tsupine) with vibrotactile PT at

follow-up as compared with the baseline

Pooling of the results from 17 studies (n = 700) that compared mean %Tsupine at follow-up
with the baseline showed a significant reduction in the mean %Tsupine (mean difference of

-32.79% [95% Cl: -38.75, -26.83; p-value < 0.001]) (figure 3.3).
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%Tsupine with PT (%) %Tsupine without PT (%) Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bignold et al, 2011 0.4 1.1 15 36.4 206 15 58% -36.00[46.44,-2556) ———

van Maanen et al, 2012 19 225 30 40 19.2 30 57% -21.00[3158,-1042)

van Maanen etal, 2013 122 119 il 49.4 13.9 31 65% -37.20[-43.64,-30.76) —_—

Levendowski et al, 2014 22 6.1 30 46.4 127 30 67% -44.20[-48.24,-38.16) ——

Eijsvogel et al, 2015 169 169 27 359 16.6 29  61% -19.00[27.78,-10.22) —_—

Dieltiens etal, 2015 2 6.7 20 356 257 20 55% -3360(45.24,-2196) ———

Scarlata etal, 2016 337 239 20 621 227 20 5.0% -28.40[-42.85-13.95)

Benoistetal, 2017 144 147 45 424 174 45  65% -28.00[34.66,-21.34) —

Laubetal, 2017 247 N9 52 46 216 52  62% -21.30[29.66,-12.94) I

Beyers etal, 2018 W04 M2 79 452 69.3 79 43% -2480[-4258,-7.02)

deRuiter etal, 2018 133 129 29 416 17 29  63% -28.30[36.07,-20.53) —

Ammas etal, 2019 252 21 12 515 148 12 5.0% -26.30[-40.84,-11.76)

Berryetal, 2019 77 165 10 499 114 110  6.8% -4220(-4595,-3845 —

Beyers etal, 2019 43 89 34 388 286 34 58% -3450(4457 -2443) ——

Mok et al, 2020 1941 27 43 58.4 224 43  58% -39.30(49.79,-2881) —

Suzuki etal, 2021 45 93 80 67.4 26.4 80 65% -62.90[-69.03,-56.77) ¢

Armas etal, 2021 3.2 28 43 522 253 43 56% -21.00[-3228,-9.72)

Total (95% CI) 700 702 100.0% -32.79[-38.75,-26.83] L

Heterogeneity: Tau?= 131.87, Chi*= 147.66, df= 16 (P < 0.00001); F=89% f f {

50 .15 0 75 50

Testfor overall effect Z=10.78 (P < 0.00001) Favours with PT Favours without PT

Figure 3.3: Forest plot of clinical trials and cohort studies comparing percentage of time
spent in the supine position with and without vibrotactile PT (baseline)

%Tsupine: percentage of time spent in the supine position; PT: positional therapy.

3.3.2 Secondary outcomes

e Epworth Sleepiness Scale (ESS)

ESS data were available from nine studies (n = 411). There was a significant reduction in the
mean ESS score at follow-up as compared with the baseline by a mean difference of -1.17

(95% Cl: -1.75, -0.58; p-value < 0.001) (figure 3.4).

ESS with PT ESS without PT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
van Maanen et al, 2013 93 468 il 11 4.4 kil 69%  -1.70[-3.94, 0.54] I
Eijsvogel et al, 2015 6 36 27 64 34 29 102%  -0.40[-2.24,1.44] T
Benoistetal, 2017 81 48 45 85 &3 45  7.9%  -0.40[-2.49 1.69] T
Laub etal, 2017 9.1 4 52 109 4 52 146% -1.80[-3.34,-0.26] _—
deRuiter et al, 2018 73 39 29 84 73 29 38% -1.10[-4.11,1.91] —
Berryetal, 2019 8.3 5 110 98 49 110 201% -1.50[-2.81,-0.19] —
Beyers etal, 2019 79 64 34 82 66 34 36% -0.30[-3.39, 279 I
Mok etal, 2020 109 4 40 121 2.6 40 158%  -1.20[-2.68, 0.28] T
Armas etal, 2021 51 35 43 6.1 3.2 43 17.2%  -1.00[-2.42,0.42) T
Total (95% CI) 411 413 100.0% -1.17 [-1.75, -0.58]) L 2
Heterageneity: Tau®= 0.00; Chi* = 2.66, df= 8 (P = 0.95); F= 0% I + {

10 -5 5 10
Favours with PT Favours without PT

[=}

Test for overall effect: Z= 3.90 (P < 0.0001)

Figure 3.4: Forest plot of clinical trials and cohort studies comparing Epworth Sleepiness
Scale with and without vibrotactile PT (baseline)

ESS: Epworth Sleepiness Scale; PT: positional therapy.
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e Quality of life (FOSQ global score and SF-36 Vitality score)

FOSQ data were only available from four studies (n = 224). One other study (van Maanen &
de Vries, 2014) was excluded as they used a version of FOSQ with a different FOSQ global
score. The use of vibrotactile PT resulted in a significant increase in the mean global FOSQ

score by a mean difference of +0.56 (95% Cl: +0.12, +1.00; p-value = 0.01) (appendix 11).

SF-36 Vitality score data were available from only two studies (n = 150). The use of
vibrotactile PT resulted in a significant increase in the mean vitality score by a mean

difference of +6.72 (95% Cl +2.52, +10.92; p-value = 0.002) (appendix 11).
o Sleep efficiency

Sleep efficiency data were available from 11 studies (n = 417). The use of vibrotactile PT did
not result in a statistically significant difference in the mean sleep efficiency, with a mean

difference of +0.74 (95% ClI -0.63, +2.11; p-value = 0.29) (appendix 11).
e Arousal index

The arousal index data were available from 10 studies (n = 372). Pooling of these data
showed that the use of vibrotactile PT resulted in a significant reduction in the mean arousal

index, with a mean difference of -3.11 (95% Cl -6.00, -0.21; p-value = 0.04) (appendix 11).

3.3.3 Sensitivity analyses
Because of the statistically significant heterogeneity in most of the results, subgroup

analyses were performed for the primary outcome variables.
e AHI with and without vibrotactile PT

The result of the random-effects model of the AHI with and without PT showed that the
heterogeneity was statistically significant with p-value <0.00001 and /? statistics of 78%.
Therefore, predetermined subgroup analyses were run based on the level of OSA severity,
which was determined based on the average baseline value of the AHI in each included

study.

o Mild OSA: three studies included 104 participants with mild OSA (average
baseline AHI < 15 events/hr). Pooling of the results showed a 34% reduction in

the AHI at follow-up as compared with the baseline (mean difference of -4.42
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events/hr [95% Cl: -7.10, -1.75; p-value = 0.001]) (appendix 12). The I? statistic in
this model was higher, which may be explained by the presence of other factors
that contributed to heterogeneity, such as length of follow-up.

Moderate and severe OSA: fourteen studies included 596 participants with
moderate and severe OSA (average baseline AHI > 15 events/hr). The results
showed that there was a significant reduction in the AHI of 46% at follow-up as
compared with the baseline (mean difference of -10.50 events/hr [95% Cl: -

13.01, -7.99; p-value < 0.001]) (appendix 12).

Percentage of time spent in the supine position

Heterogeneity results of the %Tsupine model were statistically significant, with p-value

<0.00001 and ? statistics of 88%. Subgroup analyses were performed based on the OSA

level of severity, as for AHI.

o Mild OSA: three studies included 101 participants with mild OSA and compared

mean %Tsupine with and without vibrotactile PT. There was a significant
reduction in the mean %Tsupine at follow-up as compared with the baseline
(mean difference of -25.60 % [95% Cl: -31.13, -20.07; p-value <0.001]) (appendix
12). The calculated percentage of change at follow-up compared to baseline was
64%.

Moderate and severe OSA: fourteen studies included 599 participants with
moderate and severe OSA and compared mean %Tsupine with and without
vibrotactile PT. There was a significant reduction in the mean %Tsupine at follow-
up as compared with the baseline (mean difference of -34.58% [95% Cl: -41.08, -
28.08; p-value < 0.001]) (appendix 12). The calculated percentage of change at

follow-up compared to baseline was 71%.

3.4 Risk of Bias and Evidence Quality Assessment

The main reason for the increased risk of bias in the included studies is the difficulty to blind

participants from interventions (APAP, MAD, TBT, or no device) (figure 3.5). However, this

bias was not sufficiently large to decrease confidence in the estimated treatment effect.

Additionally, the funnel plot (figure 3.6), showed some points outside the funnel and an

absence of smaller studies, which is suggestive of publication bias. Imprecision was not
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evident in this review because of the large sample size (n = 700), and the clinical decision
would not be different if the true effect was at either side of the 95% CI. Moreover, the
studies in this review showed consistent effect with overlap of the Cls. Finally, all studies
directly compared the intervention of interest (vibrotactile PT) in the population of interest
(POSA), and all reported the needed outcome (AHI). Therefore, according to the Grading
Recommendations, Assessment, Development and Evaluations (GRADE) approach, the
evidence to recommend the use of vibrotactile PT (compared to baseline) in patients with

POSA to reduce OSA severity is moderate.
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Figure 3.6: Funnel plot for detection of publication bias for the AHI

MD: mean difference; SE: standard error.

3.5 Discussion

The findings of this systematic review and meta-analysis suggest that vibrotactile PT is
effective in reducing AHI and time spent in the supine position in patients with POSA.
Pooled data showed a reduction in daytime sleepiness and a disease-specific quality of life
score (FOSQ), but these secondary findings did not reach a clinically meaningful difference.
Additionally, there were minimal improvements in sleep efficiency and arousal index.
However, there were insufficient data to determine the effect of these vibrotactile PT

devices on overall quality of life using generic questionnaires such as the SF-36.

Reductions observed in the primary outcomes AHI and %Tsupine corroborate with previous
data. The recently published UK National Institute for Health and Care Excellence (NICE)
guidelines (NG202) conducted a combined analysis of traditional and vibrotactile PT,
stratified by disease severity, and concluded that both types of PT can be effective in
reducing time spent in the supine position in mild and moderate OSA; PT was recommended
as an alternative option if CPAP treatment was not suitable or not tolerable. In addition, the
consensus opinion was that PT offered potential cost savings for the National Health Service
(NHS) when compared with other available treatment options (NICE guidelines, 2021). In the
recent European Respiratory Society guidelines for non-CPAP therapies in OSA patients, the
evidence on the use of PT compared to CPAP (question no. 7) or MAD (question no. 8) was
reviewed (Randerath et al., 2021). Question no. 7 included five studies (n=221) and only one
of them used vibrotactile PT and the remaining used traditional PT techniques. In question
no. 8, one study was included (n=99) which used vibrotactile PT. The task force suggested
that vibratory PT can be used for mild or moderate POSA as compared to MAD or CPAP.
From an earlier meta-analysis that included seven studies using vibrotactile PT devices (4
clinical trials and 3 cohort studies), the reductions in the AHI and the time spent in the
supine position were 54% and 84% respectively (Ravesloot et al., 2017); in current review,
the reductions were 43% and 70% respectively. The slightly lower efficacy observed in these
findings may be attributed to the inclusion of more recent studies that tested the effect of

vibrotactile PT on participants with higher baseline AHI.
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The use of vibrotactile stimuli to encourage a position change from supine can be expected
to cause arousal or awakening, thus leading to sleep fragmentation (discussed in chapter 5).
However, in this systematic analysis, sleep efficiency and arousal index were not affected by

vibrotactile PT.

Although there is convincing evidence that vibrotactile PT significantly reduces objective
supine sleep, and therefore the severity of sleep apnoea in patients with POSA, there is less
available subjective evidence to describe its effect on quality of life. This lack of available
evidence is due in part to the variety of follow-up times and the different quality of life
measures used across the studies. In this systematic analysis, the most frequently measured
patient-reported outcome was the ESS (reported in nine studies). While the self-reported
ESS was reduced with PT treatment, the reduction did not reach the clinically important
difference of between 2, meaning that there may not be a meaningful change in daytime
sleepiness (Crook et al., 2019). Additionally, the FOSQ (a disease-specific quality of life
guestionnaire used to determine the impact of a sleep disorder on activities of everyday
living) was used as a measure of quality of life in three studies, and again there was
improvement observed with treatment but it did not reach the MCID of 2.2 (Weaver et al.,
2021). However, the follow-up in some studies was short and therefore may have missed

important clinical changes in patient-centred outcomes.

The quality of life measure which is the most sensitive to OSA and its treatment is the
vitality score questionnaire (SF-36) (Craig et al., 2012; Wimms et al., 2020). Only two of the
studies included in the present review used the SF-36 in their assessment; however, there
was an increase in vitality observed with PT treatment in both studies. Based on these
findings it can be concluded that more trials focused on sensitive, patient-reported quality
of life measures are needed; chapter 4 describes the POSA Trial (NCT04153240), which is an

ongoing study that specifically addresses this demand.

The meta-analysis described in this chapter is the largest of its type to date (to my
knowledge), including 18 studies were (10 clinical trials and 8 cohort studies) with over 700
patients. In a quickly progressing field, these results provide an update to the previous
meta-analysis, which focused specifically on vibrotactile devices and included 7 studies
(Ravesloot et al., 2017). In comparison to the recent NICE and European Respiratory Society
reviews, which compared both traditional and vibrotactile PT modalities to other available
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treatment options, the current review used baseline and post-PT data, irrespective of the
comparator; this enabled pooling of more data for analysis. (NICE guidelines, 2021;

Randerath et al., 2021).

3.5.1 Limitations
There are several limitations to consider in the interpretation of the results of this
systematic analysis. The first are the heterogeneity among the definitions of POSA, the PT
devices used, and the differences between the control groups of the included clinical trials.
Two studies used inactive vibrotactile PT treatment, one study used no treatment, one
study used MAD, one study used TBT, and two studies used APAP; the remaining two
studies used multiple comparators or combined therapy as a control. Therefore, pooling of
the results was only possible with vibrotactile PT at follow-up as compared with the
baseline. However, with this approach | was able to include the large number of the studies.
Moreover, in most of the studies, the follow-up times were short (3 months or less) and
therefore the long-term effect of vibrotactile PT could not be investigated. This limitation
highlights the need for large, blinded RCTs focused on investigating changes in patient-
centred outcomes over longer follow-up periods. In addition, we were unable to pool data

because adherence rates were defined differently between different studies.

3.6 Summary

Evidence suggests that vibrotactile PT reduces both the time spent in the supine position
and AHl in patients with POSA, however the effect on self-reported daytime sleepiness is
not clinically significant. More targeted outcomes for OSA, such as vitality, have limited data
and follow-up periods were often short. The data from the clinical trial described in chapter

4 will help to fill these gaps in evidence.
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CHAPTER 4: Positional Therapy for Obstructive Sleep Apnoea: a Randomised
Controlled Trial to Assess the Effect on Health and Well-Being (the POSA
Trial)

4.1 Introduction

In the UK, it is estimated that at least eight million people have OSA (Benjafield et al., 2019),
and as mentioned in previous chapters, one of the risk factors associated with OSA is
sleeping in the supine position (Cartwright, 1984). Further discussion on how sleeping in the

supine position affects OSA can be found in chapter 1, sections 1.5.4 and 1.5.5.

4.1.1 Prevalence of POSA
As discussed in chapter one, section 1.5.2, more than 50% of patients diagnosed with OSA
have POSA (Lee et al., 2017; Mo et al., 2011; Oulhaj et al., 2017; Ravesloot et al., 2016);
however, the prevalence may vary according to disease severity. The prevalence of POSA in
mild to moderate OSA may be as high as 80% (Mo et al., 2011). In severe OSA, the
prevalence of POSA is lower at about 40% (Mo et al., 2011).

In chapter 1, section 1.6.1, highlights that the CPAP is considered the first line treatment for
POSA. However, adherence is lower in mild compared with severe OSA (Jacobsen et al.,
2017; Wozniak et al., 2014). PT has been proposed as an alternative therapy to CPAP for the
treatment of POSA. It has been defined as any technique that prevents patients from
sleeping in the supine position (Yingjuan et al., 2019). As a result, vibrotactile PT devices
were developed for the treatment of POSA. These devices are described in more detail in
chapter 1, section 1.7.2. In summary, they contain position sensors for the determination of
body position. Once supine position is detected, motors get activated to produce
vibrotactile stimulus which encourage the sleeper to change position. All devices are
capable of objectively monitoring usage and adherence data. The devices are lightweight
and can be positioned at different bodily sites including the back of the neck (Levendowski
et al., 2014), chest (Bignold et al., 2011; van Maanen et al., 2013), or the forehead (Armas et
al., 2019) (see chapter 3, figure 3.1).

Number of clinical trials and cohort studies have been done to investigate the effect of
vibrotactile PT in patients with POSA. In this thesis, chapter 3 presents a systematic review

and meta-analysis on efficacy of the vibrotactile PT on patients with POSA. The main finding
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of the review was that vibrotactile PT devices are effective in treating POSA (reducing both
AHIl and the percentage of time spent in the supine position). However, very few trials have
investigated the effect of these devices on quality of life measures. In addition, none have

investigated the effect on younger compared to older POSA patients.

4.1.2 Aims of this chapter

The primary aim of the POSA Trial, described in this chapter, is to evaluate the effect of 3-
month of vibrotactile PT as compared with sham-vibrotactile PT on AHI at follow-up,
adjusted for the baseline AHI, in patients with POSA. Secondary aims are to investigate the
effect of vibrotactile PT as compared with sham-vibrotactile PT on quality of life and

daytime functioning at follow-up, adjusted for baseline, in patients with POSA.

In this chapter the baseline data from the participants recruited at the Royal Brompton
Hospital (RBH) are reported*. These data are compared with the findings of the systematic

review presented in chapter 3.

*During the COVID-19 pandemic the POSA Trial was paused, which has resulted in the database remaining
locked at the Oxford Respiratory Trials Unit (ORTU) until after all the patients have been recruited. Therefore, |
am unable to present randomised data in this thesis. These data will be presented once all data have been
collected. The POSA Trial has recently received an extension in National Institute for Health Research (NIHR)

funding to Oct 2022.

4.2 Methods

4.2.1 Participants
Potential POSA Trial participants, who attended their local sleep clinic as part of their
routine clinical care and who are CPAP naive, were invited to participate in the trial. Patients
were recruited via a Network of Respiratory Sleep centres, which included the RBH and six

other participating centres (figure 4.1).

After obtaining informed consent, participants were screened, which included home
polygraphy (type Il sleep study; see section 4.2.6), to determine if they met the defining
criteria of POSA (listed in table 4.1). The patients then took part in a ten-minute Night Shift

run-in, to ensure that they could tolerate using the vibrotactile PT device.
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Table 4.1: Inclusion and exclusion criteria for the POSA Trial

Inclusion criteria

Exclusion criteria

e Age>18years

e  Ability and willingness to provide
informed consent

e  AHI>5 events/hr (American
Academy of Sleep Medicine [AASM]
2012 scoring criteria) with events
occurring at a frequency of 2:1
when supine compared with non-
supine; total % supine sleep > 20%
but < 90% of total sleep; central
apnoeas < 20% of total apnoeas

e Recording of 2 4 hr of analysable
signals

e Ability to fit and tolerate wearing
the device around the neck during
treatment demonstration and

initiation

Unstable cardiac disease

Cardiac arrhythmia with an artificial
pacemaker

Supplemental oxygen

Secondary sleep pathology e.g., Periodic Limb
Movement Syndrome, Narcolepsy, Circadian
Disorder, Obesity Hypoventilation Syndrome
Physician concerns about sleepy driving or any
other potentially dangerous symptoms

BMI > 40 kg/m?

Inability to sleep in a non-supine position

Skin sensitivity or an open wound around neck
Tics or tremors of the head

Sleep with head in upright position

A female of child-bearing potential that is
pregnant or intends to become pregnant

Previous usage of CPAP

AHI: apnoea hypopnoea index; BMI: body mass index.

4.2.2 Study design

This is a prospective, three-month, multicentre, randomised, parallel, double-blind trial. The
POSA Trial (ISRCTN51740863) includes seven nationwide participating UK sites (figure 4.1).

The flowchart of the trial before and during the COVID-19 pandemic is shown in figure 4.2.
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Figure 4.1: The UK Respiratory Sleep Research Network: sites participating in the POSA
Trial
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Figure 4.2: The POSA Trial flowchart

Panel A shows the in-person (pre-COVID-19) protocol. Panel B shows the remote (current) protocol.
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4.2.3 Ethical approval
Ethical approval was granted by a central ethics committee (IRAS reference: 252494)
(appendix 13) in July 2019. The ethical approval was granted pre COVID-19 and at this time
the trial was carried out in person. An amendment to the original protocol was submitted
during the COVID-19 pandemic to continue the trial in a semi-remote manner (appendix 14);
the amendment was granted in September 2020. The amendments are embedded in the

sections below and discussed in detail in the discussion (section 4.5).

4.2.4 Funding and sponsor
This study was funded by a Research for Patient Benefit grant (PB-PG-0817-20049) from the
National Institute for Health Research (NIHR). My supervisor, Dr. Kelly, is the principal
investigator. The POSA Trial was sponsored by the Royal Brompton and Harefield Trust (NHS
Foundation Trust) (RBH & HT), now merged with the Guy's and St Thomas' NHS Foundation

Trust. My role within the trial is described in section 4.3

4.2.5 Randomisation procedures
A web-based randomisation system (sortition system) was used to randomly allocate
participants to either vibrotactile PT or sham-vibrotactile PT at a ratio of 1:1. To ensure the

balance of both groups, minimisation based on AHI and age was used.

Each vibrotactile PT device was labelled with a trial asset number. In addition, the devices
were pre-programed to either ‘monitoring mode’ (in which there is no vibrotactile stimulus
or ‘trial mode’ (in which the device is set for one night of monitoring and the remaining
nights with active vibrotactile stimulus). Both the researcher and the participants are blind
to the mode of the device and can only identify the device number. This pre-programing is
done in accordance with a random number that is generated by the ORTU and entered into
the randomisation website. After completion of this randomisation process, the devices are
packaged according to a list provided by the ORTU. They are then sent to each participating

site.

4.2.6 Devices and measurements
Devices and measurements that are specific to the data presented in this study are detailed

in this chapter. The generic methods and measurements are detailed in chapter 2.
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® Apnealink Air diagnostic polygraphy device and AirView diagnostic software

The Apnealink Air device (ResMed Ltd., Sydney, Australia) is a type Il portable sleep study
(polygraphy). Polygraphy is a widely used method in OSA diagnosis (53). The Apnealink Air
device (figure 4.3) is a portable device that includes a positional sensor to determine sleep
position and an oximeter to measure oxygen saturation and pulse rate. It also includes a
thoracic effort belt to measure respiratory effort, and nasal cannula to measure airflow and
snoring (figure 4.3). This device was used at the baseline to determine participant eligibility

and at the end of the trial to determine changes in sleep study parameters.

The AirView system (ResMed Ltd., Sydney, Australia) is web-based software used to
program the Apnealink Air device before delivery to a patient. Once the sleep study was
completed and the patient returned their Apnealink Air device, the AirView diagnostic
system was used to automatically analyse the downloaded data using AASM 2012 scoring
criteria (Berry et al., 2012). In addition, the AirView diagnostic system was used to generate
a sleep study report. No personal identifying information were used on this website, instead

a trial identification number was assigned. Moreover, the AirView website is fully encrypted.

Oximeter

Oximeter finger

Nasal cannula

On/Off Switch

Effort sensor

Belt

Apnealink Air

Figure 4.3: Apnealink Air device (ResMed, Sydney, Australia)

This figure shows the Apnealink Air recording channels, comprised of the nasal cannula (for airflow and
snoring), pulse oximeter (to measure oxygen saturation and pulse rate), and thoracic effort sensor (to measure
respiratory effort).
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® The vibrotactile PT device (Night Shift™)

A neck-worn vibrotactile PT device (Night Shift™; Advanced Brain Monitoring, Carlsbad, CA,
USA) was used in this study. A detailed description of this device can be found in chapter 2,

section 2.6.

® (Questionnaires

The questionnaires used in this trial are listed below and presented in appendix 15. The
Epworth Sleepiness Scale (ESS) (Johns, 1991), Functional Outcomes of Sleep Questionnaire
(FOSQ) (Weaver et al., 1997), and 36-Item Short Form Health Survey (SF-36) (Jenkinson et
al., 1993) are discussed in detail in chapter 2, section 2.5.1. Other questionnaires used in

this trial include the following:
o Pittsburgh Sleep Quality Index (PSQl)

This questionnaire is widely used in sleep medicine to measure sleep disturbances and sleep
quality over the span of one month (Buysse et al., 1989). The questionnaire is composed of
19 items that pertain to seven domains, which are subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and
daytime dysfunction. In addition to these domains, the last five questions are about
nocturnal sleep symptoms that can be noticed by the bed partner; these questions are not
included in the final score. Scores for each item range from 0 to 3. Each domain has a total
score, and the scores of these domains are added together to produce the overall possible
score, which ranges from 0 to 21, where a higher score indicates better sleep quality. The

PSQl questionnaire can be found in appendix 15.
o EuroQuol 5-Dimension Questionnaire (EQ-5D)

This questionnaire measures generic health status (Rabin & de Charro, 2001). It consists of
five domains which include mobility, self-care usual activities, pain and discomfort, anxiety,
and depression. In each domain, the respondent is asked to rate their health problems from
none to severe. The overall score is obtained by producing a five-digit number that
represents the level of severity of each problem at each level of the five domains; the final
total represents the health state. Many health states can be produced by this questionnaire

and it can be used in many ways. One of the valuable outcomes of this questionnaire is that
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the respondent’s previous score can be converted to an index which can then be used to
calculate costs associated with the underlying issues. The questionnaire also includes a
Visual Analogue Scale (VAS) which ranges from 0 to 100, in which 0 indicates the worst
imaginable health status and 100 indicates the best imaginable health status. This

guestionnaire can be found in appendix 15.
o Townsend Disability Scale

This questionnaire represents an index of activities that evaluate physical ability (McGee et
al., 1998). The questionnaire contains questions about the level of difficulty of performing
nine physical activities; the respondent answers each question by indicating the level of
difficulty of the activity, ranging from 0 to 2. Zero indicates no difficulty and no need for
help to perform the activity, 1 indicates some difficulty, and 2 indicates inability to perform

the activity and the need for help.

These questionnaires were given to participants and were completed during the first visit.
Completion of the questionnaire was expected to take approximately one hour and it was
repeated at the end of the study. An additional questionnaire and visual analogue scale
about the vibrotactile PT device were completed at the end of the trial to assess the

participant’s experience with the Night Shift™ device.

4.2.7 Trial procedures
This section provides details of how the procedures and assessments were performed. A list

of the procedures is provided in table 4.2.

e |dentification of POSA patients

Figure 4.2 shows the POSA Trial flowchart. Patients with suspected OSA referred by their
primary care physician to one of the participating sleep centres were considered for

participation in this study.

The clinical team at the sleep centre discussed the POSA Trial with the patients. This
occurred either during an in-person visit or remotely during the COVID-19 pandemic (via
phone, videoconference, or email). The method of remote contact was dependent on the
sleep centre’s clinical guidelines. At this stage, written informed consent was obtained from

participants who were physically present in the sleep centres; remote patients were sent
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both the participant information sheet (appendix 16) and the informed consent document
(appendix 17) either by mail or email. A designated researcher subsequently contacted the
participant and obtained verbal informed consent. Signed and written informed consent
documents were obtained by the researcher either by email, mail, or in-person, along with
the baseline data package which included demographic data forms and the baseline

questionnaire.
e Screening for POSA

A limited, type lll sleep study was performed by the patients at their own homes using a
portable sleep study kit (see section 4.2.6) to screen for POSA. Every participant received
instructions on how to use the kit either at the sleep centre (see appendix 18) or remotely
from the designated researcher. Participants either collected the device from sleep centres

or received them by mail along with a prepaid envelope.

Participants returned the sleep kit to the sleep centre either in-person or by mail and
prepaid envelope. The sleep study was downloaded from the device and uploaded to the
AirView website for automated scoring. No identifying information was used on the AirView

website, instead a trial number was assigned.

Once a sleep study report was downloaded, it was sent to the central trial site. If the
participant fit the inclusion criteria they were invited for a first baseline visit either in-person
or remotely. Those who were ineligible were given the opportunity to repeat the study; if
they declined or remained ineligible they were informed of their exclusion from the study.

Any data that were collected for the ineligible patients was destroyed.

® POSA baseline visit

Participants who visited centres in-person were given detailed instructions on how to
charge, use, wear, and care for the neck-worn vibrotactile PT device. They were also given
the chance to feel the vibrotactile stimulus produced by the device. In addition, they were
shown how to adjust the rubber straps for appropriate fit around the neck. If this initial
session was successful and the participant showed willingness to proceed, they were asked
to complete demographic and self-reported medical history forms. They were subsequently

randomised into either the vibrotactile PT or sham-vibrotactile PT device group.
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Randomisation was performed by an online computer generation system (see section 4.2.5).

Minimisation was performed based on age and OSA severity level.

Participants were instructed to use the vibrotactile PT device daily for the next three
months. They were provided with written instructions on how to use the vibrotactile PT
device and were given the researcher’s contact information in case they needed to ask
guestions. To ensure appropriate usage of the device, a follow-up call was performed for

each participant after four nights from the baseline visit.

Remote participants returned the portable sleep study kit and the completed baseline data
package sent to them at the screening stage. This package included the demographic data
forms and baseline questionnaires. In addition, they were asked to weigh themselves and
measure their neck circumference. Once researchers confirmed their eligibility, participants
were randomised to either the vibrotactile PT or sham-vibrotactile PT device group, as
described in section 4.2.5. Subsequently, they were mailed the vibrotactile PT device with
detailed written instructions. Moreover, they were asked to contact the researcher to
confirm the receipt of the device so they could take part in an educational session on how

to charge, use, wear, and care for the neck-worn vibrotactile PT device.

e Usage monitoring and follow-up

Once a participant had been randomised, the central sleep therapist received the
participant’s contact information via their NHS.net email. Participants who were contacted
remotely for their baseline visits were asked to contact the central sleep therapist prior to
their first night using the device. In addition, all participants were contacted following four
nights of usage; this contact addressed the participant’s experience with the device and

troubleshooting for related issues.

® Three-month follow-up visit

The three-month visit represented the final visit and was conducted either in-person or in a
remote manner in accordance with the local sleep centre guidelines. Before this visit, each

participant was mailed the portable sleep study kit, including the vibrotactile PT device, for
repetition of the final sleep study. In addition, participants were sent all the questionnaires

that were used at the beginning of the trial with the addition of an in-house bespoke

107



guestionnaire that was developed to assess the participant’s experience with the PT device,
and a prepaid envelop. In remote cases, participants were asked to return the sleep kit,
guestionnaires, and the vibrotactile PT device by mail. For in-person cases, participants
were asked to either return the items by mail using the prepaid envelope or to return them
to a safe location. At this visit, the final sleep study and vibrotactile PT device data were

downloaded, and questionnaires were checked for completeness.

At this stage, the participation in the trial was complete. Participants were given the choice
to either continue to use the vibrotactile PT device, or not with the supervision of the

clinical team.

Table 4.2: Summary of trial-related assessments

Stage of assessment Type of assessment

e In-home baseline sleep study

e Baseline demographics including BMI and neck
circumference

e Physician concern about sleepy driving or any other
potentially dangerous symptom

e Informed consent

Screening assessment

e Medical history
Baseline assessment e Questionnaires
e Tolerance of the vibrotactile PT device

Assessment at the four-day
follow-up (monitoring) e Experience and tolerance of the vibrotactile PT device
contact

e (Questionnaires

e Vibrotactile PT device questionnaire

e In-home final sleep study

e Vibrotactile PT device data downloaded

Final assessment

PT: Positional Therapy; BMI: body mass index.

4.2.8 Outcome measures
This section details the primary and secondary outcome measures for the POSA Trial. It also
demonstrates how these outcomes measures have been modified for the data presented in

this thesis.
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® Primary outcome

The primary outcome for this trial was improvement in the AHI at follow-up after 3 months
of using the vibrotactile PT device, adjusted for the baseline AHI and compared with the

sham-vibrotactile PT.

e Secondary outcomes

Secondary outcomes included outcomes derived from the sleep study, the questionnaires,

and the vibrotactile PT device (table 4.3).

Table 4.3: Secondary outcomes derived from the sleep study, questionnaires, and
vibrotactile PT device data

Derived from Secondary outcomes

Sleep study e Improvement at follow-up after 3 months of vibrotactile PT device use, adjusted for
the baseline in:

o Oxygen desaturation index

o Supine AHI

o Average overnight oxygen saturation (Sp02)

o % time with Sp02 <90%

Questionnaires | ¢ Improvement at follow-up after 3 months of vibrotactile PT use, adjusted for the
baseline in:
o Short Form-36 with focus on vitality score
Functional Outcomes of Sleep Questionnaire
Epworth Sleepiness Scale
The Pittsburgh Sleep Quality Index
Hospital Anxiety and Depression Scale
Health Utilisation Questionnaire
Visual Analogue Scale of comfort and tolerance of the device
EuroQol EQ-5D
Independent Functioning (Townsend Disability Scale) and Rate of Accidents

O 0O 0O O O O O O

Vibrotactile PT
device
(Night Shift)

% sleep time in supine
Number of supine attempts
Number of vibrotactile events
% sleep time snoring > 50 dB

O O O O

PT: positional therapy; AHI: apnoea-hypopnoea index; SpO2: oxygen saturation (measured by pulse oximetry).
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Due to the extended time needed to complete this trial, the COVID-19 pandemic (suspension
of the trial), and the subsequent inability to unlock the trial database prematurely, the

baseline data for participants recruited at RBH are reported in this thesis. Specifically:

e Sleep study:
o AHI
o %Tsupine
e Questionnaires:
o SF-36 Vitality score
o FOSQ global score

o ESS scores

4.2.9 Statistical plan

e Sample size calculation

Based on a mean difference of five events/hrs (Ravesloot et al., 2017) and assuming a
standard deviation of 9.05 events/hr, 155 patients are needed to achieve a statistical power
of 0.90 at 5% significance level. This sample will allow detection of superiority of the
vibrotactile PT compared to sham-vibrotactile PT after three months of therapy. This sample

size assumed a dropout rate of 10%.

e Statistical Analysis

Data were assessed for meeting of parametric assumptions; this included testing for

normality of distribution, homogeneity of variances, linearity, and independence.

Descriptive statistics for the baseline characteristics were used to present outcome
variables. Summary data were presented based on the type of data (categorical data
presented as a proportion, and numerical data as mean + standard deviation [SD] or median

with interquartile range [IQR]).

The primary outcome for this study was the AHI, which was analysed using regression
analysis with adjustment for the baseline AHI and age. The influence of age was tested as a
continuous variable. All statistical tests were two-sided, and significance was determined if

p < 0.05. SPSS software was used for statistical analysis.
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4.2.10 Quality assurance and data management

e Data collection tools

Case Report Forms (CRFs) and self-completed questionnaires were used for the collection of
data. The CRFs were developed and inspected by the trial’s central site team in conjunction
with the ORTU. Data were entered clearly and legibly using a ball-point pen. If errors were
noted, the investigator made a single line that crossed through the erroneous entry, leaving

the error clearly readable. The investigator then initialled and dated the correction.

In the case of self-completed questionnaires, participants were instructed to write their
responses legibly with a ball-point pen according to the corresponding instructions in each

guestionnaire. The investigator then confirmed the completeness of the responses.
e Data handling

Collected data, including the CRFs, self-completed questionnaires, and sleep study reports,
were scanned and sent through secure a NHS.net email to the ORTU. Each participating site
was responsible for checking the correctness and completeness of the data. In addition, the
ORTU was responsible for confirming the correctness and completeness of the data.
Moreover, the ORTU was responsible for entering the data into a secure database; this
database is hosted on a server provided by University of Oxford and serviced by the
university medical IT centre. Only designated, trained individuals from the ORTU had access
to the trial database, and this access was controlled by individualised user accounts, which
were password-protected. All activities on the database were logged and can be retraced if

necessary.
e Data storage and confidentiality

Paper-based data, which included the CRFs, self-completed questionnaires, and sleep study
reports, as well as the Trial Master File (TMF), were kept at each participating site. Data that
included identifying information, such as the informed consents documents, were kept in a

locked cabinet in an access-controlled room.

Data from the sleep studies were accessed from the AirView server using a trial
identification number. No personal identifying information was available on this server. In

addition, the website was secure and fully encrypted and was compliant with UK national
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data privacy laws and EU 95/46/EC. Access to this server was based on individualised
password-protected accounts, which were granted only to designated and trained
investigators at each participating site. All activities on the database were logged and can be

retraced if necessary.

The data were transformed to electronic version by the ORTU. These electronic data were
kept in a secure database and managed by the ORTU. The database was hosted on a server
provided by the University of Oxford and serviced by the university medical IT centre. Only
designated, trained individuals from the ORTU had access to the trial database, and this

access was controlled by individualised password-protected users accounts.
e Data archiving

Each participating site retained the corresponding study documents (CRFs, informed
consents, and TMF) for minimum of five years. The sponsor site was responsible for
managing the TMF. All paper documents that were sent to the ORTU and the database were
sent back to the sponsor for appropriate archiving. The electronic data were secured on the

RBH internal computer network for a minimum of five years.
¢ Training of researchers

To provide quality assurance across the participating seven sites, training was performed by
the central trial team. These training sessions were completed during site initiation visits
(SIVs). Standardised operating procedures (SOPs) for all trial-related procedures were
developed by the central trial team in conjunction with the ORTU. During each SIV, the
designated researchers were trained on the study protocol via power point presentation,
which was developed by the central team in conjunction with the ORTU. Sessions were
followed by a question-and-answer session to ensure appropriate understanding of the trial
protocol. In addition, researchers from each site were trained on each trial-related
procedure according to the pre-developed SOPs. The central trial team provided on-call
support for all sites. In-person support visits were completed at the beginning of
recruitment at each participating site, in which a researcher from the central site supervised
the first recruitment and helped with any issues. Further in-person support visits were

subsequently made as needed while conforming to local COVID-19 pandemic guidelines.
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4.2.11 My Role in the POSA Trial
My role included the development and the delivery of the trial. In both phases, | had the

opportunity to gain clinical, research, and management skills.

In the development phase of the trial, my role involved working on the POSA trial protocol,
CRFs, and standardised operating procedures, and the preparation for ethical application
and subsequent ethical amendments. | was responsible for the testing and troubleshooting
of diagnostic equipment and software (Apnealink-Air devices, Airview Software). In addition
to the diagnostic equipment, | was also responsible for the NightShift device and software
management. An important aspects of my involment in the trial were the site initation visits

and the training of investigators and researchers, both in-person and remotely.

During the delivery of the trial | was involved in the recruitment of participants in the RBH
and provided in-person and remote assistance to other sites. | was also responsible for
providing centralised clinical follow-up and support for trial participants across all other
sites. Moreover, | supported the centralised management of trial diagnostics, treatment

equipment, and data management. | was also part of the Trial Management Group.

4.3 Results

4.3.1 Update on the ongoing recruitment of the POSA Trial
The target sample size in the POSA Trial is 155 participants. Before the trial was suspended
due to the start of the COVID-19 pandemic (March 2020), the overall number of participants
recruited across all sites was 13. Suspension continued until September 2020, and we were
ready to recruit again in November 2020. At the time of writing of this chapter (November
2021), the number of participants recruited was 64, of which 7 were recruited from the

RBH. The updated recruitment chart is shown in figure 4.4.

An extension to the trial to October 2022 has recently been granted. The projected
completion date of the target sample size recruitment is by July 2022. Data analysis and

dissemination of the results is expected to be completed by October 2022.

The following sections (4.4.2 and 4.4.3) present the demographic data for the POSA Trial

participants recruited from the RBH (henceforth referred to as ‘RBH POSA Trial participants

or ‘RBH participants’). In addition, the baseline data of these participants are discussed and
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compared with the data obtained from the systematic review (chapter 3). Furthermore, the

anticipated follow-up results for RBH POSA Trial participants are calculated based on the

data obtained from chapter 3.
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Figure 4.4: Targeted compared to actual and projected recruitment rate of the POSA Trial

4.3.2 Demographics and baseline data from RBH POSA Trial participants

The demographic data for the RBH participants are shown in table 4.4. Most participants

were male. The BMl is also reported and is within the overweight category (25-30 kg/m?),

which is a common feature of POSA participants.

Table 4.4: Demographic data of the RBH POSA Trial participants

Partici;():rlt;;umber Age (years) Gender BMI (kg/m?)
A107 64 M 24.5
A108 42 M 29.0
A109 48 M 354
Al110 39 M 30.5
All1l 67 M 18.3
Al12 63 F 22.0
Al113 46 M 28.5
Mean (SD) 52.7£11.6 - 26.9+5.7
SD: standard deviation; M: Male; F: female; BMI: Body mass index; n: sample size.
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Table 4.5 presents the baseline characteristics for participants recruited from the RBH. The
mean (SD) baseline AHI was 11.6 + 5.9 events/hr, indicating that the participants were in the
mild OSA category. The mean baseline supine and non-supine AHI were 21.8 + 13.4 and 4.3
1 5.1, respectively. In addition, these participants spent a mean of 52.1 + 26.1% time in the

supine position.

The participant-centred outcomes obtained from the RBH participants at baseline are also

shown in table 4.5, which includes baseline SF-36 Vitality scores, FOSQ global scores, and

ESS scores. The mean baseline SF-36 Vitality score was 45 £ 13.8, the mean FOSQ global

score was 15.2 + 4.2, and the mean ESS score was 8.4 + 4.8.

Table 4.5: Baseline results of the RBH POSA Trial participants

.. . . Baseline . Baseline Baseline
Participant Baseline Baseline . Baseline X
. non-supine . SF-36 FOSQ Baseline
number AHI Supine AHI %Tsupine s
(n=7) (events/hr) | (events/hr) AHI (%) Vitality global ESS score
(events/hr) score score
A107 23.0 40.3 14.1 34.9 55 6.2 15
A108 7.4 9.5 0.7 76.1 35 17.6 5
A109 11.0 MISSING MISSING MISSING 30 16.5 15
A110 6.8 21.0 2.6 23.1 35 18.2 4
Al111 12.8 17.6 0.8 70.6 45 14.5 8
Al112 6.2 7.2 2.0 79.8 45 15.3 4
Al113 13.7 35.0 5.4 28.1 70 18.0 8
Mean (SD) 11.6 £5.9 21.8+13.4 43+5.1 52.1 +26.1 45 +13.8 15.2+4.2 8.4+4.8
AHI: apnoea hypopnoea Index; SD; standard deviation; hr: hour; %Tsupine: percentage of time spent in the supine position; SF-36:
36-Item Short Form Survey; FOSQ: Functional Outcomes of Sleep Questionnaire; ESS: Epworth Sleepiness Scale.

4.3.3 Comparison of baseline data between RBH participants and the systematic review
AHI values from the RBH POSA Trial participants and data from the systematic review
(chapter 3) are compared in table 4.6. In the systematic review, the mean (SD) baseline AHI
was 21.2 + 6.1 events/hr, and in the mild OSA subgroup the mean AHI was 13.1 + 1.5
events/hr; the mild OSA subgroup AHI values are more similar to the RBH participants.
Comparison of the percentage of time spent in supine position between the systematic
review and the RBH POSA Trial participants is shown in table 4.6. In the systematic review,
the mean (SD) baseline percentage of time spent in supine position (%Tsupine) was 47 +
9.3%, and in the mild OSA subgroup the mean %Tsupine was 40 + 3.5%. Therefore, the time
spent in supine position for the whole group was more similar when compared to the RBH

participants, despite the AHI being lower.
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Table 4.6: Comparison of the AHI and %Tsupine at baseline between the systematic
review and the RBH POSA Trial participants

Systematic Systematic Review RBH POSA Trial
Review (overall; n | (mild OSA subgroup; n = participants
=700) 104) (n=7)
Mean (SD) Mean (SD) Mean (SD)
Baseline AHI (events/hr) 21.2+6.1 13.1+1.5 11.6+5.9
Follow-up AHI 11.6+4.4 8.8+1.2 -
(events/hr)
Baseline %Tsupine (%) 47.0£9.3 40.0+£3.5 52.1+26.1
Follow-up %Tsupine (%) 14.8+10.3 149+1.8 -
n: sample size; AHI: apnoea hypopnoea Index; hrs: hours.

e Comparison of participant-centred outcomes

Comparison of the participant-centred outcomes obtained from participants recruited at the

RBH and the systematic review are shown in table 4.7. In the systematic review, the mean

baseline SF-36 Vitality Score was 47 = 2.9. In the RBH POSA trial participants, the mean

baseline SF-36 Vitality Score was 45 + 13.8.

In addition, the mean baseline FOSQ global score in the systematic review was 16.6 £ 1.3. In

the RBH POSA trial participants, the mean baseline FOSQ global score was 15.2 + 4.2.

Moreover, the mean baseline ESS score in the systematic review was 9 £ 2.1. In the RBH

POSA trial participants, the mean baseline 8.4 + 4.8.

Table 4.7: Comparison of patient-centred outcomes at baseline between the systematic
review and the RBH POSA Trial participants

Systematic Review

POSA Trial Participants (n = 7)

Mean (SD) Mean (SD)
Baseline SF-36 Vitality Score (points) 47.0+2.9 45+13.8
Follow-up SF-36 Vitality Score (points) 53.2+4.7 -
Baseline FOSQ Global Score (points) 16.6+1.3 15.2+4.2
Follow-up FOSQ Global Score (points) 17.0+1.4 -
Baseline ESS Score (points) 9.0+2.1 8.4+4.8
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Follow-up ESS Score (points) 8.0+1.7 -

SF-36: 36-Item Short Form Survey; FOSQ: Functional Outcomes of Sleep Questionnaire; ESS: Epworth Sleepiness Scale; n: sample
size; SR: systematic review; SD; standard deviation.

4.4 Discussion

The aim of this chapter was to describe the POSA Trial and to present the baseline data
obtained from the RBH participants. The main findings were that the mean baseline AHI for
RBH participants was in the mild OSA category, compared with the mean baseline AHI data
obtained from the systematic review (chapter 3, section 3.3.3). However, the RBH
participants spent more time in the supine position as compared with the patients with mild

OSA in the systematic review.

4.4.1 Comparison of participant-centred outcomes
Participant-centred outcomes (SF-36 Vitality score, FOSQ global score, and ESS scores)
obtained from the RBH participants were compared with data obtained from the systematic
review in chapter 3. These comparisons showed that it is likely that the SF-36 Vitality score
would be improved following vibrotactile PT. However, the FOSQ global score and ESS may
improve less based on extrapolation of the baseline data, and the improvements will not by
clinically significant (22)(23). These results are in line with previously published trials in
which patient-centred outcomes did not improved following treatment (23, 24). It remains
to be seen if the SF-36, ESS, and FOSQ are clinically improved following 12 weeks of
vibrotactile PT in the POSA Trial.

4.4.2 Relationship of baseline data to NICE Guidelines
Vibrotactile PT devices have been introduced as an alternative to traditional PT techniques
such as the tennis ball technique, which was associated with significant discomfort (Bignold
et al., 2009; Loord & Hultcrantz, 2007; Oksenberg et al., 2006). Vibrotactile PT devices have
the advantages of being small, easy to use, and work by producing gentle vibrotactile
stimulus (see chapter 1, section 1.7.2). Recent National Institute for Healthcare Excellence
(NICE) guidelines (NG202) suggest that vibrotactile PT devices can be effective in reducing
AHI and time spent in supine position (NICE guidelines, 2021). The guidelines also

recommend the use of these devices as an alternative treatment modality if other
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treatments like CPAP are not successful or not tolerable, especially in patients with mild and
moderate OSA (NICE guidelines, 2021). The systematic review findings presented in chapter
3 showed that vibrotactile PT devices were effective in reducing AHI and time spent in
supine position. However, there was a paucity of data on sensitive patient-centred
outcomes such as SF-36 Vitality scores. It is anticipated that the findings of the POSA Trial
will address this evidence gap and may provide the evidence needed for future guidelines to

support inclusion of PT for patients with OSA.

4.4.3 Learning points from modifications of the POSA Trial protocol
The POSA Trial protocol was modified during the COVID-19 pandemic to occur in a semi-
remote manner. The modifications made to the trial protocol are detailed below and some
of the methodological and ethical issues that were encountered are highlighted. | have
reported the key challenges and their solutions, which could inform and support other

research studies conducted during the COVID-19 pandemic.

The impact of the COVID-19 pandemic on healthcare provision highlighted the importance
of the POSA Trial, as it offers a potential alternative treatment for OSA in a time when
airborne aerosol generation is considered a specific risk factor for COVID-19 (1). Recent NICE
guidelines (NG202) suggest the vibrotactile PT devices can be effective in reducing AHI and
time spent in supine position; these devices are also presented as a potential alternative
therapy if treatment modalities like CPAP are not successful or not tolerable (NICE

guidelines, 2021).

The POSA Trial was originally designed to fit within existing clinical care pathways for
patients undergoing investigation and treatment of OSA, using an established Respiratory
Sleep Research Network across different regions of the UK (2, 3). However, the onset of the
pandemic led to changes in elective care pathways (4); healthcare providers modified these
pathways to minimise the risk of COVID-19 transmission for patients and staff, frequently
utilising remote care and digital platforms (5, 6). Research trials also had to develop

modifications in line with these clinical changes.
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® Remote screening to enhance patient recruitment

Screening for recruitment into the POSA Trial was carried out pre-pandemic using overnight
home polygraphy. Home sleep testing equipment was collected and returned by the patient
to the local sleep centre. COVID-19 modifications to the trial protocol have enabled us to
deliver the overnight polygraphy equipment from the local sleep centre to the patient’s
home via postal services. Remote pick-up procedures, such as locker systems, have also
been utilised. Patient instructions have been provided in both written and digital forms
(e.g., YouTube videos). Cleaning of the equipment has followed local infection control

guidelines.
e Remote data collection

Remote patient consultations were introduced to replace face-to-face clinic visits during the
COVID-19 pandemic, in line with changes in local clinical care pathways. This change
required the consent from patients to be sought through contact by either phone, email, or
teleconference, and the patients’ preferences for contact method and timing were also

considered.

During remote consultations, patients were asked to provide their own measurements for
anthropometric data (weight, neck circumference, etc.). These data would normally have
been collected by delegated researchers following standard operating procedures; however,
we have found that clear, simple instructions have enabled our patients to successfully
provide these data. Concerns about the impact of self-reporting and the accuracy of
different measurements are offset by benefit of being able to continue the trial and the fact

that anthropometric data are not a primary outcome.

Prior to the COVID-19 pandemic, the self-administered, subjective symptom questionnaires
were completed during clinic visits at baseline and end-of-study. COVID-19 modifications to
the trial protocol resulted in the patients being asked to complete the questionnaires
remotely; this enabled the patients to complete the data collection at a time and place that
were most comfortable for them. Additionally, the potential bias introduced by the
presence of a researcher was removed. However, remote completion of questionnaires has
increased the risk of returning incomplete questionnaire items, possibly due to

misunderstanding of questions. This issue was addressed by introducing an inspection of the
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guestionnaires as soon as they were returned, and a rapid follow-up phone call or

videoconference with the participant for clarification.

The implementation of remote data collection necessitated the repurposing of the trial
funding (i.e., patient transport funds were reallocated to fund additional postage costs). To
save on postage fees and to minimise the infection risks associated with the sending and
receipt of multiple parcels, participants were provided with a ‘data collection pack’ which
included: polygraphy equipment, subjective symptom questionnaires, instruction sheets,

and prepaid envelopes.

The increased demand on remote data collection formats led to concerns of potential
breaches of confidentiality. Therefore, ensuring the transfer of anonymised data only, using
properly encrypted and approved digital platforms (e.g., Skype, Attend Anywhere), and

maintaining up-to-date internet security were critical.

® Remote therapy set-up

In the modified protocol, the non-invasive PT device was sent to the patient with written
instructions and information on how to contact the researcher prior to use. To avoid
incorrect use of the device, remote education was provided with visual instruction of its
application either by teleconference or by videolink. Further education on how to use the

device was necessary to ensure ongoing safe and appropriate use of the intervention.

® Remote communication and patient education using multimedia platforms

Communication between healthcare professionals and patients is paramount in developing
professional relationships. The use of digital platforms offers patients more flexibility and
can be a more cost effective and time efficient for both researchers and patients (e.g., travel
time is reduced). However, implementation of digital communications can be challenging
for participants with poor internet access and those who are less familiar with technology.
Ensuring technological support and providing alternatives (e.g., phone calls or mail) have

been major factors in making the switch to delivering the POSA Trial remotely (7).

The POSA Trial is an NIHR Research for Patient Benefit-funded trial, and patient education is
an important deliverable of the project. Moreover, the UK sleep network has found that

patient education and engagement are key factors in the successful completion of a clinical
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trial (2,3). In modifying the POSA Trial protocol, we focused on communication and patient
understanding to address the need for patients to take on more trial-related responsibilities
such as remote data collection. The POSA Trial protocol uses remote education and
instructions available in multiple forms, including visual demonstration (i.e., via video-
teleconferences), carefully written instruction sheets with pictorial representations, and
step-by-step audio-visual aids such as online videos. These have been the single most

important part of our COVID-19 pandemic modifications.

4.4.4 Limitations of the data presented in this chapter
The data presented in this chapter were associated with number of limitations. The sample
size for the baseline data included in this chapter was limited; however, | was able to show
that these baseline data were comparable to data obtained from the systematic review
(chapter 3). It was not possible to include any follow-up data to illustrate the changes
resulting from the use of vibrotactile PT as compared with the baseline. At the time of

writing this chapter, the POSA Trial aims to complete recruitment by July 2022.

4.4.5 Implications and future directions
As shown in the systematic review presented in chapter 3, vibrotactile PT devices were
effective in reducing the AHI and time spent in the supine position in patients with POSA.
Recent NICE guidelines (NG202) suggest that vibrotactile PT can be an alternative treatment
for patients who are unable to tolerate established treatments such as CPAP (NICE
guidelines, 2021). However, the guidelines also highlighted lack of evidence on patient-

centred outcomes.

The National Health Service (NHS) currently does not offer vibrotactile PT treatment for OSA
patients; well-designed clinical trials, such as the POSA Trial, will need to be completed to fill
these evidence gaps. The POSA Trial will provide evidence for decision makers to review the

use of this simple and easy treatment in the NHS.

The use of vibrotactile stimuli to encourage a position change from supine might not be
suitable for all POSA patients; some patients might be too sensitive to the vibrotactile
stimuli, resulting in arousal or awakening. Therefore, further physiological studies are

needed to determine phenotypic arousal responses to the vibrotactile stimuli produced by
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the PT device. These studies could help to personalise vibrotactile PT to appropriate POSA

patients.
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CHAPTER 5: Arousability and Sleep Recovery Responses in Healthy
Individuals Using Vibrotactile Positional Therapy

5.1 Introduction

Vibrotactile PT is delivered via a small, non-invasive, watch-like device, see chapter 1,
section 1.7.3. It works by producing a gentle vibrotactile stimulus to urge patients to avoid
sleeping in the supine position and the devices can be worn in different positions on the
body, e.g. on the back of the neck or on the chest, see chapter 1, section 1.7.2. The evidence
for the use of vibrotactile PT is systematically reviewed in chapter 3; the results of this
analysis show that vibrotactile PT is an effective treatment for patients with POSA, although
there was minimal evidence for patient-centred outcomes. The results of the POSA trial
(described in chapter 4) are awaited; the data will inform the evidence base for vibrotactile

PT by focusing on the patient-centred outcomes.

When considering the clinical application of vibrotactile PT, it is important to remember that
the vibrotactile stimulus urging patients to avoid sleeping in the supine position may also
cause arousal from sleep. Arousal is a brief transition from a state of sleep to wakefulness
(8). The cortical arousal is defined by the AASM as “an abrupt shift in EEG to a higher
frequency, including alpha, theta, or beta, for at least 3 seconds with at least 10 seconds of
stable sleep preceding the change”(Berry et al., 2012). The sensitivity of the arousal
response to the vibrotactile stimuli may vary within individuals across the night, e.g. in
different sleep stages and between individuals. It has been previously shown that
spontaneous cortical arousals vary greatly between individuals (Azarbarzin et al., 2015).
Specifically, when external stimuli, such as sound and flow limitations, are used to induce
arousal, the magnitude of the arousal response varies (Amatoury et al., 2016; Jordan et al.,

2003; Jordan et al., 2004).

Arousability has also been reported as different between males and females (Jordan et al.,
2003). Studies in humans (and animals) have shown that females seem to be more resilient
to arousability compared to males (Bixler et al., 2009; Jordan et al., 2003; Jordan et al.,
2004; Koehl et al., 2006; Vgontzas et al., 2004). These differences are also evident when
comparing the objective and subjective sleep quality between males and females. Females

tend to report poorer subjective sleep quality (Berg et al., 2009) despite having better
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objective sleep quality than males (Bixler et al., 2009; Redline et al., 2004; Walsleben et al.,
2004). Understanding these differences in arousability and the impact on daytime

symptoms is important for the personalisation of therapeutic options in sleep medicine.

A detailed discussion on gender differences in sleep quality is included in chapter 1, section
1.9.2. It is speculated that some people may be more sensitive to the vibrotactile stimuli and
thus respond faster to the stimulus, whereas others might take longer to respond. Whether
those who are more sensitive also suffer from sleep fragmentation and poor daytime
subjective sleep quality due to frequent vibrotactile stimuli is not known. Such
differentiation could support treatment tolerability and adherence. It may also be important

for tailoring treatment according to the individual physiology.

5.1.1 Aims of the chapter
This study was observational and hypothesis generating. The primary aim of the study was
to evaluate the arousability and sleep recovery responses to the vibrotactile stimulus in

healthy individuals.

The secondary aims of this study were to evaluate whether:

(%2}
1

Arousability and sleep recovery responses are influenced by gender

o

Arousability and sleep recovery responses are sleep state dependent

7- Subjective sleep quality is influenced by gender

[0}
1

There are different arousability and sleep recovery phenotypes

| tested the hypothesis that females are more resilient to arousability compared to males.

5.2 Method

This section discusses the methods specific to this chapter, including eligibility criteria,
recruitment process, phenotyping method, and statistical analyses. The reproducibility and
representation of the data is also tested. For details about the general methodology of

measuring objective sleep, see chapter 2, section 2.4.

5.2.1 Participants and patient recruitment information
Participants were invited to take part in this study if they met the following eligibility

criteria:
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e Age of 18 years or older
e Healthy volunteers who do not suffer from physician-diagnosed sleep disorders or
other chronic diseases and have not used medications known to influence sleep
e The absence of signs that are indicative of high suspicion of OSA, such as witnessed
apnoea and choking during sleep
e Ability to tolerate wearing the vibrotactile PT device
e Sleep primarily in the supine position
e Absence of abnormality to prevent sleeping in any sleep position
e Willingness and ability to give written informed consent
The participants were recruited from both Imperial College London and the Kingdom of
Saudi Arabia, specifically from Imam Abdulrahman bin Faisal University in Dammam or King
Abdullaziz University and Hospital in Jeddah. This was due to the lockdown imposed by the
COVID-19 pandemic and the repatriation of Saudi citizens to the Kingdom of Saudi Arabia.

Participants studied in the UK after the repatriation of the author were completed with the

help of Ms Alexis Perkin.

5.2.2 Sample size calculation
The sample size was calculated based on the hypothesis that females are more resilient to
arousability compared to males. A mean difference between males and females was
estimated using the AASM criteria for scoring arousal, which states that the duration of
arousal can be from 3 to 15 seconds (Berry et al., 2012). Therefore, | chose the maximum of
15 seconds as a hypothesised mean difference between males and females. In addition, the
standard deviation was estimated based on a 95% range of values (3 to 15 seconds) divided

by four to give a standard deviation of 12 (Schumm et al., 2017).

Assuming the mean difference between males and females will be 15 seconds and the
pooled standard deviation will be 12 seconds, the study would require a sample size of 22
participants (11 in each group) to achieve a power of 80% and a level of significance of 5%

(two sided).

A PSG failure rate is reported in previous studies to be between 4% and 8%, and one study
reported 20% (Bruyneel et al., 2015; Bruyneel et al., 2011; Campbell & Neill, 2011; Douglas
etal., 2017; Iber et al., 2004; Portier et al., 2000). Therefore, assuming for a PSG failure rate
of 10%, an additional two participants are needed. Therefore, a total sample size of 24

participants was needed.
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5.2.3 Ethical approval
This was a physiological study, performed in both Imperial College London, Royal Brompton
Hospital campus, and Imam Abdulrahman Bin Faisal University. Ethical approvals were
received from both institutions with ethical approval no. ICREC 201C5874 and no. IRB-2020-
04-275 for Imperial College London and Imam Abdulrahman Bin Faisal University,
respectively (appendices 19 and 20). Participants were given patient information sheets
(PIS) prior to participation in the study. Copies of each PIS can be found in appendix (21).
Written informed consent was obtained from each participant. The written informed

consent form can be found in appendix (22).
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5.2.4 Study design
In this physiological study, healthy participants carried out an overnight PT while wearing
the neck-worn PT device and completed an in-house subjective sleep quality questionnaire

before and after the sleep study. Figure 5.1 show the flow chart of the study.

Eligibility assessment and
consenting

v

Monitor sleep over the previous week

v

During the daytime prior to the overnight sleep study,
participant was asked to refrain from:

e Daytime napping

e Caffeine from afternoon onward

e Smoking from afternoon onward

e Extraneous exercise four hours before bedtime
e Heavy meal prior to the sleep study

l

Complete a questionnaire immediately before the overnight sleep
study

A

Overnight sleep study while wearing the neck-worn positional
therapy device

l

Complete post-sleep study questionnaire in the morning following the overnight
sleep study

A 4

Participation complete

Figure 5.1: Flow chart of the study recruitment process

5.2.5 Method used for the measurement of objective sleep
A type Il overnight portable sleep study was performed as described in chapter 2, section
2.4.1. Briefly, prior to the overnight home sleep study, participants were instructed to

maintain a consistent overnight sleep pattern for at least one week prior to the study. On
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the night of the study, participants were asked to prepare for their usual bedtime sleep
routine. The author visited the participants at their own home at least two hours prior to
their usual sleeping time. The sleep study data collection was carried out while the
participant was wearing the neck-worn vibrotactile PT. PSG setup was performed in

accordance with the AASM 2012 criteria (Berry et al., 2012).

5.2.6 Method used for the measurement of subjective sleep quality
A bespoke questionnaire was developed using a visual analogue scale to assess sleep quality
and the patient experience with the vibrotactile PT device. Details about this questionnaire
can be found in chapter 2, section 2.5.2. Briefly, the items of this bespoke questionnaire
focused on sleep quality, the ease of falling asleep, daytime functioning and disturbance of
sleep due to vibrotactile stimulus. Responses were based on VAS with a 100 mm horizontal

line anchored by two statements (see below).

Sleep quality: This question was used to assess subjective sleep quality while the participant
was wearing the vibrotactile PT device. The question was “Overall, how do you rate your

sleep quality last night?”. Response ranged from worst ever (0 mm) to best ever (100 mm).

Easiness of falling asleep: This question was used to assess the easiness of falling asleep on
the night of the sleep study while wearing the vibrotactile PT device. The question was “on
average, how easy did you find falling asleep while wearing the positional therapy device

over the last night?” Responses ranged from very easy (0 mm) to very difficult (100 mm).

Daytime functioning: This question was used to evaluate the daytime function on the day
following the sleep study. The question was “overall, how fresh and well rested did you feel
when you woke up today?” Responses ranged from worst ever (0 mm) to best ever (100

mm).

Disturbance of sleep: This question was used to evaluate sleep disturbance on the night of
the sleep study while the participant was wearing the vibrotactile PT device. The question
was “If applicable, how much did the vibrations of positional therapy device disturb your bed
partner’s sleep over the last night?” Responses ranged from not at all (0 mm) to very much

(100 mm).
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These questions were also used to investigate if males and females differed on subjective

sleep quality compared to objective measures of sleep.

5.2.7 Neck-worn vibrotactile positional therapy device (Night Shift™ device)

The Night Shift™ (Advanced Brain Monitoring, Carlsbad, CA, USA) was used in this study. The
Night Shift™ contains a vibrotactile motor to produce a vibrotactile stimulus as well as a
position sensor that uses a three-dimensional digital accelerometer to detect sleep position.
A description of this device, its components, and its mechanism of action can be found in

chapter 2, section 2.6.1.

5.2.8 Measurement of vibration produced by the vibrotactile PT device

Vibration produced by the vibrotactile PT device were measured using the standard

microphone. This is fully described in chapter 2, section 2.7.2

5.2.9 Representation and reproducibility of the data

e Inter-scorer reliability

Six sleep studies were carried out in London and 22 in Saudi Arabia. All studies were
performed using the same equipment and the same standardised procedures. The data
from the London studies were analysed to determine the inter-scorer reliability of the novel
analysis method. The scoring of these studies was done twice: by the author and by Ms

Alexis Perkins. Agreement between the two scorers was determined.

e Reproducibility of the arousability and sleep recovery variables over time
To check the reproducibility of the novel analysis method, a sleep study was repeated on
one healthy volunteer twice. The first study was carried out in August 2020, and the second

was in June 2021. The two studies were analysed using the novel analysis method.
e A case study of a patient with POSA

One study was completed on a patient with POSA. This study was carried out to determine
the feasibility of the protocol in a patient population. The study was carried out in London
by Dr Kelly. The analysis of the data was carried out by the author. It was not possible to

complete further studies due to the COVID-19 pandemic.
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5.2.10 Data analysis
e Analysis of the PSG

Sleep scoring was completed in accordance with the AASM 2012 criteria (Berry et al., 2012)

and is described in detail in chapter 2, section 2.7.1

¢ Novel method for the analysis of arousability and sleep recovery

A novel analysis method was developed for this study (chapter 2, section 2.8). Briefly, the
analysis was based on the duration to position change and the duration to return to sleep.
The first serves as a marker of arousability, and the second serves as a marker of sleep
recovery. The duration to change position extended from the beginning of the vibrotactile
stimulus to the change in position away from the supine position. The duration of the return
to sleep extended from the position change (away from the supine position) to the first
epoch of scorable sleep. Throughout the results section, data were “paired”: this means that
both a response to vibrotactile stimulus (position change away from the supine) and a

subsequent return to sleep occurred.
e Phenotyping of arousability and sleep recovery

An attempt to classify participants according to their arousal response was carried out. A 10-
second criterion was used as cut-off value to differentiate between phenotypes. This
criterion was chosen based on the AASM criteria for scoring arousal, which requires that 10

seconds of stable sleep occur preceding an arousal from sleep (Berry et al., 2012).

e Inter-scorer reliability

The novel analysis method (described above) was used to analyse the duration to change
position and the duration to return to sleep. The analyses were carried out by the author
and Ms Alexis Perkins. Each scorer identified the interventions and scored the sleep blinded

to the results of the other scorer.

e Reproducibility of the arousability and sleep recovery variables over time

The two studies described in (section 5.2.8) were analysed using the novel analysis method.

e A case study of a patient with POSA
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The sleep data from the patient with POSA patient were analysed using the novel analysis

method.

e Statistical analyses

Statistical analyses were performed with a commercial software (SPSS V.27.0, IBM, lllinois,
USA). Data were assessed for meeting parametric assumptions. This included testing for the
normality of distribution, homogeneity of variances, linearity, and independence. Data that
were not normally distributed (duration to change position and duration to return to sleep)
were transformed using Log transformation. Log transformation (log10) was used to deal

the positively skewed distribution.

Descriptive statistics for the data were performed to present baseline characteristics and
outcomes. If met the parametric assumptions, categorical data were presented as
proportion, whereas continuous data were presented as mean + standard deviation (SD). If
parametric assumptions were not met, data were presented using a median with an
interquartile range (Q1, Q2). Data were presented in tables, boxplots, and bar graphs as

appropriate.

To investigate if males and females where significantly different in term of age or BMI, the

Mann—-Whitney U test was used.

To determine the impact of gender and sleep stages and the interaction between them on
the duration to change position and the duration to return to sleep, factorial ANOVA was

used.

To investigate whether gender influenced subjective sleep quality, the Independent Sample

Test or the Mann—Whitney U test were used as appropriate.

To determine if the difference between the phenotypes was statistically significant, the

Kruskal-Wallis H test was used.

To investigate inter-rater reliability among two scorers, for the six studies that were scored
twice, the intraclass correlation coefficient (ICC) was used. The absolute agreement
between the scorers (the author and Ms Alexis Perkins) was determined using the single
measure, two-way mixed effects model. The level of agreement was interpreted according

to Portney & Watkins (Koo & Li, 2016). An ICC of less than 0.5 is considered poor agreement,
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0.5 to 0.75 is considered moderate agreement, more than 0.75 to 0.90 is good agreement,

and more than 0.90 indicates excellent reliability.

To investigate the reproducibility of the arousability and sleep recovery variables over time
in one participant, descriptive data (mean and SD) were used to show the difference
between the two times of scoring. However, the coefficient of variation was not possible to

calculate.

In all statistical tests, the 2-sided significance was considered statistically significant if p was

less than 0.05.

5.3 Results

5.3.1 Study participants
A total of 67 healthy participants (55 from Saudi Arabia and 12 from London) were screened
for eligibility (figure 5.2). Thirty-nine participants completed the subjective questionnaire
and had an overnight sleep study while wearing the neck-worn vibrotactile PT device.
Twelve participants were excluded from the analysis. Seven participants had less than two
paired events (supine events with position change in response to vibrotactile stimulus and
return to sleep), three recordings failed because of technical issues, one participant had a
short recording time (less than four hours) and one had an AHI of > 5 events/hr. Twenty-

seven participants were included in the statistical analysis.
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55 healthy volunteers assessed for 12 healthy volunteers assessed for

eligibility in Saudi Arabia eligibility in London
27 Excluded: 1 Excluded:
e 3 had BMI more than 35 Kg/m? e Was eligible but declined
e 13 did not sleep on the back participation

e 1 was diagnosed with seizures

e 4 were diagnosed with insomnia

e 1 had catathrenia

e 5 were eligible but declined
participation

39 participants were enrolled

l

39 completed the bespoke questionnaire and had an overnight sleep study
while wearing the neck-worn PT device

12 excluded (from London and Saudi
Arabia):

e 7 had less than 2 paired events per
night*

e 3 had failed sleep studies (technical
issues)

e 1 had asleep study with a short
recording time < 4 hrs

e 1hadan AHI > 5 events/hr

A

Y

27 included in the analysis

Figure 5.2: Study CONSORT flow diagram

Flow diagram shows the recruitment process. *A paired event is the presence of a supine event and a change in
position due to vibrotactile stimulus (arousal) as well as return to sleep.
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Participants’ baseline characteristics are shown in table 5.1. The data are ordered according

to age. The group median (Q1, Q3) age was 36 (28, 43.5) years, and the group mean (SD)

BMI was 24 * 2 kg/m?2. Male participants represented 44% of the sample, with a median

(Q1, Q3) age of 35.5 (28.7, 36.7) years and a mean (SD) body mass index (BMI) of 24 + 4

kg/m?. Female participants represented 56% of the sample, with a median (Q1, Q3) age of

36.0(27.0, 46.5) years and a BMI of 24 + 3 kg/m?. The female participants were older than

males; however, this difference was not statistically significant (p=0.82)

Table 5.1: Participants baseline characteristics

Subject Gender Age (years) Height (cm) | Weight (kg) | BMI (kg/m?)
14 M 23 163 55 21
8 M 24 165 54 20
27 M 28 169 69 24
4 M 29 163 88 33
15 M 33 177 77 25
5 M 35 164 62 23
13 M 36 182 76 23
11 M 36 194 82 22
22 M 36 179 85 27
9 M 39 176 58 19
3 M 47 188 90 25
19 M 78 - - -
Males (n=12) 35.5 (28.8, 36.8) 172 +13 71+ 14 24+ 4
10 F 23 - - -
2 F 24 - - -
20 F 24 152 52 23
7 F 26 - - -
16 F 28 157 52 21
23 F 28 167 68 24
12 F 30 155 50 21
17 F 36 170 72 25
25 F 41 162 53 20
1 F 42 175 75 24
18 F 45 163 73 27
6 F 48 - - -
26 F 49 156 60 25
21 F 50 159 64 25
24 F 57 160 66 26
Females (n=15) 36.0 (27.0, 46.5) 162+7 62+9 24 +£2
Total (n=27) 36.0 (28.0, 43.5) 168 + 11 67 +12 24+3
Data are presented in mean (SD) or median (Q1, Q3); n=sample size, cm: centimetre; kg: kilogram; m?: squared metre; BMI: body
mass index
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5.3.2 Are arousability and sleep recovery responses influenced by gender?

All except two participants had 3 to 17 paired data points (i.e. an arousal and return to
sleep). The two participants in question (no. 1 and 13) had two paired data points. Figure
5.3 shows the group arousability and sleep recovery responses. The group median (Q1, Q3)
arousability was 32.6 (20.7, 71.0) seconds, and the sleep recovery was 27.3 (17.4, 44.1)

seconds.

5.3.3 Gender influence on arousability and sleep recovery responses

Figures 5.3 also shows the effect of gender on arousability and recovery responses. Female
participants took longer to arouse, with a longer duration to change position (median [Q1,
Q2]: 40.7 [29.3, 132.9] seconds) compared to male participants (median [Q1, Q2]: 24.3
[14.7, 32.7] seconds). The duration to change position was not normally distributed
(appendix 24); therefore, a log transformation was applied (see appendix 25). Factorial
ANOVA of the log transformed arousability showed a statistically significant effect of gender

on duration to change position, p <0.001.

The female participants had similar duration to return to sleep compared to males (median
(Q1, Q2): females, 27.3 (18.4, 43.7) seconds; males, 28.5 (15.5, 44.3) seconds). The return to
sleep was not normally distributed (appendix 26); therefore, a log transformation was
applied (see appendix 27). Factorial ANOVA of the log transformed duration to return to
sleep showed no statistical difference in the main effect of the gender on the duration to

return to sleep p=0.780.
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Figure 5.3: The relationship between median duration to position change (arousability)
and the median duration to return to sleep (sleep recovery) during the use of a neck-worn
vibrotactile positional therapy device in all participants, and also categorised for males
and females

“n” represents the number of participants.

=== puration to change in position: Defined as the duration from the start of the initial vibration to the change
in position away from the supine position

=== Duration to return to sleep: Defined as the duration from the moving to a new position to the first
scorable epoch of sleep

5.3.4 Are arousability and sleep recovery responses sleep stage dependent?
Figure 5.4 shows the effect of sleep stage on arousability and recovery response. The
number of paired events per participant is given in appendix 28. The duration to position
change was similar across all sleep stages. The factorial ANOVA of the sleep stage and log
transformed duration to position change showed no statistically significant main effect of

sleep stage on duration to position change, p=0.93.

The duration to return to sleep was also similar across sleep stages, and the factorial ANOVA
of the sleep stage and log transformed duration to return to sleep showed no statistically

significant main effect of sleep stage on duration to change position, p=0.15
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Figure 5.4: Relationship between median duration to position change and median
duration to return to sleep during the use of a neck-worn vibrotactile positional therapy
device categorised on sleep stage

“n” represents the number of paired events.

I Duration to change in position: Defined as the duration from the start of the initial vibration to the change
in position away from the supine position

m== Duration to return to sleep: Defined as the duration from the moving to a new position to the first
scorable epoch of sleep

5.3.5 Interaction of gender and sleep stage and their influence on arousability and sleep
recovery responses
The factorial ANOVA showed that there was no significant interaction effect between the
gender and sleep stage on the log transformed duration to position change, p=0.76. In
addition, there was no significant interaction effect between the gender and sleep stage on
log transformed duration to return to sleep, p=0.5. These data suggest that the main factor

was gender and that depth of sleep did not influence arousability and recovery responses.
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5.3.6 Is subjective sleep quality influenced by gender?
Figure 5.5 shows the subjective sleep quality for all participants, also categorised by female
and male: perceived sleep quality on the night of the sleep study (Panel A), ease of falling

asleep (Panel B), and daytime restfulness (Panel C).

The female participants reported poor perceived sleep quality on the night of the sleep
study (mean [SD]: 49.8 [22.6] mm) compared to male participants (mean [SD] 58.4 [22.5]

mm). However, this difference was not statistically significant, p=0.35.

The female participants also reported difficulty in falling asleep on the night of the sleep
study compared to the male participants; however, again, the differences were not

statistically significant (mean [SD]: females 33.5 [25.4] mm, males 48.7 [28.0] mm; p=0.166).

Furthermore, the female participants reported worse daytime restfulness on the day
following the sleep study; however, again, the difference was not statistically significant

(mean [SD]: females 54.9 [24.9] mm, males 62.6 [28.5] mm p=0.464).

Figure 5.6 shows the reported sleep disturbance on the night of the sleep study. Females
reported more sleep disturbance compared to males (median [Q1, Q2]: females 59.0 [39.8,
75.0] mm, males 41.0 [24.8, 56.8] mm); this difference was not statistically significant,
p=0.08.
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Figure 5.5: The perceived sleep quality, daytime restfulness, and easiness of falling asleep between males and females

(error bar=95% Cl)

Panel A: Perceived sleep quality on the night of the sleep study while wearing the PT device; the corresponding questionnaire item was “Overall, how do you rate your sleep
quality last night?”

Panel B: Easiness of falling asleep on the night of the sleep study while wearing the PT device; the corresponding questionnaire item was “On average, how easy did you find
falling asleep while wearing the positional therapy device over the last night?”

Panel C: Daytime restfulness on the night of the sleep study while wearing PT device; the corresponding questionnaire item was “Overall, how fresh and well rested you feel

when you woke up today?”

139



100.00
90.00 || &
2
- 80.00 §
£ 7000
£
= 60.00
£
= 50.00 .
p \\
2 40,00 kﬁ
> \
o 3000 NN
> 2000 | 5 1
L
10.00 || &
.00
All participants Males Females
Gender

Figure 5.6: The reported sleep disturbance by vibrotactile PT device in all participants, and
also categorised by male and female on the night of sleep study

5.3.7 Are there different arousability and sleep recovery phenotypes?
Figure 5.7 shows that there was variability in arousability (duration to position change) and
sleep recovery (duration to return to sleep). This variability can be described as three

‘physiological phenotypes’:

Phenotype 1 (n=10): Short duration to change position (median [Q1, Q3]: 24.8 [15.6, 32.6]

seconds) with the duration of the return to sleep being 22.3 (14.0, 33.3) seconds.

Phenotype 2 (n=7): Intermediate duration to change position (median [Q1, Q3]: 35.7 [24.8,
51.5] seconds) with the duration of the return to sleep being 32.0 (21.6, 60.4) seconds.

Phenotype 3 (n=10): Long duration to change position (median [Q1, Q3]: 134.0 [51.8, 577.6]

seconds) with the duration of the return to sleep being 32.5 (19.5, 52.1) seconds.

The arousability was statistically significant between the three phenotypes for duration to
change position (p <0.001) and duration to return sleep (p=0.001). There was a significant
difference on the duration to change position between phenotypes 1 and 2 (p=0.006), 1 and
3 (p <0.001), and 2 and 3 (p <0.001). However, the duration to return to sleep was only

significant between phenotypes 1 and 2 (p=0.014) and phenotypes 1 and 3 (p=0.003).
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Figure 5.7: Phenotypes of arousability and sleep recovery

=== Dyration to change in position: Defined as the duration from the start of the initial vibration to the change in position away from the supine position
=== Duration to return to sleep: Defined as the duration from the moving to a new position to the first scorable epoch of sleep

Males (black text) and females (red text). Data are presented in ascending order based on the median duration of position change and duration to sleep return
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5.3.8 Representation and reproducibility of the data
e Inter-scorer reliability
The baseline characteristics for the six participants investigated in this analysis are shown in
table 5.1 (participant no: 2, 3, 6, 7, 10, and 19). Excellent reliability was found between the
two scorers for the duration to position change (ICC [95% C/] 0.98 [0.89 t0 0.98] and ap <
.001). There was also good reliability between the two scorers for the duration to return to

sleep (ICC [95% (] 0.83 [0.80 to 0.98] p=.015).

e Reproducibility of the arousability and sleep recovery variables over time
The baseline characteristics for the participant who was studied twice are shown in table 5.1
(participant no: 3). The first study was carried out in August 2020 (n=9 paired interventions),

whereas the second study was carried out in June 2021 (n=6 paired interventions).

During the first study, the mean (SD) duration to change position was 16.4 (6.5) seconds,
and the return to sleep was 22.2 (13.9) seconds. During the second study, the data were
similar, with the mean (SD) duration to change position being 16.4 (4.7) seconds, and the

return to sleep being 22.9 (9.7) seconds.
e A case study of a patient with POSA

A patient with POSA was studied in August 2021. The patient was 64 years, with a BMI of
24.5 kg/m? and a total AHI of 23 events/hr. The supine and non-supine AHI were 40
events/hr and 14 events/hr, respectively. In addition, the ESS was 15 points. The duration to
change position (arousability) and duration to return to sleep (sleep recovery) are shown for
three paired data in table 5.2. These data were in the same range as those reported in

healthy people (see Fig 5.7) and falls within the short duration phenotype.

Table 5.2: Data for one patient with POSA

Duration to change in position Duration to return to sleep
Order (arousability) (sleep recovery)
(seconds) (seconds)
1 16.7 13.0
2 17.9 21.3
3 18.2 23.0
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5.4 Discussion

The main finding of this study was that there was a wide range of arousal responses to the
vibrotactile stimulus in healthy participants. In addition, females took longer to arouse and
change position compared to male participants. Females also tended to report poor
subjective sleep quality compared to males. The arousability and recovery responses were

not sleep stage dependent.

The findings of this study may indicate that females are more resilient to an external arousal
stimulus, such as the vibrotactile stimulus, compared to males. A number of stressors have
been used in previous studies to assess gender differences on arousability during sleep. In
an animal model, Koehl et al. found that female mice were more resilient to an external
stressor compared to males (Koehl et al., 2006). In humans, Bixler et al. examined gender
differences towards an external stressor in 66 healthy participants (Bixler et al., 2009). They
found that male participants’ sleep was more disturbed than that of females. Vgontzas et al.
investigated the effect of sleep restriction on inflammatory markers (TNFalpa) and cortisol
levels in males and females (Vgontzas et al., 2004). They found that women were more
resilient to sleep restriction, with the TNFalpa elevated in males but not females. In
addition, they found that the reduction in the peak cortisol level compared to baseline was
significantly greater in males compared to females. Jordan et al examined the ventilatory
response and peripheral vasoconstriction responses to spontaneous and tone-induced
arousal in healthy males and females (Jordan et al., 2003). They found that both ventilatory
and peripheral vasoconstriction responses following induced arousals were significantly
greater in males compared to females. In another study, Jordan et al. examined the gender
differences on the ventilatory response to arousal that was induced by tone or by CPAP
drops in patients with OSA (Jordan et al., 2004). They found that a ventilatory response
following arousal was greater in males compared to females. In a more recent animal study,
it was found that when applying an external stimulus on male and female mice, the males
immediately increased the NREM delta power; however, the females showed a weak

response or no response (Choi et al., 2021).

Taken together, these studies indicate that female participants are more resilient in their
response to arousal stimuli compared to male participants. The results of the present study

strengthen this notion because females were more resilient to the vibrotactile stimulus,
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taking longer to change position. The underlining mechanism(s) of such a finding is not well
understood. It has been suggested that pathways responsible for the regulation of the
sympathetic nervous system (the sympatho-adrenal pathway) may be more sensitive to
inhibitory stimuli and less sensitive to excitatory stimuli in females compared to males
(Hinojosa-Laborde et al., 1999). This could mean that in females, the activation of the
sympathoadrenal pathway is attenuated or that the inhibition of the sympathoadrenal

pathway is augmented.

Another potential explanation of the finding that females took longer to change position is
that they have more sleep spindles. A recent large study, which characterised sleep spindles
in a sample of more than eleven thousand individuals, found that females had more
spindles than males (Purcell et al., 2017). One of the many roles of sleep spindles is to act as
a protective “gate” for the processing of nociceptive stimuli (Fernandez & Liithi, 2020). If
sleep spindles act as a protective mechanism for arousability, they could mediate the longer
duration to position changes in females. This possibility would need further studies to fully

investigate.

The role of hormone differences between males and females must also be considered in the
interpretation of these data. Higher levels of estrogen and or progesterone may be
protective against the development of OSA in females at an early age (Lin et al., 2008) as
well as when postmenopausal females (without hormone replacement therapy) were
compared to premenopausal females they were at higher (approximately four-fold) risk of
having OSA (Bixler et al., 2001). Similar findings were found in 589 females who were
enrolled in the Wisconsin Sleep Cohort, in which postmenopausal females were at much
higher risk of developing OSA, compared to premenopausal females (Young et al., 2003).
More recently, a study investigated longitudinal data on menopausal status and sleep found
that in females who were in the perimenopausal period, each additional year was
associated with a 4% higher AHI (Mirer et al., 2017). This observation was independent of

aging and body habitus changes.

Although these examples of hormones being protective in females are interesting, the exact
mechanism that leads to a difference in arousability is not known. In the study presented in

this chapter, information about hormonal cycles was not gathered.
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5.4.1 Gender influence on subjective and objective sleep quality

The data discussed in the previous section are also consistent with reports that have shown
that females have better objective sleep quality compared to males (Basoglu & Tasbakan,
2017; Bixler et al., 2009; Redline et al., 2004; Walsleben et al., 2004; Zhou et al., 2021).
These studies, and the findings of this chapter seem contrary to the finding that females
have poor subjective sleep quality, including more insomnia complaints, compared to males
(Fatima et al., 2016; Hung et al., 2013). In the present study, when females were asked
about sleep quality, ease of falling asleep, sleep disturbance due to the vibrotactile PT, and
daytime restfulness, they reported worse results compared to male participants. Therefore,
gender seems to influence subjective sleep quality because females report poorer subjective

sleep quality.

In the present study, there were no statistically significant differences in the arousability
between different sleep stages. These data are consistent with the published findings.
Amatoury et al. reported that sleep stage did not influence the arousal intensity (Amatoury
et al., 2016), and Jordan et al. did not find differences between different sleep stages with

spontaneous or tone-induced arousals (Jordan et al., 2003).

5.4.2 Phenotypes of arousability and sleep recovery
Using the duration to change position as an indirect marker of arousability and the duration
to return to sleep as an indirect marker of sleep recovery, three arousability phenotypes

have been proposed.

In previous studies, Azabarzin et al. categorised spontaneous arousals from sleep (based on
EEG) into nine categories, ranging from low to high arousal intensity (Azarbarzin et al.,
2015). They found that these arousal intensities were widely variable among healthy
participants but stable within-participant. Amatoury et al. induced cortical arousals by
dropping CPAP levels (Amatoury et al., 2016) and using the same arousal categories as
Azabrarzin et al., who found that the physiological responses to arousal varied according to
the arousal intensity. People with high arousal intensity showed a greater ventilatory
response and greater upper airway muscle activity compared to people who had a lower
arousal intensity. The findings of the present study are consistent with the results of these

published studies. The duration to change position after a vibrotactile stimulus (a marker of
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indirect arousability) varied significantly between participants. In addition, the
reproducibility data in one participant showed that the duration to change position did not
change, even after one year. These findings may indicate that arousability is a distinct

physiological trait.

5.4.3 Study strengths and limitations

This study has several strengths. The data analysis was reliable with excellent agreement on
the scoring of the arousability and good agreement on sleep recovery. The novel analysis
method was easy to apply to data collected during a routine sleep study. Standardising the
measurement of arousability may be helpful in evaluating the treatment response to a
range of therapy options for OSA. In the present study, data from one patient with OSA was
examined. This needs to be replicated on larger studies. To my knowledge, arousability and

sleep recovery have not yet been investigated in response to vibrotactile PT devices.

This study was carried out during the COVID-19 pandemic. Applying strict precautionary
measures to prevent the transmission of infection, data were collected in both the UK and

Saudi Arabia, with no transmission of infection three weeks after the sleep study.

Several limitations of this study are acknowledged. The sample size is relatively small for a
study of phenotyping. A larger study would need to take into consideration the time-
consuming nature of manual sleep scoring. The automation of scoring arousability may

facilitate a larger study.

An additional limitation is the use of the non-validated bespoke subjective sleep
guestionnaire. However, the findings of this questionnaire seem to corroborate with studies
that used validated questionnaires, in which females reported worse subjective sleep
quality. The reason that these difference in subjective sleep quality were not statistically

significant could be because of the small sample size.

5.4.4 Implications and future directions

In summary, the findings of this study show that healthy participants responded differently
to the vibrotactile stimulus, and females are resilient to arousal compared to males. It is

possible that a better understanding of arousability phenotypes could inform the clinical
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response vibrotactile PT. Repeating these findings in POSA patients will be an important

next step.
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CHAPTER 6: General Discussion

6.1 Summary of Thesis Aims

POSA is prevalent among patients with OSA. It usually occurs within the mild and moderate
spectrum of OSA, and it is known that patients with these severity levels are less adherent
to CPAP treatment. In addition, traditional PT techniques are effective in treating POSA;
however, their use is linked with significant discomfort and low adherence. Therefore, the
relatively new vibrotactile PT devices were developed to deliver gentle vibrotactile stimuli to
patients in supine position to encourage them to change position. Although such stimuli are
effective in causing movement, there are concerns that it may lead to arousal from sleep,
with daytime symptoms. This thesis has evaluated the effectiveness of vibrotactile PT
devices as a treatment for POSA, specifically focusing on patient centred outcomes and
possible approaches to assist with therapy personalisation to improve treatment success

rates.

The overall aim of this thesis was to investigate the effect of vibrotactile PT devices on
arousal from sleep in patients with POSA. To achieve this aim, three experimental studies

were carried out.

In chapter 3, data from a systematic review and meta-analysis are presented. The aims of
this study were to investigate the effect of vibrotactile PT devices on AHI, percentage of
time spent in the supine position (%Tsupine), and patient-centred outcomes in patients with

POSA compared to baseline.

In chapter 4, the protocol for a prospective three-month, multicentre, randomised, parallel,
and double-blind trial (The POSA Trial, ISRCTN51740863) is presented. This study was
developed to investigate the effect of vibrotactile PT on AHI, quality of life, and daytime
functioning at follow-up adjusted for the baseline in patients with POSA compared to sham-
vibrotactile PT. Baseline data (AHI, quality of life and daytime functioning) were obtained
from the participants recruited at the RBH and compared to data obtained from the

systematic review.
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In chapter 5, data from an observational physiological study are presented. This was a
hypothesis generating study that aimed to explore the effect of the vibrotactile stimulus on
arousability from sleep in healthy people using a novel analysis method developed to
measure arousability. This study specifically investigated the influence of gender and sleep
stage on arousability and sleep recovery. A comparison of objective measures of arousal
from sleep to subjective measures of sleep quality was also carried out. The study tested the

hypothesis that females are more resilient to arousability compared to males.

6.2 Summary of the Findings

The findings for each individual study are summarised below.

In chapter 3, the systematic review and meta-analysis, including 16 studies, showed

vibrotactile PT was effective in reducing AHI and time spent in the supine position. The ESS
and FOSQ global score were minimally improved, and these changes did not reach clinically
important differences. In addition, the results on the sensitive quality of life (SF-36) vitality

score were promising; however, data on this measure were limited.

In chapter 4, the POSA randomised controlled trial is ongoing; 64 POSA participants have
been recruited, comprising 41% of the total sample size (n = 155), and the trial has been
extended to October 2022. Baseline data (i.e. AHI, quality of life, and daytime functioning)
obtained from the participants recruited at the RBH (n = 7) were compared to data obtained
from the systematic review presented in chapter 3 (n = 700, POSA patients). The mean
baseline AHI for RBH participants was in the mild OSA category, which was comparable to
that of the patients in the mild subgroup in the systematic review. A higher baseline
%Tsupine was found among RBH participants compared to the baseline data in the mild OSA

subgroup in the systematic review.

The RBH participants baseline patient-centred outcomes were comparable to those found in
the systematic review. Specifically, the mean baseline SF-36 vitality score for RBH
participants was comparable to that found in the systematic review. In addition, the mean
baseline FOSQ global score was comparable to what was found in the systematic review.
The mean baseline ESS score in the RBH participant was comparable to what was found in

the systematic review. Based on the observed percentage of improvement in the systematic
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review improvement (—13%), it is possible the ESS score in the RBH participant will be
reduced by 1.1 points in the POSA trial. Interestingly, this is below the minimum clinically

important difference which is reported to be 2 points (Crook et al., 2019).

In chapter 5, the observational physiological study showed a wider range of arousal
responses to the vibrotactile stimulus in healthy people. Specifically, the female participants
took longer to arouse from sleep following the stimuli compared to male participants.
However, the duration of return to sleep (i.e. sleep recovery) was comparable between
males and females. There were small differences observed in the subjective measurements
of sleep quality between males and females; however, these differences did not reach
statistical significance, possibly because of the small sample size. Through exploring all the
data points, three arousal phenotypes were identified based on a prior criterion, (a 10-
second difference in arousability, and sleep recovery). The phenotypes were a short,
intermediate, and long duration of arousability and sleep recovery. How representative
these phenotypes, are needs to be further explored with a larger sample. The clinical

relevance of the wide range of arousal responses also needs to be further explored.
6.2.1. Overall Thesis Findings

The overall findings of the Thesis were that vibrotactile PT is effective in reducing the AHI
and time spent in the supine position. However, there is an evidence gap of how vibrotactile
PT affects patient-centred outcomes. The POSA trial results will address this gap, and since
the baseline data of POSA participants recruited from the RBH are consistent with data from
the published literature, therefore, it is expected that after 12 weeks of vibrotactile PT,

there will be a significant reduction in AHI and time spent in the supine position.

One concern when prescribing vibrotactile PT is that it may cause arousal from sleep in
some individuals, with worsening daytime symptoms (e.g. an increased daytime sleepiness).
Variability in the arousability responses to the vibrotactile stimulus was found among
healthy participants. Specifically, there were differences in the arousability between males
and females, with females being less arousable by the vibrotactile stimuli. These findings

need to be further explored with a larger sample of healthy people and patients with POSA.
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6.3 Future Directions

Vibrotactile PT devices have been introduced as a treatment for POSA, potentially replacing
the traditional PT techniques, such as the tennis ball to prevent sleeping on the back. The
vibrotactile PT devices are small and easy to use. They work by producing a gentle

vibrotactile stimulus.

The data presented in this thesis have shown the new vibrotactile PT devises are effective in
reducing time spent in the supine position and respiratory events in patients with POSA.
These findings were similar to those presented in the recent NICE guideline (NG202), which
show that the vibrotactile PT devices can be effective in reducing AHI and time spent in the
supine position (NICE guidelines, 2021). The guidance recommended vibrotactile PT as an
alternative treatment for patients with POSA if other treatments (e.g. CPAP) were not
successful or tolerable, especially for patients with mild or moderate OSA. However, as
shown in this Thesis there was a paucity of data on patient-centred outcomes. It is
anticipated that the results of the (ongoing) POSA Trial will address this evidence gap and
could provide the much needed data for future guidelines, to potentially support the

provision of PT therapy for patient with POSA.

COVID-19 occurred during data collection for the studies presented in this thesis, including
the POSA trial. The pandemic has caused many changes in health-care provision. It has
accelerated the use of technology for the diagnosis and treatment of OSA. The simplicity of
vibrotactile PT devices, which can be remotely initiated and monitored, meant they were
acceptable to patients as a potential treatment during the pandemic. This feature was
utilised during the modification of the trial to enable work to continue in a semi-remote
manner. Our patients have informed us that the POSA trial is user-friendly, and we are
proud that we have been able to continue the trial, although recruitment has inevitably

been impacted.

Despite the major advantages of the vibrotactile PT treatment, it also has the potential
limitation to cause arousal from sleep. The development of a novel analysis method, which
enabled a standardised measurement of the induced arousal, has shown that there is

variability in arousability responses to vibrotactile stimuli among healthy participants.
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Some participants aroused easily, but others took a longer time to be aroused and to move
in response to the stimuli. These differences may highlight the need for a more personalised
approach for the management of patients with POSA. Although a larger study is needed to
verify the three possible phenotypes. It may be that with a larger group of patients the
three phenotypes will become a continuous spectrum of responses. Never-the-less, it is
possible to speculate that some patients will likely benefit more from the vibrotactile PT
without concurrent sleep fragmentation compared to others. Any future studies will also
need to compare the physiological differences with the subjective impact of the stimuli on

symptoms of daytime sleepiness.

The physiological study has also highlighted that females may be more resilient to being
aroused from sleep than males. This, potentially, means that the vibrotactile PT is a
treatment option that maybe preferred by females especially if they do not have
disturbance of sleep. Females tend to show a discrepancy between subjective and objective
sleep quality. The females tended to report poorer subjective sleep despite having better
objective sleep quality than male participants. Understanding the underlying mechanisms
that cause these differences is important for better personalisation of treatment. It is also
important that any future studies are powered to account for confounding influences such

as age, and even childcare responsibilities.

6.4 Conclusion

The aim of this thesis was to investigate the effect of vibrotactile PT devices on arousal from
sleep among patients with POSA. Although the vibrotactile PT was effective in treating
POSA, there were limited data on sensitive patient-centred outcomes, such as the vitality
score. This gap in evidence is expected to be addressed by the results of the POSA trial. Such
data are of paramount importance for the future development of guidelines, which may
support the inclusion of PT for patients with POSA. The variability in arousability responses
to vibrotactile stimuli highlights the need for further research that may support a

personalised approach to the diagnosis and management of POSA.
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as long as you provide appropriate credit to the original publication. https://creativecommeons.org/licenses/by/4.0/
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issued, if complete payment for the license is not received on a timely basis either from User directly or
through a payment agent, such as a credit card company.

3.3.

2/4

173



05/01/2022, 10:22

Appendix 6: Permission for Figure 1.7

CCC Marketplace”

This is a License Agreement between Abdullah Saad S ALQarni ("User") and Copyright Clearance Center, Inc.
("CCC") on behalf of the Rightsholder identified in the order details below. The license consists of the order details,
the CCC Terms and Conditions below, and any Rightsholder Terms and Conditions which are included below.

All payments must be made in full to CCC in accordance with the CCC Terms and Conditions below.

Order Date
Order License ID
ISSN

04-Jan-2022
1173920-1
1522-1709

LICENSED CONTENT

Publication Title

Article Title

Author/Editor

Date
Language
Country
Rightsholder

REQUEST DETAILS

Portion Type

Number of charts /
graphs / tables / figures
requested

Format (select all that
apply)

Who will republish the
content?

Duration of Use
Lifetime Unit Quantity
Rights Requested

Sleep & breathing :
international journal of
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("CCC") on behalf of the Rightsholder identified in the order details below. The license consists of the order details,
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LICENSED CONTENT
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Article Title A new postural device for Technology Journals
the treatment of Publication Type e-Journal
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Appendix 9: Search strategy - chapter 3
Database: Embase (1947 to September 10, 2021)
1 exp *sleep disordered breathing/
2 sleep apn?ea*.mp.
3 (position* adj5 apn?ea*).mp.
4 (supine* adj5 apn?ea*).mp.
5 1lor2or3oréd

6 ((supine* or position* or postur* or lateral* or dorsal*) adj4 (therap* or treatment* or device* or
train*)).mp.

7 5and6

8 limit 7 to english language

Database: Ovid MEDLINE (1946 to September 10, 2021)

1 sleep apnea syndromes/ or sleep apnea, obstructive/
2 sleep apn?ea*.mp.

3 (position* adj5 apn?ea*).mp.

4 (supine* adj5 apn?ea*).mp.

5 1lor2or3oré4

6 ((supine* or position* or postur* or lateral* or dorsal*) adj4 (therap* or treatment* or device* or
train*)).mp.

7 5and6

8 limit 7 to english language

Cochrane database for Systematic Reviews (upto September 10, 2021)

ID Search

#1 MeSH descriptor: [Sleep Apnea, Obstructive] explode all trees

#2 MeSH descriptor: [Sleep Apnea, Syndromes] explode all trees

#3 sleep apn?ea*

#4 position* near apn?ea

#5 supine* near apn?ea

#6 #1 OR #2 OR #3 OR #4 OR #5

#7 (supine* OR position* OR postur* OR lateral OR dorsal)near(therap* OR treatment* OR device* OR
trainer*®)

#8 #6 AND #7
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Appendix 10: Ongoing registered clinical trials — chapter 3

The systematic search of the literature revealed four ongoing registered clinical trials. The POSA Trial is a
three-month, multicentre, randomised, parallel, double-blind trial. The POSA Trial (ISRCTN51740863) includes
seven nationwide participating UK sites. The planned sample size is 138 participants. The aim of this trial is to
compare positional therapy to sham-positional therapy using a neck-worn device in patients with POSA. The
primary outcome measure is the change in OSA severity defined by the AHI. The secondary outcome measures

include:

e changes in subjective sleepiness-measured by the ESS

e changes in quality of life - measured by FOSQ

e changes in anxiety and depression using the Hospital Anxiety and Depression Scale (HADS)

e changes in Independent Functioning using the Townsend Disability Scale

e changes in quality of life measured by the SF-36

e changes in subjective sleep quality and bed partner's perspective using the Pittsburgh Sleep Quality
Index (PSQI)

e changes in healthcare utilisation measured by a Healthcare Utilisation Questionnaire

e comfort and tolerance of the positional therapy device; visual analogue scale (VAS) of comfort and
tolerance of device.

e adherence to positional therapy measured by the Night Shift device

e change in percentage supine sleep compared to total sleep time

The second ongoing trial is The SLEEP ON Your SIDE (SOS) trial. It is a three-month, multicentre, prospective,
crossover, randomised trial. The SOS trial (NCT04211350) includes sites from three countries; UK, Germany
and France. The aim of this trial is to compare the chest-worn sleep position trainer against positive airway
pressure (PAP) in patients with POSA. The planned sample size is 150 participants. The primary outcome of this

trial is the change in the AHI. Secondary outcome measures include:

e daytime sleepiness using ESS

e impact of sleepiness on activities of daily living using FOSQ

189



e health related quality of life measured using EQ-5D

e fatigue measured using Pichot Fatigue Scale

e quality of life utilising SF-36

e health economics and resource utilisation are assessed using a healthcare utilisation diary which is
completed by patients.

e adherence

A third trial (NCT04425408) is a randomized cross over trial taking place in Belgium. In this trial the
investigators are assessing the efficacy of two different positional therapies (Positional pillow and vibrating
belt), each is worn for 3 nights by patients with POSA. The planned sample size is 52 participants. The primary
outcome measures is the change in the percentage of supine sleep on treatment. The investigators will also

assess the subjective quality of sleep "Quality of sleep questionnaire"

A fourth trial is a two-month prospective, crossover, randomised trial (the PaCT study)
(ACTRN12619000475145) taking place in Australia. The planned sample size is 30 participants. The aim of this
study is to compare positional therapy (NightShift device) and continuous positive airway pressure in patients
with POSA. The primary outcome is sleepiness as assessed by the Epworth Sleepiness Scale. Secondary

outcomes include:

e Adherence

e Quality of Life as assessed by the Functional Outcomes of Sleep Questionnaire

e Depression, Anxiety, Stress Scale (DASS-21)

e Composite outcome of the following Neurocognitive tests: (PVT, Tower of London, Go/No-Go, Match

to Sample, Corsi test, Wisconsin Card-sorting test)

e Quality of Life as assessed by the Short Form 36 item Quality of Life questionnaire.
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Appendix 11: Secondary outcomes

Figure 1: Forest plot of clinical trials and cohort studies comparing FOSQ global scores with and without
vibrotactile PT (baseline). This forest plot shows the effect of PT on the FOSQ global score in which PT
minimally improved the FOSQ global score compared to baseline.

FOSQ with PT FOSQ without PT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl - IV, Random, 95% Cl
Benoistetal, 2017 153 4.2 45 152 38 45  71% 0.10[-1.55,1.75) I
deRuiter et al, 2018 186 23 29 184 21 29 15.0% 0.20 [-0.93,1.33) S E—
Berryetal, 2019 173 22 110 166 24 110 522% 0.70[0.09,1.31) —i—
Mok etal, 2020 169 23 40 163 1.6 40 257% 0.60 [-0.27,1.47) T—
Total (95% CI) 224 224 100.0% 0.56 [0.12, 1.00] L 2
Heterogeneity: Tau®= 0.00; Chi*= 0.90, df= 3 (P = 0.83); F= 0% 5_4 '2 3 é 4=

Test for overall effect: Z= 2.48 (P = 0.01)

Favours without PT Favours with PT

Figure 1: Forest plot of clinical trials and cohort studies comparing FOSQ global scores with and without
vibrotactile PT (baseline). FOSQ, Functional Outcome of Sleep Questionnaire; PT, positional therapy. One
study(van Maanen & de Vries, 2014) was excluded as they used different FOSQ scale.

Figure 2: Forest plot of clinical trials and cohort studies comparing SF-36 vitality score with and without
vibrotactile PT (baseline). This forest plot shows the effect of PT on the SF-36 vitality score in which PT
significantly improved the vitality score by 6.72 points compared to baseline.

SF-36 vitality with PT

SF-36 vitality without PT

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Berryetal, 2019 56.5 18.4 110 489 206 110 B66.2%  7.60[2.44,12.76) ——
Mok et al, 2020 439 19.4 40 449 1249 40 338% 500[2221227) —-1T—
Total (95% CI) 150 150 100.0% 6.72[2.52,10.92] e
iRy . . = - = - I } t {
Heterogeneity: Tau*= 0.00; Chi*=0.33,df=1 (P=0.57), F=0% 0 o ) 0 20

Test for overall effect: Z=3.14 (P = 0.002)

Favours with PT Favours without PT

Figure 2: Forest plot of clinical trials and cohort studies comparing SF-36 vitality score with and without
vibrotactile PT (baseline). SF-36, Short Form 36 questionnaire; PT, positional therapy

Figure 3: Forest plot of clinical trials and cohort studies comparing sleep efficiency with and without
vibrotactile PT (baseline). This forest plot shows the effect of PT on the SE in which PT minimally improved the

SE compared to baseline.

SE with PT SE without PT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
van Maanen et al, 2012 883 99 30 918 77 30 93% -360[-8.08,089 I
van Maanen et al, 2013 839 99 31 848 94 kil 8.1%  -090[5.71,3.91] B
Levendowski et al, 2014 851 76 30 809 119 30 7.4% 4.20[-0.85,9.25) T
Dieltiens et al, 2015 844 59 20 838 66 20 12.5% 0.60 [-3.28, 4.48) i
Eijsvogel et al, 2015 828 98 27 807 7 29 9.3% 210[-2.39,6.59) I
Benoistetal, 2017 888 71 45 896 82 45 18.7% 0.20[-2.97,3.37) e
deRuiter et al, 2018 925 &1 29 905 9 29 13.3% 2.00[-1.76,5.76] T
Armas etal, 2019 824 113 12 835 841 12 3.0% -1.10[8.97,6.77] —
Berryetal, 2019 855 318 110 851 353 10 2.4% 0.40[-8.48,9.29]
Mok etal, 2020 854 93 40 84 115 40 9.0% 1.40[-3.18,5.99] e
Armas etal, 2021 806 1 43 782 1386 43 6.9% 2.40[-2.83,7.63] T
Total (95% CI) 417 419 100.0% 0.74 [-0.63, 2.11] ?

Heterogeneity: Tau®= 0.00; Chi*=7.42, df=10 (P = 0.68), F= 0%

Testfor overall effect: Z=1.06 (P = 0.29)

‘20

-10 0

10 20

Favours without PT  Favours with PT

Figure 3: Forest plot of clinical trials and cohort studies comparing sleep efficiency with and without
vibrotactile PT (baseline). SE, sleep efficiency; PT, positional therapy.
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Figure 4: Forest plot of clinical trials and cohort studies comparing arousal index with and without vibrotactile
PT (baseline). This forest plot shows the effect of PT on the Al in which PT minimally improved the Al

compared to baseline.

Al with PT Al without PT Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
van Maanen et al, 2012 34 44 30 163 126 30 99% -1290[-17.68,-8.12) —_—
van Maanen et al, 2013 85 56 31 102 69 31 11.7% -1.70[-4.83,1.43] 1
Levendowski et al, 2014 197 113 30 319 154 30 7.7% -12.20[-19.04,-5.36]
Dieltiens et al, 2015 18 839 20 133 117 20 81% 47011.74,11.14) =
Eijsvogel et al, 2015 133 74 27 108 58 29 11.3% 2.50 [-1.00, 6.00] T
deRuiter et al, 2018 45 58 29 107 78 29 11.3%  -6.20[-9.74,-2.66] e
Armas etal, 2018 234 886 12 33 13 12 6.0% -960[-1842,-0.78)
Berryetal, 2019 85 43 110 86 79 110 13.0% -0.10[1.78,1.58] -
Mok et al, 2020 84 41 40 75 44 40 129% 0.90 [-0.96, 2.76] T
Armas etal, 2021 233 128 43 255 18 43 79% -2.20[-8.82, 4.42) —
Total (95% CI) 372 374 100.0%  -3.11[-6.00,-0.21] e

it 2 — . == - B - . ! il 1 1
Heterogeneity: Tau*= 16.01; Chi*= 58.34, df= 9 (P < 0.00001); F= 85% T 70 5 A 20

Test for overall effect: Z= 211 (P = 0.04)

Favours with PT Favours without PT

Figure 4: Forest plot of clinical trials and cohort studies comparing arousal index with and without vibrotactile
PT (baseline). Al, arousal index; PT, positional therapy.
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Appendix 12: Sensitivity analyses

Figure 5: Forest plot of clinical trials and cohort studies comparing total AHI with and without vibrotactile PT
(baseline) in mild OSA. This forest plot shows the effect of PT on AHI in patients with mild OSA in which PT
reduced the AHI by 4.4 events/hrs compared to baseline.

AHI with PT AHI without PT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Eijsvogel et al, 2015 98 76 27 114 49 29 307%  -1.60[-4.98,1.78) —
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Total (95% CI) 104 106 100.0% -4.42[-7.10,-1.75] <
Heterogeneity: Tau*=3.10; Chi*= 4.50,df= 2 (P = 0.11), F= 56%

t t + +
-20 =10 1] 10 20

Testfor overall effect: 2= 3.24 (P = 0.001) Favours with PT Favours without PT

Figure 5: Forest plot of clinical trials and cohort studies comparing total AHI with and without vibrotactile PT
(baseline) in mild OSA. AHI, apnoea hypopnea index; PT, positional therapy; OSA, obstructive sleep apnoea

Figure 6: Forest plot of clinical trials and cohort studies comparing total AHI with and without vibrotactile PT
(baseline) in moderate and severe OSA. This forest plot shows the effect of PT on AHI in patients with
moderate and severe OSA in which PT reduced the AHI by 10.50 events/hrs compared to baseline.
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Figure 6: Forest plot of clinical trials and cohort studies comparing total AHI with and without vibrotactile PT
(baseline) in moderate and severe OSA. AHI, apnoea hypopnea index; PT, positional therapy; OSA, obstructive
sleep apnoea

Figure 7: Forest plot of clinical trials and cohort studies comparing percentage of time spent in supine position
with and without vibrotactile PT (baseline) in mild OSA patients. This forest plot shows the effect of PT on
percentage of time spent in supine position in patients with mild OSA in which PT reduced it by 25.6%

compared to baseline.
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%Tsupine with PT %Tsupine without PT Mean Difference Mean Difference
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Testfor overall effect: Z= 9.07 (P < 0.00001)

Favours with PT Favours without PT

Figure 7: Forest plot of clinical trials and cohort studies comparing percentage of time spent in supine position

with and without vibrotactile PT (baseline) in mild OSA patients. %Tsupine, percentage of time spent in supine

position; PT, positional therapy; OSA, obstructive sleep apnoea

Figure 8: Forest plot of clinical trials and cohort studies comparing percentage of time spent in supine position

with and without vibrotactile PT (baseline) in moderate and severe OSA patients. This forest plot shows the

effect of PT on percentage of time spent in supine position in patients with moderate and severe OSA in which

PT reduced it by 34.6% compared to baseline.

%Tsupine with PT

%Tsupine without PT

Mean Difference

Mean Difference

Study or Subgroup Mean SD Total Mean SD  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bignold et al, 2011 0.4 1.1 15 364 206 15 71% -36.00(-46.44,-2556) ——

van Maanen et al, 2012 18 225 30 40 19.2 30 71% -21.00[-31.58,-10.42)

van Maanen etal, 2013 122 118 3 494 139 31 8.0% -37.20[-43.64,-30.76) -

Levendowski et al, 2014 22 6.1 30 46.4 127 30 83% -44.20(-49.24,-39.16) ——

Dieltiens et al, 2015 2 6.7 20 356 257 20 6.8% -33.60(-45.24,-21.96)

Scarlata et al, 2016 337 238 20 621 227 20 61% -28.40[-42.85,-13.95)

Laubetal, 2017 247 N9 52 46 2186 52 7.6% -21.30(-29.66,-12.94) —_—

Bevers etal, 2018 204 412 79 452 69.3 79 53% -24.80[4258,-7.02)

Armas etal, 2019 252 i 12 515 148 12 61% -26.30[-40.84,-11.76)

Berry etal, 2019 7.7 165 110 49.9 1.4 110 85% -42.20[-4595,-38.45) —

Bevyers et al, 2019 43 89 34 388 286 34 7.2% -34.50[-44.57,-24.43) —

Mok et al, 2020 191 7 43 584 224 43 71% -3930(4979,-2881) —

Suzuki etal, 2021 45 9.3 80 67.4 26.4 80 81% -62.90[-69.03,-56.77) 4

Armas etal, 2021 312 28 43 522 253 43 69% -21.00[-32.28,-972)

Total {95% CI) 599 599 100.0% -34.58 [-41.08, -28.08] S

Heterogeneity: Tau®= 126.34; Chi*=112.33, d=13 (P = 0.00001), F=88% 550 _155 2:6 501

Test for overall effect Z= 10.43 (P <0.00001)

Favours with PT Favours without PT

Figure 8: Forest plot of clinical trials and cohort studies comparing percentage of time spent in supine position

with and without vibrotactile PT (baseline) in moderate and severe OSA patients. %Tsupine, percentage of

time spent in supine position; PT, positional therapy; OSA, obstructive sleep apnoea
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Appendix 13: Ethical approval for chapter 4 — before COVID-19

NHS|

Health Research
Authority

Yorkshire & The Humber - South Yorkshire Research Ethics Committee
NHSBT Newcastle Blood Donor Centre

Holland Drive

Newcastle upon Tyne

NE2 4NQ

Telephone: 0207 1048091

Please note: This is the
favourable opinion of the

REC only and does not allow
you to start your study at NHS
sites in England until you
receive HRA Approval

04 July 2019

Dr Julia Kelly

Clinical Research Fellow in Sleep and Ventilation

Royal Brompton and Harefield NHS Foundation Trust
Clinical and Academic Department of Sleep and Breathing
National Heart and Lung Institute, Imperial College London
Royal Brompton Hospital

SW3 6NP

Dear Dr Kelly

Study title: Positional Therapy for Obstructive Sleep Apnoea: a
Randomised Controlled Trialto assess the effect on
Health and Wellbeing in Older and Younger People.

REC reference: 19/YH/0222

IRAS project ID: 252494

The Research Ethics Committee reviewed the above application at the meeting held on 27
June 2019. Thank you for attending to discuss the application.

Ethical opinion
The members of the Committee present gave a favourable ethical opinion of the above

research on the basis described in the application form, protocol and supporting
documentation, subject to the conditions specified below.

A Research Ethics Committee established by the Health Research Authority

195



Number Recommendation

1 Consideration be given to keeping fully anonymised data for future
ethically approved research purposes rather than it being destroyed.

Conditions of the favourable opinion

The REC favourable opinion is subject to the following conditions being met prior to the start
of the study.

Confirmation of Capacity and Capability (in England. Northern Ireland and Wales) or NHS
management permission (in Scotland) should be sought from all NHS organisations involved

in the study in accordance with NHS research governance arrangements. Each NHS
organisation must confirm through the signing of agreements and/or other documents that it

has given permission for the research to proceed (except where explicitly specified
otherwise).

Guidance on applying for HRA and HCRW Approval (England and Wales)/ NHS permission
for research is available in the Integrated Research Application System.

For non-NHS sites, site management permission should be obtained in accordance with the
procedures of the relevant host organisation.

Sponsors are not required to notify the Committee of management permissions from host
organisations.

Registration of Clinical Trials

It is a condition of the REC favourable opinion that all clinical trials are registered on a
publicly accessible database. For this purpose, clinical trials are defined as the first four
project categories in IRAS project filter question 2. For clinical trials of investigational
medicinal products (CTIMPs), other than adult phase | trials, registration is a legal
requirement.

Registration should take place as early as possible and within six weeks of recruiting the first
research participant at the latest. Failure to register is a breach of these approval conditions,
unless a deferral has been agreed by or on behalf of the Research Ethics Committee ( see
here for more information on requesting a deferral: https://www.hra.nhs uk/planning-and-
improving-research/research-plannina/research-registration-research-project-identifiers/

As set out in the UK Policy Framework, research sponsors are responsible for making
information about research publicly available before it starts e.g. by registering the research
project on a publicly accessible register. Further guidance on registration is available at:
https://www.hra.nhs.uk/planning-and-improving-research/research-planning/transparency-

responsibilities/

You should notify the REC of the registration details. We routinely audit applications for
compliance with these conditions.

Publication of Your Research Summary

We will publish your research summary for the above study on the research summaries
section of our website, together with your contact details, no earlier than three months from
the date of this favourable opinion letter. Should you wish to provide a substitute contact
point, make a request to defer, or require further information, please visit:

A Research Ethics Committee established by the Health Research Authority
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https://www.hra.nhs.uk/planning-and-improving-research/application-summaries/research-
summaries/

It is the responsibility of the sponsor to ensure that all the conditions are complied
with before the start of the study or its initiation at a particular site (as applicable).

After ethical review: Reporting requirements

The attached document “After ethical review — guidance for researchers” gives detailed
guidance on reporting requirements for studies with a favourable opinion, including:

. Notifying substantial amendments

. Adding new sites and investigators

. Notification of serious breaches of the protocol

. Progress and safety reports

. Notifying the end of the study, including early termination of the study
. Final report

The latest guidance on these topics can be found at hitps://www.hra.nhs.uk/approvals-
amendments/managing-your-approval/.

Ethical review of research sites

NHS/HSC Sites

The favourable opinion applies to all NHS/HSC sites taking part in the study taking part in the

study, subject to confirmation of Capacity and Capability (in England, Northern Ireland and
Wales) or NHS management permissicn (in Scotland) being obtained from the NHS/HSC
R&D office prior to the start of the study (see “Conditions of the favourable opinion™ below).

Non-NHS/HSC sites
| am pleased to confirm that the favourable opinion applies to any non-NHS/HSC sites listed
in the application, subject to site management permission being obtained prior to the start of
the study at the site.

Approved documents

The documents reviewed and approved at the meeting were:

Document Version Date
GP/consultant information sheets or letters [POSA_GPLetter] 1.0 05 June 2019
Instructions for use of medical device [POSA_Patientinstructions] |1.0 05 June 2019
Instructions for use of medical device [POSA_NightShiftCE] 1.0 28 November 2017
Instructions for use of medical device [POSA_NightShiftAgreement] |1.0 07 September 2018
IRAS Application Form [IRAS_Form_11062019] 11 June 2019
IRAS Checklist XML [Checklist_11062019] 11 June 2019
Letter from funder [POSA_NIHRContract] 1.0 14 December 2018
Non-validated questionnaire [POSA_HealthUtilisation] 1.0 23 May 2019
Non-validated questionnaire [POSA_PaositionalTherapy&amp;VAS] |1 07 June 2019
Participant consent form [POSA_ICF] 1.0 05 June 2019

A Research Ethics Committee established by the Health Research Authority
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Participant information sheet (PIS) [POSA_PIS] 1.0 05 June 2019
Research protocol or project proposal [POSA_Protocol] 1.0 05 June 2019
Summary CV for Chief Investigator (CI) [CV_Julia Kelly] 1.0 05 June 2018
Validated questionnaire [POSA_EQSD] 1.0 23 May 2019
Validated questionnaire [POSA_ESS] 1.0 23 May 2019
Validated questionnaire [POSA_FOSQ] 1.0 23 May 2019
Validated questionnaire [POSA_HADS] 1.0 23 May 2019
Validated questionnaire [POSA_PSQI] 1.0 23 May 2019
Validated questionnaire [POSA_SF36] 1.0 05 June 2019
Validated questionnaire [POSA_TownsendDisability] 1.0 23 May 2019

Membership of the Committee

The members of the Ethics Committee who were present at the meeting are listed on the
attached sheet.

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees and complies fully with the Standard Operating Procedures for
Research Ethics Committees in the UK.

User Feedback

The Health Research Authority is continually striving to provide a high quality service to all
applicants and sponsors. You are invited to give your view of the service you have received
and the application procedure. If you wish to make your views known please use the
feedback form available on the HRA website: hitp://www.hra.nhs.uk/about-the-

hra/governance/quality-assurance/
HRA Learning

We are pleased to welcome researchers and research staff to our HRA Learning Events and
online leaming opportunities— see details at: https://www.hra.nhs.uk/planning-and-improving-

research/learning/

| 19/YH/0222 Please quote this number on all correspondence

With the Committee's best wishes for the success of this project.

Yours sincerely
RWTSIZN

Dr lan Woollands
Chair

E-mail: nrescommittee.yorkandhumber-southyorks@nhs.net

Enclosures: List of names and professions of members who were present at the
meeting and those who submitted written comments

A Research Ethics Committee established by the Health Research Authority
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Appendix 14: Ethical approval for chapter 4 — during COVID-19

NHS!

Health Research Authority

Yorkshire & The Humber - South Yorkshire Research Ethics Committee
NHSBT Newcastle Blood Donor Centre

Please note: This is the

favourable opinion of the REC

the outcome of the HRA
assessment has been
confirmed.

only and does not allow the
amendment to be implemented

at NHS sites in England until

25 August 2020

Dr Julia Kelly

Clinical Research Fellow in Sleep and Ventilation
Royal Brompton and Harefield NHS Foundation Trust

Clinical and Academic Department of Sleep and Breathing

National Heart and Lung Institute

Imperial College London
Royal Brompton Hospital
SW3 6NP

Dear Dr Kelly

Study title:

REC reference:
Amendment number:

Amendment date:
IRAS project ID:

Holland Drive
Newcastle upon Tyne
NE2 4NQ

Tel: 0207 104 8079

Positional Therapy for Obstructive Sleep Apnoea: a
Randomised Controlled Trial to assess the effect on Health
and Wellbeing in Older and Younger People.

19/YH/0222

Substantial Amendment 2
22 July 2020

252494

The above amendment was reviewed by the Sub-Committee in correspondence.

Ethical opinion

The members of the Committee taking part in the review gave a favourable ethical opinion
of the amendment on the basis described in the notice of amendment form and supporting

documentation.

Approved documents

The documents reviewed and approved at the meeting were:

Document Version Date
Completed Amendment Tool [POSA_SA02_Amendment_Tool] 0 26 July 2020
Other [POSA_Patient_Instructions_V3.0_23Jun2020_Clean] V3.0 23 June 2020
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Other V3.0 23 June 2020
[POSA Patient Instructions V3.0 23Jun2020 Tracked Changes]

Participant information sheet (PI1S) V3.0 23 June 2020
[POSA_PIS V3.0 _23Jun2020_Clean]

Participant information sheet (PIS) V3.0 23 June 2020
[POSA_PIS_V3.0_23Jun2020_Tracked_Changes]

Research protocol or project proposal V4.0 26 June 2020
[POSA_Protocal V4.0 _26Jun2020_Clean]

Research protocol or project proposal V4.0 26 June 2020
[POSA_Protocol_V4.0_26Jun2020_Tracked_Changes]

Membership of the Committee

The members of the Committee who took part in the review are listed on the attached
sheet.

Working with NHS Care Organisations

Sponsors should ensure that they notify the R&D office for the relevant NHS care
organisation of this amendment in line with the terms detailed in the categorisation email
issued by the lead nation for the study.

Amendments related to COVID-19

We will update your research summary for the above study on the research summaries
section of our website. During this public health emergency, it is vital that everyone can
promptly identify all relevant research related to COVID-19 that is taking place globally. If
you have not already done so, please register your study on a public registry as soon as
possible and provide the HRA with the registration detail, which will be posted alongside
other information relating to your project.

Statement of compliance

The Committee is constituted in accordance with the Governance Arrangements for
Research Ethics Committees and complies fully with the Standard Operating Procedures for
Research Ethics Committees in the UK.

HRA Learning

We are pleased to welcome researchers and research staff to our HRA Learning Events
and online learning opportunities— see details at: hitps://www.hra.nhs.uk/planning-and-
improving-research/learnina/

IRAS Project ID - 252494: Please quote this number on all correspondence

Yours sincerely
Pp

Dr Max Huxham
Chair

E-mail: southyorks.rec@hra.nhs.uk

Enclosures: List of names and professions of members who took part in the
review
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Copy to: Dr Julia Kelly, Royal Brompton and Harefield NHS Foundation Trust
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Yorkshire & The Humber - South Yorkshire Research Ethics Committee

Attendance at Sub-Committee of the REC meeting via correspondence

Committee Members:

Name Profession Present
Dr Max Huxham (Chair) Retired Scientist Yes
Mrs Carole Taylor Deputy Chief Pharmacist Yes

Also in attendance:

Name

Position (or reason for attending)

Miss Donna Bennett

Approvals Administrator

A Research Ethics Commitiee established by the Health Research Authority
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Appendix 15: Validated questionnaires

The Epworth Sleepiness Scale (ESS)

Trial National Institute for

Health Research

EIEa b

P|0

" | | | | | Date of
visit:

Epworth Sleepiness Scale

How likely are you to doze off or fall asleep in the following situations, in contrast to feeling just
tired?

This refers to your usual way of life in recent times.

Even if you haven’t done some of these things recently try to work out how they would have affected

you.
Use the following scale to choose the most appropriate number for each situation:
0 = would never doze
1 = slight chance of dozing
2 = moderate chance of dozing
3 = high chance of dozing

It is important that you answer each question as best you can.

Situation Chance of Dozing (0-3)

Sitting and reading —

Watching TV [

Sitting, inactive in a public place (e.g. a theatre or a meeting) _
As a passenger in a car for an hour without a break I
Lying down to rest in the afternoon when circumstances permit —

Sitting and talking to someone —

Sitting quietly after a lunch without alcohol —

In a car, while stopped for a few minutes in the traffic

THANK YOU FOR YOUR COOPERATION

[] M.W. Johns 1990-97

POSA _ESS_V1.0_23May2019 IRAS ID: 252494
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Functional Outcomes of Sleep Questionnaire (FOSQ)

POSA wapol - [ T T | el | National Institute for

Health Research

FUNCTIONAL OUTCOMES OF SLEEP QUESTIONNAIRE
(FOSQ)

Some people have difficulty performing everyday activities when they feel tired or sleepy. The
purpose of this questionnaire is to find out if you generally have difficulty carrying out certain
activities because you are too sleepy or tired. In this questionnaire, when the words “sleepy™ or
“tired” are used, it means the feeling that you can’t keep your eyes open, your head is droopy,
that you want to “nod off”, or that you feel the urge to take a nap. These words do not refer to
the tired or fatigued feeling you may have after you have exercised.

DIRECTIONS: Please put a (_) in the box for your answer to each question. Select only one
answer for each question. Please try to be as accurate as possible. All information will be kept
confidential.

(0) (4) (3) (2) (1)
I don’t do No Yes, Yes, Yes,
this difficulty a little moderate | extreme
activity difficulty | difficulty | difficulty
for other
reasons

1.Do you have difficulty concentrating on the D D D D

things you do because you are sleepy or tired?

2.Do you generally have difficulty D D D D

remembering things, because you are sleepy or

tired?

3.Do you have difficulty finishing a meal because

Q
Q
Q
a

you become sleepy or tired?

4.Do you have difficulty working on a hobby (for D D D D

Q

example, sewing, collecting, gardening) because

you are sleepy or tired?

©Weaver, September 1996 fo5q.97 updated 11/98
Functional Out of Sleep Questionnaire (FOSQ) Page 1
POSA_Study_FOSQ_V1.0_23May2019 IRAS 1D: 252494
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L . Trial

plof-] |

P O S A Number:

5.Do you have difficulty doing work around the
house (for example, cleaning house, doing
laundry, taking out the trash. repair work)
because you are sleepy or tired?

6.Do you have difficulty operating a motor
vehicle for short distances (less than 100 miles)
because you become sleepy or tired?

7.Do you have difficulty operating a motor
vehicle for long distances (greater than 100
miles) because you become sleepy or tired?

8.Do you have difficulty getting things done
because you are too sleepy or tired to drive or
take public transportation?

9.Do you have difficulty taking care of financial
affairs and doing paperwork (for example,
writing checks, paying bills, keeping financial
records, filling out tax forms, etc.) because you

are sleepy or tired?

©Weaver, September 1996

Date of |
visit:

(0)

I don’t do
this
activity
for other
reasons

(4)
No
difficulty

O

o o Qa d

Functional Outcomes of Sleep Questionnaire (FOSQ)

POSA_Study FOSQ_V1.0_23May2019

IRAS ID: 252494

O

o QO d

3)
Yes,
a little

difficulty

O

QO O Q d

INHS

National Institute for

Health Research

(2)
Yes,
moderate

difficulty

(1
Yes,
extreme

difficulty

O

QO O Q d

O

9 O QO d

Sfosq.97 updated 11/98
Page 2
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POSA  nmelplo]-] |

10.Do you have difficulty performing employed
or volunteer work because you are sleepy or
tired?

11. Do you have difficulty maintaining a

telephone conversation, because you become
sleepy or tired?

12. Do you have difficulty visiting with your
family or friends in your home because you
become sleepy or tired?

13. Do you have difficulty visiting with your
family or friends in their home because you
become sleepy or tired?

14. Do you have difficulty doing things for

your family or friends because you are too sleepy
or tired?

15. Has your relationship with family, friends

or work colleagues been affected because you are
sleepy or tired?

In what way has your relationship been affected?

| | Date of
visit:
(0) 4)
I don’t do No
this difficulty
activity
for other
reasons

O

O

 a o a4

(3)
Yes,
a little

difficulty

O

O

INHS |

I National Institute for
Health Research

(2)
Yes,
moderate

difficulty

(1)
Yes,
extreme

difficulty

O

O

O

Q 4 Qa Q4

(3)
Yes,
a little

O

(2)
Yes,
moderately

O

(n
Yes,
extremely

O

©Weaver, September 1996

Functional Outcomes of Sleep Questionnaire (FOSQ)

POSA_Study FOSQ_V1.0_23May2019

IRAS ID: 252494

fosq.97 updated 11/98
Page 3
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PO SA NumT;:: P ‘ (o] | - | | ‘ | | DE:ZEFI_J_I—l National Institute for

Health Research

(0 (4) (3) (2) (1)
I don’t do No Yes, Yes, Yes,
this difficulty a little moderate | extreme
activity difficulty | difficulty | difficulty
for other
reasons
16. Do you have difficulty exercising or D

participating in a sporting activity because you
are too sleepy or tired?

17. Do you have difficulty watching a movie
or videotape because you become sleepy or tired?

18. Do you have difficulty enjoying the

theater or a lecture because you become sleepy or
tired?

19. Do you have difficulty enjoying a concert
because you become sleepy or tired?

20. Do you have difficulty watching TV
because you are sleepy or tired?

21. Do you have difficulty participating in

aa Q4

Qaa g a
Qoo g a
Qoo aa a
Qoo aa a

religious services, meetings or a group or club,
because you are sleepy or tired?

©Weaver, September 1996 f5q.97 updated 11/98
Functional Outcomes of Sleep Questionnaire (FOSQ) Page 4
POSA_Study_FOSQ_V1.0_23May2019 IRAS ID: 252494
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INHS

| . Trial - Date of
P O S A Number: P | o | ‘ | | | | visit: National Institute for
Health Research
(0) ) (3) (2) (1)
I don’t do No Yes, Yes, Yes,
this difficulty a little moderate | extreme
activity difficulty | difficulty | difficulty
for other
reasons
22, Do you have difficulty being as active as D D D D
you want to be in the evening because you are
sleepy or tired?
23. Do you have difficulty being as
active as you want to be in the morning D D D D
because you are sleepy or tired?
(0) (4) (3) (2) (1)
I don’t do this No Yes, Yes, Yes,
for other difficulty a moderate extreme
reasons little difficulty | difficulty
difficulty
24, Do you have difficulty being as
active as you want to be in the afternoon D D D D
because you are sleepy or tired?
25. Do you have difficulty keeping pace
with others your own age because you are D D D D
sleepy or tired?
(1) (2) (3) (4)
Very Low Low Medium High

26. How would you rate your general

O

level of activity?

©Weaver, September 1996
Functional Qutcomes of Sleep Questionnaire (FOSQ)

POSA_Study_FOSQ_V1.0_23May2019

IRAS 1D: 252494

0

Sosq.97 updated 11/98
Page 5
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POSA mem[PTo-T T [ T]
P O S A Number:
(0)
I don’t engage
in sexual
activity for
other reasons
27. Has your intimate or sexual D

relationship been affected because you are
sleepy or tired?

28. Has your desire for intimacy or sex
been affected because you are sleepy or
tired?

29. Has your ability to become
sexually aroused been affected because
you are sleepy or tired?

30. Has your ability to “come™ (have D
an orgasm) been atfected because you are
sleepy or tired?

INHS |

National Institute for
Health Research

Date of I
visit:

(4) 3) (2) (1)
No Yes, Yes, Yes,
a moderately  extremely
little

o 0O O O

o 3d O O

Thank you for completing this questionnaire.

©Weaver, September 1996
Functional Outcomes of Sleep Questionnaire (FOSQ)

POSA_Study_FOSQ_V1.0_23May2019

IRAS ID: 252494

fosq.97 updated 11/98
Page 6
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36-Item Short Form Health Survey (SF-36)

Trial
,4/ Number:

plol TTTT] ®wl T T |

RAND

CORPORATION

RAND > RAND Health > Surveys > RAND Medical Outcomes Study > 36-ltem Short Form Survey (SF-36) >

36-I1tem Short Form Survey Instrument
(SF-36)

RAND 36-Item Health Survey 1.0 Questionnaire Items

Choose one option for each questionnaire item.

1. In general, would you say your health is:
1= Excellent
2=Very good
3-Good
4= Fair

5=Poor

2. Compared to one year ago, how would you rate your health in general now?
1= Much better now than one year ago
2 -Somewhat better now than one year ago
3-About the same
4-Somewhat worse now than one year ago

5=Much worse now than one year ago

POSA_SF36_V1.0_05Jun2019 IRAS ID: 252494 Page 10of 6
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Trial
Number:

plof-] [ [ ||

Date of
visit:

[oo [ vere |

The following items are about activities you might do during a typical day. Does your
health now limit you in these activities? If so, how much?

3. Vigorous activities, such as running, lifting heavy objects,

participating in strenuous sports

4. Moderate activities, such as moving a table, pushing a
vacuum cleaner, bowling, or playing golf

5. Lifting or carrying groceries

6. Climbing several flights of stairs
7. Climbing one flight of stairs

8. Bending, kneeling, or stooping

9. Walking more than a mile

10. Walking several blocks

11. Walking one block

12. Bathing or dressing yourself

POSA_SF36_V1.0_05Jun2019 IRAS ID: 252494

Yes, Yes,

limited a

lot little
1 D2
1 2
1 2
1 2
1 2
1 2
1 2
1 2
1 2
1 2

limited a

No, not
limited at
all

Page 2 of 6
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Trial

Number:

S I v I
visit:

Plo

During the past 4 weeks, have you had any of the following problems with your work or

other regular daily activities as a result of your physical health?

Yes
13. Cut down the amount of time you spent on work or other activities

1
14, Accomplished less than you would like

1
15. Were limited in the kind of work or other activities

1
16. Had difficulty performing the work or other activities (for example, it took extra
effort) 1

During the past 4 weeks, have you had any of the following problems with your work or

other regular daily activities as a result of any emotional problems (such as feeling
depressed or anxious)?

Yes No
17. Cut down the amount of time you spent on work or other activities 1 2
18. Accomplished less than you would like 1 2
19. Didn't do work or other activities as carefully as usual 1 2

20. During the past 4 weeks, to what extent has your physical health or emotional

problems interfered with your normal social activities with family, friends, neighbors, or

groups?
1=Not at all
2=Slightly
3 - Moderately
4 - Quite a bit

5=Extremely

POSA_SF36_V1.0_05Jun2019 IRAS ID: 252484 Page 3 of 6
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Number: PO visit:

21. How much bodily pain have you had during the past 4 weeks?
1-None
2=Very mild
3= Mild
4=Moderate
5 - Severe

6 - Very severe

22. During the past 4 weeks, how much did pain interfere with your normal work
(including both work outside the home and housework)?

1=Not at all
2= A little bit
3=Moderately
4= Quite a bit

5 - Extremely

POSA_SF36_V1.0_05Jun2019 IRAS ID: 252494 Page 4 of 6
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Trial
Number:

plof-] |

visit:

These questions are about how you feel and how things have been with you during the

past 4 weeks. For each question, please give the one answer that comes closest to the way

you have been feeling.

How much of the time during the past 4 weeks...

23. Did you feel full of pep?

24, Have you been a very nervous
person?

25, Have you felt so down in the
dumps that nothing could cheer you
up?

26. Have you felt calm and peaceful?

27. Did you have a lot of energy?

28. Have you felt downhearted and
blue?

29. Did you feel worn out?
30. Have you been a happy person?

31. Did you feel tired?

Allof  Most

the
time

1

of the
time

2

A good
bit of the
time

3

Some
of the

time

4

Alittle
of the
time

5

None
of the
time

6

32. During the past 4 weeks, how much of the time has your physical health or emotional

problems interfered with your social activities (like visiting with friends, relatives, etc.)?

1- All of the time

2= Most of the time
3=Some of the time
4=Alittle of the time
5= None of the time

POSA_SF36_V1.0_05Jun2019

IRAS 1D: 252494
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ol TTTT] el [ ]

How TRUE or FALSE is each of the following statements for you.

Definitely  Mostly Don't Mostly Definitely

true true know false false
33.Iseem to get sick a little easier than 1 2 3 4 5
other people
34. [ am as healthy as anybody I know 1 2 3 4 5
35. [ expect my health to get worse 1 2 3 4 5
36. My health is excellent 1 ) 2 3 4 ) 5
ABOUT

The RAND Corporation is a research organization that develops solutions to public policy challenges to help make
communities throughout the world safer and more secure, healthier and more prosperous. RAND is nonprofit, nonpartisan,
and committed to the public interest.

m 1776 Main Street
Santo Monica, California 90401-3208

RAND® is a registered trademark. Copyright © 1994-2016 RAND Corporation.

POSA_SF36_V1.0_05Jun2019 IRAS ID: 252494 Page 6 of 6
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Pittsburgh Sleep Quality Index (PSQl)
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P O S A Number:

Page 10f4

PITTSBURGH SLEEP QUALITY INDEX

INSTRUCTIONS:
The following questions relate to your usual sleep habits during the past month only. Your answers

should indicate the most accurate reply for the majority of days and nights in the past month.
Please answer all questions.

1. During the past month, what time have you usually gone to bed at night?
BED TIME
2. During the past month, how long (in minutes) has it usually taken you to fall asleep each night?
NUMBER OF MINUTES
3. During the past month, what time have you usually gotten up in the moming?
GETTING UP TIME

4. During the past month, how many hours of actual sleep did you get at night? (This may be
different than the number of hours you spent in bed.)

HOURS OF SLEEP PER NIGHT

For each of the remaining questions, check the one best response. Please answer all questions.
5. During the past month, how often have you had trouble sleeping because you . . .
a) Cannot get to sleep within 30 minutes

Not during the Less than Once or twice Three or more
past month once a week a week times a week

b) Wake up in the middie of the night or early moming

Not during the Less than Once or twice Three or more
past month once a week a week times a week

c) Have to get up to use the bathroom

Not during the Less than Once or twice Three or more
past month once a week a week times a week
POSA_Study_PSQI_v3.0_030ct2019 IRAS |D: 252494
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d)

e)

f)

)

h)

POSA_Study_PSQI_v3.0_030ct2019

Trial

Number:
Cannot breathe comfortably
Not during the Less than Once or twice
past month once a week aweek
Cough or snore loudly
Not during the Less than Once or twice
past month once a week aweek
Feel too cold
Not during the Less than Once or twice
past month once a weelk aweek
Feel too hot
Not during the Less than Once or twice
past month once a week aweek
Had bad dreams
Not during the Less than Once or twice
past month once a week aweek
Have pain
Not during the Less than Once or twice
past month once a week aweek

Other reason(s), please describe

Bale] | [ [ |wweslosm[ow |

visit:

Three or more

INHS |

National Institute for
Health Research

Page 2 of 4

times a week

Three or more

times a week

Three or more

times a week

Three or more

times a week

Three or more

times a week

Three or more

times a week

How often during the past month have you had trouble sleeping because of this?

Not during the
past month

Less than
once a week aweek

Once or twice

Three or more

times a week

During the past month, how would you rate your sleep quality overall?

Very good
Fairly good
Fairly bad
Very bad

IRAS ID: 252494
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During the past month, how often have you taken medicine to help you sleep (prescribed or
"over the counter”)?

Not during the Less than Once or twice  Three or more
past month once a week aweek times a week
During the past month, how often have you had trouble staying awake while driving, eating
meals, or engaging in social activity?
Not during the Less than Once or twice Three or more
past month once a week aweek times a week
During the past month, how much of a problem has it been for you to keep up enough
enthusiasm to get things done?
No problem at all
Only a very slight problem
Somewhat of a problem
A very big problem

10. Do you have a bed partner or room mate?

No bed partner or room mate
Partner/room mate in other room
Partner in same room, but not same bed

Partner in same bed

If you have a room mate or bed partner, ask him’her how often in the past month you

havehad . ..
a) Loud snoring
Not during the Less than Onceortwice  Three or more
past month once a week a week times a week
b) Long pauses between breaths while asleep
Not during the Less than Once or twice  Three or more
past month once a week aweek times a week
c) Legs twitching or jerking while you sleep
Not during the Less than Once or twice Three or more
past month once a week aweek times a week
POSA_Study_PSQl_v3.0_030ct2019 IRAS ID: 252484
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Episodes of disorientation or confusion during sleep

Not during the Less than Once or twice  Three or more
past month once a week aweek times a week
Other restlessness while you sleep; please describe

Not during the Less than Once or twice ~ Three or more
past month once a week aweek times a week

© 1080, University of Pittsburgh. All rights reserved. Developed by Buysse,D.J., Reynolds,C.F.. Monk, T.H., Berman,5.R., and
Kupfer.D.J. of the University of Pitsburgh using National Institute of Mental Health Funding.

Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ: Pzychiatry Research, 28:193-213, 1989,

POSA_Study_PSQI_v3.0_030ct2019 IRAS ID: 252494
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Euroquol 5 Dimension Questionnaire (EQ-5D):
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Health Questionnaire

English version for the UK

POSA_Study_EQ_5D_5L_V1.0_23May2019
UK (English) © 2009 EuroQol Group EQ-5D™ s a trade mark of the EuroQol Group

IRAS ID: 252494

220



NHS |

i Date of . 1
'["a! P | o} | - | | ‘ | ‘ e National Institute for

L~
P O S A N ' Health Research

Under each heading, please tick the ONE box that best describes your health TODAY.
MOBILITY

| have no problems in walking about

| have slight problems in walking about

| have moderate problems in walking about
| have severe problems in walking about

| am unable to walk about

COoO00 0

SELF-CARE
| have no problems washing or dressing myself

| have slight problems washing or dressing myself
| have moderate problems washing or dressing myself
| have severe problems washing or dressing myself

| am unable to wash or dress myself

coo000

USUAL ACTIVITIES (e.g. work, study, housework, family or
leisure activities)
| have no problems doing my usual activities

| have slight problems doing my usual activities
| have moderate problems doing my usual activities

| have severe problems doing my usual activities

ocoo0opo

| am unable to do my usual activities

PAIN/ DISCOMFORT

| have no pain or discomfort

| have slight pain or discomfort

| have moderate pain or discomfort
| have severe pain or discomfort

| have extreme pain or discomfort

QL UO 00

ANXIETY /| DEPRESSION
| am not anxious or depressed

| am slightly anxious or depressed
| am moderately anxious or depressed

| am severely anxious or depressed

o000

| am extremely anxious or depressed

POSA_Study_EQ_5D_5L_V1.0_23May2019 IRAS ID: 252494
UK (English) © 2009 EuroQol Group EQ-5D™ is a trade mark of the EuroQol Group
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The best health
you can imagine

« We would like to know how good or bad your health is TODAY.

100
e This scale is numbered from 0 to 100.

95
« 100 means the best health you can imagine.

0 means the worst health you can imagine. 90

« Mark an X on the scale to indicate how your health is TODAY. 85

« Now, please write the number you marked on the scale in the box 80

below. 75

70
65

60

55
YOUR HEALTH TODAY =

50

45

40

35

30

25

20

15

10

5

llIH|HII|[III}[IH|IlII[IIITl]HI|[III‘IIH]IlIl|iIII|H]I‘IITI]HII‘IIII’IIII|\II\|IIII|I\II‘IIII|

0

The worst health
you can imagine

POSA_Study_EQ_5D_5L_V1.0_23May2019 IRAS ID: 252494
UK (English) © 2009 EuroQol Group EQ-5D™ s a trade mark of the EuroQol Group
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Townsend Disability Scale
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Townsend Disability Index

Please tell us if you are able to:

(Even if you haven’t done some of these things recently try to work out how they would affect

you)
Please tick one box on each line

Yes, with
no difficulty

Yes, with
some difficulty

No,
need help

Cut your own toenails?

Wash all over or bathe?

Get on a bus?

Go up and down stairs?

Do the heavy housework?

Shop and carry heavy bags?

Prepare and cook a hot meal?

Reach an overhead shelf?

Tie a good knot in a piece of string?

POSA_Townsend_Disability_Index_V1.0_23May2019

IRAS ID: 252494
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Appendix 16: Participant information sheet for chapter 4

L .
POSA NHS

National Institute for
Health Research

POSA TRIAL - Positional Therapy: Patient Instructions

Positional Therapy For Obstructive Sleep Apnoea: a Randomised Controlled Trial To Assess
The Effect on Health and Wellbeing in Older and Younger People (POSA Trial)

Aims: We want to find out whether Positional Therapy, using a small vibrating device fitted to the neck, can help to stop
people from sleeping on their backs and whether this helps to reduce the severity of their sleep apnoea. We also want to
know whether patients feel better and how easy the treatment is to use.

How will we do this: The new Positional Therapy device will be compared to Sham-Positional Therapy. This is the best
way of assessing a treatment because the ‘sham’ is a placebo, where the patients think that they are getting the treatment,
but they are not.

We will measure breathing at night to determine the response to treatment and to see if this is different in older people.
We will ask questions before and after 3 months of treatment to see if patients feel less sleepy and generally better.

The Night Shift™ Device

The Night Shift™ device, worn on the back of your neck, provides gentle vibration feedback when you try to sleep on your
back - this is to try to stop you from sleeping on your back. It has a quick-release magnetic clasp and a soft silicone neck
strap for a comfortable, safe and secure fit.

What will happen to me?
All patients who take part in this trial will be given a Night Shift device to wear every night for 3 months.

At your first study visit, you will be given the opportunity to try the device to make sure that you are happy to use it at
home. You will be shown how to fit the device comfortably, and also practice fitting it yourself. You will experience the
vibration sensation.

We will then use a computer programme to randomise you — this is just like ‘tossing a coin” to determine if you will receive
Positional Therapy or Sham-Positional Therapy (which are both provided by the same device). You will not be told which
you will be receiving. The person who is treating you will alse not know which setting you have been randomized to. This
is called 'blinding’ to make sure that your results are not influenced by which group you are in.0

POSA_Patient_Instructions_V2.0_12Aug2019
Pgl
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POSA TRIAL - Positional Therapy: Patient Instructions

At home:

For all patients, on the first night, the device will be monitoring only with no feedback, which will allow you to get used
to sleeping with the device without the disruption of the vibration therapy. On all other nights, NO devices provide any
vibration feedback for the first 30 minutes of wearing it. This is so that you can get to sleep in your usual comfortable
position. We do not wish to make your sleeping problem worse by keeping you awake at the start of the night. When you
are asleep, if you have been randomized to therapy, the device will deliver the gentle vibration feedback to the back of
your neck if you try to sleep on your back. The strength and the duration of the vibration varies from person to person.
Up to one third of our patients never even notice the vibration because it is designed to be gentle so that it does not wake
you up or make your sleep worse.

Normal Sleep

During normal sleep, we go through periods of light sleep and deep sleep. During light sleep, we are more likely to be
woken up by noises, lights, touch or other sensations like vibrations. During deep sleep we are much less likely to wake
up to the same stimuli. This might explain why some of our patients never notice the vibration on their neck. Please do
NOT worry if you do not feel the vibration. The Sleep Therapist will contact you on Day 4 and you can discuss your
experience with them when and troubleshoot any difficulties. If you have any concerns in the meantime, you can contact
Julia Kelly on juliakelly2@nhs.net or on 0207 3528121 extension 4183.

POSA_Patient_Instructions_V2.0_12Aug2019
Pg2
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PosA TRIAL - Positional Therapy: Patient Instructions

Using the Night Shift™ device:

You will receive the product information sheet for the full information.

Once you get your device, please DO NOT turn the device on until bedtime on your first night wearing the
device. This is because we want to record your sleep on the first night when the device is set in the
MONITOR-only mode.

Prior to first use, completely charge the device. It is important to charge the device DAILY even the device
seems to be charged. If you forgot, the device will be able to work for 2-3 nights.

When ready for bed, fit the strap so it is adjusted evenly on both sides. If worn too tight, the magnetic
clasp will detach during the night. If worn too loose, incorrect positional feedback will occur when the
device is not centered on the back of your neck.

The blue label must be facing away from your neck and On/Off button facing down.

Starting the Night:

Hold the On-Button down for 1-second.
The LED indicator and vibration feedback patterns will confirm if there is sufficient battery power to record
and provide feedback for the entire night (for at least 8 hours):

Battery charge LED indicator Vibration
sufficient for pattern feedback
3 nights Green - 3 blinks 3 times
2 nights Green - 2 blinks 2 times
1 night Green - 1 blink 1 time
Needs charging Yellow = 1 blink per 1 time every 5
S second seconds

When the device is powered on for the night, the LED indicator will blink green for 5 min. After 5 min. the
LED will become solid green (and this will stay lit for the whole night). DO NOT switch back off/on on the
first night. If unsure check the light indicator is on.

Place the device on the neck and go to sleep.

Vibration feedback will not begin for the first 30 minutes to allow adequate time to fall asleep.

When the Night Shift recognizes you are sleeping on your back, it will vibrate until you change position.
Night Shift records your position, sleep quality, and snoring so we can monitor your response to positional
feedback.

In the morning:
To turn the Device OFF, quick-press the On-Button and the Green LED will turn OFF.
« Remember to recharge the battery at least once every three days; do not wear the device while charging.

POSA_Patient_Instructions_v2.0_12Aug2019
Pg3
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www.nightshifttherapy.com

Interactive M ing

Night Shift is worn around the neck; it uses and measures.
the effectiveness of vibration feedback to discourage back-
sleeping.

Using the Night Shift:

« Prior to first use, completely charge the device.

+ Fit the strap 5o it is adjusted evenly on both sides. If
worn tao tight, the magnetic clasp will detach during
the night. If womn too loose, incorrect positional
feedback will occur when not

Fitting the Night Shift: Step-by-step
The Strap

Magnatic Clasp

Health R h posa TRIAL -

The Night Shift strap
should be just tight
enough to prevent it from
sliding around the neck.
Two fingers on each side
should fit between the
At

causing the magnets to release.

Use the numbers provided on the strap as a guide
tohelp even out each side.

Begin by feeding one end of the strap of

the slots on the side of the enclosure. The strap should
befed through from the back to the front of the device, and
with the ridged side facing out.

S Jr

15

7 With the straps
evened out, try
the Night Shift on again
and verify the fit s still

P ook the strap back
and slide it through
the retention band. Pull the:
strap through the band just
enough to hold itin place.
Repeat the process with

the other side.

With the blue label
right-side up, center

(Blue label facing out

your neck.

- Just after you turn the device on, it will provide
feedback to confirm sufficient battery capacity to
record and provide feedback for at least eight hours.
Remember to recharge the battery at least once every
three days.

+ When the Night Shift recognizes you are sleeping on
your back, it will vibrate with increasing intensity until
you change pasition.

+ Night Shift records your position, sleep quality, and
snoring 50 you can print reports to monitor your
response to positional feedback.

the back
of your neck. The blue
label must be facing away.

snug.

Once agood fit is determined, excess length can be

trimmed off the ends of the strap. Leave atleast 2
extra sizes in case you need to loosen the strap later. The
Night Shiftis now properly fit.

Sized at 15? Trimmed after 17 '

a Unclasp the strap by bending at a 90" angle, like

Re-fasten the

| magnetic clasp and
tighten both sides of the
strap evenly, keeping the
enclosure centered on the
back of your neck and the
magnetic clasp centered
on the front

/\ Caution: Replace the strap immediately if the
clasps become demagnetized and do not retain
during the night.
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Appendix 17: Written informed consent for chapter 4

m Royal Brompton & Harefield NHS |
P O S A NHS Foundation Trust

POSA TRIAL - INFORMED CONSENT FORM
IRAS project ID: 252494

Patient Identification Number for this trial:

Title: Positional Therapy for Obstructive Sleep Apnoea: a Randomised Controlled Trial to assess the
effect on Health and Wellbeing in Older and Younger People. The POSA Trial

Name of Researcher:

Dr Julia Kelly, PhD

Clinical and Academic Unit of Sleep and Breathing
Royal Brompton Hospital, London, SW3 6NP

Please initial box

1. 1 confirm that | have read and understand the information sheet dated ............ccccooeecea. (Version

weereeenens) fOF the above study and have had the opportunity to consider the information, ask
questions and have these answered satisfactorily.

2. 1 understand that my participation is voluntary and that | am free to withdraw at any time,
without giving any reason, without my medical care or legal rights being affected.

3. | understand that relevant sections of any of my medical notes and data collected during the
study may be looked at by responsible individuals from the research trial team, from the
sponsors Royal Brompton and Harefield NHS Foundation Trust, from regulatory authorities or
from Oxford Respiratory Trials Unit (ORTU) as trial management site, and from the NHS Trust
where it is relevant to my taking part in research. | give permission for these individuals to have
access to my records.

4, | agree to my contact details (Name, Telephone Number, email address) being passed on to the
Trial Sleep Therapist in order to contact me regarding my treatment during the study.

5. | agree to take part in the above study.

6. | agree to my GP being informed of my participation in the above study.

7. lunderstand that the positional therapy device (Night Shift™; Advanced Brain Monitoring, USA) is
CE marked but not currently offered as a therapy by the NHS. At the end of the trial, | acknowledge
that | may keep the device, but that continued use will be at my own risk.

Name of Patient Date Signature

Name of person taking consent Date Signature

When completed 1 for patient; 1 for researcher; 1 (original) to be kept with hospital notes

POSA_ICF_V3.0_27Aug2019
Page 1 of 1
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Appendix 18: Apnealink Air Sleep Test instruction for patient for chapter 4

POSA

Apnealink Air Sleep Test Instructions for Patients

Oximeter

ﬁ Oximeter finger
Nasal cannula }

On/Off Switch

Effort sensor

e

Belt

ApneaLink Air

L .
POSA

Thank you for completing this sleep test for the POSA Trial; Please don’t forget to also wear the NightShift device around your neck if this is
your 3-month sleep study

Fitting the kit

The sleep test has been setup for you to use

Pull the belt around your body.

e Thread the end of the belt through the slot on the effort sensor and
fasten the tab to the belt.

* Check that the belt is secure and comfortable, firm but not tight and
that the device is positioned over the centre of your chest

Put the oximeter on any finger with the lead on the top of your finger
Place the nasal cannula into your nostrils, then loop over your ears
and under your chin.

Pull the toggle under your chin to keep the cannula in place

* When complete, setup should look like this
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Starting the test
**[f this your end of trial sleep test, please ensure that you are also wearing the Night Shift device around your neck**

* Press and hold the power button in the centre of the device for about
three seconds or until the light turns on.

s Check that the 3 small lights (left lower, right upper and lower) are
GREEN.

e If any of these lights are red and blinking, the accessories are not
attached correctly.

s After a few minutes, all the lights might turn off so that they do not
disturb your sleep

® In the morning, please press and hold the power button in the centre of the device for about 3 seconds until the lights turn off.
If the sleep test has worked, the light in the top left corner will be green. If it is red this means that something went wrong, please call your
local team; you may be able to repeat the test the next night (the batteries should last for 2 nights).
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Appendix 19: Ethical approval for chapter 5 from Imperial College London

Imperial College Research Ethics Committee

Imperial College o

Medical School Building

LO n d 0 n \E;rl':;zr:s Campus

W2 1PG
Tel: +44 (0)207 5394 1872

researchethicscommittee@imperial.ac.uk
06/07/2020

Dear Dr Julia Kelly

Study Title: The Impact of Chest-worn, Forehead-worn and Neck-worn Positional Therapy
Devices on Quality of Sleep Among Healthy Individuals

ICREC reference: 201C5874

The above study was approved by your Head of Department on 30/06/20 and by the Joint
Research Compliance Office on 06/07/20.

Under the Imperial College Research Ethics Committee process, a study that has been reviewed
by the Joint Research Compliance Office and Head of Division, where no significant ethical
issues have been identified in the protocol or ethics application, can be approved without
requiring it to go to full committee.

Documents
The documents reviewed were:

» |CREC-SETREC Application form (v1.0 13/06/20)
* Protocol (v1.0 13/06/2020)

e Participant Information Sheet (v1.0 13/06/2020)
e Consent Form (v1.0 13/06/2020)

¢ Sleep Quality Questionnaire (v1.0 13/06/2020)

Yours sincerely,
Digitally signed by
RUth Ruth Nicholson
Date: 2020.07.06

Nicholson 31010100

Ruth Nicholson,
Head of Research Governance and Integrity,
Imperial College London

Imperial College of Science, Technology and Medicine
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Appendix 20: Ethical approval for chapter 5 from Imam Abdulrahman Bin Faisal University

Kingdom of Saudi Arabia .@3{ A3 geal] Ayl ALl
Ministry of Education aubil e )l 3y
Imam Abdulrahman Bin Faisal rerrnspe s e o ot e
University ol yall Badfat] AN
Office of the Vice President for (el Sl Ll
Research & Higher Studies
Aatl aBgid e Syl LBNAY Aty da
Institutional Review Board
IRB Number IRB -2020-04-275 | Te¥ems £¥Ve- o gl

The Impact of Forehead-worn and Neck-worn Positional Therapy Devices on

Project Title
L Quality of Sleep Among Healthy Individuals

Study Type Quasi-experimental study

Principal Investigator | Dr. Yousef Dhifullah Algurashi

College / Center Applied Medical Sciences ] Department | RC
Approval Date 30/09/2020

The application was reviewed and approved at Imam Abdulrahman Bin Faisal University IRB meeting on
Wednesday, September 30, 2020.

Approval is given for one year from the date of approval. Projects, which have not commenced within
six months of the original approval, must be re-submitted to the University Institutional Review Board
(IRB) Committee. |f you are unable to complete your research within the validation period, you will be
required to request an extension from the IRB Committee.

On completion of the research, the Principal Investigator is required to advise the Institutional Review
Board if any changes are made to the protocol, a revised protocol must be submitted to the Institutional
Review Board for reconsiceration.

Approval is given on the understanding that the “Guidelines for Ethical Research Practice” are adhered
to. Where required, a signed written consent form must be obtained from each participant in the study
group.

Chairman of the Institutional Review Board

|
Professor Badr Abdulrahman Aljandan Stamp
— i %

=

ntific Research
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Appendix 21: Patient information sheets for chapter 5

Imperial College
London

Participant Information Sheet:

The Impact of Chest, Neck and Forehead-worn Positional Therapy Devices on
Quality of Sleep Among Healthy Individuals

PI: Dr. Julia Kelly
Co-investigators: Abdullah ALQarni (AA), Dr Christopher James Harvey, Prof Mary Morrell

Invitation
You are being invited to take part in a research study. Before you decide, it is important for you to understand
why the research is being done and what it will involve. Please take time to read the following information

carefully and discuss it with others if you wish.

Ask us if there is anything that is not clear or if you would like more information. Take time to decide
whether or not you wish to take part. Thank you for reading this.

What is the purpose of the study?
Newly developed Positional Therapy techniques use small, non-invasive, watch-like devices that use vibration

to urge people to stay off their back when sleeping. The Positional Therapy devices can be worn around the
chest, the neck or the forehead (see Figure 1).

<L

Figure 1: New positional therapy devices on different bodily sites; the neck, the chest and the forehead.

These devices have position sensors and a vibrating motor that is like the motors used in smartphones. When
an individual attempts to sleep on their back, the position is detected which activates the motor to produce
gentle vibrations to urge the person to move onto their side. By reducing the time spent on the back, snoring
and breathing events might be reduced, which in turn may improve sleep quality and daytime function.

There may be variation between individuals in their sensitivity to the vibrations and therefore the level of
sleep disturbance. Additionally, the site of vibration (neck, chest or forehead) might affect their sensitivity.
The only way to measure the level of disturbance that the vibration causes is by measuring overnight sleep
objectively by a sleep study and to ask you to report your subjective sleep quality and daytime function.

The aim of this project is to compare the effect of Positional Therapy devices, worn on 2 different sites (neck
and forehead) on sleep quality, daytime sleepiness and functioning. We will collect subjective and objective
sleep data while using the different Positional Therapy devices. Anonymised data from this study will be used
in a PhD thesis by the collaborator (AA).

ICREC Participant Information Sheet, version 1.0, June 2020 Version 1.0
© Imperial College of Science, Technology and Medicine Date 13/06/2020
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Why have | been invited?

You have been asked to participate because you are a student from Imperial College School of Medicine
(ICSM). We would like to invite you to consider having two overnight home sleep studies which give detailed
information about your quality sleep while wearing the Positional Therapy devices. You will also provide
subjective feedback on what it is like to sleep with the devices.

Do | have to take part?

Taking part in this research project is completely voluntary. It is up to you to decide whether or not to take
part. If you do decide to take part, you will be given this information sheet to keep. You will be asked to sign
a consent form. You are free to withdraw from the study at any time without a reason. If you wish to
withdraw you may do so at any time by contacting Dr. Julia Kelly at J.Kelly@rbht.nhs.uk. If you decide to
withdraw, the data that has been collected will be used in the analysis as appropriate, unless you specifically
communicate your withdrawal of consent to do so.

What will happen to me if | take part?

If you agree to take part, you will be shown a pre-recorded video that explains how to do your own sleep
study (polysomnography).This will be shared with you via a link sent to your email. The collaborator (AA) will
be also available remotely for further assistance via phone or video call.

You will do two overnight home sleep studies which give us detailed information about your sleep. We would
like that you perform two studies so that you can use a different Positional Therapy device on each night. You
will use two of the Positional Therapy devices, each one for one night. The order of the Positional Therapy
devices will be randomly allocated.

If you give informed consent to these sleep studies, they will be performed in your home by yourself and with
remote help from the collaborator (AA), or designated researcher. These studies will be performed according
to the American Academy of Sleep Medicine standards for performing polysomnography. Polysomnography
is considered a routine clinical sleep test. There are multiple non-invasive sensors placed on various sites of
the body to collect physiological signals which can recorded and analysed. At first, you might be surprised by
the number of sensors electrodes and think that you may not be able to sleep, but from our experience most
people are able to sleep. No invasive tests will be done.

Night 1:
You will be asked to maintain a regular wake up and sleep time for the two nights preceding the study. On the
day of the sleep studies, you will be asked to refrain from drinking caffeine (after 12 noon) and alcohol.

On the night of the sleep study, a member of the research team will deliver the sleep study equipment to the
participant’s home approximately 2 — 3 hours before bedtime. The drop off and pick up of sleep equipment to
participants’ homes, and the cleaning of equipment will be in line with COVID-19 precautions, including the
use of PPE, as outlined in a risk assessment to minimise risk to participant and researchers. In addition, the
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collaborator AA will send you a copy of the questionnaires via email. This questionnaire includes three
sections, a section that you need to complete before the first sleep study, another one that you need to
complete in the morning following the first sleep study and a section that you need to complete the morning
following the second sleep study. We ask you to complete these sections and send it to the collaborator (AA)
via email.

The 2-3 hours is needed to complete the baseline questionnaire, set up the sleep equipment, and check the
quality of the physiological signals. You will complete baseline questionnaires that ask about sleep habits for
the past week. Then you will fit yourself with one of the positional therapy devices. Following that, you will fit
yourself with eguipment to measure sleep and breathing. This includes two bands across the chest and
abdomen to measure breathing, and a finger clip to measure oxygen level. You will fit yourself with sensors
on the head to monitor brain activity, sensors near the eyes to record the movement of the eyes, and sensors
on the chin and legs to monitor muscle activity during sleep. This set up is necessary to measure sleep
accurately. (See Figure 2)

Once the equipment is attached, you will do some simple activities (such as blinking eyes, moving legs, and
taking deep breaths) to make sure that all electrodes are working properly. After that, will be able to go to
sleep. You will be able to move around, go to the bathroom or perform other activities that are needed prior
to bedtime.

On the next morning, following the sleep study, you will fill in a short questionnaire that asks about sleep
quality of the previous night and remove the sleep equipment.
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Scalp electrodes: to Chin electrodes: to Chest and abdomen bands: Pulse oximetry:
measure brain activity measure muscle activity to measure breathing effort to measure blood
oxygen level

Nasal Cannulae: to
measure airflow

Eye electrodes: to
measure eye movements

Figure 2: A patient wearing the detailed sleep study — polysomnography- kit (picture adapted from
SOMNOmedics GmbH website)

Night 2:
On the second night, you will repeat the procedures described above in Night 1, but for the second night’s
sleep study you will be wearing an alternative Positional Therapy device.

On the next morning, following the sleep study, you will fill in a short questionnaire that asks about sleep
quality of the previous night and remove the sleep equipment.

After this second home sleep study, participation in this study is complete. The collaborator (AA), or
designated researcher, will come back to collect the equipment and this will occur according to COVID-19 risk

assessment plans including wearing PPE.

What are the possible disadvantages and risks of taking part?
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This project involves two overnight sleep studies. These overnight sleep studies, called polysomnography, are
routinely performed in clinical settings to evaluate sleep. At first, participants can be overwhelmed by the
number of electrodes and think that may not be able to sleep, but most people are able to sleep. The sleep
studies will be performed in your own home.

What are the possible benefits of taking part?
Your participation in this research project will help you learn how to carry out a sleep study.

It is possible that you may experience improvements in your sleep and subsequently in your quality of life
when using the vibration device. You might also have an improvement in snoring.

What if something goes wrong?

If something goes wrong during the course of this study then you should immediately inform the principle

investigator, Dr. Julia Kelly at J.Kelly@rbht.nhs.uk

If you are unhappy with any procedure during or after the study, you can contact the one of the research team.
Imperial College London holds insurance policies which apply to this study. If you experience harm or injury as
a result of taking part in this study, you will be eligible to claim compensation without having to prove that
Imperial College is at fault. This does not affect your legal rights to seek compensation.

If you are harmed due to someone's negligence, then you may have grounds for a legal action. Regardless of
this, if you wish to complain, or have any concerns about any aspect of the way you have been treated during
the course of this study then you should immediately inform the Investigator (Dr. Julia Kelly at
J.Kelly@rbht.nhs.uk). If you are still not satisfied with the response, you may contact the Imperial College,
Joint Research Compliance Office.

=  What will happen to the results of the research study?
Results of this study will be used by the collaborator (AA) as part of his PhD thesis. Some results may form part
of published research papers in the future. No participants will be identified in the reports or publications.

+« Who is organising and funding the research?

This study is sponsored by Imperial College London and funded by the Academic Unit of Sleep and Breathing,
NHLI, Imperial College London.

+ Who has reviewed the study?

This study was given ethical approval by (individuals name), Head of Department and Joint Research
Compliance Office (JRCO).

Contact for Further Information
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For further information you may contact the PI: Dr. Julia Kelly at J.Kelly@rbht.nhs.uk or collaborator
Abdullah ALQarni at asal9@ic.ac.uk

Thank you for taking part in this study!
A copy of the written information and signed Informed Consent form will be given to you to keep.

HOW WILL WE USE INFORMATION ABOUT YOU?

Research Study Title: The Impact of Chest, Neck and Forehead-worn Positional Therapy Devices on Quality
of Sleep Among Healthy Individuals

[201C5874]

Imperial College London is the sponsor for this study and will act as the data controller for this study. This
means that we are responsible for looking after your information and using it properly. Imperial College
London will keep your personal data for:

e 10 years after the study has finished in relation to data subject consent forms.

e 10 years after the study has completed in relation to primary research data.

We will need to use information from you for this research project. This information will include your name
and email address. People will use this information to do the research or to check your records to make sure
that the research is being done properly. People who do not need to know who you are will not be able to
see your name or contact details. Your data will have a study identification number instead. We will keep all
information about you safe and secure. Once we have finished the study, we will keep some of the data so
we can check the results. We will write our reports in a way that no-one can work out that you took part in
the study.

LEGAL BASIS

As a university we use personally identifiable information to conduct research to improve health care and
services. As a publicly funded organisation, we have to ensure that it is in the public interest when we use
personally identifiable information from people who have agreed to take part in research. This means that
when you agree to take part in a research study, we will use your data in the ways needed to conduct and
analyse the research study.

Health and care research should serve the public interest, which means that we have to demonstrate that
our research serves the interests of society as a whole. We do this by following the UK Policy Framework for
Health and Social Care Research

INTERNATIONAL TRANSFERS
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There may be a requirement to transfer information to countries outside the European Economic Area (for
example, to a research partner). Where this information contains your personal data, Imperial College
London will ensure that it is transferred in accordance with data protection legislation. If the data is
transferred to a country which is not subject to a European Commission (EC) adequacy decision in respect of
its data protection standards, Imperial College London will enter into a data sharing agreement with the
recipient organisation that incorporates EC approved standard contractual clauses that safeguard how your
personal data is processed.

SHARING YOUR INFORMATION WITH OTHERS

For the purposes referred to in this privacy notice and relying on the bases for processing as set out above,
we will share your personal data with certain third parties.

e Other College employees, agents, contractors and service providers (for example, suppliers of
printing and mailing services, email communication services or web services, or suppliers who help
us carry out any of the activities described above). Our third-party service providers are required to
enter into data processing agreements with us. We only permit them to process your personal data
for specified purposes and in accordance with our policies.

WHAT ARE YOUR CHOICES ABOUT HOW YOUR INFORMATION IS USED?

You can stop being part of the study at any time, without giving a reason, but we will keep information about
you that we already have.
+ We need to manage your records in specific ways for the research to be reliable. This means that we
won’t be able to let you see or change the data we hold about you.
* If you agree to take part in this study, you will have the option to take part in future research using
your data saved from this study.

WHERE CAN YOU FIND OUT MORE ABOUT HOW YOUR INFORMATION IS USED

You can find out more about how we use your information;
* by asking one of the research team
+ by sending an email to Pl: Dr. Julia Kelly at J.Kelly@rbht.nhs.uk or
e byringing us on 0207 3528121 ext 84183.

COMPLAINTS
If you wish to raise a complaint on how we have handled your personal data, please contact Imperial College

London's Data Protection Officer via email at dpo@imperial.ac.uk, via telephone on 020 7594 3502 and/or
via post at Imperial College London, Data Protection Officer, Faculty Building Level 4, London SW7 2AZ.
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If you are not satisfied with our response or believe we are processing your personal data in a way that is not
lawful you can complain to the Information Commissioner’s Office (ICO). The ICO does recommend that you
seek to resolve matters with the data controller (us) first before involving the regulator.
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Consent Form for Participants Able to Give Consent

Full Title of Project: The Impact of Chest, Neck and Forehead-worn Positional
Therapy Devices on Quality of Sleep Among Healthy Individuals

Name of Principal Investigator: Dr Julia Kelly
Please initial box
1. 1 confirm that | have read and understand the participant information
sheet (dated ...13.06.2020........version ...1.0......) for the above study
and have had the opportunity to ask questions which have been
answered fully.

2. lunderstand that my participation is voluntary, and | am free to
withdraw at any time, without giving any reason and without my legal
rights being affected.

3. lunderstand that if my data is used in reports, presentations or
publications the investigators will not attribute the data to me and
that my data will remain anonymous.

4. 1give permission for Imperial College London to access my records
that are relevant to this research.

5. 1 give consent for information collected about me to be used to
support other research in the future, including those outside of the
EEA.

6. | consent to take part in the above study.

7. lagree to do the sleep study by myself at my home.

8. lagree that the collaborator (AA), or a designated researcher, come
to my home to deliver and collect the equipment

9. Igive consent to being contacted to potentially taking part in other
research studies.

Name of Participant Signature Date

Name of Person taking consent Signature Date
(if different from Principal Investigator)

Principal Investigator Signature Date

1 copy for participant; 1 copy for Principal Investigator
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Appendix 23: Subjective, bespoke, visual analogue scale questionnaire

Imperial College
) ) Study ID Number: ‘C |R || " | | ‘ | Date of Completion: I:I:I:l

The Impact of Chest, Neck and Forehead-worn Positional Therapy Devices on
Quality of Sleep Among Healthy Individuals: Positional therapy
Questionnaire

This Section will be answered at night 1, before the detailed Sleep Study

In answering the followings questions, unless otherwise stated, please respond by
making a single vertical mark on the horizontal line provided below.

Sleep Quality over the past week

1. Overall, how do you rate your sleep quality over the last week?

0 10
Worst Ever Best Ever

2. Overall, during the day how fresh and well rested have you been over the last

week?
0 10
Worst Ever Best Ever

3. On average, how easy did you find falling asleep over the last week?

0 10
Very Easy Very difficult
CRI _ PT _Questionnaire_v1.0_13Jun2020 1
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Study ID Number: ‘ C | R | |

This Section will be answered in the morning following the Detailed Sleep
Study for Night 1

Sleep Quality over the Last Night (Night 1)

1. Qverall, how do you rate your sleep quality last night?

0 10
Worst Ever Best Ever

2. Overall, how fresh and well rested you feel when you woke up today?

0 10
Worst Ever Best Ever

Experience with the Positional Therapy Device over the last night

1. On average, how easy did you find falling asleep while wearing the Positional

Therapy device gver the last night?

0 10
Very Easy Very difficult

2. Quver the last night, did you feel the vibrations of the positional therapy device
after falling asleep?

O No

O Yes

Please Continue If you answered YES to the previous question:

3. On average, how many times you felt the vibrations of the positional therapy
device per night over the last night? Please respond by a number in the box below

CRI _ PT _Questionnaire_v1.0_13Jun2020 2

- | | ‘ | Date of Completion: I:I:I:l
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4. |f applicable, how much did the vibrations of the positional therapy device disturb
your sleep over the last night?

Study ID Number: ‘ C | R | 1

0 10
Not at all Very much

5. If applicable, how much did the vibrations of positional therapy device disturb
your bed partner’s sleep over the last night?

0 10
Not at all Very much
CRI _ PT _Questionnaire_v1.0_13Jun2020 3
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Appendix 24: Histogram of the original duration to change position
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Appendix 25: Histogram of the Log transformed duration to change position
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Appendix 26: Histogram of the original duration to return to sleep
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Appendix 27: Histogram of the Log transformed duration to change position
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Appendix 28:Number of paired data per participant per sleep stage

Paired data per participant

N1 N2 N3 REM across all stages

1 0 2 0 0 2
2 0 1 1 2 4
3 2 11 3 1 17
4 0 3 3 0 6
5 4 4 0 1 9
6 0 3 0 6 9
7 1 4 1 4 10
8 0 0 3 0 3
9 2 4 3 4 13
10 0 2 2 0 4
11 2 0 0 2 4
12 2 2 1 1 6
13 1 0 1 0 2
14 0 4 0 4 8
15 0 1 1 1 3
16 0 1 1 4 6
17 1 3 3 5 12
18 0 1 1 1 3
19 0 2 0 2 4
20 0 5 0 4 9
21 1 3 3 2 9
22 0 3 1 0 4
23 0 5 1 0 6
24 0 1 1 2 4
25 1 2 2 0 5
26 0 1 1 2 4
27 0 1 1 2 4

[ERY
o
N
iy
N
=
=
(o}
[

Number of participants

(o))

(Vo]

w

N

(€]

o
1

Total paired events 17
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