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Abstract
Aims:
To systematically review the factors influencing adherence to mandibular advancement
appliances (MAA) in adults with obstructive sleep apnoea (OSA) and the potential

effectiveness of interventions to promote improved adherence.

To assess the effectiveness of a stage-matched intervention on adherence to MAA in

participants with OSA.

To qualitatively explore and understand adherent and non-adherent patients’ experiences.
Methods:

A systematic review and meta-analysis were performed.

A randomised parallel-arm, Hospital-based, clinical trial was undertaken at the Royal London
Dental Hospital, UK. Fifty-six participants (Adults 18 years or over) with newly diagnosed OSA
were enrolled in the study and randomised to intervention care (IC) and standardized care
(SC) groups. Participants in the SC group received routine care whilst participants in the IC
group received the stage-matched intervention, developed using the behaviour change model,
the Health action process approach (HAPA). Data indicating MAA adherence was collected
both objectively and subjectively, from micro-sensors embedded in the MAA design and sleep
diaries, respectively at 3- and 6-months. In addition, a range of questionnaires designed to
assess risk perception, outcome expectancy, and self-efficacy (SEMSA) and quality of sleep

and life, socio-economic and social support scales were used.

One-to-one interviews were conducted to identify patients’ perceptions concerning adherence
and non-adherence. The Behaviour change taxonomy by Crane et al. was applied as a coding

framework to identify behaviour change techniques influencing adherence.

Results:
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The review observed a weak relationship between objective adherence and patient and disease
characteristics such as age, sex, obesity, AHI, and daytime sleepiness. Non-adherent patients
reported more side effects than users and tended to discontinue treatment within the first 3
months. Increased patient adherence was identified with custom-made MAA in comparison to
ready-made MAA. The review identified limited evidence concerning the influence of
psychological and social factors on MAA adherence. Given that majority of the studies relied
upon patient-reported adherence, the review observed a considerable lack of objective

adherence monitoring.

The mean objective adherence for 30 participants at 3-month (IC = 15, SC = 15) was 2.02 (SD
= 2.68) vs 2.63 (SD = 2.57) hours/night in the IC and SC group respectively. Whilst the mean
objective adherence for 25 participants at 6-month (IC = 10, SC = 15) was 2.42 (SD = 2.59) vs
3.21 (SD = 3.37) hours/night for IC and SC groups respectively. No correlation was seen
between ESS (p = 0.24), PSQI (p = 0.96), social support (p = 0.52), socio-economic position (p
= 0.96) and mean adherence. However, linear regression for adherence presented a positive
coefficient for risk perception (p = 0.035) (r>= 0.16) and outcome expectancy (p = 0.003) (r?=

0.28).

The behaviour change techniques that were observed to have a positive influence on
adherence were reward and threat, repetition and substitution, antecedents, associations,
natural consequences, feedback and monitoring, social support and comparison of outcomes.

Whilst a negative influence on adherence was observed with antecedents.
Conclusion:

Further research would be beneficial to describe the determinants of adherence, such as risk
perception, self-efficacy, and outcome expectancy and to facilitate patient education and
development of tailor-made interventions to enhance adherence to MAA. Similarly, the lack of
objective adherence monitoring necessitates the need for future studies that assess

adherence objectively.
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The analysis to-date demonstrates the stage-matched intervention does not enhance
adherence to MAA. Notwithstanding this, adherence might be dependent on predictors such

as risk perception and outcome expectancy.

A varied range of behaviour change technigues was observed in the current study that aided
participants in the initiation, enactment and maintenance of the behaviour. Further research is
needed to better understand the application of these techniques in a clinical setting to enhance

MAA adherence.

Limitation: The clinical trial was severely impacted due to the COVID-19 Pandemic as eight
months of recruitment and data collection time was lost. Hence, a limited data quantity of data

was available for analysis.
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Chapter 1. Introduction

Obstructive sleep apnoea (OSA) is a sleep-related breathing disorder characterised by the
repeated episodic collapse of the upper airway during sleep, with accompanying apnoeas and
hypopnoeas, resulting in sleep deprivation amongst the many associated co-morbidities

(Banno and Kryger, 2007).

Based on the severity of OSA, there are two primary treatment modalities: continuous positive
airway pressure (CPAP) and mandibular advancement appliance (MAA) therapy (Network,
2003, McDaid et al., 2009). CPAP is prescribed to those suffering from moderate to severe
OSA. According to the recent NICE guideline, MAA therapy is prescribed as a non-surgical
treatment for mild to moderate OSA and is the second line treatment of choice for patients

who remain intolerant or refuse CPAP therapy (NICE, 2021).

MAA act to enlarge the cross-sectional upper airway dimension by anterior displacement of
the mandible and the attached tongue, resulting in improved upper airway patency (Tsuiki et

al., 2004, Ng et al., 2005, Clark et al., 1993).

Studies evaluating MAA adherence have observed variable adherence in relation to MAA use
and a gradual decline over time (Hui et al., 2000, Saglam-Aydinatay and Taner, 2018). The
removable nature of MAA renders it highly patient dependant and adherence to treatment is
crucial for its effectiveness (Dieltjens and Vanderveken, 2019). However, there is a lack of
evidence concerning the factors influencing adherence remains (Pahkala and Suominen,
2021) and minimal research has been undertaken in relation to methods to enhance
adherence to MAA therapy (Liu et al., 2022). The current NICE (2021) guidelines have identified
this shortfall and emphasises the need for further research in relation to optimising adherence
to MAA therapy. In addition, no qualitative evaluation has been conducted to-date, in relation

to the factors associated with MAA adherence.
Thus, the current research aims to bridge the above gaps in the literature in the following ways:

I.  ldentify the factors influencing adherence to MAA therapy
16|Page



Evaluate the effectiveness of stage-matched intervention in enhancing adherence to
MAA treatment

Conduct a qualitative assessment of the factors influencing adherence to mandibular

advancement appliance.
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Chapter 2. A review of obstructive sleep apnoea causes,
consequences and treatment

2.1. Definitions

Sleep-disordered breathing (SDB) comprises a pathophysiologic spectrum of sleep-related
breathing abnormalities, ranging from snoring to the more severe obstructive sleep apnoea-

hypopnoea.

Obstructive sleep apnoea (OSA) is characterized by repetitive episodes of upper airway
obstruction that occur during sleep, usually associated with a reduction in blood oxygen

saturation.

Habitual snoring (non-apnoeic snoring) is a condition of regular snoring during sleep that
does not cause the consequence of excessive daytime sleepiness (EDS). It results from an
insufficient increase in upper airway resistance during sleep, with excessive vibration of upper

airway tissues resulting in a loud audible snoring (Lévy et al., 1996).

Sleep Apnoea is defined as a reduction in airflow greater than = 90 per cent of baseline for =
10 seconds. There are three different types of sleep apnoea: central, characterised by the
absence of respiratory effort; obstructive, presented as continued respiratory effort against an
obstructed upper airway and mixed, which initiates with a central apnoea and accompanied

with one or more obstructed breaths (Berry et al., 2012).

Hypopnoea in adults has been defined as a reduction in airflow below 50 per cent for 10
seconds or longer associated with a reduction in oxygen saturation = 3 per cent from baseline
prior to the event or appearance of an arousal. Alternatively, it can be defined as a respiratory
event that characterised by a reduction in airflow = 30 per cent from baseline for = 10 seconds
and reduction in saturation at least = 4 per cent from baseline SpO2 per cent prior to the event

(Iber, 2007).

Apnoea-hypopnoea index (AHI) is defined as the number of apnoeas and hypopnoeas

occurring per hour of sleep and thus gives an indication of the severity of OSA. The AHI has
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been classified into the following severity grades (FORCE, 1999) mild (AHI of 5-15 events per
hour), moderate (AHI of 16-30 events per hour) and severe (AHI greater than 30 events per

hour).
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2.2.Prevalence

OSA is emerging as a major health problem, particularly in high-income countries. Its high
disease burden is related to both, the health care costs attributable to OSA and to its
contribution as an independent risk factor for cardiovascular, metabolic, and psychiatric
disorders such as hypertension, stroke, diabetes, and depression (Park et al., 2011) which are

global health priorities.

One early study on the prevalence of snoring and OSA estimated that 40% and 3.8% of the
UK population reported snoring and breathing pauses during sleep, respectively (Ohayon et
al., 1997). The study also went on to report that 1.9% of the population suffered from OSA
syndrome according to the International Classification of Sleep Disorders (1990). However,
the last 20 years has observed a significant increase in the rates of sleep apnoea and obesity
(Lechner et al., 2019), with the association between OSA and obesity theorised to be directly
proportional (Ryan et al., 2014). Similarly, a recent systematic review confirms that with
advancing age, males and a high body-mass index, increase OSA prevalence (Senaratna et

al., 2017).

Recent, global estimates demonstrate that the number of people with moderate to severe
OSA, for which treatment is recommended, is 425 million (Benjafield et al., 2019). Moreover,
the prevalence at 25 events/h AHI, in the elderly population is strikingly high; and reported 88
per cent in men aged 65-69 years (Lee et al., 2014) and 90 per cent in men aged 60-85 years
(Heinzer et al., 2015). The corresponding figures in women being 66 per cent (Lee et al., 2014)
and 78 per cent (Heinzer et al., 2015). Even at the clinically important level (= I5 AHI), the
prevalence in the overall adult population ranged from 6 (Reddy et al., 2009) to 17 per cent
(Tufik et al., 2010), whereas in the advanced age groups this was as high as 49 per cent
(Heinzer et al., 2015). Although these studies have different designs, ethnic groups and
defined cut-off values for OSA, the overall prevalence rate reported remains approximately

similar (Senaratna et al., 2017).
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Nevertheless, methodological heterogeneity in sampling methods, diagnostic criteria and
methods used to measure airflow can preclude epidemiological studies in estimating a global
prevalence of OSA (Senaratna et al., 2017, Benjafield et al., 2019). Heizner et al demonstrated
that AHIs is analysed differently between AASM 1999 and AASM 2007 or AASM 2012, even
within the same age- and sex- specific subgroups (Heinzer et al., 2015). Furthermore, risk
factors of OSA such as obesity and population ageing can pose as confounders in studies
reporting prevalence from different timeframes. Hence, it is important to consider OSA as
having a continuum in the general population and to generate a consensus on methodology
and diagnostic threshold to define OSA so that the prevalence can be validly compared across

regions and countries and within age-/sex-specific subgroups (Senaratna et al., 2017).
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2.3.Pathogenesis

During wakefulness, the airway is patent and held open by the high activity of the numerous
upper airway dilator muscles, but after the onset of sleep, when the muscle loses its tone, the
airways of vulnerable patients collapses (Mezzanotte et al., 1992, Malhotra and Loscalzo,
2009). Although this is characteristic of obstructive sleep apnoea, several factors are attributed

to the narrowing of the upper airway.

2.3.1. Anatomical Factors
2.3.1.1. Narrowing of the upper airway

Anatomically, the upper airway is composed of the nasal cavity and the pharynx. The pharynx
is a potentially collapsible tube lined by mucosa and supported by connective tissue, the
constrictor muscles and the cervical spine posteriorly. Airflow within the pharynx is directly
proportional to the pressure difference across the pharynx and its radius (to the power of four)
and, it is inversely proportional to the length of the pharynx (Dempsey et al., 2010). Imaging
of the pharyngeal airway has consistently showed that individuals with OSA have a narrower
pharyngeal airway in comparison to their non-OSA counterparts (Whyte and Boeddinghaus,

2020).

Obesity leads to excess fat deposition and increased volume of the soft tissues surrounding
the upper airway and is therefore, a major cause of the upper airway narrowing. Accumulation
of adipose tissue surrounding the neck and the pharyngeal muscles directly reduces the
pharyngeal airspace (Hamilton and Joosten, 2017). Studies have also observed that central
adiposity is also attributed to OSA, as fat around the abdomen leads to a reduction in lung
volume. Given, that men are more likely to accumulate fat around the neck muscles, OSA is

more prevalent in men as compared to women (Vos et al., 2010, Whyte and Gibson, 2018).

The pharyngeal dilator muscles insert into soft tissues forming the margin of the pharynx and
attach to other soft-tissue structures, cartilage (the Eustachian tube), the skull base and
several bones of the surrounding maxillofacial skeleton, including the palate, mandible, hyoid

bone and styloid process. Consequently, these craniofacial structures encompassing the
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upper airway also influence the cross-sectional area of the pharyngeal airway (Susarla et al.,
2010). A deficient maxillofacial system contributes to oropharyngeal crowding as observed in
the Asian population. Whilst obesity is seen as major cause of OSA in the Caucasian
population (Lam et al., 2007). Furthermore, recent investigations have also indicated that the

stiffness of the tongue is lower in individuals diagnosed with OSA (Eckert, 2018).

2.3.1.2. Elongation of the upper airway

An anatomically elongated upper airway is common in individuals diagnosed with OSA (Whyte
and Gibson, 2018). The airflow within the pharynx is inversely proportional to the length of the
pharynx. Studies have observed that the inferior displacement of the hyoid results in
elongation and narrowing of the pharynx. This is mainly associated with the posterior and
inferior prolapse of an enlarged and flaccid tongue. Consequently, this is yet another factor
accounting for higher incidence of OSA in men, as men have longer upper airways compared

to women (Eggensperger et al., 2005, Eckert and Malhotra, 2008, Whyte and Gibson, 2020).

2.3.1.3. Upper airway collapsibility during sleep

The collapsibility of the upper airway is quantified using the pharyngeal critical closing pressure
technique (Pcrit) (Carberry et al., 2016). Pharyngeal Pcrit is the pressure at which the airway
can no longer remain patent and collapses. The collapsibility behaviour of the pharyngeal air
way can be explained using the Starling resistor model. Knowlton and Starling devised a model
for collapsible tube behaviour of most of the biologic systems, such as the vascular system,
respiratory system, as well as the pharyngeal airway. The modalities of the starling resistor

model can be summarised in the following statements:

e When the inflow pressure is greater than the outflow pressure, and the outflow
pressure is greater than the surrounding pressure, the flow is proportional to the
difference between the inflow and the outflow pressure, independent of the

surrounding pressure.
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e When the inflow pressure is greater than the surrounding pressure, and the
surrounding pressure is greater than the outflow pressure, the flow is proportional to
the difference between the inflow pressure and the surrounding pressure, independent

of the changes in the outflow pressure.

¢ When the surrounding pressure is greater than the inflow pressure, there will be no

flow throughout the tube.

Furthermore, in a Starling resistor the pressure gradient that drives the flow and the maximum
flow is fixed. Any increase in the surrounding pressure higher than the internal pressure within
the tube, results in the collapse of the pharynx. At the moment of collapse, right before the
surrounding pressure rises to a level above the pressure inside the tube and causes its
collapse, the pressure within the tube is equal to the surrounding pressure. The pressure at
this specific moment is known as the Pcrit of that segment. During wakefulness, the upper
airway is patent by increased drive to the dilator muscles, especially genioglossus. However,
during sleep, specifically during the rapid eye movement phase, there is maximum reduction
in the tone of genioglossus. In patients with OSA, this leads to severe circumferential
narrowing of the oropharynx and contributes to increased collapsibility (Kazemeini et al.,
2022). The more negative the pressure is, compared to the atmospheric pressure, less effort
is needed to open the airway. Therefore, the lower the Pcrit is, the less collapsible the upper
airway is. Therefore, normal or “good” upper airway anatomy prevents collapse such that
suction pressures below -5cmH.0 are required to close the airway. These individuals are
anatomically protected from OSA. On average, people with OSA have a higher Pcrit than
people without OSA (-5 to > +5 cmH20). Furthermore, OSA severity, measured by the AHI, is
directly proportional to the Pcrit; however, there is considerable variance in the AHI for a given
level of anatomical predisposition. Thus, upper airway patency during sleep is also dependant

on several non- anatomical factors for many individuals (Eckert and Malhotra, 2008).
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2.3.2. Non-anatomical factors
2.3.2.1. Impaired function of the pharyngeal dilator muscles

The pharyngeal dilator muscles, such as the genioglossus and tensor palatini, receive complex
patterns of neural drive. The neural drives in turn are received from pattern generator neurons
in the brainstem, reflex input from pressure sensitive mechanoreceptors in the upper airway
and chemical drive via increases in COzand hypoxia. This summation of various drives results
in the constant level of activation i.e. tonic activity during quite breathing (Edwards and White,
2011). Both, genioglossus and tensor palatini have a similar short-latency reflex excitation to
oppose the collapsing forces when larger brief suction pressures are applied to the upper
airway during wakefulness. Consequently, neural drive to genioglossus and tensor palatini is
strongly influenced by the sleep-wake system (Eckert et al., 2007). However, the mechanisms
responsible are not as simple as a loss of reflex excitation during sleep as initially suspected.
Lack of upper airway resistance progressively decreases genioglossus muscle activity from
slow wave sleep, to N2 and REM (Rapid eye movement) sleep. In contrast to this, tensor
palatini activity markedly decreases during sleep onset, however, remains consistent across
the different sleep stages. However, these sleep-dependant changes in the upper airway reflex

and neural control only partly attribute to OSA (Cori et al., 2018).

Muscle effectiveness is the ability of the muscle to translate the neural drive received by the
upper airway muscles into airway dilation to increase airflow (Eckert and Malhotra, 2008). The
pharyngeal muscles are capable of increasing their activity when challenged with respiratory
stimuli during sleep. This concept is known as muscle responsiveness (Loewen et al., 2011).
In individuals with OSA, there is failure of the pharyngeal muscles to respond appropriately
from neural drive perspective. A lack of muscle responsiveness alone, in the absence of
impaired upper airway anatomy, does not lead to OSA (Dempsey et al., 2010). This poor
muscle responsiveness during sleep, in combination with impaired upper airway anatomy is
likely to be a cause of OSA in these individuals (Edwards and White, 2011). Nevertheless,
normal or good muscle can compensate for impaired upper anatomy during sleep. Despite

this, respiratory events can occur during the REM phase due to decreased muscle activity and
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lower chemosensitivity than NREM (Non-rapid eye movement) sleep. Some individuals
generate adequate pharyngeal muscle activity when the airway is narrowed during sleep.
However, this does not lead to adequate pharyngeal dilation and increased airflow due to poor
muscle effectiveness (Eckert and Malhotra, 2008). Evidence concerning poor muscle
effectiveness is limited; however, factors such as poor coordination of the neural drive to the
various upper airway muscles during sleep, excess fat or muscle hypertrophy or changes in

muscle fibre type can contribute to it.

2.3.2.2. Low respiratory arousal threshold
Premature awakening in response to mild airway narrowing, rather than collapse, contributes
to OSA by disrupting sleep continuity and limiting the opportunity for adequate upper airway

muscle recruitment to restore airflow during sleep (Eckert et al., 2014).

2.3.2.3. Loop gain

Loop gain describes the stability of the respiratory feedback control system; a high loop gain
indicates an unstable ventilator chemoreflex control system. The overall loop gain is governed
by the ratio of the ventilator response to the disturbance that elicited the response (Khoo
2000). The theory suggests there is a controller and a plant component, with a delay between
the two. The controller senses the stimulus and dictates the action of the plant, which responds
to decrease the stimulus. In ventilatory control, chemoreceptor sensitivity to blood gases
reflects controller gain, and the effectiveness of the lungs to alter blood gases reflects plant
gain. The product of controller and plant gain provides the overall loop gain of the system
(Khoo 2018). Furthermore, there is a circulation delay between when ventilation begins to alter
blood gases and when the chemoreceptors sense the change. Therefore, if the gain of either
the controller or the plant is too high, there is the potential for ventilatory overshoot producing
instability in the system (Khoo 2000). People with high loop gain have an exaggerated
ventilator response to minimal increases in carbon dioxide levels, usually during a hypopnoea,
as detected by chemoreceptors in the carotid body (Li et al., 2019). In OSA, the delay in the

closed loop system is not just a function of lung to chemoreceptor circulatory delay. When the
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airway is obstructed, the delay is the duration of the event, as chemical drive continues to build
and the ventilatory response cannot be expressed until the airway re-opens (Younes 2014).
Loop gain is also not a static value, rather it changes constantly. During an apnoeic event, as
there is no ventilatory response, loop gain is actually zero (Dempsey, Smith et al. 2004).
However, as chemical drive accumulates, because hypoxia sensitizes the carotid body
hypercapnic response, progressive hypoxia and hypercapnia increases controller gain. As
PaO., the partial pressure of oxygen in the arterial blood, is depleted and CO; accumulates in
the lungs, plant gain progressively increases such that when the airway opens, every unit
increase in minute ventilation would produce greater fluctuations in alveolar gas tensions
(Khoo 2000, Dempsey, Smith et al. 2004). Thus, in OSA, the loop gain that is most relevant
to apnea propagation is the loop gain at airway opening, when both controller and plant gains
are at their peak. However, if the airway does not fully open the ventilatory response will be
restricted, such that the net loop gain, being the loop gain that is actually expressed, will be

lower than the chemical loop gain, being the actual drive to breathe (Younes 2014).
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2.4.Clinical Symptoms

2.4.1. Symptoms during sleep
2.4.1.2. Snoring

Snoring is the vibration, especially of the soft palate and uvula, within a narrow but patent
upper airway that occurs during sleep and creates noise as the air passes in and out while
breathing. Habitual snoring affects 95% of OSA subjects, however, it is highly prevalent in the
general population affecting around 35-45 per cent of men and 15-28 per cent of women
(Campos et al.,, 2020). The negative consequences of snoring include both a social and
medical impact such as embarrassment and decreased quality of sleep for the bed partner
and, is the hallmark symptom of OSA and therefore, most often the primary reason to seek
medical help. A reduction in snoring is perceived by patients as therapeutic efficacy and

therefore favours treatment adherence (Dieltjens et al., 2015).

2.4.1.3. Choking and grasping
Complete closure of the airway, usually at the retropalatal level, results in cessation of snoring
and apnoea. This can result in the sudden awakening of patients with the feeling of choking

or gasping (Liu et al., 2016).

2.4.1.4. Nocturia

Nocturia is an often-described symptom of sleep-disordered breathing (SDB).The frequency
of nocturnal urination in OSA patients increases by between 52 and 72 per cent depending on
OSA severity (Kaynak et al.,, 2004). A recent meta-analysis suggested that men with OSA
have a high incidence of Nocturia in comparison to women (Zhou et al.,, 2020). The
pathophysiological link between OSA and Nocturia involves a complete or partially obstructed
upper airway and increased intra-abdominal pressure. A corresponding decrease in the atrial
natriuretic peptide and increase in the vasopressin secretion, consequently leads to an

increase in urine production (Roux et al., 2000).
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2.4.1.5. Abnormal Motor activity
Subjects with OSA experiencing asphyxiation during sleep due to upper airway obstruction
may complain of restlessness, which may be manifested by increased tossing and involuntary

movements during sleep (Zhou et al., 2021b).

2.4.2. Daytime symptoms
2.4.2.1. Daytime sleepiness

Increased daytime sleepiness is an important symptom of OSA resulting from sleep
fragmentation (Verstraeten et al.,, 2004) which significantly affects neurocognitive
performance. There is a clear relationship between excessive daytime sleepiness and
limitation in work performance, which in turn can have serious implications on the quality of
life (Turner et al., 2019). Furthermore, hypertensive patients with OSA have been associated
with increased daytime sleepiness, as measured by the Epworth sleepiness scale (ESS).
However, studies have reported conflicting observations concerning this interaction. Kapur et
al. (2008) observed that the association of OSA with hypertension is stronger in individuals
who report daytime sleepiness, than in those who do not. Notwithstanding this, recent studies
have found that ESS scores are higher in normotensive OSA patients as compared to
hypertensive counterparts (Martynowicz et al., 2017, Tam et al., 2019). Hence, more studies

with standardised methodologies are needed to evaluate this association.

2.4.2.2. Depression & Psychological dysfunction

Depressive symptoms are common in OSA and related to its severity. Using the patient health
guestionnaire (PHQ-9), with score = 10 as an indication for clinically significant depressive
symptoms, Edwards et al (2015) found significant positive association at baseline between
PHQ-9 score and AHI (p < 0.0001), particularly in men and women with severe OSA (p <
0.001). After effective treatment of 228 OSA patients with CPAP, symptoms of depression
were improved, changing PHQ-9 from 11.27 £ 6.09 to 3.71 £ 2.86 (p < 0.001). This highlighted
that the effective treatment of OSA with CPAP seems to improve depression symptoms

(Edwards et al., 2015). Moreover, research has observed an association between OSA and
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reduction in grey matter and argues in the favour of early treatment (Morrell et al., 2010).
Similarly, a recent review has reported that cognitive functions (e.g. attention) deficit caused
by untreated OSA can be irreversible and shows only partial recovery after a period of
treatment with CPAP. Consequently, the review highlighted the need of more research to
analyse the relationship between OSA and cognitive disorders, in terms of treatment (Vanek

et al., 2020).

2.4.2.3. Sexual problems

Several studies have shown a high incidence of sexual dysfunction among OSA patients,
ranging from 47.1 per cent to 80.0 per cent (Budweiser et al., 2009, Li et al., 2016, Kellesarian
et al., 2018). The underlying mechanism of interaction between OSA and sexual dysfunction
remains unknown, although several theories have been proposed, including peripheral
neuropathy due to hypoxemia, or vascular endothelial dysfunction (Shin et al., 2008).
Interestingly, severity of OSA is considered to be an important factor in the development of
impotence in men (Margel et al., 2004, Zhang et al., 2016). In contrary to this, Jeon et al (2015)
demonstrated that no significant association was observed between erectile dysfunction and
OSA severity (Jeon et al., 2015). The role of OSA severity is still unclear concerning sexual
dysfunction and therefore, further research is emphasised in this context (Steinke et al., 2016).
Furthermore, Jeon et al (2015) also demonstrated that sexual dysfunction was independently
associated with sleep apnoea quality of life index (SAQIl) and depressive symptoms. This is
consistent with recent findings that has observed the same association between depression
and sexual dysfunction in women with mild OSA (Coelho et al., 2021). Nevertheless, the above
findings lack generalisability, as they cannot be applied to men or to those women with

moderate or severe OSA.

2.4.2.4. Headaches
Morning Headaches or headaches in general are frequent in patients with OSA due to
fragmented or non-restful sleep. It has been hypothesised that OSA does play a role in

triggering Hypnic headaches (Ferini-Strambi et al., 2019), a very rare primary

30|Page



headachecharacterized by recurring attacks developing only during sleep (Raskin, 1988).
Nevertheless, a lack of a temporal correlation of headache attacks with the drop of oxygen
saturation has been observed in OSA patients (Ferini-Strambi et al., 2019). Furthermore,
Studies have reported an increased prevalence of tension-type headaches (TTH) in
individuals with sleep disturbances. However, the association between TTH and OSA is
contentious, since headaches associated with OSA are categorised separately in the
International Classification of Headache Disorders (ICHD-3) and reported to be distinct from
TTH. Hence, there is no definitive evidence concerning the association between TTH and OSA

(Engstrgm et al., 2014, Russell et al., 2014, Wang et al., 2015).
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2.5. Medical complications
2.5.1. Hypertension

OSA is one of the major modifiable risk factors of hypertension and is significantly associated
with short sleep duration and poor sleep quality scores. Cross-sectional studies have observed
that the odds of hypertension increased by 1% for every episode of apnoea per hour of sleep
and increased by 13% for every 10% decrease in oxygen saturation (Lavie et al., 2000). The
prevalence of hypertension was found to be 59%, 62%, and 67% in a cohort of 6132 mild,
moderate and severe sleep apnoea patients, respectively (Nieto et al., 2000). Hedner et al.
(1988) demonstrated that patients with OSA have progressively increased sympathetic activity
during apnoeic events. Furthermore, patients with OSA have also demonstrated elevated
sympathetic activity during wakefulness (Somers et al., 1995). Consequently, a persistent
increase in sympathetic drive ultimately leads to an increase in vascular resistance and
vascular remodelling, contributing to increased blood pressure (Phillips and O'Driscoll, 2013).
Similarly, a recent systematic review and meta-analysis has demonstrated a significant
correlation between OSA and hypertension (Odds Ratio [OR] = 6.44, Confidence interval [CI]
= 95%, P < 0.00001) (Hou, Zhao et al. 2018). Nonetheless, the findings should be interpreted

with caution, as the quality of most of the studies included in the analysis was low.

2.5.2. Coronary Heart Disease

OSA has reported to be a potential trigger for coronary heart disease (CHD) (Peker et al.,
2006, Somers et al., 2008). Studies have attributed this association to intermittent hypoxia,
formation of free radicals that enhance lipid peroxidation, downregulation of antioxidant
activity, increased expression of markers of systematic inflammation and immune cells,
increased sympathetic activation and impairment of vasomotor activity (Bradley and Floras,
2009, Ali et al., 2014). Given, that patients with OSA generally present with comorbidities, the
association between OSA and CHD could be ascribed to the clustering of comorbidities,

especially type 2 diabetes or due to a true causal role (Somers et al., 2008, Lurie, 2011,
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Sanchez-de-la-Torre et al., 2013). Similarly, genetic investigations have also revealed high
genetic correlations between OSA and CHD, and including other comorbidities such as
hypertension, type 2 diabetes, stroke, depression, hypothyroidism, asthma and inflammatory

rheumatic disease (Strausz et al., 2021).

2.5.3. Heart Failure

Epidemiological studies have demonstrated a significant correlation between OSA and heart
failure (Kasai and Bradley, 2011), given, that patients with OSA present with severe coronary
heart disease and increased cardiovascular risk and ventricular deterioration. Patients with
OSA are at higher odds of having heart failure compared to their counterparts (Nakashima et
al., 2006). Furthermore, observational studies in relation to heart failure have revealed that
survival is generally reduced in patients with OSA, as compared to those without OSA (Wang
et al., 2007, Yumino et al., 2007). Moreover, research has emphasised the cautious use of
adaptive servo-ventilation therapy in patients with heart failure as no significant effect was

observed in such patients (Cowie et al., 2015, Arnaud et al., 2020).

2.5.4. Stroke

OSA is a recognized risk factor for stroke occurrence. Epidemiological studies of 4- and 8- year
follow-up data have demonstrated a 2-3-fold increased risk for incident stroke in those with
moderate to severe OSA (Redline, Yenokyan et al. 2010). Although, the mechanism by which
OSA causes stroke is still being investigated. OSA causes intermittent and repetitive hypoxia
during sleep, recurrent arousals and the generation of negative intrathoracic pressure. This
cascade might entail sympathetic activation and catecholamine release leading to post apnoeic
surges in blood pressure and heart rate, increased sleep fragmentation, and intermittent
reductions in cerebral blood flow. The acute effects of this downstream cascade include
arrhythmias; reactive oxidative stress, endothelial dysfunction and atherosclerosis; altered
cerebral blood flow; hypertension; autonomic dysfunction and hypercoagulability might pre-
dispose to stroke (Dempsey, Veasey et al. 2010). Furthermore, post-stroke period OSA leads

to longer hospitalisation and rehabilitation, increased stroke recurrence, and increased
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mortality. Stroke patients with moderate OSA, followed-up for a period of 10 years showed an
increased mortality rate by 75% when adjusted for multiple confounders (Khot and Morgenstern
2019). However, CPAP therapy for OSA with a follow-up data of 5-7 years has exhibited a
reduction in mortality and morbidity. Alternative treatment modalities for OSA (e.g. mandibular
advancement appliances, weight reduction, and positional therapy) have undergone limited or
no assessment in the stroke population and therefore their efficacy is uncertain (Ou, Chen et
al. 2015). Nevertheless, a recent scientific statement by American Heart Association has
summarised the evidence in relation to the efficacy of MAA in stroke patients. The authors
highlighted the improvement in 24-hours ambulatory blood pressure measures and
inflammation markers of cardiovascular disease with mandibular advancement therapy (Roger,

Go et al. 2012).

2.5.5. Sudden Death

Research has demonstrated a two-fold higher risk of deaths associated with OSA. However,
this risk is mainly attributed to increased number of comorbidities associated with OSA (Pan
et al., 2016). A recent systematic review and meta-analysis has demonstrated OSA to be a
significant risk-factor for all-cause mortality and cardiac mortality (Heilbrunn et al., 2021).
However, the authors combined adjusted and unadjusted risk ratios (RR) whilst calculating
pooled estimates which could have introduced between-study heterogeneity. Therefore, the
results should be interpreted with caution. Notwithstanding this, the review also emphasised
on the urgency of strategies for the prevention and treatment to elevate the survival and quality

of life in patients with OSA (Heilbrunn et al., 2021).
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2.5. Diagnosis

2.6.1. History

A comprehensive sleep oriented history, physical examination, sleep evaluation,
investigations and pharyngeal airway imaging are involved in the diagnosis of OSA. The
clinical examination comprises the examination of the nose, soft palate, fauces and tongue,
including awake nasendoscopy, in order to identify an obvious physical obstruction to
breathing. Anthropometric measures such as neck circumference, height and weight are also

recorded (Semelka et al., 2016).

The current NICE guidelines (NICE, 2021) states that an initial assessment for individuals
suspected with OSA comprises of a sleep history and a clinical examination for the presence

2 or more of the following features:

Snoring

o Witnessed apnoeas

e Unrefreshing sleep

e Waking headaches

¢ Unexplained excessive sleepiness, tiredness or fatigue

e Nocturia (waking from sleep to urinate)

e Choking during sleep

e Sleep fragmentation or insomnia

e Cognitive dysfunction or memory impairment
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The guidelines have also highlighted the increased odds of having OSA in individuals with the

following conditions/phenotypes:

Obesity or overweight

e Obesity or overweight in pregnancy

e Treatment-resistant hypertension

e Type 2 diabetes

e Cardiac arrhythmia, particularly atrial fibrillation

e Stroke or transient ischaemic attack

e Chronic heart failure

¢ Moderate or severe asthma

e Polycystic ovary syndrome

e Down’s syndrome

¢ Non-arteritic anterior ischaemic optic neuropathy (sudden loss of vision in 1 eye
due to decreased blood flow to the optic nerve)

e Hypothyroidism

e Acromegaly
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2.6.2. Investigations
2.6.2.1. Daytime sleepiness

The assessment of sleepiness is important in OSA and therefore, a number of tools are used
to determine sleepiness. These include objective measures such as the multiple sleep latency
test, maintenance of wakefulness test, and psychomotor vigilance testing as well as validated
guestionnaires. Likewise, the NICE guidelines (NICE, 2021) have recommended the use of

Epworth sleepiness scale (Appendix 1).

2.6.2.2. Subjective assessment

The Epworth sleepiness scale is a validated questionnaire widely used in both research and
clinical practice (Johns, 1991) . The self-administered questionnaire invites patients to rate on
a scale of 0 (less likely) to 3 (more likely) how likely they would be to doze off or fall asleep in
eight situations, based on their usual way of life in recent times. The scores for these eight
situations, in the questionnaire, are added to give afinal score for the patient, ranging between
0 to 24. Scores of 0 to 9 is considered normal while a score of 10 and above indicates
excessive daytime sleepiness and that expert medical advice should be sought (Johns, 1991).
However, the accuracy and test-retest reliability of ESS is a matter of debate. Studies with
opposing views have emerged in the field of sleep medicine. Whilst studies have argued that
ESS demonstrates a robust acceptable level of test-retest reliability (Walker et al., 2020,
Rosenberg et al., 2022). Notwithstanding this, studies have suggested to interpret the ESS
scores with caution because of its low test-retest reliability (Grewe et al., 2020, Lee et al.,
2020, Rozgonyi et al., 2021). Hence, a wide-ranging assessment of a patient’s daytime

sleepiness beyond the ESS is necessary (Mazzotti et al., 2022).

2.6.2.3. Objective assessment

The multiple sleep latency test (MSLT), is designed to measure excessive daytime sleepiness,
in a series of 4 to 6 half-hour naps taken 2 hours apart, during the day, in surroundings
designed to encourage sleep (Carskadon, 1986). Conversely, the Maintenance of

Wakefulness test (MWT) measures the patient’s ability to stay awake, whilst sitting for 40
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minutes, in a dimly lit room (Littner et al., 2005). These objective assessments provide an
accurate measurement of sleepiness and overcome the limitation of subjective assessment
scale. However, such tests are time-consuming and expensive and, accordingly, are rarely

used in everyday clinical practice (Lévy et al., 2015).

2.6.2.4. Sleep studies
An overnight sleep study is required for the diagnosis of OSA. In accordance with the NICE
guidelines (2021), the following should be considered while prioritising individuals within the

sleep service:

They have a vocational driving job

e They have a job for which vigilance is critical for safety

e They have unstable cardiovascular disease, for example, poorly controlled arrhythmia,
nocturnal angina or treatment-resistant hypertension

e They are pregnant

e They are undergoing preoperative assessment for major surgery

e They have non-arteritic anterior ischaemic optic neuropathy
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2.6.2.5. Polysomnography

Overnight polysomnography performed in a sleep laboratory in the presence of an attendant
is considered the gold standard diagnostic study for OSA (Qaseem et al., 2014). A full night
study is generally indicated for diagnosis and determines the severity of OSA, with a follow-
up study used for positive airway pressure titration (Balachandran and Patel, 2014). However,
a split-night study, in which diagnosis and positive airway pressure titration occur in the same
night, can also be performed. Split-night studies are most useful in patients who have an
apnoea-hypopnea index greater than 20 events per hour discovered within the first two hours
of the study (Epstein et al., 2009) Although considered as a ‘“gold-standard,”
polysomnography is time consuming, labour intensive, and can be costly. It requires an
overnight stay in a sleep laboratory staffed with qualified personnel that can collect and
interpret complex physiologic data (Punjabi, 2008) . Given this, home sleep studies, which
allow the patients to sleep in their own environment and potentially reflect normal ambient
conditions, better than a sleep laboratory, appear more convenient and cost-effective.
Moreover, home sleep tests can be an alternative to sleep laboratory studies in patients who
are unable to present to a sleep laboratory (Collop et al., 2007, NICE, 2021). However, home
sleep studies are limited to the estimation of AHI index and are unable to distinguish between
sleep and wakefulness (El Shayeb et al., 2014). Additionally, home sleep tests are not
recommended in patients with comorbidities such as congestive heart failure, chronic lung
disease, or neurologic conditions because they have not been verified in these populations.
These tests are more accurate in identifying patients with a higher probability of OSA and can
rule out OSA in low-risk patients (Qaseem et al., 2014). Although, if home sleep studies are
inaccessible, home oximetry can be prescribed for individuals with suspected OSA.
Nonetheless, oximetry alone may be insufficient in distinguishing between OSA and other

causes of hypoxemia in individuals with cardiovascular or respiratory conditions (NICE, 2021).
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2.6.2.6. Imaging of the oropharyngeal airway

Studies in imaging have demonstrated a significant association between the dimensions and
shape of the airway with the measure of airway collapsibility, as well as the severity of OSA
(Susarla et al., 2010, Genta et al., 2014, Liu et al., 2016, Barrera et al., 2017, Whyte and
Gibson, 2018). An inferiorly positioned hyoid bone has been reported to significantly correlate
with the apnoea/hypopnoea index (Barkdull et al., 2008, Vos et al., 2010). Cross-sectional
imaging the pharyngeal airway demonstrate a significantly narrowed, abnormally shaped and

elongated airway in OSA but does not confirm the diagnosis (Ogawa et al., 2007).

The main limitation of traditional otorhinolaryngologic examinations is that they are performed
during wakefulness. Drug-induced sleep endoscopy (DISE), introduced in the last decade by
Pringle and Croft, entails endoscopic evaluation of the upper airway during pharmacologically
induced sleep (Croft and Pringle, 1991). The advantage of observing upper airway collapse
during sleep enables clinicians to target therapy according to the location and degree of the
obstruction of the upper airway (De Corso et al., 2013, De Vito et al., 2014). Although, the
similarity of DISE and natural sleep is debatable, Park et al., 2019 observed moderate to good
agreement between DISE and natural sleep endoscopy (Park et al., 2019). Furthermore, DISE
can be employed in OSA patients intolerant to CPAP therapy as can be used in identifying
reasons for treatment withdrawal, especially in patients with a laryngeal collapse (Civelek et
al., 2012). Moreover, mandibular thrust during sleep endoscopy can also aid in determining
the prognosis of mandibular advancement therapy in OSA patients (Johal et al., 2007).
However, despite the advantage of DISE in treatment selection, there still lacks a consensus
concerning the scoring and classification (De Vito et al., 2014, Dijemeni et al., 2017, De Vito

et al., 2018).

2.6. Treatment

Currently, treatment is recommended for all patients with an AHI of 15 or more events per
hour, as well as for those with an AHI 5 to 14 events per hour with symptoms of sleepiness,

impaired cognition, mood disturbance, or insomnia or with coexisting conditions such as
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hypertension, ischemic heart disease, or a history of stroke (NICE, 2021). Therapies for
obstructive sleep apnoea have been designed to reduce the frequency of sleep-disordered
breathing events and normalisation of the AHI. These therapies can be broadly classified as
non-surgical or surgical therapies. Additionally, treatments can also vary based on the severity

of OSA (NICE, 2021).

2.7.1. Non-surgical treatments
2.7.1.1. Lifestyle changes & weight reduction

Obesity results in fatty deposits around the neck, which contribute to pharyngeal collapse
(Shelton et al., 1993). Weight loss of more than 10 kg may resolve obstructive sleep apnoea
in more than 50 per cent of persons with mild disease and improve cardio-metabolic health
(Chirinos et al., 2014). However, there are inconsistent findings on the association between
weight reduction and overall improvement in sleep and breathing patterns (Hargens et al.,
2013). Notwithstanding this, lifestyle advice alone for mild OSA patients who have no
symptoms or symptoms that do not affect usual daytime activities can aid to prevent OSA from

deteriorating (NICE, 2021).

Several studies have examined the effect of weight reduction drugs in alleviating the signs and
symptoms of OSA. A randomised, placebo-controlled trial of sibutramine, given to overweight
males with OSAHS, found no change in AHI or weight over one month (Martinez and Basile
2005). However, the results of a cohort study, in which obese males with OSA were enrolled
into a 6-month sibutramine-assisted weight loss program incorporating a dietary prescription
and advice on exercise, have reported a significant improvement in ESS, AHI and RDI (Yee,
Phillips et al. 2007, Phillips, Yee et al. 2009). In a further study, CPAP treatment vs
sibutramine-assisted weight loss demonstrated no change in AHI or in ESS with sibutramine
but an improvement in mean nocturnal oxygen saturations and also an improvement in sleep
architecture. Whilst CPAP significantly improved both AHI and ESS, led to greater
improvement in sleep architecture, and led to improvements in other sleep and respiratory
variables (Ferland, Poirier et al. 2009). Moreover, sibutramine-assisted weight loss is

concluded to be inferior to CPAP and sibutramine has been suspended by the Medicines and
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Healthcare products Regulatory Agency due to concerns that cardiovascular risks outweigh

the benefits (NICE 2006).

2.7.1.2. Change in sleeping posture

Studies have shown that sleeping in the supine position compared with the lateral position
may double the apnoea-hypopnea index in patients with OSA. Strategies to avoid the supine
position include placing tennis balls in a sock or pocket and pinning or sewing them onto the
back of a shirt; wearing vests with posterior bumpers; and using positional alarms, verbal
instruction, neck vibration devices and pillows (Randerath et al., 2011). Because of poor long-
term compliance, positional therapy is not routinely recommended over standard positive
airway pressure therapy (Bignold et al., 2009, de Vries et al., 2015). This is in accordance with
the current NICE (2021) guidelines which does not advocate the positional modifiers as first-
line of treatment over CPAP or MAD in patients with mild or moderate positional OSA.

Furthermore, the guidelines also advise against their use in severe OSA patients.

2.7.1.3. Continuous positive airway pressure (CPAP)

Continuous positive airway pressure (CPAP) is regarded as the gold standard treatment for
obstructive sleep apnoea (NICE, 2008). CPAP works via pneumatic splinting of the upper
airway and provides a constant level of positive pressure across inspiration and expiration.
Airway pressure may be applied through oro-nasal and nasal devices (Gay et al., 2006).
Although CPAP is highly effective in reducing the AHI (to < 5 events per hour) in most patients,
whilst reducing snoring and daytime sleepiness, when assessed in the sleep laboratory, it
requires tremendous effort on the patient’s part to position the mask properly and maintain the
machine (Pépin et al., 2018). Hence, CPAP adherence rates ranges between 17 to 85 per
cent, with adherence to treatment being defined as use for more than 4 hours per night for
more than 70 per cent of nights (Sin et al., 2002, Weaver and Grunstein, 2008, Wolkove et al.,
2008). However, interventions to improve adherence with CPAP have focused on patient
education, clinical support, and behavioural interventions (Moran et al., 2010, Wozniak et al.,
2014, Hoet et al., 2017). Baker et al. (2014) demonstrated increased CPAP adherence (n =

83) of 99min/hour for 6 months from a motivational enhancement intervention compared to
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CPAP alone and the effect of the intervention lasted for 12 months in a subset of the
participants. This was achieved by targeting the intervention on behaviour change rather than
attempting to lengthen the sleep duration. Similarly, a number of studies in the field of sleep
medicine have observed enhanced patient adherence to CPAP therapy due to behaviour
change interventions (Stepnowsky et al., 2006, Richards et al., 2007, Aloia et al., 2013, Deng

et al., 2013).

2.7.1.4. Mandibular advancement appliance (MAA)

The MAA is the most widely used intra-oral appliances for the treatment of OSA (Johal and
Battagel, 2001). According to the current NICE guidelines, MAA therapy is recommended to
individuals diagnosed with Mild OSA and symptoms that affect their usual daytime activities.
The guidelines also prescribe MAA therapy to those with moderate or severe OSA intolerant
to CPAP treatment as a second line of treatment. Patients recommended for MAA therapy are
aged 18 and over and should present with optimal dental and periodontal health (NICE, 2021).
MAA are categorised into the following types: custom titratable; custom non-titratable; non-
custom titratable; and non-custom non-titratable. Seven studies evaluating the impact of
ready-made (non-adjustable/ non-titratable) and custom-made MAA, observed an
overwhelming patient-reported preference for custom-made MAA in comparison to ready-
made devices (Vanderveken et al., 2008, Friedman et al., 2012, Quinnell et al., 2014, Wang
and Liu, 2014, Al-Dharrab, 2017, Gagnadoux et al., 2017, Johal et al., 2017). Given the
variation in the appliance fabrication and titration, all the appliances attempt to maintain an
open airway by positioning the mandible forward. Although, CPAP has found to be more
efficient than MAA in reducing AHI, arousal indices, and oxygen desaturation, particularly in
patients with moderate to severe OSA, quality-of-life indices appear to be the same for both
(Ramar et al., 2015). However, self-reported adherence with MAA is highly variable. Whilst,
short-term adherence ranges from 76 to 95%, long-term adherence is reported to decline to
32% after 4 years of use (Marklund et al., 2012, Saglam-Aydinatay and Taner, 2018). Studies
have observed that treatment withdrawal is more likely to occur in the first 2 years (Hoffstein,

2007, Doff et al., 2013a, Attali et al., 2016). Similarly, recent data concerning objective MAA
43 |Page



adherence detected that mean wearing time decreased by 4% after 1 year (Pahkala and
Suominen, 2021). The study also observed that only half of the participants (Sample size =
24) were adherent to MAA therapy after 12 months (Pahkala and Suominen, 2021).
Furthermore, adherence to MAA is highly patient dependant and influenced by numerous

factors.

2.7.1.5. Surgical treatments

Surgical treatments proposed and attempted to correct anatomic obstruction in patients with
OSA include: nasal procedures (e.g. septoplasty), oral procedures (e.qg.
uvulopalatopharyngoplasty [UPPP], uvulopalatopharyngoplasty with uvula preservation
[HUPPPY)), hypopharyngeal procedures (e.g. tongue reduction and stabilization), laryngeal
procedures (e.g. epiglottoplasty), and global airway procedures (e.g. maxilla-mandibular
advancement [MMA]) (Epstein et al., 2009). The current NICE guidelines recommend the
referral of patients for surgical options who are unable to tolerate CPAP and a customised
MAA despite medically supervised interventions. However, systematic reviews have observed
insufficient evidence to support surgery in general or any type in particular for the management
of OSA (Sundaram et al., 2005). Notwithstanding this, the results should be interpreted with
caution as the review includes randomised controlled trials of mixed quality. More recently, a
network meta-analysis evaluating the efficacy of surgical options in treatment of OSA observed
MMA combined with HPPP demonstrated the highest efficacy. Nevertheless, the finding
should be interpreted with caution due to increased level of heterogeneity among the included

studies (Zhou et al., 2021a).
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2.7.Adherence
2.8.1. Definitions of Adherence and Compliance

Adherence to treatment is a key link between process and outcome in health care (Urquhart,
1996). In contrast to previous literature, adherence to treatment extends beyond the idea of
taking prescribed pharmaceuticals. A WHO Adherence meeting of June 2001, defined
adherence as ‘the extent to which the patient follows medical instructions’ (Sabaté and
Organization, 2001). Nevertheless, the term ‘medical’ is inadequate to encapsulate the variety
of interventions implemented to manage chronic diseases. Additionally, the term ‘instructions’
infers that the patient is a merely passive, acquiescent receiver of expert medical guidance,
rather than an involved participant in the treatment process. Consequently, the WHO
Adherence project (2000) chose a definition of adherence, which was an amalgam of several
previous definitions. It also extended the concept of adherence to include other elements of
the patient’s behaviour, such as following recommendations about diet or lifestyle. Accordingly,
this project defined adherence as: “the extent to which a person’s behaviour, taking
medication, following a diet, and/ or executing lifestyle changes, corresponds with agreed

recommendations from a health care provider” (WHO, 2003).

The oldest term used to describe such behaviour is ‘compliance’. The most common definition
of compliance is “the extent to which the patient's behaviour matches the prescriber’s
recommendations” (Chakrabarti, 2014). Compliance implies a one-sided interaction, where
the clinician decides on the suitable treatment, which the patient has to consent to regardless
of the suitability (Julius et al., 2009). Thus, compliance is synonymous with a paternalistic
conceptualisation medication/treatment-taking behaviour, in which patient autonomy is
disregarded. However, adherence focuses on the patient being an active collaborator in the
decision-making process regarding the most suitable treatment and consequently yields the
most appropriate treatment regimen to be followed, whilst emphasising the participation of
both the clinician and the patient in a discussion. Thus, it has been suggested as an

improvement over the term compliance, which has negative implications since it disapproves
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of any patient-behaviour, which does not comply with the clinician’s recommendations

(Perkins, 1999).

2.8.2. Health beliefs and health behaviour change

Adherence to a new health behaviour change encapsulates a variation in of social, emotional
and cognitive factors (Schwarzer, 2008). In health psychology, health behaviours are defined
as any behaviour that is related to an individual's health status. Health behaviour aims to
prevent disease, and was further defined by Matarazzo (1984) as health-impairing habits (e.qg.
smoking, eating a fat diet) or health protective behaviours (e.g. attending a health check).
Decades of research indicate that knowledge and awareness is instrumental in how individuals
choose to behave (Lashley, 1987, Champion, 1990, Rimer et al., 1991). However, further
research has shown that awareness alone is insufficient. Individual beliefs, also known as
health beliefs are fundamental in predicting behaviour change. Some of these health beliefs
are identified as perceived self-efficacy, outcome expectancy and risk perception (Schwarzer,
2008). Bandura (1986) explained Perceived self-efficacy as ‘one’s belief in one’s capabilities
to organise and execute the sources of action required to manage prospective situations’.
Outcome expectancies are defined as anticipated consequences (positive or negative) as a
result of engaging in a behaviour (Reesor et al., 2017). Whilst, risk perception is a key health
belief, concerning one’s belief about the severity of a condition and individual vulnerability

(Ogden, 2019).

Social-cognitive theories assume that an individual’s intention to adopt a new behaviour is the
best direct predictor of actual change. Notwithstanding this, people mostly do not act according
to their intentions. Many factors account for this disparity in intent and behaviour (Luszczynska
and Schwarzer, 2005). Unforeseen obstacles might arise, for example, people could give in to
the temptations. Intent must, therefore, be complemented by the above-mentioned health
beliefs that can facilitate the translation of intention into action. These beliefs also known as
post intentional factors and help to bridge the intention-behaviour gap (Schwarzer, 2008). This
has led to the use of behavioural strategies, specifically tailor-made interventions to improve

patient adherence to treatment.
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2.8.3. Continuum models versus Stage models of Health Behaviour
Change

In recent decades, social-cognitive prediction models have mainly revealed the mechanisms
of health self-regulation. Models of health behaviour change propose a sequence of variables
that enhance motivation and would eventually facilitate behaviour change (Ogden, 2019).
These models of behaviour can be categorised as stage or continuum models of health
behaviour change. Stage models describe behaviour change as a dynamic process where
individuals move through various stages, as they change their behaviour. Whilst, continuum
models assume that a person’s behaviour is the outcome of a conscious intention. Intention
forming is seen as being determined by beliefs and attitudes (Lippke and Ziegelmann, 2008).
They take inspiration from the subjective expected utility theory proposed by Edwards (1954),
that any change in one’s behaviour stems from weighing up the pros and cons of any action.
The theory depicts individuals as ‘rational informational processors’ and emphasises on
identifying a set of predictors that includes constructs such as, perceived barriers, social
norms, disease severity, personal vulnerability, or perceived self-efficacy (Edwards, 1954).
Similarly, continuum models also draw upon on the social cognition theory, which advocates
that behaviour is guided by expectancies, incentives and social cognitions (Bandura, 2005).
The integration of these factors facilitates the development of a prediction model for explaining
changes in behavioural intention and behaviour change. The most widely applied continuum
models are the theories of reasoned action, planned behaviour, and protection motivation

theory (Weinstein, 2007, Abraham and Sheeran, 2013).

Despite the wide application of continuum models in health psychology, research has
proposed major theoretical drawbacks. An overall drawback of continuum models is that they
account more for intention variance than for behaviour variance. Additionally, the ‘one-size-
fits-all’ intervention approach of continuum models suggests cognitive and behaviour change
transpires in a linear process. This fails to account for the qualitative changes such as
changing mind-sets, phase transitions, or relapse or discontinuation of the behaviour

(Armitage and Arden, 2002). Accordingly, continuum models do not necessarily aim for
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interventions to initially change perceived vulnerability, perceived consequences, or perceived
self-efficacy. Thus, interventions are not expected to proceed in a structured sequence but
can be applied randomly, or even concurrently. Furthermore, the continuum models exclude
the post intentional phase, which bridges ‘the intention-behaviour’ gap’, in which goals are
translated into action (Armitage and Arden, 2002, Abraham and Sheeran, 2013) . The post-
intentional phase relates to the interplay of various factors that can hinder or facilitate
behaviour change. These factors or beliefs are identified as maintenance and recovery self-
efficacy, as well as action and coping planning. Thus, motivation alone is not sufficient to bring
about the desired behaviour change. The motivation phase must be followed by a subsequent
action phase, that is more decisive for behaviour change (Luszczynska et al., 2007a).
Therefore, it is implicitly assumed that behaviour change is the integration of two processes,
a motivational one that ends with an intention, and a volitional one that ends with the desired
behaviour change. Thus, any advancement of traditional continuum models in this course
implicitly implements the idea of distinct processes, stages, or phases in health behaviour

change (Schwarzer, 2008).
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2.8.4. Health action process approach (HAPA): A model of adoption and
maintenance of health behaviour change

The HAPA model of behaviour change explicitly includes the post-intentional factors to
overcome the intention-behaviour gap, which are not taken into account by the traditional
continuum models (Presseau et al., 2017). The purpose of such a model is twofold: It allows
better prediction of behaviour and it reflects the assumed casual mechanism of behaviour
change. HAPA constitutes a hybrid model in the sense that one can apply it either as a
continuum model or a stage model. As a continuum model, it includes two mediators between
intention and behaviour. As a stage model, it advocates a distinction between a) pre-
intentional motivation processes that lead to a behavioural intention, and b) post-intentional
volition processes that leads to the actual health behaviour (Schwarzer, 2008). These stages
are comprised of different patterns of social-cognitive predictors (Schwarzer and Renner,

2000).

Maintenance
Self-Efficacy

Recovery
Self-Efficacy

Action
Self-Efficacy

Action
Outcome Planning
Expectancies Intention [ ) Initiative | Maintenance
Coping
Planning ]‘—
Recovery
Risk Action
Perception
Motivational Phase Volitional Phase

Figure 2.1 Generic diagram of Health Action Process Approach (HAPA)

In the motivational phase, a person develops an intention to act whilst risk perception is seen
as a distal antecedent (e.g., | am at risk of cardiovascular disease). However, risk perception
in itself is insufficient as it only sparks a contemplation process and further elaboration

ofthoughts about consequences and competencies (Lippke et al., 2010). Positive outcome
49 |Page



expectancy is equally important to enable a person to form an intention in the motivation
phase. It allows the individual to address the pros and cons of certain behavioural outcomes
(e.g., If  use my sleep apnoea treatment every night, | will reduce my risk to cardiovascular
diseases) (Luszczynska et al., 2007b). Consequently, perceived self-efficacy operates in
combination with outcome expectancies to form an intention (Bandura, 1997). Perceived self-
efficacy is one’s belief in one’s capability to perform a desired behaviour no matter what the
obstacles (e.g., | am capable of adhering to my sleep apnoea treatment in spite of the
discomfort). Once an intention is developed, detailed instructions on how to perform the
behaviour facilitate the transformation of the intention into the desired action (Wilson et al.,
2016). Furthermore, maintenance of this action encompasses self-regulatory skills and
strategies. Hence, the post-intentional phase involves proximal factors, such as planning and
recovery self-efficacy. Most social-cognition models do not explicitly acknowledge these

factors (Luszczynska and Schwarzer, 2005).

2.8.4.1. Components of HAPA

2.8.4.1.1. Volitional factor: phase-specific self-efficacy beliefs

The rationale for the distinction between several phase-specific beliefs is that during the
course of health-behaviour change, different tasks have to be mastered and different self-
efficacy beliefs are required to master these tasks carefully (Scholz et al., 2005). Hence, the
meaning of self-efficacy is context-specific and differs for individuals who may be more or less
advanced in the change process e.g. a person might be confident in his or her capability to
initiate sleep apnoea treatment (i.e. high action self-efficacy), but might not be very confident
about resuming treatment after a setback (i.e. low recovery self-efficacy). Baer et al. (1995)
emulated the difference between action self-efficacy, coping self-efficacy and recovery self-

efficacy in the field of addictive behaviours (Baer et al., 1995).

Action self-efficacy (also called “pre-action self-efficacy”) is involved in the motivational phase
of behaviour change, in which an individual develops a motivation to act. It is an

optimisticbelief during the pre-action phase (Schwarzer and Renner, 2000). Individuals high
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in action self-efficacy anticipate success and potential outcomes of diverse strategies. Those

with less self-efficacy imagine failure, harbour self-doubts, and tend to procrastinate.

As action self-efficacy is instrumental in the motivational phase, maintenance self-efficacy and
recovery self-efficacy are instrumental in the subsequent volitional phase and can, therefore,
be summarised under the heading of ‘volitional self-efficacy’ (Schwarzer, 2008). A new health
behaviour might turn out to be much more difficult to adhere to than expected, but individuals
with high maintenance self-efficacy invest more effort and persist longer than those who are
less self-efficacious. Hence, maintenance self-efficacy (coping self-efficacy) refers to one’s
capability to deal with barriers that arise during the maintenance period (Scholz et al., 2005).
If a lapse occurs, individuals tend to attribute their setbacks to internal, stable, and global
causes, dramatise the event, and interpret it as a full-blown relapse (Baer et al., 1995).
However, individuals with high recovery self-efficacy avoid this affect by attributing the setback
to an external high-risk situation and by finding ways to control the damage and to restore
hope. Thus, recovery self-efficacy refers to one’s conviction to get back on track after being
derailed (Schwarzer et al., 2007). Although there is a functional difference between the self-
efficacy beliefs and how they operate, the constructs may be harboured at the same point in
time. For example, recovery self-efficacy is most functional when it comes to resuming an
interrupted chain of action, whereas action self-efficacy is most functional when facing a novel

challenging demand (Luszczynska and Sutton, 2006, Luszczynska et al., 2007a).

A recent meta-analysis has demonstrated that action and maintenance self-efficacy have been
observed to be persistent along the process of behaviour prediction and change (Zhang et al.,
2019). Meta-analytic structural equation modelling revealed that action self-efficacy had the
largest effects on health behaviour through intentions and maintenance self-efficacy. Whilst,
effects of recovery self-efficacy on behaviour change were found to be less pervasive and
more context-specific, specifically in situations more prone to behavioural lapses (Zhang et al.,
2019). Hence, research has emphasised on behaviour change interventions that are highly

context-sensitive (Bandura, 2004, Conroy and Hagger, 2018).
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2.8.4.1.2. Action planning and coping planning

Research on action plans have observed that intentions can facilitate health behaviour change
only when in combination with specific instructions on how to perform them. Action planning
comprises of specific situation parameters (“when, where”) and a sequence of action (“how”)
(Schwarzer, 2008, Pakpour et al., 2014). It is more effective than intentions when it comes to
the likelihood and speed of performance, partly because behaviour might be elicited almost
“automatically” when the relevant situational cues are encountered. As people do not forget
their intentions easily when specified in a when, where, and how manner (Gollwitzer and
Sheeran, 2006). After people contemplate the when, where, and how of action, they generate
coping strategies for the foreseeable barriers. Coping with strategies, thus, comes on top of
action planning. Planning is a variable which can be modified and easily communicated to
individual with self-regulatory deficits. A number of randomised controlled trials have recently
documented the evidence in favour of such planning interventions (Luszczynska, 2006,
Luszczynska et al., 2007b). Similarly, meta-analysis of HAPA has shown that action and
coping planning predicted behaviour and mediated effects of intentions and maintenance self-

efficacy (Zhang et al., 2019).

2.8.4.3. Application of HAPA in interventions: An explicit stage model

Including planning and self-efficacy as volitional mediators renders the model into an implicit
stage model because it implies the existence of two phases or stages, a motivational one and
a volitional one (Schwarzer, 2008). However, when it comes to the design of interventions, the
implicit stage model is transformed into an explicit stage model. This is achieved by identifying
individuals who reside at either the motivational stage or the volitional stage (Gollwitzer and
Sheeran, 2006). Then, each group becomes the target of a specific treatment that is tailored
to this group. Moreover, it is theoretically meaningful and has been found useful to further

subdivide the volitional group into those who perform and those who only intend to perform.

In the post-intentional pre-actional stage, individuals are labelled “intenders”, whereas in the
actional stage they are labelled “actors”. Thus, a suitable subdivision within the health
behaviour change process yields three groups: non-intenders, intenders and actors
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(Luszczynska et al., 2007b). As individuals pass through different mind-sets during the course
of behaviour change, interventions are more efficient when tailored to these particular mind-
sets (Deng et al., 2013). For example, non-intenders will benefit from risk awareness and
outcome expectancy communication. As this will help them to balance the pros and cons of
the desired behaviour. However, intenders would benefit from planning to translate their
intentions into actions. Similarly, actors do not need any intervention at all, unless one wants
to improve their relapse prevention skills. As this can be done by teaching them to anticipate
such situations and by acquiring the necessary levels of perceived recovery self -efficacy

(Marlatt et al., 2011).

Several studies have examined the efficacy of HAPA as a staged-matched intervention in
bringing about behaviour change and increasing patient adherence to treatment. As
mentioned previously, HAPA differentiates between individuals who have not yet decided to
change their behaviour and those who have decided to change or who have already
implemented the changes and performed the target behaviour. Those who become active are
the ones with higher volitional self-efficacy (Schiiz et al., 2007). Similarly, a recent systematic
review highlighted the use of goal setting, self-monitoring and planning as effective
interventions for improving oral hygiene-related behaviour in patients with periodontal disease
(Newton and Asimakopoulou, 2015). Interestingly, in the field of sleep medicine, Deng et al.
(2013) conducted a randomized control trial to examine the efficacy of staged-match
intervention, based on the HAPA model, on intention formation and 3-month adherence to
CPAP. The study observed that a 3-month stage-matched intervention had a favourable
influence on patients’ intention formation, acceptance, and adherence to CPAP. These
findings are in are in agreement with previous studies indicating that stage-matched

intervention promotes stage progression (Lippke et al., 2004).
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Furthermore, the current evidence on HAPA has demonstrated its universal applicability for a
number of health behaviours and for diverse samples from various cultures (Bierbauer et al.,
2017b, Presseau et al., 2017). The finding that a structural equation model fits the data,
however, does not prove that the chosen model is the only one or the best one that fits. The
guestion is whether this model appears to be empirically superior to alternative models. To
test the validity of a model in comparison with other theories of health behaviour change,
experimental studies are required (Weinstein et al.,, 1998a). To-date, studies that aim at
comparing determinants from different theories are mainly correlational ones. Nevertheless,
researchers tend to prefer heterogeneous approaches, such as selecting attractive elements
from one model and implanting them into another one, which can also be seen as a means of

theory evolution (Schwarzer, 2008, Bierbauer et al., 2017b).

2.8. MAA Adherence

Recent evidence concerning MAA adherence has observed that patient adherence is not
associated with patient or disease dependant factors (Murphy et al., 2020, Pahkala and
Suominen, 2021, Tallamraju et al.,, 2021). Furthermore, Pahkala and Suominen (2021)
reported a positive correlation between reduction in snoring, and a negative correlation
between mandibular retrognathia and patient-reported adherence. The authors also
highlighted the need for ‘a patient-tailored therapy in combination with objective monitoring of
adherence’ to optimise adherence to mandibular advancement therapy (Pahkala and

Suominen, 2021).

Interestingly, Liu et al. (2022) evaluated the efficacy of a multifactorial intervention in
enhancing patient adherence to mandibular advancement device. The study randomised 82
subjects into control and experimental groups, and monitored adherence objectively. Whilst,
the control group received routine care, the experimental group received a single intervention
to promote adherence. This single intervention entailed of educational counselling concerning
the aetiology of OSA and risk of untreated OSA, tailored for the patient and his/her bed partner.

Such counselling was reinforced by the clinicians at follow-up appointments. The intervention
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also enabled the patients to communicate with the clinicians via phone messages, email or
phone calls for follow-up communication. After 3-months of follow-up, results indicated no
significant difference in the number of nights the appliance was worn between the two groups,
however, the nightly adherence was significantly more in the experimental group than the
control group (p < 0.039) (Liu et al., 2022). Although the study reported significant results, the
multifactorial approach did fail to consider heath beliefs that govern adherence in patients with
OSA (Stepnowsky et al., 2006, Carballo et al., 2016). In many chronic conditions, patient
education is observed to be instrumental in improving patient adherence. Educational
interventions have reported to be advantageous in increasing the risk awareness among
patients concerning their conditions (Costa et al., 2015). Nevertheless, studies have observed
that education alone is in an inadequate approach in enhancing patient adherence
(Balkrishnan, 2005, Wozniak et al., 2014). A recent Cochrane review of educational support
and behavioural interventions to improve usage of CPAP in adults with OSA concluded with
high certainty that behavioural interventions produce a clinically significant increase in hourly
CPAP usage (Askland, Wright et al. 2020). Behavioural interventions increased CPAP usage
by 1 hour/night and increased the number of people who used CPAP for 4 hours or more per
night (Rapelli, Pietrabissa et al. 2021). Thus, a unidimensional effort to improve patient
adherence appears insufficient as adherence is influenced by a multitude of factors. Therefore,
a multilevel patient intervention entailing tailored patient education, which is stage-specific and
targets health beliefs such as risk perception, outcome expectancy and self-efficacy, is more
likely to achieve optimum patient adherence to the prescribed treatment (Conroy and Hagger,

2018, Zhang et al., 2019).

2.10. Conclusion

Research in the field of sleep medicine has observed risk perception, outcome expectancy
and self-efficacy, targeted by the HAPA model, as determinants of CPAP adherence
(Stepnowsky and Dimsdale, 2002, de Zeeuw et al., 2003, Olsen et al., 2008, Deng et al.,
2013). To-date, little research has been undertaken exploring these concepts in determining

MAA adherence. Consequently, the current research aims to increase patient adherence to
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MAA treatment, in adult patients with OSA, using the staged-matched behaviour change

model of HAPA.
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Chapter 3. A systematic review and meta-analysis of
factors influencing adherence to oral appliance therapy in
adults with obstructive sleep apnoea

3.1.Introduction

Obstructive sleep apnoea (OSA) is a sleep-related breathing disorder, characterized by the
repeated episodic collapse of the upper airway during sleep, with resultant sleep deprivation
(Banno and Kryger, 2007). Severe long-term effects of this disease include excessive daytime
sleepiness, cognitive dysfunction, hypertension, impaired quality of life, and increased

cardiovascular morbidity and mortality (Deng et al., 2013).

Based on the severity of OSA there are two main treatment modalities, continuous positive
airway pressure (CPAP) and mandibular advancement appliances (MAA) (SIGN, 2003) . Both
treatments are lifelong with sustained adherence to treatment of paramount importance.
Successful treatment may lead to improvements in quality of life, considerable cost saving to
the health provider and a reduction in the risk of motor vehicle collisions and cardiovascular

disease (Rejon-Parrilla, 2014).

CPAP is mainly used for those suffering from moderate to severe OSA, being highly effective
and regarded as the gold standard of treatment (Zozula and Rosen, 2001). However, side
effects such as pressure sores, mask dislodgement, claustrophobia, air leakage, and nasal
congestion have made it unpopular and intolerable among patients. According to a recent
update of the American Academy of Sleep Medicine guidelines, MAA can be prescribed to those
with mild to moderate OSA, particularly if they express a preference for it. MAA remains the
second-line treatment of choice for patients who refuse or are unable to tolerate CPAP therapy

(Ramar et al., 2015).

MAA reduces daytime sleepiness and improves the AHI by posturing the mandible and
maintaining an open pharyngeal airway (Lim et al., 2004). However, studies have consistently
demonstrated that CPAP is more effective than MAA at reducing sleep disordered breathing

and achieving complete control of OSA (Sharples et al., 2016). Despite the greater effect of
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CPAP on objective polysomnographic parameters, it does not appear to be more effective at
achieving better health outcomes. It seems that the higher efficacy of CPAP is offset by greater
MAA adherence. Adherence with CPAP is reportedly over 1 hour per night lower than with
MAA (Phillips et al., 2013). This discrepancy may explain why, despite the superior efficacy of
CPAP, as determined by the apnoea-hypopnoea index (AHI), no significant differences were

observed in terms of quality of life, cognitive, and functional outcomes (Schwartz et al., 2018).

The short-term efficacy of MAA has been studied in many randomized controlled trials, with
encouraging results in all age groups (Marklund et al., 2012, Dal-Fabbro et al., 2014,
Sutherland et al., 2014, Marklund and Franklin, 2015, Marklund et al., 2015). However, long-
term studies report an unchanged or only minor decrease in the efficacy of MAA (Marklund et
al., 2001, Rose et al., 2002b, Ghazal et al., 2009, Aarab et al., 2011, Gauthier et al., 2011).
Rose et al observed an increase in the mean AHI, from 4.2 to 8.3 after 2 years of MAA (Rose
et al., 2002b). Deterioration in OSA severity and a loss of MAA efficacy were found in a small
sample of patients (n = 9) treated continuously for more than 15 years (Marklund, 2016).
However, MAA was reported to be effective in two-thirds of patients (n = 279) after three years
of treatment (Attali et al., 2016). Despite the limited number of long-term studies, no significant
changes appear to have been detected in the efficacy of MAA (Marklund et al., 2001, Ghazal
et al., 2009, Gauthier et al., 2011). Notwithstanding this, a decrease in blood pressure is
reported from MAA compared with a placebo and equivalent to that of CPAP, in the relatively

small samples studied (Schwartz et al., 2018).

Adherence with MAA has until recently been limited to self-reported data, with the inherent
risks of over-reporting. Based on this subjective reporting, adherence with MAA therapy
appears to decline over time, Hoffstein et al. reported a wide range of adherence (4-76%) in
the first year of appliance use. In a further study, adherence after one year was 83% (Dieltjens
et al., 2013a) declining to 62-64% after 4 to 6 years (Walker-Engstrom et al., 2002, de Almeida
et al., 2005). The ability to assess adherence objectively provides a more valid measure of a

treatment modality’s effectiveness. With CPAP therapy, the presence of an inbuilt adherence
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monitor has provided valuable insight into the limitations of self-reported use, with patients
overestimating by up to 1 hour (Kribbs et al., 1993). More recently, Vanderveken et al. and
Johal et al. reported on the safety and feasibility, at 3- & 18-months respectively, of objective
measurement techniques with MAA in the same cohort of patients, who demonstrated a range

of sleep-disordered breathing, from snoring to OSA.

3.2. Objectives

The systematic review aimed to assess the factors influencing adherence to MAA in adults
with obstructive sleep apnoea and the potential effectiveness of interventions to promote

improved adherence.

3.3. Materials and methods

Following the registration of the protocol with the International Register of Systematic review
(Prospero: CRD42019122615), a systematic review of the literature was undertaken to identify
studies exploring the factors influencing adherence to oral appliance therapy in patients with

obstructive sleep apnoea.

3.3.1. Search strategy

The search strategy was designed to access both published and unpublished materials and

comprised three stages:

o Asearch of MEDLINE Ovid and Embase to identify relevant keywords contained in
the title, abstract and subject descriptors.

¢ Terms identified in this way, and the synonyms used by respective databases
were then used in an extensive search of the literature.

o Reference lists and bibliographies of the articles collected from those identified in

stage two were searched.

The initial search terms were ‘obstructive sleep apnoea’, ‘oral appliance’ and ‘patient
adherence’ and ‘Compliance’. Articles indexed in the following database with no restrictions in
relation to the date of publication and language of the article were searched: Ovid, Embase,

Scopus, Cochrane Library and Web of Science. Primary authors and experts in the field of
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sleep and respiratory medicine were contacted. The additional literature search included
Google Scholar to identify any other relevant published work. An example of the search

strategy used is shown in Table 3.1.

Table 3.1. Search Strategy (MEDLINE OVID)

1 Sleep Apnoea Syndromes/ or Sleep Apnoea, Obstructive/ 30535
2 Mandibular Advancement/ 1736
3 Patient Compliance/ 54886
4 ' Obstructive sleep apnoea.mp 3798
5 OSA.mp. 10389
6 Oral Appliance.mp. 486
7 Mandibular advancement appliance.mp. 0
8 Patient adherence.mp. 2838
9 Patient compliance.mp. 2838
10 1l1ordorb5 34644
11 2or6 2098
12 3o0r8o0r9 63355
13 10 and 11 and 12 99

3.3.2. Selection criteria

The title and abstracts of the studies identified were assessed independently by two reviewers

(HT, AJ) and were included or excluded based on the following PEO criteria:

1. Population: Adults with OSA receiving oral appliance therapy

2. Exposure of Interest: Disease characteristics, patient characteristics, appliance
features, psychological and social factors

3. Outcome: Adherence

4. Study Design: Prognostic studies both retrospective or prospective observational in

nature and randomized or non-randomized controlled trials
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5. Exclusions: Studies comparing CPAP or surgical intervention with oral appliance

therapy were excluded
3.4.Data collection and management

3.4.1. Study selection

The first two reviewers (HT, AJ) obtained full-text reports of studies meeting the selection
criteria for screening, and any disagreement was resolved by consulting a third reviewer to

reach a consensus (TN).

3.4.2. Data extraction

The influence of independent variables such as disease characteristics, patient
characteristics, appliance features, and psychological and social factors on the outcome, i.e.
adherence, reported in the included studies was recorded and categorized based on these
factors (Table 3.2). The findings of the studies were synthesised in a narrative manner.
Information regarding study design, sample size, participants and settings, type of oral
appliance used, strategies or interventions employed to increase adherence, and method of

adherence measurement (objective or self-reported) were recorded.
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Sr.no.

Table 3.2 Characteristics and principal outcomes of the included studies.

Study

Clark et al,
2000

McGown et
al, 2001

Study Design

Retrospective
observational
study

Retrospective
observational
study

Participants &
Settings

Orofacial Pain &
Oral medicine,
University of
California (n=53,
M/F: 46/7, Mean
age: 55.7 yrs, Mean

AHI <30/hr)

Middlesex Hospital,
RNTNE Hospital,
RLH (n=126, Mean
AHI <30/hr)

Exposure (Patient
or disease
Characteristics,
type of appliance,
psychological or

social factor)

Side effects

Patient
Characteristics

Side effects

Psychological
(Self-perceived

changes) and
Social factors

Outcome

(Increased/Decreased

or No effect on
adherence)

Decreased adherence

No association with
adherence

Decreased adherence

Increased adherence

Appliance

Herbst
Appliance

Modified
Adjustable
Silensor and
Herbst Device

Measurement
of Adherence

Self-reported

Self-reported

Intervention for
adherence

Nil

Nil
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Rose et al,
2002

De Almeida
et al, 2005

Izci et al,
2005

Retrospective
observational
study

Retrospective
observational

study

Retrospective
observational
study

Respiratory Care,
University Hospital
of Freinburg,
Germany (n=188,
M/F: 168/23, Mean
age: 54.4 yrs)

University of British
Columbia, Canada

(n= 544, M/F:

202/49, Mean age:

49.9 yrs, Mean AHI:

30.25/hr)

Department of Sleep
Medicine, Edinburgh

University (n=144,
M/F: 114/30, Mean
age: 51 yrs, Mean
AHI: 24/hr)

Patient & Disease
Characteristics

Side effects

Psychological
(Self-perceived

Changes)

Patient & Disease
characteristics

Side effects

Social factors (Bed
partners
satisfaction) *

Patient
characteristics

Psychological
factors (Marital
Satisfaction) **

Side effects

Custom-made
MAA
(Esmarch
IPG)

No association with
adherence

Self-reported

Decreased adherence

Decreased adherence

No association with
adherence

Oral Appliance = Self-reported

Decreased adherence

Increased adherence

No association with Mandibular Self-reported
adherence Repositioning
Splint

Increased adherence

Decreased adherence

Nil

Nil

Nil

63|Page



Bates et al,
2006

Vanderveken
et al, 2008

Ghazal et al,
2009

Prospective
observational
study

Randomized
Control trial

Randomized
Control trial

Department of
Orthodontics,
Victoria Hospital
(n=121, M/F: 83/38,

Mean age: 49.55

yrs, Mean AHI:
18.21/hr)

University of
Antwerp, Belgium
(n=35, M/F: 29/6,

Mean age: 49 yrs,
Mean AHI: 14/hr)

Respiratory Care,
University Hospital
of Freinburg,
Germany (n=103,
M/F: 48/55, Mean

age: 50.5 yrs, Mean
AHI: 34.5/hr)

Side effects

Appliance
fabrication and
titration procedure
(Ready-made
MAA

vs Custom-made
MAA)

Patient & Disease
characteristics

Appliance
Fabrication (IST vs
TAP)

Decreased adherence

Increased adherence
with Custom-made MAA

No association with
adherence

Increased adherence
with IST®

Mandibular
Repositioning
Splint

Self-reported

Ready-made Self-reported

MAA

(SnoreGuard
Plus) and
Custom-made

MAA

IST® and
Thornton
Anterior
Positioner
(TAP ™)

Self-reported

Nil

Nil

Nil
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10

11

12

Tsudaet al,
2010

Cunali et al,
2011

Brette et al,
2012

Freidman et
al, 2012

Prospective
observational
study

Randomized
Control trial

Prospective
observational
study

Case series

Kyushu Dental
University, Japan
(n=47, M/F: 40/7,

Mean age: 53.1 yrs,
Mean AHI: 21.3/hr)

Federal University of
Sao Paulo, Brazil
(n=29, M/F: 10/19,

Mean age: 48.5 yrs,
Mean AHI: 17/hr)

Antoine-Beclere &
Argenteuil Hospitals
(n=140, M/F: 108/32,

Mean age: 62 yrs,
Mean AHI: 27/hr)

Advanced Centre for
Specialty Care,
Chicago (n=180,
M/F: 130/50, Mean
age: 61.5 yrs, Mean
AHI: 33.9/hr)

Patient & Disease
Characteristics
(BMI and ESS)

Side effects

Intervention-
Support Therapy

Patient & Disease
Characteristics

Social Support

Appliance
characteristics

Side effects

Appliance
Fabrication
(Ready-made
MAA vs Custom-
made MAA)

Decreased adherence
in association with
higher ESS and BMI

Decreased adherence

Increased adherence

Decreased adherence

Decreased adherence

Decreased adherence

Decreased adherence

Increased adherence
with Custom-made MAA

Boil- Bite
Appliance
(TheraSnore)

Self-reported

MAA (Brazilian
Repositioning
device BRD ®)

Self-reported

Custom-made  Self-reported
adjustable
device (OPM4

J device)

Ready-made
MAA

Self-reported

(SomnoGuard
AP) and
Custom-made
MAA
(Thornton
Adjustable
Positioner
TAP)

Nil

Support
Therapy
(Mandibular
Exercises)

Nil

Nil
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13

14

15

16

Zhou et al,
2012

Dieltjens et
al, 2013

Ingman et al,
2013

Lee at al,
2013

Randomized
Control trial

Case-control
study

Retrospective
observational
study

Non-
randomized
control trial

Department of
Orthodontics, Tongji
University (n=16,
M/F: 13/3, Mean
age: 45.23 yrs,

Mean AHI: 38/hr)

University of
Antwerp, Belgium

(n=82, M/F: 56/26,

Mean age: 49.5 yrs,
Mean AHI: 18/hr)

Department of Oral
& Maxillofacial

Diseases, Helsinki
University Hospital
(n=96, M/F: 68/28,

Mean age: 50.5 yrs,
Mean AHI: 18.4/hr)

Department of
Otorhinolaryngology,
Seoul National
University (n=153,
M/F: 138/15, Mean
age: 51.2 yrs, Mean

Appliance
fabrication and
titration procedure
(Mono-bloc MAA
Vs two-piece
MAA)

Psychological
factors (Type D

personality)

Patient
characteristics
(length of the
maxilla, mandible
and soft palate,
oropharyngeal
space, crepitation

at TMJ)

Appliance
fabrication and
titration procedure
(Mono-bloc MAA
vs Bi-bloc MAA)

Increased adherence
with Mono-bloc MAA

Decreased adherence

Increased adherence
with shorter mesio-
distal length of the
maxilla and mandible,
and crepitation at right
T™J

Increased adherence
with Bi-bloc MAA

Mono-bloc
MAA
(Activator) and
Bi-bloc MAA
(Silent Nite)

Self-reported

Custom-made
Mono Bloc MAA

and Custom-

Self-reported

made Bi-bloc
titratable
MAA
(RespiDent

Butterfly ®)

Mandibular
Advancement
Splint

Self-reported

Mono-bloc and
Bi-bloc MAA

Self-reported

Nil

Nil

Nil

Nil
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17

18

19

Quinnell et
al, 2014

Wang et al,
2014

Dieltjens et
al, 2015

Randomized
Control trial

Randomized
Control trial

Prospective
observational

study

AHI: 32.8/hr)

Papworth Hospital
Sleep Centre, (n=90,
M/F: 72/81, Mean
age: 50.9 yrs, Mean
AHI: 13.8/hr)

Dept. of
Otorhinology,
Hospital of Anhui
Medical University
(n=22, M/F: 22/0,

Mean age: 51.9 yrs,
Mean AHI: 48.16/hr)

Antwerp University
Hospital, Belgium

(n=51, M/F: 38/13,

Mean age: 49.3 yrs,
Mean AHI: 14.9/h,
Mean AHI: 18.4/hr)

Appliance
fabrication (Boil-
Bite vs Semi-
bespoke vs Be-
spoke)

Appliance Type
(Adjustable MAA
vs Non-adjustable
MAA)

Patient
(Anthropometric) &

Disease

characteristics
(Polysomnographic
measure)

Side effects

Increased adherence
with the Be-spoke oral

appliance

Increased adherence
with the adjustable MAA

No association with
adherence

Decreased adherence

Boil-bite MAA
(Sleep pro-1),
Semi-bespoke
MAA (Sleep
pro 2), and

Bespoke MAA

Rod Type
MAA
(Erkodent
Silensor) and
Controllable
appliance
(Twin Bloc)

Custom-made
titratable MAA

(RespiDent
Butterfly ®)

Self-reported

Self-reported

Objective
(Theramon

Sensors)

Nil

Nil

Nil
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20

21

22

23

24

Prescinotto
et al, 2015

Attali et al,
2016

Carballo et
al, 2016

Makihara et
al, 2016

Nerfeldt et al,
2016

Retrospective
observational
study

Prospective
observational
study

Retrospective
observational
study

Retrospective
observational
study

Prospective
intervention
study

Federal University of
Sao Paulo, Brazil
(n=28, M/F: 9/19,

Mean age: 48.8 yrs,
Mean AHI; 17.5/hr)

Pitié-Salpétriere,
France (n=279, M/F:
98/81, Mean age: 58
yrs, Mean AHI:
26/hr)

Veterans Affairs
Medical Centre,
Brazil (n=33, M/F:
32/1, Mean age:

71.4 yrs)

Kyushu Dental
University, Japan
(n=48, M/F: 35/13,

Mean age: 64.9 yrs)

Department of
Clinical Science,
Karolinska Institute
Stockholm, Sweden
(n=66, M/F: 37/35,

Mean Age: 48.5 yrs,
Mean AHI: 16/hr)

Patient

characteristics
(upper airway
abnormalities)

Appliance factors

Side effects

Psychological
factors

Psychological and
social factors

Side effects

Psychological
factors

Disease
Characteristics
(Arousers vs
Desaturaters)

No association with
adherence

Decreased adherence

Decreased adherence

Decreased adherence

No association with
Adherence

Decreased adherence

Decreased adherence

Increased adherence
in arousers

Custom-made

Ready-made
MAA (Naval
Resmed) and
Custom-made
MAA

(Somnodent
SomnoMed)

Oral Appliance

Boil- Bite
Appliance
(TheraSnore)

Mono-bloc
titratable MAA

Self-reported

Self-reported

Self-reported

Self-reported

Self-reported

Nil

Nil

Nil

Nil

Nil
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25

26

27

28

Vecchierini et
al, 2016

Al-Dharrab et
al, 2017

Gagnadoux
et al, 2017

Haviv et al,
2017

Prospective
intervention
study

Randomized
Control trial

Non-
randomized
control trial

Mixed-
methods

Multicentre (n=369,
M/F: 273/96, Mean
age: 52.6 yrs, Mean

AHI: 29.5/hr)

Faculty of Dentistry,
King Abdul-Aziz
University (n=12,
M/F: 2/10, Mean
age: 46 yrs, Mean
AHI: 26/hr)

University of Angers
and Saint-Antoine
Hospital, France
(n=158, M/F: 104/54,

Mean age: 54 yrs,
Mean AHI: 27.7/hr)

Department of Oral
Medicine, Hebrew
university (n=52,
M/F: 48/4, Mean
age: 56.75 yrs,

Mean AHI <40/hr)

Side effects

Appliance
fabrication and
titration procedure
(Titratable vs Non-
titratable)

Appliance
fabrication and
titration procedure
(Ready-made
MAA vs Custom-
made MAA)

Side effects

Psychological
factors

Decreased adherence
in the early stages of
the treatment

Increased adherence
with Titratable
appliance

Increased adherence
with Custom-made MAA

Decreased adherence

Decreased adherence

Custom-made
MAA (Narval)

Custom-made
titratable MAA
(Foresta Dent,
Bite Jumping
screw) and
non-titratable

MAA

Ready-made
MAA

(BluePro) and
Custom-made
MAA

(Somnodent
and Amo
Device)

Herbst Device

Self-reported

Self-reported

Self-reported

Self-reported

Nil

Nil

Nil

Nil
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29

30

31

Johal et al,
2017

Nishigawa et
al, 2017

Saglam-
Aydinatay et
al, 2018

Randomized
Control trial

Retrospective
observational
study

Retrospective
observational
study

Royal London
Dental Hospital,
Queen Mary
University of
London, (n=35, M/F:
21/14, Mean age:

44.9 yrs, Mean AHI:
13.3/hr)

Department of
General Dentistry,
Tokushima
University Hospital
Japan (n=40, M/F:
28/12, Mean age:

57.8 yrs)

Department of
Orthodontics,
Hacettepe
University, Ankara,
Turkey (n=69, M/F:
52/17, Mean age:

54.4 yrs, Mean AHI
<30/hr)

Appliance
fabrication and
titration procedure
(Ready-made
MAA vs Custom-
made MAA)

Side effects

Psychological
factors

Patient & Disease
Characteristics

Side effects

Psychological
(Self-perceived

changes) and
social factors

Increased adherence
with Custom-made MAA

Decreased adherence

Decreased adherence

No association with
adherence

Decreased adherence

Increased adherence

Ready-made
MAA

(Snoreshield)
and Custom-
made MAA

Herbst
Appliance

Self-reported

Self-reported

Mono-bloc MAA = Self-reported

and

Twin-bloc MAA

Nil

Nil

Nil
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3.4.3. Risk of bias and quality assessment in Individual studies

Two authors independently assessed the risk of bias of the included studies (HT, AJ) and any
disagreements were resolved by further discussion and consensus. Due to the diversity in the
design of the included studies, two different tools were used to assess their quality.
Randomized controlled trials were assessed using the Cochrane Collaboration’s risk of bias
tool (Higgins et al., 2019). The following five domains were considered: random sequence
generation, allocation concealment, blinding of outcome assessors, incomplete outcome data,
selective reporting. The domain blinding of participants and personnel was not considered due
to the nature of the questions addressed by this review. Observational studies were critically
appraised using the QUIPS (Quality in Prognosis studies) tool (Hayden et al., 2013). This tool
assesses the risk of bias in studies of prognostic factors and comprises of six domains: study
participation, study attrition, prognostic factor management, outcome measurement, study

confounding, and statistical analysis and reporting.

3.4.4. Meta-analysis

A meta-analysis was performed using Review Manager (RevMan; Version 5.3. Copenhagen,
The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) for studies with: low and /or
unclear risk of bias, similar study design and comparing two types (ready-made vs custom-
made) mandibular advancement appliances, prescribed for patients with OSA in regards to
patient adherence. Results were analysed using forest plots with weighted mean differences
between ready-made versus custom-made appliances in relation to patient adherence i.e.
mean nightly (hours) use of the appliance. The studies were weighted using the inverse
variance method and tested for heterogeneity using the Chi? test to assess the significance of
heterogeneity and |2 statistics to measure the diversity between studies. Pooled studies with
I? < 25% were regarded as homogenous, and those with 1> > 75% were considered to

demonstrate high heterogeneity. A fixed-effects model was used and a P-value of less than

0.05 was considered statistically significant, reported along with the 95% confidence interval

(CI).
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3.5. Results

Following the removal of duplicates, 419 articles were considered eligible for screening of the
title and abstract. The abstracts were assessed against the selection criteria, with 45 articles
considered eligible for full-text screening. Subsequently, fourteen studies were excluded
(Table 3.3), with a total of 31 studies included in the review, which consisted of eight RCTs,
two CCTs, seven prospective cohorts, 11 retrospective cohorts, whilst the remaining three
studies were a case-series, case-control and a mixed-methods study (Figure 3.1). All 31

included studies were subject to qualitative analysis, with four studies subject to a meta-

analysis. All included studies were undertaken in academic medical centres or sleep centres.

Table 3.3 Excluded studies along with the reason for exclusion

Sr. no. Study Reason for Exclusion
1 Bachour et al, 2016 Excluded (Wrong outcome —no information in regard
to influence of variables on patient adherence)
2 Banhiran et al, 2014 Excluded (Wrong outcome —no information in regard
to influence of variables on patient adherence)
3 Basoglu et al, 2012 Excluded (Wrong outcome —no information in regard
to influence of variables on patient adherence)
4 Bennett et al, 1998 Excluded (Wrong comparator- CPAP vs MAA)
5 Ferguson et al, 1996 Excluded (Wrong comparator- CPAP vs MAA)
6 Freidman et al, 2010 Excluded (Wrong outcome —no information in regard
to influence of variables on patient adherence)
7 Gagnadoux et al, Excluded (wrong comparator —CPAP vs MAA)
2009
8 Gindre et al, 2008 Excluded (wrong outcome —no information in regard
to influence of variables on patient adherence)
9 Neill et al, 2002 Excluded (Wrong outcome —no information in regard
to influence of variables on patient adherence)
10 Peled et al, 2009 Excluded (Wrong outcome —no information in regard
to influence of variables on patient adherence)
11 Randerath etal, 2002  Excluded (Wrong comparator —-CPAP vs MAA)
12 Tavares et al, 2009 Excluded- Full Text Not available
13 Tsai et al, 2004 Excluded (Wrong outcome —no information in regard
to influence of variables on patient adherence)
14 Vanderveken et al, Excluded (Wrong study design)

2012
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Figure 3.1 A PRISMA flow diagram shows the number of articles identified at

each stage of the search.
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3.5.1. Characteristics of included studies

The majority of the included studies investigated the influence of side effects (45%), disease
and patient characteristics (41%) and appliance characteristics (32%) on patient adherence
(Table 3.4). The efficacy of strategies or interventions to increase patient adherence to MAA
in adult patients with OSA was only assessed in a single study (Cunali et al., 2011). Whilst a
self-reported measure of adherence was used in the majority of included studies, objective
monitoring of adherence was reported in just one study (Dieltjens et al., 2015). Studies which
considered psychological and social factors (38%) focused on the impact of constructs, such
as bed-partner satisfaction levels (improvement reported in the patient’s snoring by their
partner), self-perceived changes and type D personality (a combination personality type of

negative affectivity and social inhibition) on oral appliance adherence.
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Table 3.4 Categorisation of studies based on the influencing factor

Srno. Exposure of interest Study

1 Disease and Patient Characteristics De Almeida et al, 2005
Dieltjens et al, 2013
Ghazal et al, 2009
Izci et al, 2005
McGown et al, 2001
Brette et al, 2012
Dieltjens et al, 2015
Ingman et al, 2013
Nerfeldt et al, 2016
Prescinotto et al, 2015
Rose et al, 2002

Saglam-Aydinatay et al,
2018

Tsuda et al, 2010
3 Appliance Fabrication and Titration Gagnadoux et al, 2017
Procedures
Johal et al, 2017
Lee at al, 2013
Wang et al, 2014
Zhou et al, 2012
Al-Dharrab et al, 2017
Dieltjens et al, 2013
Ghazal et al, 2009
Quinnell et al, 2014
Freidman et al, 2012
Vanderveken et al, 2008
4  Side Effects Attali et al, 2016
De Almeida et al, 2005
Izci et al, 2005
Makihara et al, 2016
McGown et al, 2001
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Bates et al, 2006
Clark et al, 2000
Freidman et al, 2012
Dieltjens et al, 2015
Haviv et al, 2017
Nishigawa et al, 2017
Rose et al, 2002
Tsuda et al, 2010
Vecchierini et al, 2016
5 Psychological & Social Factors Attali et al, 2016
Carballo et al, 2016
De Almeida et al, 2005
Dieltjens et al, 2013
Izci et al, 2005
Makihara et al, 2016
McGown et al, 2001
Brette et al, 2012
Haviv et al, 2017
Nishigawa et al, 2017
Rose et al, 2002

Saglam-Aydinatay et al,
2018
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3.5.2. Risk of bias within studies

The risk of bias assessment for random sequence generation, allocation concealment,
blinding of outcome assessors, incomplete outcome data, selective reporting was assessed
for the included RCTs (n = 8) and CCTs (n = 2). The majority of these studies demonstrated
a low or unclear risk of bias for the above domains. Only two studies (Lee et al., 2013,
Gagnadoux et al., 2017) demonstrated a high risk of bias for random sequence generation,
otherwise a low risk of bias was assessed in relation to selective reporting for all included
studies. In terms of allocation concealment, five studies (Ghazal et al., 2009, Zhou and Liu,
2012, Quinnell et al., 2014, Wang and Liu, 2014, Al-Dharrab, 2017) demonstrated an unclear
risk of bias, three studies (Vanderveken et al., 2008, Cunali et al., 2011, Johal et al., 2017)
indicated a low risk of bias and a high risk of bias was observed in two studies (Lee et al.,
2013, Gagnadoux et al., 2017). Due to no clear description concerning blinding of outcome
assessors, seven studies (Ghazal et al., 2009, Cunali et al., 2011, Zhou and Liu, 2012, Lee et
al., 2013, Quinnell et al., 2014, Wang and Liu, 2014, Al-Dharrab, 2017) exhibited an unclear
risk of bias and a low risk of bias was observed in the rest of the three studies (Vanderveken
et al., 2008, Gagnadoux et al., 2017, Johal et al., 2017). High risk of bias for incomplete
outcome data was observed in only one study (Gagnadoux et al., 2017) whereas the remaining
nine studies (Vanderveken et al., 2008, Ghazal et al., 2009, Cunali et al., 2011, Lee et al., 2013,
Quinnell et al., 2014, Wang and Liu, 2014, Al-Dharrab, 2017, Johal et al., 2017, Zhou and Liu,
2012) exhibited a low risk of bias. The findings along with the comments for the judgement are

summarised in Table 3.5.

Similarly, observational studies (n = 21) were found to demonstrate a low or moderate risk of
bias concerning study participation, study attrition, prognostic factor management, outcome
management, study confounding and statistical analysis and reporting. Four studies
(Prescinotto et al., 2015, Carballo et al., 2016, Nerfeldt and Friberg, 2016, Saglam-Aydinatay
and Taner, 2018) exhibited a moderate risk of bias for study participation whereas the
remaining studies (n = 17) indicated a low risk of bias. All studies demonstrated a low risk of
bias for the domains-outcome measurement and, statistical analysis and reporting. In terms
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of study attrition, three studies (Brette et al., 2012, Nerfeldt and Friberg, 2016, Nishigawa et
al., 2017) exhibited a moderate risk of bias whilst a low risk of bias was observed in the
remaining studies. Furthermore, eight studies (Tsuda et al., 2010, Brette et al., 2012, Ingman
et al., 2013, Dieltjens et al., 2015, Prescinotto et al.,, 2015, Nerfeldt and Friberg, 2016,
Vecchierini et al., 2016, Saglam-Aydinatay and Taner, 2018) demonstrated a low risk of bias
for prognostic factor measurement and remaining studies exhibited a moderate risk of bias.
The majority of the studies indicated a moderate risk of bias for study confounding while a low

risk of bias was observed in two studies (Izci et al., 2005, Dieltjens et al., 2015) (Table 3.6).
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Table 3.5 Risk of bias assessment for RCTs using Cochrane risk of bias tool

1

Al Dharrab 2017

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)
Blinding of outcome
assessment (Detection

Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Cunali 2011

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)

Blinding of outcome
assessment (Detection
Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Gagnadoux 2017

Randomisation
(Selection Bias)

Risk of
Bias

Low risk

Unclear
risk

Unclear
risk

Low risk

Low risk
Risk of
Bias

Low risk

Low risk

Unclear
risk

Low risk

Low risk

Risk of
Bias

High risk

Support for judgement

"The patients were then simply randomised
to treatment with either Type A or Type B
appliance."

No clear description

No clear description

"No patients were dropped from the study
for any reason."

The authors reported all the pre-specified
outcomes.

Support for judgement

"...study was a double-blind, Randomised,
and controlled trial in which patients were
distributed..."

“The investigator who was blinded to the
Randomisation has only applied all study
instruments of evaluation such as the RDC,
while a second investigator did the
Randomisation and was responsible for
explaining the exercises to the patients."

No clear description

Small number of dropouts in both of the
groups ( Support therapy n=1 dropout vs
Placebo Therapy n=2 dropout)

The authors reported all the pre-specified
outcomes.

Support for judgement

"This prospective non Randomised study
was conducted..."
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Allocation Concealment
(Selection Bias)

Blinding of outcome
assessment (Detection
Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Lee 2013

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)

Blinding of outcome
assessment (Detection
Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Quinnell 2014

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)

High risk

Low risk

High risk

Low risk
Risk of
Bias

High risk

High risk

Unclear
risk

Low risk

Low risk

Risk of
Bias

Low risk

Unclear
risk

Lack of Randomisation and allocation
concealment

“Outcome assessors were unaware of the
device assignment.”

Large number of dropouts in both groups
(Ready-made n=39 dropouts and Custom-
made n= 23 dropouts) and imbalanced
Randomisation (Ready-made n= 125 vs
Custom-made n=95) due to lack of
Randomisation.

The authors reported all the pre-specified
outcomes.

Support for judgement

No description of Randomisation and
allocation concealment. "Two groups of
patients were included in the present study;
one group of patients was prescribed

mono-bloc MAD and the other group of
patients was bi-bloc MAD."

No description of allocation concealment.
"Two groups of patients were included in
the present study; one group of patients
was prescribed mono-bloc MAD and the
other group of patients was bi-bloc MAD."

No clear description

No dropouts or withdrawal as 153 patients
were enrolled and 153 were analysed

The authors reported all the pre-specified
outcomes.

Support for judgement

"This open-label, randomised, controlled,
crossover trial was undertaken at a UK
sleep centre."

No clear description
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Blinding of outcome
assessment (Detection

Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Vanderveken 2008

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)

Blinding of outcome

assessment (Detection
Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Wang 2014

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)

Blinding of outcome
assessment (Detection
Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Zhou 2012

Unclear
risk

Low risk

Low risk
Risk of
Bias

Low risk

Low risk

Low risk

Low risk

Low risk

Risk of
Bias

Low risk

Unclear
risk

Unclear

risk

Low risk

Low risk

Risk of
Bias

No clear description

Small number of dropouts only in one
group (n=3 lost to follow-up)

The authors reported all the pre-specified
outcomes.

Support for judgement

“Participants were randomly allocated
(concealed Randomisation) to either
treatment sequence A or B."

"...allocated (concealed Randomisation) to
either treatment sequence A or B."

“Sleep recordings were scored manually in
a standard fashion by a qualified sleep
technician blinded to the subject’s
treatment status.”

No dropouts reported

The authors reported all the pre-specified
outcomes.

Support for judgement

‘Randomisation at the beginning of the
study.”

No clear description

No clear description

Smaller no of dropouts (n=2 dropouts)

The authors reported all the pre-specified
outcomes.

Support for judgement
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10

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)

Blinding of outcome
assessment (Detection
Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Johal 2017

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)

Blinding of outcome
assessment (Detection
Bias)

Incomplete Outcome
Data (Attrition Bias)

Selective Reporting

Ghazal 2009

Randomisation
(Selection Bias)

Allocation Concealment
(Selection Bias)

Blinding of outcome
assessment (Detection
Bias)

Low risk

Unclear
risk

Unclear
risk

Low risk

Low risk

Risk of
Bias

Low risk

Low risk

Low risk

Low risk

Low risk
Risk of
Bias

Low risk

Unclear
risk

Unclear
risk

“The 16 patients enrolled were randomly
divided into two groups..."

No clear description

No clear description

“All of the patients finished the treatment as
expected..."

The authors reported all the pre-specified
outcomes.

Support for judgement

"...random identification numbers were
compiled from Altman's randomisation table
to one of the two treatment groups, using a
block randomisation method..."

"Opaque envelopes to conceal the
allocation were labelled with identification
numbers only..."

“Data analysis, was undertaken blind to the
intervention by a statistician with coded
data, using SPSS."

Balanced dropouts from both the groups
(Ready-made n= 6 and Custom-made n=4),
"intention to treat analysis demonstrated
that dropouts did not affect the validity of
the current study results."

The authors reported all the pre-specified
outcomes.

Support for judgement

“Enrolled patients were Randomised
according to a computer-generated
Randomisation list.”

Not described

No clear description
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iv Incomplete Outcome Low risk Balanced number of withdrawals from both

Data (Attrition Bias) the groups at follow-up 1 and 2.
% Selective Reporting Low risk The authors reported all the pre-specified
outcomes.
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Sr.

no.

10

11

12

13
14

15

16

17

Table 3.6 Risk of bias tool for observational studies using the QUIPS tool

Study ID

Attali 2006

Carballo
2016

De Almeida
2005

Izci 2005
Makihara
2016

McGown
2001

Bates 2006
Brette 2006
Clark 2000
Freidman
2012
Dieltjens
2013
Dieltjens
2015

Haviv 2017
Ingman
2013
Nerfeldt
2016
Nishigawa
2017
Prescinotto
2015

Study

Participation

Low

Moderate

Low

Low

Low

Low

Low
Low
Low

Low

Low

Low

Low

Low

Moderate

Low

Moderate

Study
Attrition

Low

Low

Low

Low

Low

Low

Low
Moderate
Low

Low

Low

Low

Low

Low

Moderate

Moderate

Low

Bias Domains

Prognostic
Factor
Measurement

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate
Low
Moderate

Moderate

Moderate

Low

Moderate

Low

Low

Moderate

Low

Outcome
Measurement

Low

Low

Low

Low

Low

Low

Low
Low
Low

Low

Low

Low

Low

Low

Low

Low

Low

Study
Confounding

Moderate

Moderate

Moderate

Low

Moderate

Moderate

Moderate
Moderate
Moderate

Moderate

Moderate

Low

Moderate

Moderate

Moderate

Moderate

Moderate

Statistical
Analysis

and
Reporting

Low

Low

Low

Low

Low

Low

Low
Low
Low

Low

Low

Low

Low

Low

Low

Low

Low
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18
19

20
21

Rose 2002 Low
Saglam- Moderate
Aydinatay

2018

Tsuda 2004 Low
Vecchierini Low
2016

Low

Low

Low

Low

Moderate

Low

Low

Low

Low

Low

Low

Low

Moderate

Moderate

Moderate

Moderate
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3.5.3. Qualitative study analysis
3.5.3.1. Patient and disease Characteristics

The findings of the qualitative analysis are summarised in table 3.7. The current review
identified 13 studies exploring the influence of patient and disease characteristics, which
reported neither supine-dependent OSA, age, obesity, sex, or sleepiness to be related to MAA
tolerability (McGown et al., 2001, Rose et al., 2002a, de Almeida et al., 2005, Izci et al., 2005,
Ghazal et al., 2009, Tsuda et al., 2010, Brette et al., 2012, Dieltjens et al., 2013b, Ingman et
al., 2013, Dieltjens et al., 2015, Prescinotto et al., 2015, Nerfeldt and Friberg, 2016, Saglam-
Aydinatay and Taner, 2018). There were no significant gender differences detected in relation
to the cessation of appliance use. Neither disease severity or baseline sleepiness was found
to be a predictor of MAA adherence (de Almeida et al., 2005). Whilst the above-reported
studies relied upon self-reported adherence, a further single study found no correlation
between objective adherence and anthropometric characteristics, polysomnographic
parameters or excessive daytime sleepiness (Dieltjens et al., 2015). Furthermore, among the
13 studies included, one study found no significant association between adherence and the
following patient anatomical characteristics: upper-airway or facial skeletal abnormalities, such
as pharyngeal alterations (p = 0.62), retrognathia (p = 0.34), Class Il dental occlusion (p =
0.64), craniofacial alterations (p = 0.44) or nasal alterations (p = 0.38) (Prescinotto et al., 2015).
Although the findings are not statistically significant, these should be viewed carefully as the

authors relied upon self-reported adherence, rather than objective adherence.

3.5.3.2. Appliance fabrication and titration

In terms of appliance factors, 11 studies examined the influence of appliance fabrication and
titration on MAA adherence (Vanderveken et al., 2008, Ghazal et al., 2009, Friedman et al.,
2012, Zhou and Liu, 2012, Dieltjens et al., 2013b, Lee et al., 2013, Gagnadoux et al., 2017,
Al-Dharrab, 2017, Johal et al., 2017, Quinnell et al., 2014, Wang and Liu, 2014). One study
compared the modified Herbst appliance (IST®) with the Thornton anterior positioner (TAP™),

which differed in their ability to open the mouth during sleep in a protrusive position (Ghazal et
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al., 2009). Although the TAP™ was more effective in treating OSA, its long term acceptance

was less than that of the IST® (Ghazal et al., 2009).

Three Studies comparing mono-bloc MAA with bi-bloc MAA, with regards to their adherence
have reported rather conflicting results (Zhou and Liu, 2012, Dieltjens et al., 2013b, Lee et al.,
2013). Zhou and Lou suggested that mono-bloc appliance should be considered, as almost
half of the patients preferred the appliance to the bi-bloc device. However, the findings were
based on a very small sample size (n = 16) (Zhou and Liu, 2012). On the contrary, a large
prospective single-centre study, with a sample size of 153 patients, observed an adherence
rate of 83.3% with the Bi-Bloc MAA and 68.8% with the Mono-Bloc MAA, at 1 year (P = 0.04).
The authors concluded that the relatively free mandibular movement may explain the
difference in adherence rates (Lee et al., 2013). Similarly, Dieltjens et al. whilst examining the
association between Type D personality (a combination personality type of negative affectivity
and social inhibition) and MAA adherence, observed a higher discontinuation rate with
monobloc MAA in comparison to bi- or duo-bloc appliance (95% CI, 1.77 - 47.09; p = 0.008)
when adjusted for Type D personality, age, gender and decrease in AHI (Dieltjens et al.,
2013b). However, the findings of the above studies should again be interpreted with caution
as they failed to assess adherence using an objective measure and the marked differences in

study designs.

Seven studies evaluating the impact of ready-made (non-adjustable/ non-titratable) and
custom-made MAA, observed an overwhelming patient-reported preference for custom-made
MAA in comparison to ready-made devices (Vanderveken et al., 2008, Friedman et al., 2012,
Quinnell et al., 2014, Wang and Liu, 2014, Al-Dharrab, 2017, Gagnadoux et al., 2017, Johal
et al.,, 2017). The adherence was higher with the custom-made MAA despite more reported
dental discomfort (p = 0.03) (Gagnadoux et al., 2017). In a further RCT, with a crossover
design, Johal et al. reported a response rate of only 24% with a ready-made MAA versus the
64% in the custom-made MAA. It has to be acknowledged that adherence was assessed from

self-reports and can be at risk of bias. More recently, the addition of objective adherence
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monitors has served to confirm the reported levels of self-reported adherence with MAA

(Vanderveken et al., 2013, Johal et al., 2016).
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3.5.3.3. Side effects

Side effects, such as dental pain, muscular pain and excessive salivation associated with MAA
may prevent early acceptance of the device and contribute to non-adherence (Bates and
McDonald, 2006). Moreover, side effects arising from long-term MAA use, such as bite change
may also lead to poor patient adherence (Clark et al., 2000, McGown et al., 2001, Dieltjens et
al., 2015, Attali et al., 2016). The current review identified 14 studies examining the influence
of early and long-term side effects on MAA adherence (Clark et al., 2000, McGown et al.,
2001, Rose et al., 2002a, de Almeida et al., 2005, Izci et al., 2005, Bates and McDonald, 2006,
Tsuda et al., 2010, Friedman et al., 2012, Dieltjens et al., 2015, Attali et al., 2016, Makihara et

al., 2016, Vecchierini et al., 2016, Haviv et al., 2017, Nishigawa et al., 2017).

The most common self-reported reason for discontinuing the treatment was a lack of treatment
effect or discomfort or pain on MAA use, consistent with other reported studies (Clark et al.,
2000, Bates and McDonald, 2006, Izci et al., 2005, Attali et al., 2016, Saglam-Aydinatay and
Taner, 2018). Furthermore, early discontinuation (< 2 years) of treatment was observed due
to side effects, discomfort and inefficacy. In contrast, patients discontinued treatment due to
no specific reasons after 2 or more years (Attali et al., 2016). Additionally, the higher rates of
treatment discontinuation with ready-made MAA was found to be associated with higher
reported side effects in comparison to the custom-made MAA (Vanderveken et al., 2008,

Quinnell et al., 2014, Gagnadoux et al., 2017, Johal et al., 2017).

3.5.3.4. Psychological and Social factors
Among the 31 included studies, twelve studies (de Almeida et al., 2005, Attali et al., 2016,

Carballo et al., 2016) examined the influence of the psychological and social factors on MAA
adherence. One study reported low rates of perceived effectiveness, self-efficacy, and social
support for MAA as a cohort (n = 39) of older patients had low expectation for positive
outcomes (Carballo et al., 2016). However, given that other included studies identified
psychological factors, such as a lack of perceived benefits by the patients and their bed

partner, and cognitive perceptions such as complete symptom resolution as influential on MAA
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adherence, the above findings are highly contentious (Rose et al., 2002a, de Almeida et al.,
2005, Izci et al., 2005, Dieltjens et al., 2013b, Attali et al., 2016, Haviv et al., 2017, Nishigawa
et al.,, 2017). Likewise, two studies identified that social factors, such as poor marital
satisfaction (marital quality and bed sharing frequency) (p < 0.04), support from their partner
and shame caused by the disease symptoms, to be associated with continued usage of MAA
(Izci et al., 2005, Saglam-Aydinatay and Taner, 2018). Nevertheless, the above findings
should be viewed carefully due to marked differences in study designs and lack of objective

assessment of adherence.
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Table 3.7. Factors of influence on MAA adherence

Factors Decreased
adherence

Patient and

disease

characteristi

cs
Desaturaters
(patients with
oxygen
desaturations)
Mono-bloc MAA

Increased
adherence

Arousers
(Patients with
respiratory
arousals)

MAA therapy as
the first line of
treatment

Complete
symptom
resolution

Bi-Bloc MAA

No significant association with
adherence

Anthropometric characteristics (Age, Sex,
obesity)

Disease severity
Baseline Sleepiness
Polysomnographic parameters

Anatomical characteristics (length of the
maxilla, mandible and soft palate,
oropharyngeal space, crepitation at TMJ)

Upper airway or facial skeletal abnormalities

Caveat

Significant improvement in the ESS
among the arousers

Strong predictor for treatment
continuation

Contributes to the perception of
OSA but not a strong predictor
alone

Relatively free mandibular
movement
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Appliance
Fabrication
and Titration

Side effects

Psychologica
| and social
factors

Ready-made (Non-
titratable) MAA

Dental, Muscular
and TMJ pain

Excessive
salivation

Bite change

Patients not using
the MAA for > 2
years

Lack of perceived
benefits

Custom-made
(Titratable)
MAA

Regular dental
follow-up

Support from
their bed
partners

More reported side-effects with
ready-made as compared to
custom-made

Prevents early acceptance of the
device and weak but consistent
factors for discontinuation

Non-users reported more side-
effects than users

More likely to discontinue the
treatment

Helps in minimising early side-
effects which lead to early
discontinuation of the treatment

Leads to early discontinuation of the
treatment, consistent factor

Improved sleep quality of the bed
partner with MAA use is
associated with increased
adherence
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3.5.4. Quantitative analysis

A meta-analysis was undertaken in relation to the use of ready-made MAA versus custom-
made MAA with regards to patient adherence (Figure 3.2). Based on these studies
(Vanderveken et al., 2008, Quinnell et al., 2014, Gagnadoux et al., 2017, Johal et al., 2017),
increased adherence was observed with custom-made appliances, with a pooled mean

difference of -1.34 (-2.02 to -0.66b), with low levels of heterogeneity (1> = 0%).

Ready -made Custom-made Mean Difference Mean Difference Risk of Bias
Study of Subgroup  Mean S0 Total Mean SD Tolal Weight IV, Fixed, 95% Cl IV, Fixed, 95% C1 ABCDE
Gagnadoux 2017 B4 27EE98  BE 71 28027 72 08% -0.70F9.43, 8.0 T [T IT I
Johal 2017 3 40765 25 5 g2041 25 32% -20015.79,1.79) L1111
Quinnell 2014 44 4 T4 57 2 T W% -1.30[201,-0.59) [ | @ @@
Vanderveken 2008 45 4858 23 B3 BITM 23 45% 17049315 —T L1111
Total (95% C1) 208 194 100.0% -1.34 [-2.02, -0.66) +
Heterogeneity, Chi'= 0.20,df= 3 (P= 0.98) P= 0% -;ﬂ ‘5 b ; 1‘0

Testfor owerall effect Z= 3 84 (P = 0.0001) Favours Cusinm-mads  Favours Reddy-made
Risk of bas lsgand

(A) Random sequence generation (selection bias)

(B) Allacation concealment (selaction bias)

(C) Binding of cutcome assessment (detection bias)

(D) Incompiete outcome data (atiriion bias)

(E) Selective reponting (repoming bias)

The forest plot demonstrates four studies that indicate increased patient adherence with custom-made appliances
in comparison to ready-made appliances. The sgquares represents the point estimate of the corresponding studies.
The area of the each square is proportional to the study's weight in the meta-analysis and the lateral points
{horizontal line) indicate the confidence intervals of the respective study. The overall effect or the summary estimate
is plotted as a diamond and the lateral points demonstrate the confidence intervals of the estimate. A mean
difference of zero (vertical line) indicates no effect; studies with confidence intervals crossing the vertical line are
inconclusive. Powerful studies have narrower confidence intervals.

In the above graph the Quinnell study and the overall effect estimate have narrow confidence intervals that do not
cross zero, indicating that the meta-analysis could be considered as statistically significant.

Figure 3.2 Forest plot of patient reported adherence for custom-made MAA and ready-made
MAA.
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3.5.Discussion

Given that mandibular advancement appliances are removable and have to be used
indefinitely, adherence to treatment is of utmost importance for achieving successful therapy
(Ramar et al., 2015). However, adherence to MAA for obstructive sleep apnoea is highly
variable (Sutherland et al., 2014). The current review observed that the relationship between
MAA adherence and patient and disease characteristics such as age, sex, obesity, AHI,
daytime sleepiness is relatively weak. Furthermore, no association was observed between
objective adherence and anthropometric characteristics, polysomnographic parameters, and
excessive daytime sleepiness. It also appears that disease severity and sleepiness may not
be associated with MAA adherence. The majority of the included studies, exploring the
impact of patient and disease characteristics were retrospective in nature and highly

heterogeneous in terms of study participants.

Dieltjens et al. conducted a prospective clinical trial to identify the determinants of objective
adherence to MAA in patients with OSA. Previous studies on MAA adherence have relied
upon patient-reported adherence which is subject to overestimation (de Almeida et al., 2005,
Marklund and Franklin, 2007). Moreover, objective compliance monitors with MAA have only
been introduced recently (Vanderveken et al., 2013). The trial (n = 51) observed no
correlation between objective adherence and anthropometric characteristics,
polysomnographic parameters and excessive daytime sleepiness. Nevertheless, the authors
did emphasize the influence of socially disturbing snoring, reporting objective adherence
correlated significantly with a decrease in socially disturbing snoring, as reported by the
partner compared with baseline visual analogue scale scores (VAS) for snoring without the
appliance (Dieltjens et al., 2015). Nerfeldt and Friberg investigated the difference between
‘arousers (patients with respiratory arousals) and ‘desaturaters’ (patients with oxygen
desaturations) in terms of adherence rates the authors observed that patients with greater
numbers of arousal showed higher adherence (85%) than among the ‘desaturaters’ (55%;
p=0.034). It was reasoned that the above difference in adherence rate was due to a

significant improvement in the Epworth sleepiness score (ESS) among the ‘arousers’ (ESS
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2 10) which was not seen among the ‘desaturaters’ (Nerfeldt and Friberg, 2016).
Furthermore, MAA as a first-line treatment was reported to be a strong predictor (OR 1.77,
95% CI 1.03-3.03; p = 0.0375) for treatment continuation (Attali et al., 2016). Similarly,
complete symptom resolution (OR 1.78, 95% CI 1.03-3.03, p = 0.0384) was also a strong
predictor for MAA adherence (Attali et al., 2016). These findings support an important role
for disease chronicity in terms of patient adherence, which was similar to those reported for
other chronic diseases (lglay et al., 2015). They also reinforce the link between disease
chronicity and long-term treatment persistence, whilst indicating that patients intolerant of or
non-adherent with CPAP are more likely to discontinue MAA (Attali et al., 2016). However,
Izci et al. in a large sample (n=144) of patients with OSA demonstrated that usage of MAA
was not significantly affected by whether a patient was a CPAP failure or refuser (p>0.3) (Izci
et al., 2005). Nonetheless, the findings of the above studies should be interpreted with
caution, as the studies failed to provide an objective measure of adherence and also due to
the marked differences in study design and participant settings with regards to race and
ethnicity. However, Johal et al. demonstrated excellent long-term objective adherence with

MAA in a sample of 42 patients with OSA, who were CPAP intolerant.

Nonetheless, it is interesting to evaluate these findings in the context of CPAP adherence. A
weak association between patient and disease characteristics such as disease severity, AHI,
oxygen desaturation and ESS on CPAP adherence has been observed (Engleman et al.,
1994, Reeves-Hoche et al., 1994, Sin et al., 2002). Although nasal resistance influences
initial CPAP acceptance, nasal anatomy, not necessarily patient-reported nasal complaints,
may be influential on CPAP adherence (Li et al., 2005, Morris et al., 2006, Sugiura et al.,
2007). Furthermore, initial CPAP adherence appears to be closely associated with higher
neighbourhood socioeconomic factors, independent of individual demographic and clinical
factors (Platt et al., 2009). These findings suggest that socio-environmental factors are
important in terms of patient adherence among patients with OSA. Studies have also
examined race as influential on CPAP adherence, all of which have reported lower CPAP

adherence in African-Americans compared with Caucasian users (Scharf et al., 2004,
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Budhiraja et al., 2007). Factors such as race and ethnicity-based differences in MAA
adherence were not examined, as no studies have been published exploring such factors.
Similarly, a low socio-economic index is only considered a barrier to accessing MAA, as its
influence on treatment adherence is yet to be explored (Fleury et al., 2015). Thus, further
studies are needed to understand and help characterise the individual considerations needed

for initiating and managing MAA treatment within diverse patient groups.

In terms of appliance characteristics, both patient-reported adherence and preference
favoured the use of custom-made appliances. The preference was not only reflected in the
higher number of nights per week but also the number of hours per night that the appliance
was used (Vanderveken et al., 2008, Johal et al., 2017). The findings are consistent with a
recent systematic review and meta-analysis (Johal and Agha, 2018). Moreover, as MAA for
OSA is entirely dependent on patient behaviour, patient preference or acceptance cannot be
disregarded. However, the majority of the studies were limited to self-reported use and lacked
an objective adherence measurement. This reflects the relatively recent introduction of
objective adherence monitors (Vanderveken et al., 2013). Notwithstanding this, a lack of
retention with the ready-made MAA was the most frequently cited reason for discomfort and
non-adherence (Vanderveken et al., 2008, Tsuda et al., 2010, Friedman et al., 2012, Quinnell

et al., 2014, Johal et al., 2017).

In relation to side effects, non-users experienced one or more adverse effects and tend to
discontinue the treatment earlier i.e. within the first three months, whereas those who use the
device for longer periods experienced milder problems (McGown et al., 2001, Makihara et
al., 2016). In a questionnaire-based retrospective study, non-users reported a higher average
number of side effects than users (McGown et al., 2001). Similarly, Makihara et al. reported
that one-third of the non-users discontinued the MAA within the first month and 40% within in
the next 3 months (Makihara et al., 2016). The most common reasons for discontinuation of
treatment were discomfort or lack of treatment effects (Clark et al., 2000, McGown et al.,
2001, de Almeida et al., 2005). Specifically, pain originating from the masticatory muscles or

the temporomandibular joints may be one of the main reasons for poor adherence or
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abandonment (Cunali et al., 2011). Consequently, Cunali et al. randomized 29 OSA adult
patients with Temporomandibular disorders into two groups: the exercise support therapy
(ST) and placebo therapy (PT) and were evaluated prior to and 120 days after MAA. The
authors observed higher treatment adherence in the ST group (p < 0.05) as comparison to
the PT group, as there was a significant reduction of pain intensity in the former group (p <
0.05), but not in the latter (Cunali et al., 2011). Long-term occlusal changes may occur with
MAA (de Almeida et al., 2005), as such, dental follow-up may be useful in encouraging
adherence while limiting possible side effects and the risk of cessation of treatment in long-
term MAA users. In terms of the influence of gender, in a retrospective study (n=251), women
experienced and reported more side effects and seemed to have a greater tendency to
abandon treatment than males, as 46.8% of the women who answered a questionnaire based
survey had discontinued the use of MAA compared to the 32.8% of males (de Almeida et al.,
2005). However, given that the study was retrospective, with data collection from patients at
different time intervals, the findings should be interpreted with caution (de Almeida et al.,

2005).

Psychological and social factors, such as mood and perception of treatment benefits, and
bed partner satisfaction levels were significantly correlated with MAA use (Izci et al., 2005).
Dieltjens et al. identified that self-reported adherence to MAA was significantly lower for
adults with OSA and Type D personality, a combination personality type of negative affectivity
and social inhibition, as compared to patients with OSA without the said personality. These
findings are in agreement with similar observations reported by Brostrom et al. in regards to
lower CPAP adherence with type D personality (Brostrom et al., 2007). Objective adherence
was found to be significantly correlated with a more pronounced decrease in socially
disturbing snoring (Dieltjens et al., 2015). Research shows that adoption of new health
behaviour, like a new physical activity routine or adhering to a prescribed medication regimen,
is a challenging endeavour involving a variety of social, emotional, and cognitive factors
(Schwarzer and Luszczynska, 2008). However, evidence in terms of psychological and

social factors with regards to MAA adherence is highly underrepresented, which
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contrasts with the volume of literature concerning CPAP adherence. Efforts to enhance
patient education ranging from telephone support to home visits, motivational enhancement,
or augmented support (Chervin et al., 1997, Hui et al., 2000) have been shown to improve
CPAP adherence when compared to standard care. It has also been suggested in a recent
Cochrane review that educational, supportive and behavioural interventions may increase
CPAP usage to varying degrees (Wozniak et al., 2014). However, no studies evaluating the
efficacy of the above-mentioned interventions in relation to MAA adherence were identified
in this review. Evidence concerning the impact of psychological factors, such as patient’s
perceptions, self-efficacy, and social support on MAA adherence is highly underrepresented
in the field of sleep medicine in comparison to various sleep apnoea treatments. Therefore,
further research is imperative for the development of tailor-made interventions to enhance

adherence in patients with low mood and/or psychological disorders.

3.5.1. Strengths and limitations

This is the first systematic review to assess the factors influencing adherence or non-
adherence in adult patients with OSA on MAA. In order to limit publication bias,
comprehensive search strategies were implemented along with the use of Covidence, a core
component of Cochrane’s review toolkit. The review followed the PRISMA reporting
guidelines and the Cochrane Handbook of systematic review was used for risk of bias

assessment for the included RCTs.

In terms of limitations, the search yield was limited to eight RCTs demonstrating low or
unclear risk of bias. Furthermore, the application of a meta-analysis in non-randomized
controls trials leads to bias arising from methodological issues and marked differences in
study designs. Another possible limitation is the limited evidence identified concerning the
impact of psychological and social factors, and the effect of strategies or interventions to

improve MAA adherence.
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3.6.Conclusion

A weak relationship was observed between objective MAA adherence and patient and
disease characteristics such as age, sex, obesity, AHI, daytime sleepiness. Non-adherent
patients reported more side effects than users and tended to discontinue treatment within the
first three months. Increased patient adherence was identified with custom-made MAA in
comparison to ready-made MAA. The review identified limited evidence concerning the
influence of psychological and social factors on MAA adherence. Given that majority of the
studies relied upon patient-reported adherence, the review observed a considerable lack of

objective adherence monitoring.

Further research would be beneficial to describe the determinants of adherence, such as risk
perception, self-efficacy, and outcome expectancy and to facilitate patient education and
development of tailor-made interventions to enhance adherence to MAA. Similarly, the lack
of objective adherence monitoring necessitates the need for future studies that assess

adherence objectively.
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Chapter 4. Intervention to enhance adherence to
mandibular advancement appliance in patients with
obstructive sleep apnoea: a randomised clinical trial

4.1. Introduction

Obstructive sleep apnoea (OSA) is a sleep-related breathing disorder characterised by the
repeated episodic collapse of the upper airway during sleep, resulting in sleep deprivation,

giving rise to apnoeas and hypopnoeas (Banno and Kryger, 2007).

An overnight sleep study is required to establish a diagnosis of OSA and provides the
apnoea-hypopnoea index (AHI), which is the sum of the average number of apnoea
(complete airflow cessation) and hypopnoea (partial airflow cessation) events per hour of
sleep. The AHI has been classified into the following severity grades: mild (5 -15), moderate

(16 - 30) and severe (> 30) (Medicine, 2005).

Based on the severity of OSA, there are two primary treatment modalities: continuous positive
airway pressure (CPAP) and mandibular advancement appliance (MAA) therapy (Network,
2003, McDaid et al., 2009). CPAP is prescribed to those suffering from moderate to severe
OSA. According to the current NICE guideline, MAA therapy is recommended to in individuals
diagnosed with Mild OSA and symptoms that affect their usual daytime activities. The
guidelines also prescribe MAA therapy to those with moderate or severe OSA intolerant to
CPAP treatment as a second-line of treatment (NICE, 2021). It was noted that MAA reduces
daytime sleepiness and improves the AHI by protruding the mandible and thereby
maintaining an open pharyngeal airway (Lim et al., 2004). However, studies have consistently
demonstrated that CPAP is more effective than MAA at reducing sleep- disordered breathing
and achieving complete control of OSA (AHI < 5) (Sharples et al., 2016). Despite the greater
effect of CPAP on objective polysomnographic parameters (e.g. AHI), it does not appear to
be more effective at achieving better health outcomes. It seems that the higher efficacy of
CPAP is offset by greater MAA adherence. Phillips et al. (2011) showed that CPAP and MAA
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achieved similar improvements in excessive daytime sleepiness and quality of life. Average
MAA adherence was 6.5 hours/night compared to 5.2 for CPAP (p < 0.0001) (Phillips et al.,
2011). These findings are consistent with the results of a recent systematic review and meta-
analysis, which demonstrated that adherence was significantly lower with CPAP than MAA

by 1.1 hours per night (p = 0.004) (Schwartz et al., 2018).

Although initial subjective treatment adherence to MAA therapy is relatively high, it appears
to decline over time. A phone-based survey of 69 patients with mild to moderate OSA
prescribed MAA, reported a 32 per cent adherence rate after 4 years of therapy, indicating a
high level of non-adherence (Saglam-Aydinatay and Taner, 2018). The study also suggested
the prevention of barriers, associated with MAA therapy adherence, to improve the efficiency
of the appliance and disease outcome. In a systematic review, Hoffstein et al. (2007) reported
a wide range (4 -76 per cent) of adherence rates in the first year of appliance use and further
studies have highlighted that adherence decreases with time (Hoffstein, 2007): 83 per cent
after 1 year (Dieltjens et al., 2013b), and 62 - 64 per cent after 4 - 6 year (Walker-Engstrom

et al., 2002, de Almeida et al., 2005).

MAA adherence might differ depending on the type of the appliance, custom-made or ready-
made, disease severity, and patient management (Haviv et al., 2017). In a recent systematic
review, patient-reported adherence (6.4 — 7 nights per week and 5 — 6.3 hours per night) and
preference (p <.001) were strongly associated to custom-made MAA in comparison to ready-
made MAA (Johal and Agha, 2018). Subjective side effects such as dry mouth, excessive
salivation, tooth discomfort, muscle tenderness, and jaw stiffness, were not reported to lead
to treatment discontinuation (Pantin et al., 1999, Fritsch et al., 2001, McGown et al., 2001,
Clark et al., 2000). In addition, tooth movement and occlusal changes have been noted after
1 to 4 years of follow-up, but these changes again do not appear to be related to treatment
withdrawal (Bondemark, 1999, Fransson et al., 2003, Ringqvist et al., 2003, Robertson et al.,

2003, Marklund et al., 2004).
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As mentioned in chapter 3, Dieltjens et al. (2013) were the first to investigate the impact of
type D personality disorder on adherence to MAA therapy. Individuals with Type-D personality
often possess a negative outlook towards life and are overwhelmed with emotions such as
stress, anxiety, and anger. The study assessed 113 patients using two questionnaires: type
D scale 14 and a postal questionnaire addressing side effects and adherence to MAA. The
study included 83 patients with a baseline type D personality and reported a 45 per cent non-
adherence rate amongst them (Dieltjens et al., 2013b). Patients with a type D personality had
a higher discontinuation rate and lower adherence. These findings are in agreement with
similar observations reported by Brostrom et al. (2007) in regard to lower CPAP adherence
with type D personality (Brostrém et al., 2007). Nevertheless, the study has some limitations.
The first being the relatively small sample size (sample bias) and the non-meaningful
comparison groups, which may reduce the generalisability of the findings. The second is the
subjective assessment of adherence and perceived side effects rather than employing
objective means of adherence measurement. A further limitation is that the characteristic
negative reporting trait of the type D patients may cause them to over-estimate their non-

adherence (Dieltjens et al., 2013b).

Research shows that adoption of a new health behaviour, like a new physical activity routine
or adhering to a prescribed medication regimen, is a challenging endeavour involving a
variety of social, emotional, and cognitive factors (Schwarzer and Luszczynska, 2008). A
multicentre study examined perceived effectiveness, self-efficacy and social support among
122 adult patients with OSA aged = 65 years prescribed for MAA therapy (Carballo et al.,
2016). The study reported a very low(30%) response rate (n = 39), in which the authors
showed low rates of perceived effectiveness, self-efficacy and social support, highlighting the
lack of self-efficacy, expectations for positive outcomes and social support experienced by
the older patients in the sample. These findings are questionable, as literature has identified
psychological and social factors and cognitive perceptions as determinants of CPAP
adherence, including patients' risk perceptions, treatment outcome expectations, locus of

control, and self-efficacy (Stepnowsky Jr and Dimsdale, 2002, De Zeeuw et al., 2007, Olsen
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et al., 2010). Another possible limitation of the study is that the questionnaires were mailed
to the participants, who were only contacted once by the authors explaining the poor
response rate (Carballo et al., 2016). As a result, further research involving larger samples
of men and women incorporating modes, which increase the response rate, is necessary to
gain a better understanding of the patient's perception of MAA therapy. In turn, this
understanding could be implemented for the development of interventions enhancing

patient's adherence and experience to MAA treatment.

Interestingly, previous studies in the field of Sleep Medicine have featured an aspect of
enhanced patient education ranging from telephone support to home visits, motivational
enhancement, or augmented support (Chervin et al., 1997, Hui et al., 2000), which have been
proven to effectively improve CPAP adherence when compared to usual care. Bakker et al.
(insert ref number not year) conducted a randomised controlled trial of CPAP use with
motivational enhancement (ME) versus CPAP only in 83 participants, with moderate to
severe OSA. The trial demonstrated a clinically significant increase in CPAP adherence in
the intervention arm (CPAP with ME), supporting the use of a motivational enhancement

approach to optimise the management of OSA (Bakker et al., 2016).

A recent Cochrane review has also emphasised the efficiency of interventions in enhancing
adherence to CPAP by stating that educational, supportive and behavioural interventions
increase CPAP usage to varying degrees (Wozniak et al., 2014). Stage theories such as the
Health Action Process Approach (HAPA), a social cognition model for behaviour change, can
be used to identify factors to target in an intervention and their interrelationships. The model-
based approach often uses a quantitative, questionnaire-based approach to assess a small
set of factors linked within a model specifying how the factors are related to behaviour and
to one another. It includes self-efficacy, outcome expectancies, and risk-perception as distal
predictors, intention as a middle-level mediator, and volitional factors (such as action
planning) as the most proximal predictors of behaviour. All are considered as determinants

of adherence in CPAP therapy (Sawyer et al., 2011, Dzierzewski et al., 2016).
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A number of randomised controlled trials within medicine have examined the concept of
stage-matched interventions based on HAPA, for example in the context of dietary
behaviours (Wiedemann et al., 2009), physical activity (Lippke et al., 2010), and dental
hygiene (Schiz et al., 2009). In order to investigate the efficiency of interventions on CPAP
adherence, 110 OSA (AHI = 15 events/h) patients were randomly assigned into staged-
match intervention care (SMC) and standardised care (SC) groups (Deng et al., 2013). The
staged-match intervention care design, following the principles of HAPA, significantly
improved CPAP adherence whilst facilitating intention formation and enhancing treatment
self-efficacy. Although the evidence for stage theories is somewhat inconsistent, a meta-
analysis (Noar et al., 2007) suggests that tailoring interventions to behavioural stages is more

effective than a generic, non-staged-tailored approach.

The above stage theory advocates that behaviour intervention takes account of the stages
of change. Individuals are presumed to progress through an ordered set of stages while
contemplating, initiating, and maintaining health behaviour change (Weinstein et al., 1998b).
Risk perception is an antecedent, that forms an intention to adopt a precautionary action or
treatment (Deng et al., 2013). After a treatment intention develops, it transforms into detailed
action plans and these plans may promote moving further into action and/or a maintenance
stage (Prochaska et al., 1992), which implies that understanding behaviour change over time,
on dynamic variables instead of static variables, would achieve maximum intervention
effectiveness (Deng et al., 2013). This feature differentiates stage theories from social
cognition theories, such as the theory of planned behaviour (TPB), which interpret behaviour

change as a continuous process.

The approach also recommends a distinction between pre-intentional motivational processes
and post-intentional volitional processes (Schiz et al.,, 2009). The motivational phase
comprises of growing risk perception and outcome expectancies, leading to the development
of an intention. Although risk perception is the initial step for developing an intention, it alone
is deficient and outcome expectancies, characterised by the advantages and disadvantages

of the health behaviour in context are essential to promote intention formation. For example,
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the more a patient feels vulnerable to the possible health threats of long-term untreated OSA
(hypertension, cardiovascular diseases), the more he or she will expect from the MAA

therapy.

In the volitional phase, Intention and behaviour implementation (adherence to MAA) would

be mediated through action planning (Presseau et al., 2017). Action planning consists of
specifying when, where and how to perform the behaviour (Pakpour et al., 2014). Self-
efficacy is an important construct to consider for behaviour change (Wilson et al., 2016) and
facilitates maintenance of action (Presseau et al., 2017). For example, after a patient has
been provided MAA treatment, he or she would make concrete plans concerning the
commencement and continuation of the treatment, while overcoming the difficulties. Highly
self-efficacious individuals are more confident in coping with setbacks and easily tackle
unanticipated difficulties, as opposed to individuals with low self-efficacy (insert ref number
not year). Since patients with OSA experience different mind-sets from initiation to long-term
adherence, it is imperative to frame interventions to optimise adherence, tailor-made to the
patients' specific psychological variables at different stages of therapy (Deng et al., 2013). In
summary, research on increasing adherence to mandibular advancement appliances in
obstructive sleep apnoea patients in underrepresented, which is in sharp contrast to the
literature regarding CPAP adherence. The current NICE guidelines have highlighted the need
of further research to enhance adherence to MAA therapy (NICE, 2008). Thus, we aim to
address this shortfall by identifying the factors influencing adherence to MAA in patients with
OSA and simultaneously assess the effectiveness of stage theories/stage-matched

intervention on subjective and objective adherence, using the HAPA model.
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4.2. Objectives
4.2.1. Aims and research questions:

The aim and primary outcome of this study is
e To assess the effectiveness of stage-matched intervention on adherence to mandibular

advancement appliances (MAA) in patients with obstructive sleep apnoea (OSA).

4.2.2. Secondary objectives:

The secondary outcomes are:

e Toidentify the psychosocial and socio-economic indicators enhancing adherence of MAA
in patients with OSA.

e Use of the indicators to develop a psychological and socio-economic predictor model.

4.2.3. Null hypothesis:

e Stage-matched intervention does not enhance adherence to MAA in patients with

OSA compared to standardised care.
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4.3. Methodology

The study was undertaken at the Royal London Dental Hospital, Bart's Health NHS Trust in

line with the CONSORT reporting guidelines.

4.3.1. Selection criteria

4.3.1.1. Inclusion criteria
e Adult (= 40 years old)
e Confirmed diagnosis of OSA (AHI =2 5)
o Referred for MAA therapy
¢ Must be able to understand, read and write English; with the assistance of a

translator

4.3.1.2. Exclusion criteria

Insufficient teeth for MAA fabrication

Poor dental or periodontal health

Symptomatic temporomandibular disorder (TMD)
Previously used an MAA

Patients with uncontrolled epilepsy

4.3.2. Sample size

The study’s sample size was based on the non-adherence rate of 30.45 percent and clinical
wearing time of more than four hours demonstrated by previous research (Deng et al., 2013).
A minimum sample size of 51 patients distributed in two groups, was proposed for given a
(0.01), power (0.8) and between-group variance of n? = 0.1. Finally, assuming a maximum
of 15 per cent dropout, a total number of 58 patients is required for 2 randomly assigned

groups, intervention care (n = 24) and (n = 24).

4.3.3. Recruitment

As part of the routine care for patients presenting with sleep-related breathing disorders, they
are all diagnosed with OSA, based on an overnight sleep study, performed in sleep clinics.
Patients requiring mandibular advancement appliance (MAA) therapy are then referred to
specific dental sleep clinics for treatment, as part of a multi-disciplinary approach to care.

Patients, with a confirmed diagnosis of OSA, that were specifically referred for MAA
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therapy to Barts' Health NHS Trust and met the studies selection criteria were approached

for recruitment.

4.3.4. Trial design
The study was a single-centre, superiority, two-arm, parallel-group, individually randomised
clinical trial, with 1:1 allocation, designed to test the effectiveness of stage-matched

intervention in enhancing patient adherence to MAA therapy in patients with OSA.

Ethical approval (Appendix 3) was obtained from the Greater Manchester West Research
ethics committee (REC ref: 19/LO/0972 & 19/NW/0391). Additionally, the study protocol was
also accepted for publication in Trials 2021 22:699 issue

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-021-05582-1 (Appendix 4).

Furthermore, the study was registered in the international database, Clinicaltials.gov (Study

ID: NCT04092660).

Patients meeting the eligibility criteria were provided with a participant information leaflet
(Appendix 5) explaining the study. Written informed consent (Appendix 6) was then obtained,
after which they were randomly assigned into two groups: intervention care (IC) and
standardised care (SC). Only the investigator and chief investigator (Cl) were aware of the

participant's allocation.

Participants were provided with a sleep diary (Appendix 7) to record their hours of sleep and
MAA wear-time, which provided a subjective record of the adherence (duration of usage of
MAA). The TheraMon®, a micro-sensor was included in the MAA design (Figure 4.1), to
provide objective data of MAA adherence. TheraMon® calculates the actual wear time by
measuring temperature every 15 minutes and then transforms this information into wear time
when the temperature ranges between two specific values. Vanderveken et al. and Johal et al.
reported on the safety and feasibility, at 3- & 18-months respectively, of objective
measurement techniqgues with MAA therapy in the same cohort of patients, who
demonstrated a range of sleep-disordered breathing, from snoring to OSA (Vanderveken et

al., 2013, Johal et al., 2016) . In the present study, this range is defined as 28°C to 38°C,
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which includes the vast majority of intraoral temperature values observed in an individual
under normal conditions. At baseline (TO), routine clinical subject demographics were
collected which included age, gender, body mass index (BMI), and neck circumference
(Table 4.1). The AHI was also recorded during the initial screening. Following an oral
examination, upper and lower alginate impressions were taken along with the participant's

bite. In addition, participants were asked to complete the following questionnaires (Table 4.1):

Epworth sleepiness scale (ESS) (Johns, 1991) (Appendix 1)

o Self-efficacy measure for sleep apnoea (SEMSA) modified for oral appliance (Weaver

et al., 2003) (Appendix 8)

o Pittsburgh sleep quality index (PSQI) (Buysse et al., 1989) (Appendix 9)

o EuroQol-5 Dimension (EQ-5D) (EuroQol, 2009) (Appendix 10)

e Socio-economic position questionnaire (NS-SEC, 2010) (Appendix 11)

Social support questionnaire (Stepnowsky et al., 2002) (Appendix 12)

The above questionnaires provided information concerning the participant's daytime
sleepiness, personality, quality of sleep, health-related quality of life, socio-economic status

and social support, respectively.

At Fit appointment (T1), participants underwent the initial fitting of the MAA and were provided

instruction on appliance use and care.

Both IC and SC groups were called for follow-up at 3- (T2), and 6- (T3) months. Any problems
that the patients were experiencing regarding MAA use was attended to at these
appointments. However, patients were offered a sooner appointment if there were any issues
before their follow-up visits. In addition, data indicating adherence was collected and
evaluated at the appointments both subjectively and objectively by downloading the data from

the sensor using dedicated software.
109 |Pag



Furthermore, at T2, participants completed the SEMSA questionnaire, whilst at T3,

participants completed the ESS, SEMSA, PSQI and EQ-5D questionnaires.

Figure 4.1 Mandibular advancement appliance (MAA),
with attached micro sensor and adjustment key.
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Table 4.1 Schedule of assessment

ASSESSMENT Baseline Fit appointment 3- months 6- months

(TO) (T1) (T2) (T3)

Questionnaires

Epworth Sleepiness Scale (ESS) X X
X X

Self-Efficacy Measure for Sleep Apnoea X

(SEMSA)

Pittsburgh Sleep Quality Index (PSQI) X X

EQ-5D X X
X

Socio-Economic Questionnaire
X

Social Support Questionnaire

Age X

Gender X

Body Mass Index (BMI) X

Neck Circumference X

Objective Measure of Adherence X X

Subjective Measure of Adherence X X

One-to-one Interviews X
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Figure 4.2. Study schematic diagram
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4.3.5. Allocation and concealment

A simple computer-generated randomisation method was performed using a restricted (10-
number block) random number sequence (www.graphpad.com/quickcalcs/randomn2.cfm) to
ensure equivalence of numbers in each group. Participants were stratified by OSA severity.
In every 10-number block from the random table, the sequence was checked to ensure the
even numbers were equal to the odd numbers. Each number in the random table were given
a study number and assigned into one of the study groups. The allocation number of the

participants were sealed in an opaque envelope from the investigator.

4.3.6. Blinding

The participants were precluded from blinding due to the nature of trial and intervention. Only
the research student (HT) and CI will have access to the Master file and patient allocation.
Patients were anonymised and allocated a unique study number and the data then blinded

to the statistician, for analysis.

4.3.7. Measurements
4.3.7.1. MAA adherence

Participants were provided with a sleep diary to record their hours of sleep and MAA wear-
time, which provided a subjective record of the adherence (duration of usage of MAA). The
TheraMon®, a micro-sensor included in the MAA design, was used for the objective
documentation of MAA adherence. TheraMon® calculates the actual wear time by measuring
temperature every 15 minutes and then transforms this information into wear time when the
temperature ranges between two specific values. In the present study, this range was defined
as 28°C to 38°C, which includes a wide range of intraoral temperature values observed in an

individual under normal conditions. Adherence was assessed at 3- and 6-month follow- up.

4.3.7.2. Epworth sleepiness scale
The Epworth Sleepiness Scale (ESS) assesses subjective sleep propensity by asking the
subject to rate his or her chance of dozing in eight different sedentary situations (Phillips et

al.,, 2011). Likert scale ratings for each of the eight items are scored on a scale of 0-3.
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Summed scores range from 0 to 24, and scores 210 suggest excessive daytime sleepiness.
The ESS has strong internal consistency (Cronbach’s alpha = 0.81) and half-split reliability (r
= 0.82) (Johns, 1991). Excessive daytime sleepiness was assessed at baseline and at 6-

month follow-up (T2).

4.3.7.3. Self-efficacy measure for sleep apnoea

The Self-Efficacy Measure for Sleep Apnea (SEMSA) is a 27- item questionnaire assessing
adherence-related cognitions (Weaver et al.,, 2003). It contains three subscales: risk
perception, outcome expectancy, and self-efficacy. Items are rated on a Likert scale ranging
1-4, with higher scores indicating greater risk perception, higher outcome expectancies with
treatment, and greater treatment self-efficacy, respectively. The SEMSA has strong internal
consistency (Cronbach’s alpha = 0.89) and half-split reliability (r = 0.80) (Olsen et al., 2010).

The SEMSA was evaluated at baseline, 3- and 6-months of follow-up.

4.3.7.4. Pittsburgh sleep quality index

The Pittsburgh Sleep Quality Index (PSQI) questionnaire is a well-validated instrument to
evaluate subjective sleep quality over a 1-month time interval (Buysse et al., 1989). The scale
has seven components: (1) subjective quality, (2) sleep onset latency, (3) sleep duration, (4)
sleep efficiency, (5) presence of sleep disturbances, (6) use of hypnotic—sedative medication,
and (7) presence of daytime disturbances. The total scores of the PSQI are from 0 to 21, and
higher the scores, poorer is the quality of sleep. The PSQI has strong internal consistency
(Cronbach’s alpha = 0.85) and test-—retest reliability after 2 weeks (r = 0.81) (Buysse et al.,

1989). Sleep quality was measured at baseline and 6-months of follow-up.

4.3.7.5. EuroQol-5 Dimension

The EuroQol five-dimensions — 3-level (EQ-5 D) is a versatile quality of life (QOL) instrument
with five dimensions (mobility, self-care, usual activities, pain/discomfort, and
anxiety/depression) and a visual analogue scale (EuroQol, 2009). The instrument

demonstrates good internal consistency (Cronbach’s alpha = 0.76) and test-retest reliability
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after 2 weeks (r = 0.72) (Tripathy et al., 2015). Quality of life was measured at baseline and

6-month follow-up.

4.3.7.6. Socio-economic position
The National Statistics Socio-economic Classification (NS-SEC) scale was employed to
assess the socio-economic position of the participants, which is the official classification

system in the United Kingdom (NS-SEC, 2010).

4.3.7.6. Social support questionnaire

The social support questionnaire (SSQ) develop by Stepnowsky et al. (ref number) was used
to evaluate the social support variable in the participant’s life. The tool demonstrates good
internal consistency with a Cronbach’s alpha of 0.70 (Stepnowsky et al., 2002). Furthermore,
as the variable is considered dynamic and specific time, context and subject, a test-retest
reliability was not deemed appropriate by the authors. Social support was evaluated at

baseline.
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4.3.8. Stage-matched intervention

Participants in the IC group received additional support in the form of behaviour change intervention
(Table 4.2). The behaviour change intervention based on the HAPA model entails delivering
interventions in a staged manner. The intervention that was delivered are described in table 4.3,

along with the time point.



Table 4.2 Intervention care content specified by behaviour change techniques and linked to constructs of the HAPA model

Intervention Behaviour change HAPA construct targeted Content

component technique
Pamphlet Information about Risk perception and The health pamphlet (Appendix 13), based on HAPA, divided into 6
consequences outcome expectancy sections, systematically provides information about the risk, benefits
and treatment of OSA.
Section 2 and 4 of the pamphlets provides spaces for the participants
to discuss about risks and benefits that concern them the most.
Section 3 explains the various treatments available and a brief
explanation of the mechanism of the treatment.
Action Planning Task Self-efficacy Section 5 and 6 provided valuable information for participants on how

to begin with using the appliance and to continue using it regularly.
Patients were advised that is normal to struggle at time when starting
Goal Setting with a new habit and setting short-term attainable goals will aid them in
their struggles to adjust. The section suggests participants to seek
feedback from their family, especially their sleeping partner regarding
their improvement. This type of support motivates the patient to work

Problem Solvin S .
g more towards achieving their goals.

101 |Page



Video

Counselling

Social support
(unspecified)

Self-reward

Relapse prevention

Credible Source
Social Comparison

Information about
the negative and
positive
consequences

Demonstration of
Behaviour

Feedback on the
behaviour

Social Support
(Emotional &
Practical)

Information about
health
consequences

Coping and Recovery
Self-efficacy

Recovery Self-efficacy

Risk perception, Outcome
expectancy and Task &
Coping Self-efficacy

Risk perception, Outcome
expectancy and Task Self-
efficacy

In section 6, participants were told about the importance of rewarding
themselves about the effort they put in to achieve their goals.

Section 6 also advises the participants to focus on the positives and
think about situations that effect their capability and then about options
to avoid/cope with these situations.

Patients were shown a video (QMUL, 2019) of an OSA patients who are
undergoing treatment, so that they can to relate to someone who is
going through the same condition as him/her.

The video consists of patients talking about how OSA effected their life
and its negative consequences.

The patients were encouraged to discuss about what motivated them to
start the treatment, how has it changed their life and what helps them use
the appliance regularly. It also consisted of a specialist in the field of
Dental sleep medicine, briefly talking about the ill effects of untreated
OSA and the specific oral appliance treatment available.

Participants were given an initial counselling session in person along
with their partner if they wish. During the session i.e. structured to fit the
participants needs...
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Social Support e Their knowledge regarding OSA was assessed
(unspecified and

emotional) e The above video was shown

e Using the information provided on the pamphlets the risks of
untreated OSA and the benefits of the treatment were
discussed

Verbal persuasion
about capability

o If the partner was present at the appointment, they were asked
to complete a section of the pre-screening questionnaire
(Appendix 14), which is part of the routine clinical examination.
In the questionnaire, the partner was asked to indicate their and
the participant’s quality of sleep. In addition, the partner was
asked to indicate the severity of the participant’s snoring and

whether it had an influence on their sleep.

Follow up at Monitoring the Coping and Recovery Participants were required to visit the sleep clinic for follow up at month
sleep clinic behaviour and the Self-efficacy , o
outcome 3 and 6. Their MAA usage was assessed both objectively and

subjectively by downloading the data from the micro-sensor chip
embedded in the appliance and by recording the hours from their daily
sleep log respectively.

Focus on Past Coping and Recovery Feedback would be provided depending on the participant’s usage.
success and Verbal  Self-efficacy Their planning sheets would be discussed, and appropriate feedback
persuasion about will be provided whilst encouraging them to set more active goals and
capability plans.
Social Comparison  Coping and Recovery To increase their emotional support other patient’s feedbacks and
Self-efficacy successful treatment would be shared.
Problem solving Coping and Recovery Additionally, participants will be prompted to identify common factors
Self-efficacy that act as barriers for them in using the appliance and will be helped to
find solutions to overcome such factors tailored to the participants
needs.
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Booster

phone calls

Verbal persuasion

about capability

Social support

unspecified

Problem solving

Coping and Recovery

Self-efficacy

Coping and Recovery

Self-efficacy

Coping and Recovery

Self-efficacy

Participants will receive calls at weeks 3,6,18 and 21 approximately 10-
15 mins in duration, prompting them to keep working towards their goals
and stating that they are capable of achieving them.

Participant’s partner's experience of the treatment will also be
discussed by asking them to share their thoughts on the participant’s
improvement.

Additionally, participants will be prompted to identify common factors
that act as barriers for them in using the appliance and will be helped to
find solutions to overcome such factors tailored to the participants

needs.
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Table 4.3. Intervention and standardised care components

Time Point Intervention Care Group

TO (Baseline) ¢ Questionnaires

-ESS, SEMSA (Modified for Oral
Appliance) PSQI, EQ-5D, Socio-
Economic Position and Social

Support

T1 (Fit .
appointment)

Providing instruction about how to
use the MAA

¢ Health pamphlet based on HAPA
theory

o Assessment of knowledge of
OSA and involvement of the
partner in education

e A brief education focusing on the
benefits associated with MAA

¢ 10-min video education about
OSA, emphasising the negative
consequences if OSA is
untreated

e Risk perception communication
e Setting Goals and action planning

(steps to facilitate the use of
MAA)

T2 (3-monthsinto .
treatment)

Phone calls to be made at 3 and
6 weeks

-Problem Solving

-Evaluation of the patient and
partner perception of treatment

-Verbal Encouragement

-Setting attainable goals and
action planning

e Follow up at Sleep Clinic
-Assessment of MAA use
-Problem Solving

-Verbal Encouragement

Standardised Care Group

use

Questionnaires
-ESS, SEMSA, PSQI,

EQ-5D, Socio-
economic position,
Social Support scale

Providing instruction
about how to use the
MAA

Health pamphlet about
OSA and MAA

Follow up at Sleep
Clinic

-Problem Solving

-Assessment of MAA

Questionnaires

-SEMSA
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T3 (6-monthsinto
treatment)

-Sharing other Patient’s
Feedbacks and successful
treatment experiences

Questionnaire

-SEMSA

Phone calls to be made at 18 and
21 weeks

-Problem Solving

-Partner involvement in treatment
and family support

-Verbal Encouragement

-Setting attainable goals and
action planning

Follow up at Sleep Clinic
-Assessment of MAA use
-Problem Solving

-Verbal Encouragement

-Sharing other Patient's
Feedbacks and successful
treatment experiences

Questionnaires
-ESS, SEMSA, PSQI, EQ-5D

One-to-one interviews

Follow up at Sleep
Clinic
-Problem Solving

-Assessment of MAA
Use

Questionnaires

ESS, SEMSA, PSQI,
EQ-5D

One-to-one Interviews
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4.3.9. Outcomes
4.3.9.1. Primary outcome

Adherence i.e. the number of the hours the patient uses their appliance every night was
measured objectively at 3-months to assess the effectiveness of the interventions in enhancing

adherence to MAA.

4.3.9.2. Secondary outcome
Self-efficacy, risk perception, outcome expectancy, socio-economic status, and social support

was measured to assess the ability of these variables in predicting adherence.

4.3.10. Statistical analysis
Both objective and subjective data of adherence i.e. duration of the usage of the appliance
was collected at 3- and 6-months was analysed to assess the effectiveness of Intervention

care in comparison with standardised care.

Comparison of pre- and post-treatment scores of ESS, SEMSA, PSQI, and EQ-5D, for both

the groups, aided in identifying significant differences in terms of improvement.

Statistical evaluations were undertaken to assess the ability of the variables -self-efficacy, risk
perception, outcome expectancy, social support, and socio-economic position, to predict

patient adherence at 3- and 6-months.

Assuring random assignment to groups, tests were undertaken as to whether the observations
differed in any of the time zero measurements. Indifference meant there was no allocation

bias.

T-tests were applied for each of the following variables between SC and IC

. Risk perception

. Outcome expectancy

. Self-efficacy

. ESS -TO

PSQI-TO

EQ5D -TO

. Social support

. Socio-economic (ordinal) — chi-square test

O~NOUTAWN R
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In any case of violation of the t-test assumption (normality of the error term), Wilcoxon tests

were subsequently implemented.

In order to assess the aims of the study, each of the repeated measures was tested first by

themselves, using a repeated measures ANOVA, controlling for groups:

1. Adherence - subjective at T2, T3 difference T2-T3

2. Adherence - objective at T2, T3 difference T2-T3

3. ESS - T3, difference TO-T6

4. PSQI - T3, difference TO-T6

5. EQ5D- T3, difference TO-T6

6. Risk perception - T2, T3, difference TO-T2, TO-T3, T2-T3

7. Outcome expectancy - T2, T3, difference TO-T2, TO-T3, T2-T3

8. Self-efficacy - T2, T3, difference TO-T2, TO-T3, T2-T3

Once the trends in the data were analysed, a multiple regressions model for Adherence
variables was constructed. These were the final measurements from T3 or the differences
between them and previous time points i.e. TO and T3. In these models, the psychosocial
variables and socio-economic position were used as predictors, beyond the group

classification.
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4.4. Results
4.4.1. Participants flow

Fifty-six OSA patients who satisfied the selection criteria were recruited in this study after
written informed consent. The participants were then randomised into IC (nh = 28) and SC (n =
28) groups. In SC group, two patients were lost to follow-up and one patient discontinued
treatment. Whilst one patient withdrew from the trial and one patient failed to complete

treatment in the IC group. Figure 4.3 illustrates the flow of the participants through the trial.
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Figure 4.3 Consort flow

‘ Participants recruited and randomised (n = 56) ‘

|

|

Intervention Care Group
(n=28)

Allocation (T0Q)

|

Fitted MAA (n = 28)

Withdrew from the
trial (n=1)

Analysed (n =15)

Excluded from the analysis

- Have not reached T2 (n = 12)

Failure to complete

(n="1)

Analysed (n =10)

Excluded from the analysis
- Have not reached T3 (n =4)

Fit appointment
(T1)

3-months (T2)

Standardized care Group
(n =28)

||

Fitted MAA (n = 28)

(n=2)
Discontinued

Lost to follow-up

treatment (n = 1)

Analysed (n =15)

Excluded from the analysis
- Have not reached T2 (n = 10)

6-months (T3)

Analysed (n =15)
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4.4.2. Participant characteristics

Table 4.4 summarises the clinical and demographic characteristics of the participants. The
sample consists of 34 (60%) males, with the mean age of the overall sample 55 years (SD =
10.72). There were no significant differences in gender, age, BMI, neck circumference and
AHI between the two groups (p > 0.05) at baseline (T0). The results demonstrate that the

study groups were comparable.

Table 4.4 Clinical and demographical characteristics

Overall sample IC group SCgroup

(n =56) (n =28) (n = 28)
Gender, n (%)
Male 34 (60%) 15(52%) 19(69%)
female 22(40%) 13(48%) 9(31%)
Mean age in years (SD) 55 (10.72) 56.86 (8.65)  54.46 (12.51)
BMI (kg/m2), mean (SD) 30.78 (6.63) 31.53(5.49) 29.9 (7.83)
Mean neck circumference 38.85 (3.23) 38.9 (3.07) 38.7 (3.42)
(cm) (SD)
AHI (events/h) (SD) 19.16 (13.06) 19 (12.97) 19.32 (13.39)
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4.4.3. MAA adherence

The overall mean objective adherence for the whole sample was 2.34 + 2.59 hours/night and
2.87 = 3.02 hours/night at T2 (n = 30) and T3 (n = 23), respectively. Inspecting the difference
between groups, at T2 the mean adherence ranged from 2.0.2 £ 2.59 hours/night in the IC
group to 2.63 + 2.57 hours/night in the SC group. Whilst the mean adherence at T3 ranged
from 2.42 + 2.59 hours/night for the IC group to 3.21 hours/night in the SC group. Furthermore,
no statistical difference was detected for adherence amongst the two groups at T2 (p = 0.5296,

x2 = 1.56) and T3 (p = 0.5344, x2 = 0.12) (Table 4.5).

In addition, 28% of the participants in the IC group (n = 14) wore their MAA for at least 4
hours/night compared with 31% of the SC group (n = 16) at T2. Whilst 30% of the participants
in the IC group (n = 10) wore their MAA for at least 4 hours/night compared with 46% of the

SC group (n = 13) at T3.

Linear regression results of adherence over the two time points i.e. T2 and T3, demonstrate a
significant positive relationship (Table 4.6). The coefficient is essentially equal to a unit

indicating the adherence readings were almost identical over time.

Concerning the relationship between the SEMSA constructs (risk perception, self-efficacy and
outcome expectancy), mean adherence was positively correlated with risk perception (p =

0.0352, r2 = 0.16) and outcome expectancy at T2 (Table 4.6).
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Table 4.5 Difference in adherence i.e. (hours/night) between the groups at 3- (T2) and 6-

(T3) months.

Dependent

Adherence

Adherence

Time Group N Mean SD

point
T2 IC
SC
T3 IC
SC

15

15

10

13

202 268
263 257
242 259
321 337

Pvalue >|t]|

0.5296

0.5344

Table 4.6 Linear regression scores for adherence at 3-months (T2) by adherence at 6
months (T3) and mean adherence by risk perception, outcome expectancy and self-efficacy.
representing the mean of Likert scores 1 to 4. Higher scores indicate greater perceived

susceptibility, higher outcome expectancy and greater perceived self-efficacy

Estimate
B
Dependent Independent ®) Pvalue > |t| R? N
Adherence T3 Adherence T2 0.96 <.0001 0.754 22
Intercept 0.38 0.4325
Mean
Adherence . i
Mean Risk perception 1.84 0.0211 0.170 31
Intercept -2.07 0.2774
Mean Mean Outcome
Adherence Expectancy
2.07 0.0175 0.180 31
Intercept -3.47 0.1518
Mean
Adherence i
Mean Self Efficacy 2.46 0.0625 0.115 31
Intercept -4.89 0.2053
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4.4.4. Effect of stage-matched intervention

SEMSA questions were averaged per constructs, namely: risk perception, outcome
expectancy and self-efficacy. Cronbach’s alpha was used to test the reliability for each item.
Reliability measurements were estimated in the range between 0.92 — 0.80 which was

considered high and sufficient for aggregating the items.

The results for SEMSA constructs: risk perception, outcome expectancy, self-efficacy at
baseline (T0), 3- (T2) and 6- (T3) months follow-up is summarised in table 4.7. The scores
demonstrated no significant differences concerning the three constructs between the IC and

SC groups at baseline (T0), 3- (T2) and 6- (T3) months follow-up.
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Table 4.7 Scores for risk perception, outcome expectancy and self-efficacy at baseline
(TO), 3- (T2) and 6- (T3) months representing the mean of Likert scores 1 to 4.
Higher scores indicate greater perceived susceptibility, higher outcome
expectancy and greater perceived self-efficacy

Dependent Timepoint Group N Mean SD Pvalue>|t| X
TO IC 28 2.63 0.8 0.2053 1.16
SC 28 2.38 0.68
Risk T2 IC 15 2.53 0.83 0.6464  0.06
perception sC 15 265 063
T3 IC 10 2.4 0.48 0.8438 0.13
SC 15 2.36 0.49
TO IC 27 2.86 0.65 0.3278  2.33
SC 28 2.69 0.6
Outcome T2 IC 15 2.79 0.72 0.3491 0.84
expectancy sc 15 303 061
T3 IC 10 2.92 0.73 0.6416 0.17
SC 15 3.04 0.43
TO IC 27 2.83 0.56 0.6432 0.01
SC 28 2.9 0.6
Self-efficacy T2 IC 15 2.95 04 0.4379 0.14
SC 15 3.07 0.48
T3 IC 10 2.89 0.52 0.7955 0.03
SC 15 2.94 0.28
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4.4.4.1. Risk perception

Concerning risk perception, no significant effect was observed in regard to the 2 groups (p =
0.8438, x2 = 0. 13). Similarly, no significant effect of time was demonstrated (p = 0.1563, x2 =
1.43) and no significant effect of time X group was observed, at T2 — TO (p = 0.7262, x2 = 0.08)

and at T3 —TO (p = 0.9385, x2 = 0.13). The findings are summarised in Table 4.8 and 4.9.

4.4.4.2. Outcome expectancy

In terms of outcome expectancy, there was no significant effect was observed between the
two groups at T2 (p = 0.3491, x2 = 0.84) and at T3 (p = 0.6416, x2 = 0.71). Similarly, no
significant effect of time was observed (p = 0.2677, x2 = 1.81). However, whilst no significant
effect was observed of time X group at T2 — TO (p = 0.717, x2 = 0.28), a significant effect was
demonstrated at T3 — TO (p = 0.0318, x2 = 3.47). Although, participants of both the groups
received the same treatment, participants in the IC group had higher outcome expectancy
than the SC group participants after the intervention. The findings are summarised in Table 4.8

and 4.9.

4.4.4.3. Self-efficacy

In terms of self-efficacy, no significant effect was observed between the groups at T2 (p =
0.4379, x2 = 0.14) and T3 (p = 0.7955, x2 = 0.03). Similarly, no significant effect of time was
observed (p = 0.7424, x2 = 0.01). Although, similar to outcome expectancy, a significant effect
of time X group at T3 — TO (p = 0.0252, x2 = 4.48) was observed with self-efficacy but no
significant effect was demonstrated at T2 — TO (p = 0.1642, x2 = 2.91). Hence, after
intervention, participants in the IC group had higher self-efficacy than those in the SC group.

The findings are summarised in Table 4.8 and 4.9.
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Table 4.8 Scores of risk perception, outcome expectancy and self-efficacy over time
by treatment groups representing the mean of Likert scores 1 to 4. Higher scores indicate
greater perceived susceptibility, higher outcome expectancy and greater perceived self-
efficacy.

Dependent Group N Mean SD Pvalue>|t| X
T2-T0 IC 15  0.02 0.78 0.7262 0.08
SC 15 011 0.63
Risk perception T3-T0 IC 10 -0.15 1.12 0.9385 0.13
SC 15 -0.18 0.66
T2-T0 IC 14 011 0.68 0.717 0.28
SC 15 0.19 0.48
Outcome Expectations T3-T0 IC 9 049 0.33 0.0318 347
SC 14 0.08 0.53
T2-T0 IC 14 0.32 0.67 0.1642 291
SC 15 -0.05 0.72
Self-Efficacy T3-T0 IC 9 041 0.64 0.0252 4.48

SC 14 -0.23 0.53

Table 4.9 Scores for risk perception, outcome expectancy and self-efficacy over time
representing the mean of Likert scores 1 to 4. Higher scores indicate greater
perceived susceptibility, higher outcome expectancy and greater perceived self-
efficacy

Dependent Group N Mean SD Pvalue>|t| X2

Mean Risk perception IC 28 2.62 0.69 0.1563 1.43
SC 28 237 0.61

Mean Outcome Expectancy IC 28 2.92 0.56 0.2677 1.81
SC 28 275 0.57

Mean Self Efficacy IC 28 2.9 0.41 0.7424 0.01
SC 28 2.86 0.47
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4.4.5. Excessive sleepiness

At 6-months, ESS scores demonstrated statistically significant improvement across the whole
sample (t = -3.51, p = 0.002). However, the ESS change over time across treatment groups
showed no significant difference. Furthermore, the relationship between mean adherence and

ESS at baseline demonstrated no significant correlations (p = 0.242, r2 = 0.047).

4.4.6. Quality of sleep

The mean PSQI for the whole sample ranged from 8.48 + 4.11 to 6.08 £ 4.12 at baseline and
6-months, respectively. No significant differences were observed over time between IC and
SC groups (p = 0.5483, x2 = 0.41). Whilst a significant negative correlation was demonstrated
(B =-0.6, p = 0.04) between quality of sleep and adherence at T3. In addition, adherence at
T2 showed a negative association with change in PSQI over time i.e. TO-T3 (B =-0.56, p =

0.035).

4.4.7. Socio-economic position
The distribution of SEP in the sample includes a majority (n=43; 82%) managerial, administrate
and professionals. In estimating the difference in mean adherence by SEP category, no

significant differences were detected regarding adherence (p = 0.96, x2 = 0.398).

4.4.8. Quality of life

The quality-of-life scores had an overall mean of 69.8 (SD=15.72) and 68.32 (SD=12.17) at
TO and T3 respectively across the sample. The difference over time was -1.36 (SD=12.5).
Inspecting the difference between groups at each time point results indicate a statistically
significant difference at T3 while not at TO. At T3, the mean quality of life scores for the IC and
the SC group was 62.5 (SD=10.34) and 72.2 (SD=12.03) (t=2.15, p=0.04) (x> = 4.53, P=0.03),

respectively.
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4.4.9. Social support

Across the whole sample, the mean social support score was 4.04 (SD=0.78). The social
support score was measured by averaging the nine items from SSQ. The overall reliability, as
measured with Cronbach’s a, was estimated at 0.927, which was high and sufficient for
aggregating. Very little differences were evident in SSQ by groups, with averages ranging
between 3.88 £ 0.84 and 4.22 + 0.70. No statistical difference was detected (p = 0.1024, x2 =
2.84). Linear regression between adherence and social support showed no significant

correlations (p = 0.5252, r2 = 0.014).
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4.5. Discussion

Previous literature in the field of sleep medicine has highlighted the need for a multifaceted
patient-tailored intervention associated with objective monitoring of usage to enhance
adherence to mandibular advancement appliance therapy (Saglam-Aydinatay and Taner,
2018, Pahkala and Suominen, 2021). Similarly, the current NICE guidelines have reiterated the
above need (NICE, 2021). Thus, the current study aimed to assess the impact of a stage-
matched intervention specific to patient needs on adherence to MAA, through a randomised
clinical trial. The trial recruited 56 participants into intervention and standard care groups in a
1:1 ratio. Due to the Covid-19 pandemic, recruitment and data collection were temporarily
paused for eight months. Hence, only thirty participants had completed the data collection at

three months (T2), whilst 25 had completed six months (T3) of treatment.

4.5.1. Effect of stage-matched intervention: Risk perception, outcome

expectancy and self-efficacy

The current study is the first to implement a stage-matched intervention to enhance patient
adherence to mandibular advancement appliance therapy. The findings of the study to-date
indicate that the stage-matched intervention demonstrates no improvement in adherence to
MAA. The intervention delivered at 3- and 6- months was designed based on the health action
process approach (HAPA), a behaviour change model. The dual-phase model identifies three
social-cognitive constructs in behaviour initiation and maintenance: risk perception, outcome
expectancy and self-efficacy (Schwarzer, 2008). Research has consistently identified these
constructs as predictors of behaviour change and determinants of adherence in OSA patients
(Carballo et al., 2016). In addition, studies have demonstrated positive correlations between
these constructs and behaviour change (Hattar et al., 2016, Maher and Conroy, 2016,
Bierbauer et al., 2017a). Consequently, a positive association was observed between
adherence and risk perception. Risk perceptions are beliefs regarding personal risk or
susceptibility to conditions or outcomes. Similarly, the study found that patients who perceived

a higher risk of untreated OSA were more adherent than those who did not. Therefore,
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the ability of risk perception to determine adherence should not be underestimated in OSA
patients, as they are at an increased risk of chronic diseases and treatment of their condition
alleviates immediate symptoms (e.g. excessive daytime sleepiness, shoring, gasping and
fatigue). Furthermore, health psychologists have regarded risk perception as an important
facilitator for intention development (Lippke et al., 2004). Accordingly, the stage- matched
intervention entailed strategies for risk awareness at T1l such as risk perception
communication and a brief 10-minute video emphasising the negative consequences of
untreated OSA (Table 4.2 and 4.3). This aided the participants to move from the pre-intention
to the intention stage. This is consistent with previous research that considers perceptions of
health threat to be the most obvious prerequisite for the motivation to adopt a health behaviour
(Ruiter et al., 2001). However, the findings of the present study indicated no significant
differences in terms of risk perception between the groups. This could be attributed to the
limited number of observations available to-date for analysis. Additionally, the findings of a
meta-analysis have demonstrated negligible effects of risk perception on behaviour initiation
and indirectly on behaviour change across studies implementing the HAPA, with the authors
argued that risk perception has a relatively minimal role in determining health-related
behaviour (Zhang et al., 2019). Thus, risk perception might be less evident if no clear, explicit
and proximal link is established between health-related behaviour and reduced risk (Ferrer
and Klein, 2015). Nonetheless, research has emphasised on testing the collaborative effects
of self-efficacy and risk perception on health behaviour, which may provide further insight into

the process by which risk perception determines action (Zhang et al., 2019).

The current study also observed outcome expectancy as one of the drivers for adherence,
with a positive correlation observed between outcome expectancy and adherence. Outcome
expectancies reflect beliefs about whether engaging in the behaviour will result in desired
outcomes (Strecher et al., 1986). Consistent with the HAPA model, participants who were
more aware about the advantages of MAA therapy were more adherent than those who were

not. Although risk perception is considered as a facilitator to pursue treatment, however, is
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insufficient on its own to instil a behaviour change (Ferrer and Klein, 2015). Thus, the benefits
perceived from MAA therapy and the alleviation of the symptoms are the key features that
appear to drive individuals to initiate treatment. Hence, the intervention at T1 also entailed
strategies that made patients more aware about the benefits of MAA therapy through
education about the advantages of initiating treatment (Table 4.2 and 4.3). Moreover, the brief
10-minute video also contained testimonials of OSA patients talking about the benefits they
have received from long-term MAA therapy (Table 4.2 and 4.3). Accordingly, the present study
observed that participants in the IC group had a higher outcome expectancy in relation to the
SC group over time i.e. T3 — TO. Hence, the stage-matched intervention appeared to have a
favourable influence on participants’ outcome expectancy. This is in consistent with previous
research concerning CPAP adherence that has demonstrated positive outcome expectancies
of initial CPAP to be related to subsequence adherence and regarded the first month of
therapy to be a transition period for adaptation to treatment (Drake et al., 2003, Aloia et al.,
2004). However, the transition from the motivational phase to volitional (action) phase requires
planning (Schwarzer, 2008). Thus, the intervention also emphasised on setting attainable
goals and action planning at T1, T2 and T3 (Table 5.2 and 5.3). In addition, the ‘booster’ phone
calls undertaken at 3-, and 6- weeks attempted to deliver the same. Previous research has
observed that early side effects to treatment can lead to treatment discontinuation (Attali et al.,
2016). Hence, the ‘booster’ phone calls made at 3- and 6- weeks also helped patients in
problem solving. Furthermore, studies have observed that individuals would normally imagine
circumstances that would prevent them from performing the desired behaviour and this would
lead to the development of coping strategies (Aloia et al., 2007, Deng et al., 2013). Participants
in the IC group who demonstrated a higher outcome expectancy in the first 3 months of
treatment, identified techniques that aided in their usage of MAA. These involved designating
a specific place (e.g. bedside table or bathroom) for the MAA or incorporating the MAA into
their night-time routine (after brushing their teeth or after applying night cream), which would

function as a reminder for them to wear the MAA before going to bed. The study also observed
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that setting short-term attainable goals such as setting targets for increasing the wearing time

gradually helped participants to perform and maintain the behaviour.

As described in HAPA, the volitional (action) phase consists of two components that facilitate
in the enactment of the intentions: self-efficacy and maintenance. Self-efficacy is described to
be phase-specific as action self-efficacy is relevant during intention-formation, whilst
maintenance (coping), and recovery self-efficacy is attributed to the enactment and
maintenance of behaviour (Schwarzer and Renner, 2000). Consistent with the model, the
intervention consisted of action planning, goal setting and problem solving at T1 to increase
the participant’s action self-efficacy (Table 5.2 and 5.3). Whilst the subsequent ‘booster’ phone
calls and follow-up visits focused on increasing the participant’'s maintenance and recovery
self-efficacy. This is in agreement with previous research concerning CPAP, which has
demonstrated that frequent and regular follow-up, telephone calls, tailored education, and
social support during the initial months of therapy can enhance long-term adherence to
treatment (Fletcher and Luckett, 1991, Chervin et al., 1997, Hoy et al., 1999). Accordingly,
participants in the IC group demonstrated a significantly higher self-efficacy in comparison to
the SC group over time (T3 — TO). Nonetheless, no correlations were observed between
adherence and self-efficacy. This is in sharp contrast to previous studies, which have observed
that participants with higher self-efficacy reported a stronger correlation between CPAP usage
and symptom improvement (Baron et al., 2011b). The lack of association in the present study
may be a consequence of the limited data available for analysis. Action self-efficacy, described
as an individual’s capacity to perform the desired behaviour whilst overcoming the potential
barriers seems to have a persistent effect on the health behaviour (Schwarzer, 2008).
Furthermore, Action self-efficacy is a constant predictor of maintenance self-efficacy, and
maintenance self-efficacy mediates action self-efficacy effects on behaviour, illustrating that
the individual’s estimates of their capacity to engage in health behaviour in future align closely
with their estimates to maintain that behaviour (Schwarzer and Renner, 2000). Given that,

adherence to MAA is variable and long-term adherence is observed in the literature to decline
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(Sutherland et al., 2014). Further research is needed to assess ways to enhance self-efficacy
in patients with OSA. In addition, the role of recovery self-efficacy, which is observed to be
relevant only in situations of relapse (Schwarzer and Renner, 2000), cannot be
underestimated, with participants on MAA therapy finding it challenging to maintain the therapy
over a longer duration. Moreover, early side effects have resulted in early discontinuation of
the treatment (Attali et al., 2016). Hence, future research comparing the role of recovery self-
efficacy in determining behaviour in specific contexts where behavioural lapses are likely (e.qg.
situations where there is high opportunity to participate in rewarding, counter-intentional
behavioural options) may demonstrate the context-specific value of this construct (Zhang et

al., 2019).

4.5.2. Effect of Up-stream factors
Additionally, the current study also aimed to assess the role of up-stream factors such as
excessive daytime sleepiness, quality of sleep, socio-economic position, quality of life and

social support in predicting adherence.

4.5.2.1. Excessive daytime sleepiness

The results of disease characteristic such as excessive daytime sleepiness demonstrated no
correlation with adherence. This is in agreement with the results of a systematic review that
observed no association between objective adherence and anthropometric characteristics,
polysomnographic parameters, and excessive daytime sleepiness (see Chapter 4 section 4.6).
Although, consistent with previous research, a significant reduction in daytime sleepiness was
observed across the whole sample at T3 (Saglam-Aydinatay and Taner, 2018, Pahkala and

Suominen, 2021).

4.5.2.2. Quality of sleep

In line with previous studies, findings for quality of sleep demonstrated a negative association
with adherence at T3 (Deng et al., 2013, Dieltjens et al., 2015, Pahkala and Suominen, 2021).
Hence, this indicates that increase in adherence was related to an improvement in the quality

of sleep. However, no relationship can be drawn between quality of sleep at baseline and
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adherence at T3. The findings can be attributed to the limited data available for analysis at T3.
Nonetheless, the findings are consistent with previous research concerning both CPAP and

MAA adherence (See chapter 4 section 4.5).

4.5.2.3. Socio-economic position

In terms of socio-economic position, majority of the participants belonged to the managerial,
administrative professional group, representing the upper middle class and middle-class strata
of the society. To-date, low socioeconomic index is only considered a barrier to accessing
MAA therapy (Fleury et al., 2015). The current study to-date indicates no specific socio-
economic category to be associated to adherence. However, previous research concerning
CPAP adherence suggests that socio-environmental factors are important in terms of patient
adherence among patients with OSA (Platt et al., 2009). The lack of association in this can be
implicated to the availability of limited data for analysis. Hence, further research with robust
data is needed to explore the influence of socio-environmental factors on adherence to MAA

therapy.

4.5.2.4. Quality of life

The findings of the present study do not demonstrate a significant improvement in relation to
quality of life at the end of 6 months. Again, the results can be attributed to the limited data
analysed. However, the findings agree with Marklund et al. (2015) who reported no significant
improvements in daytime sleepiness and quality of life from baseline to follow- up with MAA
therapy when compared with a placebo device. Nonetheless, studies evaluating the quality of
life benefits of MAA therapy vs placebo devices have observed positive effects on energy,
fatigue, and vitality domains in patients with moderate and severe OSA (Johal, 2006, Petri et
al., 2008, Doff et al., 2013b). Doff et al. (2013) showed that several subjective parameters (SF-
36 and FOSQ) significantly improved with MAD therapy in the short-term (2 months) and long-
term (2 years) follow-up. Similarly, Johal (2006) demonstrated a significant improvement in the
physical functioning, role limitation-physical, social functioning, vitality and general health

perception domains of the SF-36 QoL questionnaire. Nevertheless, quality of life and
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excessive daytime sleepiness are subject to a multitude of factors, such as severity of OSA,
underlying chronic disease, mental illness etc. Hence, in situations as such, adequate

treatment might be insufficient to precipitate a considerable change in these parameters.

4.5.2.5. Social factors

Previous research has demonstrated that social factors such as involvement of family and bed
partners’ satisfaction levels correlate significantly with MAA adherence (see Chapter 4
section4.5). Dieltjens et al. (2015) observed that objective adherence was significantly
correlated to socially disturbing snoring. However, the results of the current study do not
corroborate with the above findings. No significant association was observed between social
support and adherence. Carballo et al (2016) reported similar findings; however, this should
not be interpreted as an indication that social support plays no role in MAA adherence, given
that the benefits of MAA therapy, in all proportions, are not only limited to patients but also
extend to their bed partners. Therefore, further research is needed with robust data to explore

ways of implementing social support as a resource to improve MAA adherence.

4.5.3. Study design

As mentioned above, the current study is the first to assess the efficacy of a stage-matched
intervention in enhancing adherence to MAA therapy. Only recently has Liu et al. (2022)
evaluated the efficacy of a multifactorial intervention in enhancing patient adherence to
mandibular advancement appliance. However, the effectiveness of stage-matched
intervention has only been evaluated in relation to CPAP adherence. Hence, the current
study’s sample size was based on the non-adherence rates and clinical wearing time reported
by Deng et al. (2013). Although Liu et al. (2022) had a greater sample size than the current
study, both the studies exhibited similar powers. However, the multifactorial approach adopted
by Liu et al. (2022) failed to consider heath beliefs (risk perception, outcome expectancy and
self-efficacy) that govern adherence in patients with OSA (Stepnowsky et al., 2006, Carballo
et al., 2016). Moreover, the authors delivered the intervention as a whole, rendering it difficult

to assess which intervention was more effective in relation to the others. In addition, no
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consideration was given to the ordered set of stages that individuals are presumed to progress
while contemplating, initiating, and maintaining health behaviour change during intervention

delivery.

Furthermore, in the current study, two patients were lost to follow-up, one patient discontinued
treatment, one patient withdrew from the trial and one patient failed to complete treatment.
The sample size was inflated to account for 15% dropouts, however due to time restraints (as
a consequence of the Covid-19 pandemic) recruitment was stopped once 56 participants were
enrolled in the study. Nevertheless, previous research in relation to enhancing MAA

adherence has observed similar dropout rates (Pahkala and Suominen, 2021, Liu et al., 2022).

The present study enrolled individuals with a confirmed diagnosis of OSA (AHI = 5), who were
40 years-old or above and referred for MAA therapy. Individuals with poor periodontal health,
insufficient teeth for MAA fabrication, TMJ disorders, uncontrolled epilepsy and past MAA
users were excluded. The prevalence of OSA is known to increase with advancing age, hence
patients above 39 years age were considered eligible for the study. Nonetheless, recent
survey of 493 healthy individuals ranging from 18-25 years of age indicated that 17.3% (n =
73) of participants were at increased risk of OSA using the STOP BANG questionnaire
(Aggarwal et al., 2021). Therefore, further research is needed to screen for the prevalence of

OSA in younger adults.

4.5.4. Limitations

The main limitation of the current study is the limited quantity of data that was available for the
analysis. As highlighted previously, eight months of recruitment and data collection time was
lost due the COVID-19 pandemic. Hence, the data might lack the robustness needed to assess

the aims of the study.

Additionally, the consequence of presenting interim data, as not all the participants have
completed the trial might increase the chances of type 2 error that often results from small

sample sizes.
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Nevertheless, the study did demonstrate results that were consistent with previous research
concerning CPAP adherence (Stepnowsky et al., 2002, Deng et al., 2013). In addition, the
current study does plan to follow-up the patients for over a longer period. However, further
research with robust data, longer follow-up period devoid of any interruptions is imperative to

explore effective ways to enhance adherence to MAA therapy.

4.6. Conclusion

The rationale for the current study was to help address the current shortfall in the literature in
relation to methods that could be adopted to optimise MAA adherence in OSA. The current
stage-matched intervention trial, to-date could not demonstrate any significant improvement

in relation to MAA adherence.

However, whilst the findings of the present study should be interpreted with caution, the study

did observe:

e A positive correlation between risk perception and outcome expectancy.

¢ Participants in the IC group had higher self-efficacy than those in the SC group

Nevertheless, future research is needed to further define the role of risk perception, outcome

expectancy and self-efficacy in MAA adherence.
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Chapter 5. Behaviour change techniques to enhance
adherence to Mandibular advancement appliance in
Patients with Obstructive Sleep Apnoea: A Qualitative
study

5.1. Introduction

Itis recognised that patient adherence to treatment in chronic conditions declines considerably
after 6 months of therapy (Jin et al., 2008, Fernandez-Lazaro et al., 2019). Similarly,
adherence to mandibular advancement therapy varies from 76 to 95%, while the range of MAA
adherence after 33 months of use is 56—68%, and after 4 years use, declines to 32% (Hoffstein,
2007). Given that mandibular advancement appliances are removable and must be used
indefinitely, adherence to treatment is of utmost importance for successful outcomes.
Furthermore, adherence to treatment in patients with obstructive sleep apnoea is influenced

on a multitude of factors (Tallamraju et al., 2021).

Adoption of new health behaviour, like a new physical activity routine or adhering to a
prescribed medication regimen, is a challenging endeavour involving a variety of social,
emotional, and cognitive factors (Schwarzer and Luszczynska, 2008). However, evidence in
terms of psychological and social factors with regards to MAA adherence is highly limited in
contrast with the volume of literature concerning CPAP adherence. Efforts to enhance patient
education ranging from telephone support to home visits, motivational enhancement, or
augmented support have been shown to improve CPAP adherence when compared to
standard care (Chervin et al., 1997, Hui et al., 2000). It has also been suggested in a recent
Cochrane review that educational, supportive and behavioural interventions may increase
CPAP usage to varying degrees (Wozniak et al., 2014). However, no studies evaluating the
efficacy of the interventions in relation to MAA adherence were identified in this review.
Therefore, the aim of this study is to explore and understand the experiences of obstructive
sleep apnoea (OSA) patients in relation to mandibular advancement appliance (MAA) therapy

through a qualitative approach
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5.2. Hypothesis
No hypotheses are required to undertake this study, since the qualitative nature of the study

means they are generated once the gathered data has been interpreted and understood.

5.3. Aim

To identify behaviour change techniques influencing adherence to mandibular advancement

therapy in obstructive sleep apnoea patients.

5.4. Methodology
5.4.1. Study design

Qualitative methodology with semi-structured, one-to-one interview of participants and analysis

of data using the behaviour change taxonomy of Cane et al., (2012).

5.4.2. Ethical approval
Ethical approval (Appendix 3) for this study was obtained from Northwest — Greater
Manchester West Research Ethics Committee (REC reference: 16/NW/0391 or 19/L0O/0972),

prior to the recruitment of participants.

5.4.3. Participant recruitment

Participants for this study were recruited from a randomised controlled trial at the Institute of
Dentistry, the Barts and The London School of Medicine and Dentistry. The parent trial was
undertaken to investigate the efficacy of behaviour change interventions in enhancing

adherence to MAA therapy in patients with obstructive sleep apnoea.
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5.4.4. Selection Criteria

5.4.4.1. Inclusion criteria
Adults (=40 years old)

Confirmed diagnosis of OSA (AHI = 5)
Referred for MAA therapy
Must be able to understand, read and write English; with the

assistance of a translator

5.4.4.2. Exclusion criteria
Insufficient teeth for MAA fabrication

Poor dental and/or periodontal health
Symptomatic Temporomandibular disorder
Previously used an MAA
Patients with Epilepsy
Participants in this study were invited to take part in the interview, with verbal and written

explanations provided (Appendix 15). Patients interested in participation had a week to

consider, before confirming their interest with written consent (Appendix 16).

5.4.5. Sampling technique

A purposive sampling matrix was used and checked throughout the study to ensure that similar
number of participants from both the groups, — intervention care and standardised care were
interviewed. This enabled the collection of data both from adherent and non- adherent

participants within both the groups (Table 5.1).

Group Adherent Non-adherent Total
Intervention care 2 2 4
Standardised care 2 2 4
Total 08 08 08

Table 5.1. The sampling matrix table
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5.4.6. Interview setting and procedure

In view of the COVID-19 pandemic, the interviews were undertaken on an online platform
(Microsoft® Teams). However, if the participants were comfortable to attend in person, the
interview was to be carried out in a private seminar room. Two designated researchers
conducted the interview (TN, HT). TN has previous experience in qualitative interviews, whilst

HT undertook formal training and initial supervision by TN for quality assurance purposes.

On the day of interview, the interview format was briefly explained to the participants at the
start. All participants were asked a standard list of questions from the topic guide (Appendix

17) to address the following topics:

e Patient’'s awareness of risks of OSA and the benefits of treatment

e Barriers and facilitators of MAA therapy

The interviews were recorded and transcribed by a third party service- Essential Secretary
Ltd. Depending on the response, the interviewer was also permitted to ask additional questions
outside the topic guide to clarify or explore their response(s) in greater details. In addition to
voice recording of the interview , a notepad was used by the researchers to write down

additional observations and discussions, which are otherwise not captured.
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5.8. Results

The behaviour change taxonomy of Cane et el., (2012) comprising of sixteen clusters and 93
individual behaviour change techniques (BCTs) was employed as the coding framework to
identify the influence of BCTs on adherence. The BCTs identified in the transcripts and their

influence on patient adherence is summarised in tables 5.2 and 5.3

5.8.1. Participant characteristics
A total of eight participants were recruited for the one-to-one interviews. The sample consists
of five (62.5%) males, with the mean age of 55 years (SD = 9.97) and with a mean AHI of

21.54/hours (SD = 14.80).
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Table 5.2 Behaviour change techniques (BCTs) identified in the interviews.

Sr.  Behaviour
change
Technique
cluster

no.

1 Reward and
Threat

2 Repetition and
Substitution

3 Antecedents

4 Associations

Behaviour change
techniques

defining the cluster

Reward Outcome

Habit formation

Distraction

Restructuring the physical
environment

Prompts and cues

Examples from the interviews of factors
that enhance adherence

Decrease in snoring
Improved quality of sleep

Decreased night sweating

Less waking up in the night to go to the toilet

Decreased headaches

Decreased daytime fatigue
Incorporate into night-time routine

Wearing the splint before night cream

Leave device on bedside table

Wearing the splint before night cream

Examples from the interviews of
factors that decrease adherence

Disruption of routine (e.g. weekends,
falling asleep before putting it in)

Alcohol consumption

Left the device somewhere else other than
its usual place
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10

Natural
consequences

Feedback and
monitoring

Social support

Comparison of
outcomes

Information of Health
consequences

Salience of consequences

Feedback on behaviour and

Self-monitoring of behaviour

Social support (emotional)

Pros and cons

Comparative imagining of
future outcomes

Started the treatment because of the
negative consequences of not starting
treatment

Impact on health on not using the MAA

Snoring apps giving feedback

Positive feedback from the partner

Aware of the negative impact on sleep of not

using the MAA

Impact on snoring on not using the MAA

Positive consequences of using it
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Table 5.3 Excerpts from the interview drawing upon the specific behaviour change techniques

Behaviour change
techniques

Reward Outcome

Habit formation

Excerpts from the interviews promoting adherence

“... when I've got the mouth guard in, um, | don’t snore, or | don’t
snore like I, | do when | have... haven’t got it in.” (Interviewee
no.1)

“The quality of the sleep has improved a lot.” (Interviewee no 3)

“Er, yes. Er, ah, one thing | have to say, is | just remember,
sorry, so | don’t forget. | used to go toilet a lot. And now I’'m not
going to toilet as before, maximum once.” (Interviewee no 8)

“But | do remember it was a long time, and, um, er, when | woke
up I, I realised how well | slept because | was like fresh, not
yawning, and things like this, you know. And in the daytime,
when | was driving the bus, | never sort of felt sleepy at all,
which | could be, er, with the vibration of the bus, for example,
the monotonous, er, that is hypnotising in itself, and that, even
that wasn’t doing anything to me at the time.” (Interviewee no 4)

“I've certainly been much more awake during the afternoons and
that sort of thing, feeling a lot better from that.” (Interviewee no
7)

“Like a regimented routine, of a weekend it sort of goes to pot a
little bit. Um, er ... “ (Interviewee no. 1)

“Create a routine, | would create a routine and put it very visual
place like you always look in the night so you don’t forget.”
(Interviewee no 3)

Excerpts from the interviews promoting non-
adherence

“... I miss it more of a weekend, | tend to miss it more of a
weekend than opposed to a work day. If, if you look for
any sort of pattern in that, that’s ...” (Interview no.1)
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Distraction

Restructuring of the
physical
environment

Prompts and cues

Information of
Health
consequences

Salience of
consequences

“It's just habit, it’s just habit, and you just do it before you put
your cream on.” (Interviewee no 5)

“Oh, that’'s on my bedside table.” (Interviewee no. 1)

“You just need a night time ritual, you need to have it on your
bedside table or next to your toothbrush or something, so you
remember.” (Interviewee 2)

“Er, what | do, | leave the, er, the little box, white box you, er,
gave to me, in my, er, the side of my bed.” (Interviewee no 3)

“It’s just habit, it’s just habit, and you just do it before you put
your cream on.” (Interviewee no 5)

“... I'm using the second device much more than I'm using the
first device, er, that is, that is a definite thing. Um, part of that is,
um, |, I've had it explained to me how it takes a lot of, or takes
some stress off your heart with breathing. These micro sort of,
um, interruptions and your sleep, it actually sort of, it’s almost
you’re, you're waking up almost with a start, and that’s not good
for your ge... your health in general. So, that is one thing that,
um, I, | do bear in mind, and that has made, that has made me
make a conscious effort to, to, to be, er, more diligent with using,
using the mouth guard.” (Interviewee no 1)

“I thought it was normal. And, er, few times, like, well, quite a lot
of time you have conversation about | feel so tired, and my

“I think keep to the side of my bed is, is helping but
sometimes | keep it sofa, something like that, and then
changing the routine.”(no 3)

“Mm, normally when | drink too much or ...” (no 3)

“The only other reason | can think of, is just laziness, if I've
left, washed it downstairs and it’s late, and | need to sleep
and I'm tired.” (Interviewee 8)
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Feedback on
behaviour and Self-
monitoring of
behaviour

Pros and cons

Comparative
imagining of future
outcomes

partner said that’s not normal, you think it’s but it's not normal.
But for me it was not normal, being tired all the time. | thought it
was about, about the job or anything else, | could not make a
link once the sleep apnoea, once | found out.” (Interviewee no
3)

“I tolerated it quite easily because | actuallt wanted to use this

device, because | knew that | had a problem...” )Interviewee no.

4)

“So on occasion | check it and it's much lower, so | think a high
score for me is like 120 or 130 and so it goes down to 60 or 40,
or even lower with the device in.” (Interviewee no 2)

“I'm using the snore App, to help monitor my sleep and um, |
could see there is a good pattern and this morning, it’s
completely gone down and I’'m now sort of into single figures of
the snore score and it’s just slightly, on the odd day, maybe
double digits in the twenties, early twenties, but nothing like it
was before.” (Interviewee no 5)

“I'm worried that | would wake up feeling dreadful.” (Interviewee
no. 2)

“So, now | can’t sleep without the appliance, because | know if |
don’t use it the next day, | won’t be as awake and alert and
functioning, so, that you know, | do use it every night.”
(Interviewee no 5)

“And | have experimented without it, using it, and it’s just, it’s like
in double digits, like nineties or something.” (Interviewee no. 5)

“And, er, | remember the first time | used it I, | don’t know ... er,
yeah, it has to be the, the device, | had, er, the first time | had a
long sleep, continuous sleep without waking up in the middle of
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the night, and that’s when | knew that this thing is working for
me ( Interviewee no 4)
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5.8. Discussion

The study aimed to explore drivers for adherence to mandibular advancement therapy in patients
with obstructive sleep apnoea. Given that adherence to a new treatment, is similar to the adoption
of a new health behaviour. The Behaviour change taxonomy by Crane et al. (2012) was used to
identify and compare active behaviour change techniques from the one-to-one interviews. The
behaviour change taxonomy is a reliable validated tool developed, in the field of health psychology.
It is used to explore and identify elements that direct behaviour change. This enabled systematic
and efficient identification of specific BCTs that appeared most effective in enhancing patient

adherence to treatment across the interviews.

5.8.1. Reward and threat

The BCT Reward (outcome) belonging to the Reward and Threat cluster to emerged in the majority
of the interviews undertaken. Patient adherence was influenced by treatment benefits such as the
decrease in snoring, improved quality of sleep, decreased night sweating, less waking up in the
night to go the toilet, decreased headaches, and decreased daytime fatigue. The participants
disregarded early side effects such as jaw ache, dryness of the mouth or excessive salivation once
they started to perceive the benefits of the treatment. This is consistent with value-expectancy
theories of behaviour which hypothesise that adherence to mandibular advancement therapy is
enhanced if patients perceive therapy to be effective (Saglam-Aydinatay and Taner, 2018).
Nevertheless, perceived effectiveness was observed to be low among an older population of
obstructive sleep apnoea patients (Carballo et al., 2016). However, these findings are debatable,
as studies concerning adherence to continuous positive airway pressure have reported perceived
effectiveness i.e. outcome expectancy as a determinant of adherence (Stepnowsky Jr and
Dimsdale, 2002, De Zeeuw et al., 2007, Olsen et al., 2010). Therefore, the issue of low perceived
efficacy of the treatment should be addressed in a clinical setting as it could hamper treatment

adherence.
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5.8.2. Repetition and substitution

Previous studies in the field of health psychology have observed that if a specific behaviour is
performed repeatedly in the same contextual cues, a habit will develop (Lally et al., 2010, Gardner
et al., 2012). Similarly, we observed that patients used the MAA daily by incorporating it into an
activity (context) that is performed regularly. This draws upon the BCT Habit formation from the
Repetition and Substitution cluster. As summarised in Table 5.2 and 5.3, participants would often
create a night-time routine (consistent context) that helped them to remember to wear the MAA
whilst also ensuring repetition of the behaviour and enhanced treatment adherence. Therefore,
any disruption of the routine translated to decreased patient adherence. Hence, studies have
hypothesised that the behaviour is more likely to happen if repeated in a consistent context
(Verplanken, 2005, Wood and Neal, 2007, Gardner et al., 2012). Furthermore, reviews have also
regarded that repetition of behaviours in the same contextual cues may also occur in the absence
of motivation, conscious control or deliberation (Ouellette and Wood, 1998, Webb and Sheeran,

2006, Gardner, 2015).

5.8.3. Antecedents

In terms of antecedents, restructuring of the physical or social environment such as moving the
MAA from its usual place was associated with non-adherence to treatment. Additionally, break in
the routine such as weekends or alcohol consumption also lead to non-adherence. The concept
of relapses and missed opportunity have been addressed in previous studies (Lally et al., 2010).
In particular over a 12-week period lapses in performing the behaviour predicted poorer future
performance, particularly within the first (Armitage, 2005). Therefore, habit formation may be best
aided by consistent repetition of behaviour when the cue is encountered, but it is not necessary to

imply that participants should give up if an occasional relapse occurs (Lally and Gardner, 2013).

5.8.4. Associations
The majority of the participants made use of BCT Prompts and cues belonging to the Associations
cluster in order to remember to wear the MAA every night. Hence, visual cues such as leaving the

MAA on the bedside table or wearing it after applying night cream influenced habit formation
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promoting adherence. Therefore, recognisable cues in the context in which a behaviour is

performed consistently can come to ingrain habits (Verplanken, 2005, Wood and Neal, 2009).

5.8.5. Natural consequences

In terms of the impact of wearing or not wearing the MAA, the awareness and education concerning
the negative consequences of treatment discontinuation lead to increased patient adherence. This
draws upon two BCTs from the natural consequences cluster, namely information about health
conseqguences and salience of consequences. In many chronic conditions, patient education to be
instrumental in improving patient adherence. Educational interventions may be advantageous in
increasing the risk awareness among patients concerning their conditions (Costa et al., 2015).
However, clinical trials have not demonstrated robust improvements in adherence with educational
strategies solely (Wiese et al., 2005, Golay et al., 2006, Meurice et al., 2007). Hence, including a
therapeutic multifaceted intervention, addressing misconceptions about OSA and barriers to

treatment is necessary to enhance patient adherence to treatment (Zhang et al., 2019).

5.8.6. Feedback and monitoring

Research concerning adherence to CPAP demonstrated improved patient adherence due to
automated feedback services (Hwang et al., 2018). Similar trends were observed in the current
study drawing upon the BCTs Feedback on behaviour and Self-monitoring of the behaviour
belonging to the Feedback and monitoring cluster. Patients were able to receive feedback from
mobile snoring applications which help monitor snoring. A visible reduction in the snoring level
aided in treatment continuation and maintenance. A reduction in snoring is perceived by patients
as a sign of therapeutic efficacy and therefore seems to promote treatment adherence (Dieltjens
et al., 2015). However, further research is needed to assess the accuracy of the sleep monitoring

application in relation to standard assessment techniques.

5.8.7. Social support

Among the cluster, social support, positive feedback from the patient’s bed partner or members of
the family promoted adherence to treatment. Whilst lack of feedback from family was observed to
have a neutral effect on adherence. Previous studies have reported similar observations with

regard to both CPAP and MAA adherence. (McArdle et al., 2001, Attali et al., 2016). Furthermore,
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research concerning adherence to CPAP has observed that if the intention to seek medical
intervention was not the patient’s but the bed partner’s, adherence is negatively influenced as the
patient may not be ready to commit to therapy. Nevertheless, involving partners and members of
the family in the patient’s treatment, especially when treatment is patient-dependent and
adherence is crucial, can have a favourable effect on the prognosis of the treatment. Given, that
the benefits of OSA treatment is not only limited to the patient but also extends to their bed partner

(Weaver and Grunstein, 2008).

5.8.8. Comparison of outcomes

The outcome of performing a behaviour has always reinforced the continuation or discontinuation
of a behaviour. Accordingly, the BCTs ‘Pros and Cons’ and ‘Comparative imaging of future
outcomes’ such as the negative impact on the quality of sleep of not wearing the MAA persuaded
the participants to continue with the treatment despite minor inconveniences. These observations
are consistent with previous studies that have demonstrated a significant positive relationship
between outcome expectancy and CPAP usage at 1 month (Baron et al., 2011a, Deng et al.,
2013). Hence, participants who perceive benefits at an early stage of treatment tend to be more

adherent as compared to those who do not.

5.8.9. Limitations

A potential limitation of this study is the selection of participants for interview. Only 25 individuals
had completed the treatment giving a small pool of potential recruitments and it is possible that
those who had completed treatment and volunteered to be interviewed had a more positive

experience of the intervention than those not recruited.

5.9. Conclusion

A varied range of behaviour change technigues was observed in the current study that aided
participants in the initiation, enactment and maintenance of the behaviour. Further research is
needed to better understand the application of these techniques in a clinical setting to enhance

MAA adherence.
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Chapter 6. Overall conclusions and future recommendations

A mixed-methods approach was adopted in order to assess the research questions, which entailed

the undertaking of a systematic review, randomised clinical trial and a qualitative study.

I.  The findings of the systematic highlighted the existence of a weak relationship between
objective MAA adherence and patient and disease characteristics such as age, sex,
obesity, AHI, and daytime sleepiness. Non-adherent patients reported more side effects
than users and tended to discontinue treatment within the first 3 months. Increased patient
adherence was identified with custom-made MAA in comparison to ready-made MAA. The
review identified limited evidence concerning the influence of psychological and social
factors on MAA adherence. Given that majority of the studies relied upon patient reported
adherence, the review observed a considerable lack of objective adherence monitoring.

Il.  The results of the randomised clinical trial indicate that the adoption of a stage-matched
intervention does not appear to improve adherence to MAA. However, a positive
correlation was observed between objective adherence and health beliefs such as risk
perception and outcome expectancy.

lll.  The qualitative study observed a varied array of behaviour change techniques which aided
patients in the initiation, enactment and maintenance of the behaviour. These included
reward & threat, repetition & substitution, restructuring of the physical or social
environment, associations, consequences of untreated OSA, social support, feedback &

monitoring and comparison of outcomes.

The observations of the above methods align closely and emphasise the importance of health

psychology in enhancing MAA adherence.
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The findings of the present study have paved the way for the following studies to further address
the current shortcomings in the literature, in relation to optimising adherence to mandibular

advancement appliance (MAA) therapy.

I.  Completion of recruitment and follow-up of the current clinical trial to further help define the
role of health beliefs such as risk perception, outcome expectancy and self -efficacy with
longer follow-up duration.

Il.  Studies assessing ways to minimising long-term risk of tooth movement from MAA therapy.

Ill.  Observational studies exploring the influence of race, age and ethnicity on adherence to
mandibular advancement appliance therapy.

IV.  Studies assessing adherent and non-adherent patients in relation to patient’s facial

phenotype.
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Appendices

Appendix 1 Epworth sleepiness scale

Epworth Sleepiness Scale

Participant identification Number for this study: Date:
Age (Years): Gender (Male = M, Female = F):

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 have not 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

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
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Factors influencing adherence to oral appliance therapy in adults with
obstructive sleep apnea: a systematic review and meta-analysis
Harishri Tallamrau, BDS'; J. Tim Newfon, PhD?; Padhrag S. Fleming, PhD"; Ama Johal, PhD'

‘Depatment of Oral Bloangineering Institute of Dentistry, Queen Mary Uniersity of Landon, Landan, United Kingdam; *Department of Population and Patient Haalth,
Faculty of Dentistry. Oral & Craniafscial Sclences, King's Callage Landon, London, Unitad Kingdom

Study Objectives: The review aimed b identfy he factors influencing adherence o ord applance therapy in adults with obstructive sieep apnea.
Methods: The profocol was inisally regsiered with he Inlernational Register of Syslematic Reviews (Prospero: CRD42019122615) prior 1o undertaking a
comprehensive electronic search of databases and references without language and date restrictions. Quality assessment was undertaken using he Cochrane
Coliaboration’s risk of bias tool and Quality in Prognosis Studies (QUIPS) ool.

Results: Studies exhitited low or unciear risk of bias for the domains assessed by the respective quality assessment bools. The influence o independent
variabies suchas dsease charactenis §cs, patient charactenisics, appliance fealures, and psychologcal and social factorson adherence levels was alsoassessed.
Therewas atatalof 31 induded studies, which consisied of 8 randomized contralled trids, 2 controlled diinical trial, 7 prospectve cohods, 11 revospectve cohorts,
and he remainng 3 studes were a case-series, case-control, and a mixed-methods. All 31 included studies were subject 1o quaitatve analysis, with anly 4
studies induded in the quantitatve analyss. Results of the meta-analysis demonstraled increased adherence with custom-made applances, with a pooled mean
difference of -1.34 (-2.02 b -0.66) and low levds of heterogenaty (F = 0%).

Condusions: A weak relatonship was observed between objectve adherence and patent and disease characleristcs, such as age, sex, obesly, apnea-
hypapnea index, and daytme sleepiness, b oral apgliance therapy. Nonadherent patents reporied more side effects with oral applance therapy than users and
fended to dscontnue he reatment within the first 3 months. Custom-made oral apgliances were prefarred and ncreased adherence reporied in comparson
ready-made apphances. Further reseacch is imperatve © examine the relationship between psychosocal factars and adherence 1o oral appliance herapy.
Keywords: obstructve sleep apnea, patent adherence, oral appliance therapy, dentd sleep medicne

Citation: Tallamaray H, Newton JT, Fleming PS, Johal A. Faclors influencing adhemnce 1 oral appliance therapy in adults with obstructive sieep apnea:

a syslematic review and meta-analysis. J Clin Sleep Med. 2021;17(7): 1485-1498.

INTRODUCTION

Obstructive sleep apnea (OSA) is a sleep-related breathing
disorder characterized by the repeated episodic collapse of the
upper airway during sleep, with resultant sleep deprivation.’
Severe long-term effects of this disease include excessive
daytime sleepiness, cognitive dysfunction, hypertension, im-
paired quality of life, and increased cardiovascular morbidity
and mortality.”

Based on the severity of OSA there are 2 main treat-
mentmodalities, continuous positive airway pressure (CPAP)
and oral appliances (OA)’. Both treatments are lifelong,
with sustained adherence to treatment of paramount impor-
tance. Successful treatment may lead to improvements in
quality of life, considerable cost saving to the health provider,
and a reduction in the risk of motor vehicle collisions and
cardiovascular disease.*

CPAP ismainly used for those with moderate to severe OSA
and highly effective and regarded as the gold standard of
treatment.®* However, side effects such as pressure sores, mask
dislodgement, claustrophobia, airleakage, and nasalcongestion
have made it unpopular and intolerable among patients.
Accordingtoarecentupdate ofthe American Academy of Sleep
Medicine guidelines, OA therapy (OAT) can be prescribed to

Jowrnal of Clinical Sleep Medicine, Vol. 17, No. 7
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those with mild to moderate OSA, particularly if they express
it as a preference. OAT remains the second-line treatment
of choice for patients who refuse or are unable to tolerate
CPAP therapy.*®

OAT reduces daytime sleepiness and improves the apnea-
hypopnea index (AHI) by posturing the mandible and main-
taining an open pharyngeal airway.” However, studies have
consistently demonstrated that CPAP is more effective than
OAT at reducing sleep-disordered breathing and achieving
complete control of OSA .* Despite the greatereffect of CPAP on
objective polysomnographic parameters, it does not appeartobe
more ¢ flective atachieving better healthoutcomes. It seems that
the higher efficacy of CPAPisoffset by greater OAT adherence.
Adherence with CPAP is reportedly over | h/night lower than
with OA.” This discrepancy may explain why, despite the su-
penor efficacy of CPAP, as determined by the AHI, no sig-
nificant differences were observed in terms of quality of life and
cognitive and functional outcomes. '

The short-term efficacy of OAT has been studied in many
randomized controlled trials (RCTs), with encouraging results
in all age groups.”™"* However, long-term studies report an
unchanged or only minor decrease in the efficacy of OAT.'***
Rose et al'” observed an increase in the mean AHL from 4.2 to
8.3 events/h after2 years of OAT. Deterioration in OS A severity

July 1, 2021

171|Page



y Harishn Tallsmraju on May 26, 2022, For personal use only. No ofher uses without permission

b
Copyright 2022 Amencan Acnzmy of Sleep Medicine. All nights resorved

Downloaded from josn sasm o

H Tallanmvaju, JT Newton, PS Flaming, et 4.

Adherance 1 ord applance therapy: systematic review

Figure 1—A PRISMA flow diagram shows the number of arficles identified at each stage of the search.
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and a loss of OA efficacy were found in a small sample of
patients (n = 9) treated continuously for more than 15 years,*'
However, OAT was reported to be effective in two-thirds of
patients (n=279) after 3 yearsoftreatment.* Despitethelimited
number of long-term studies, no significant changes appear to
have been detected in the efficacy of OAT.**** Notwith-
standing this, adecrease in blood pressure isreported from OAT
compared with a placebo and equivalent to that of CPAP in the
relatively small samples studied. ™

Adherence with OAT has until recently been limited to
self-reported data, with the inherent risks of overreporting.
Based on this subjective reporting, adherence with OA
therapy appearsto decline over time, Ho ffstein etal reporteda
wide range o fadherence (4-76%) in the first year of appliance
use™. In a further study, adherence afler | year was 83%™
declining to 62-64% afler 410 6 years. ™ The ability 1o assess
adherence objectively provides amore valid measure ofatreatment
maodality’s effectiveness. With CPAP therapy, the presence of
an inbuilt adherence monitor has provided valuable insightinto
the limitations of sel Ereporteduse, withpatients overestimating
by up to 1 hour.”” More recently, Vanderveken et al*® and Johal
etal* reported on the safety and feasibility, at 3 and 18 months,
respectively, ofobjective measurement techniques with OAT in
the same cohort of patients who demonstrated a range of sleep-
disordered breathing fom snoring to OSA.

Thus, the current review aims Lo assess the factors influ-
encing adherence to OAT in adults with obstructive sleep

Jowrnal of Clinical Sleep Medicine, Vol. 17, No. 7
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apnea and the potential effectiveness of interventions to
promote improved adherence.

METHODS

Following the registration of the protocol with the International
Register of Systematic Review (Prospero: CRD42019122615),
a systematic review of the literture was undentaken to identify
studies exploring the factors miluencing adherence to ol appliance
therapy inpatients. The search strategy was designed to access both
published and unpublished matenals and comprised three stages:

1. A search of MEDLINE Ovid and Embase to identify
relevant keywonlds contained in the title, abstract, and
subject descriptors.

2. Terms identified inthis way and the synonyms used by
respective databases were then used in an extensive
search of the literature,

3. Reference lists and bibliographies of the articles
collected from those identified in stage 2 were searched.

The initial search terms were “obstructive sleep apnea”,
“ormal apphance”, and “patient adherence™ and “compliance.”
Articles indexed in the following database with no restrictions
in relation to the date of publication and language of'the article
were searched: Ovid, Embase, Scopus, Cochrane Library, and
Webof Science. Primary authors and expertsin the field of sleep

July 1, 2021
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MG Retrospectve m‘:ﬁm Side effects Decreased “9“""“
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R 2 Columbia, Canada (n characlenslics
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eventsh) partners adherence
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Patient No assocaton
Depaﬁmefg of Sleep | characteristics with adherence
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sludy 51y, Mean AHE 24 actonf Splin
events'h) Side effects Decreased
adherence
Bales Prospeciive Depatment of Side effects Decreased Mandduar Self-repocted Nd
o d, 2006* [observational  |Orthodontics, Victoda adherence Repositoning
study Hospital (n=121, MF: Spiint
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4855y, Mean AHL:
1821 eventsh)
Vanderveken |Randomized University of Antwerp, | Appliance Increased Ready-made | Selfreported Nd
o d, 2008 [Contrd tral Belgum (n = 35, MF:| fabrication and adherence with |OA
29/, Mean age: 49 y, | Stration procedure  |Custom- (SnoreGuard
Mean AHI: 14 (Ready-made OA vs [made OA Plus) and
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made OA
{contnued on following page)
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Table 1—Characteristics and principal outcomes of the included studies. (continued)

Exposure (Patient | Outcome
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No. | Study | StudyDesign |  ‘g'soiings | Typeof Appliance, | or Noeflect | APPECe [ s inorence [forAdherence
Psychological or on
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Respiratory Care, Patient & No assodaton
University Hospital of | Disease with adherence ITSTam
Ghazal Randomized . ey y :
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events/h)
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Kyushu Dental Characteristcs (BMI |adherence in
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213 eventsh) Side eflects Decreased
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dd, 2011 |Contrd tral Sao Paulo, Brazl (n =|Support Theragy  |adherence Repositoning Therapy
29, MF: 10119, Mean device BRD) (Mandibuar
age 485y MeanAHI: Exercses)
17 eventsh)
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Anpine-Becere &  [Dsease adherence
Bl Prospective  [Argenteud Hospitals | Characterisics Custom-made
1 o 4, 2012% observational | (n = 140, MF: 10832, | Socid Suppart Decreased 7 (0P Self-reported Nd
. skudy Mean age: 62 y, Mean adherence ) device)
AHL Z7 eventsh) Agpkance Decreased
characleristics adherence
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adherence A
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Speciaty Care, m . Increased - (AS:;rme
Freidnan Chicago(n= 180, MF :| Fabrica Ready- |adherence
12 o d, 2012% Case series 130/, Mean age. | made OA vs Cusom- g:bmn?do Self-reported Nd
615y, MeanAHL 339 Custan-mate O4) [made OA |04 (Thomtan
evenish) Positoner
TAP 3)
13 |2 Randomized Depatment of Agpplance Increased Monobloc OA | Self-reported N
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University (n = 16, W | Stration procedure  [Manobloc OA  |Bibloc OA
F: 13/3 Mean age: |(Monabloc OA vs (Silent Nite)
4523y, Mean AH L 38 | wo-piece OA)
events/h)
14 |Dieljens Case- University of Antwerp, | Psychdogical Decreased  |Cusom-made |Self-reported Nd
dd, 2013* [controlstudy  |Belgum (n = 82, MF:|factoss (Type adherence Mano Boe OA
56/26, Mean age:49.5| D personality) and Custom-
y, Mean AHL 18 made Bbloc
events/h) livatable OA
(RespDent
Butterfly)
(contnued on following page)
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Table 1—Characteristics and principal outcomes of the included studies. (continued)
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Table 1—Characteristics and principal outcomes of the included studies. (continued)

Exposure (Patient | Outcome
or Disease (Increased/
Participants Characteristics, | Decreased Measurement | Intervention
No. | Study | StudyDesign | g soings | Typeof Appliance, | or Noeflect | APPEaNCE | ofadhorance |for Adherence
Psychological or on
Social Factor) Adherence)
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Depadment of Disease with adherence
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< 30 eventsh) parcaved changes) |adh
and socid fackors

*Improvement reported by the parter in he paten(s snaring. ** Mantd quality and bed sharing. AH| = apnea-hypopnea index, BMI = body mass index, F =
female, M = male, OA = oral applance, TAP = Thomion anlenor posioner.
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Table 2—Factors of influence on oral appliance adherence.

Factors Decreased Adherence Increased Adherence Mo Smﬁc‘a‘fimkxhﬁon Caveat
Anthropometric charactenstics
(age, sex, obesity)
Disease sevenly
Basdine sleepiness
Polysomnographc paramelers
Anabomicd characlesstcs
(length of the maxilla, mandible
and soft palate, crophanyngeal
Patient and space, crepitaton at TMJ)
dsease chaaclersics Upper airway or facial
skeletal atnormalites
Desauralers (palienis with  |Arousers (patients with Significant improvement inthe
oxygen desaturaons) respiratory arousas) ESS anong he arousers
OA therapy as the first ne Stong prdidar for
of tmatment lreatment conSnuation
Complete symptom resolion Contribules 1o the perception
of OSA but not a strong
predicior alone
Manobloc OA Bi-Boc OA Rdatvely fee
dibuar
Ready-made Custom-made (Titralabie) OA More reporied sde-eflects
(Nonttratable) OA with ready-made as compared
1o cuslom-made
Apphance fabécaton
mdm?on Patents notusing the OA for > More lkely to discontinue
2 years the treatment
Reguiar dental follow-wp Hdips inminmizing early sde-
effects which lead b early
discontinuation of
the trealment
Lack of percaved benefits Leads 10 earfy disconnuation
of the treatment,
consistent fackor
Psychological and
soty:calhdos Sugport from their bed partners Improved sleep quality of he
bed pariner wih OA wise &
assocaled with
increased adherence

ESS = Epwarth Seepiness Scale, OA = oral appliance, TMJ = temporomandibular jant.

and respiratory medicine were contacted. The additional lit-
erature search included Google Scholar to identify any other
relevant published work. An example of thesearchstrate gy used
is shown in Table S1 in the supplemental material.

The title and abstracts of the studies identified were assessed
independently by 2 reviewers (H.T., A.J.) and were included or
excluded based on the following PEO criteria:

1. Population: Adults with OSA receiving oral
appliance therapy

2. Exposure of interest: Disease characteristics, patient
characteristics, apphiance features, and psychological
and social factors

3. Outcome: Adherence

4. Study design: Prognostic studies both retrospective or
prospective observational in nature and randomized or
nonrandomized controlled trials

Jowrnal of Clinical Sleep Medicine, Vol. 17, No. 7
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5. Exclusions: Studies comparing CPAP or surgical
intervention with oral appliance therapy were excluded

The first 2 reviewers (H.T., A.J.) obtained full-text reports of
studies meeting the selection criteria for screening, and any
disagreement was resolved by consulting a third reviewer to
reach a consensus (T.N.).

Risk of bias and quality assessment

in individual studies

Two authors independently assessed the risk of bias of the
included studies (H.T., A.J.: Figure 1, and any disagree-
ments were resolved by further discussion and consensus.
Due to the diversity in the design of the included studies,
2 different tools were used to assess their quality. RCTs
were assessed using the Cochrane Collaboration’s nsk of
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bias tool.” The following 5 domains were considered: random
sequence generation, allocation concealment, blinding of
outcome assessors, incomplete outcome data, and selective
reporting. The domain blinding of participants and person-
nel was not considered due to the nature of the questions
addressed by this review. Observational studies were critically
appraised using the Quality in Prognosis Studies (QUIPS)
tool.” This tool assesses the risk of bias in studies of prog-
nostic factors and comprises 6 domains: study participa-
tion, study attrition, prognostic factor management, outcome
measurement, study confounding, and statistical analysis
and reporting.

Data items and collection

The influence of independent variables such as disease
characteristics, patient characteristics, appliance features, and
psychologicalandsocial factors ontheoutcome, ie, adherence,
reported in the included studies was recorded and categorized
based on these factors. The findings of the studies were
synthesized in a narrative manner. Information regarding
study design, sample size, participants and settings, type of
oral appliance used, strategies or interventions employed
to increase adherence, and method of adherence measure-
ment (objective or self-reported) were recorded (Table 1
and Table 2).

Meta-analysis

A metz-analysis was performed using Review Mamager
(RevMan; Version 5.3. Copenhagen, The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) for studies with low
and/or unclear risk of bias, similar study design, and comparing
2 types (ready-made vs custom-made) oral appliances pre-
scribed for patients with OSA in regards to patient adherence.
Results were analyzed using forest plots with weighted mean
differences between ready-made vs custom-made apphiances in
relation to patient adherence, ie, mean nightly (hours ) use of the
appliance. The studies were weighted using the inverse variance
method and tested for heterogeneity using the Chisquare testto
assess the significance of heterogeneity and P statistics to
measure the divemsity between studies. Pooled studies with I <
25% were regarded as homogenous, and those with * > 75%
were considered to demonstrate high heterogeneity. A fixed-
effects model was used and a P value of less than .05 was
considered statistically significant, reported along with the 95%
confidence interval.

RESULTS

Following the removal of duplicates, 419 articles were con-
sidered eligible for screening of the title and abstract. The
abstracts were assessed against the selection criteria, with 45
articles considered eligible for full-text screening. Subse-
quently, fourteen studies were excluded (Table S2), with a total
of31 studies included inthe review, which consisted of 8 RCTs,
2 controlled clinical trials, 7 prospective cohorts, 11 retro-
spective cohorts, while the remaining 3 studies were a case-
senies, case-control, and a mixed-methods study (Figure 2). All
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Figure 2—Risk of bias summary: review authors’
judgements about each risk of bias item for each
included study.

Al-Dharrab 2017
Cunali 2011
Gagnadoux 2017
Ghazal 2009
Johal 2017

Lee 2013

Quinnell 2014
Vanderveken 2008
Wang 2014

Zhou 2012

S|~ @ |5 @~ |@®| |~ |slinding of outcome assessment (detection bias)

S N @~ O ® ~ @ ® = |Aocationconcealment (selection bias)
S P DD OO P O ® @ ncompleteoutcome data (attrition bias)
P PP D P O ® ® @ @®|selectie reporting (reporting bias)

D PP DO ® P O ®| ®|rRandomsequence generation (selection bias)

31 included studies were subject to quabitative analysis, with 4
studies subject to a meta-analysis. All included studies were
undertaken in academic medical centers or sleep centers
(Table S3).

The majority of the included studies investigated the influ-
ence of side effects (45%), disease and patient characteristics
(41%), and appliance characteristics (32%) on patient adher-
ence. The efficacy of strategies or interventions to increase
patient adherence to OAT in adult patients with OSA was
assessed in only a single study.” While a self-reported measure
of adherence was used in the majority of included studies,
objective monitoring of adherence was reported in just |
study.* Studies that considered psychological and social factors
(38%) focused on the impact of constructs, such as bed-partner
satisfaction levels (improvement reported in the patient’s
snoring by their partner), self-perceived changes, and type D
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personality (a combination personality type of negative af-
fectivity and social inhibition) on oral appliance adherence.

Risk of bias within studies

The risk of bias (Figure 1) assessment for random sequence
generation, allocation concealment, blinding of outcome as-
sessors, incomplete outcome data, and selective reporting was
assessed for the included RCTs (n = 8) and controlled clinical
trials (n=2). The majority of thesestudies demonstrated a low or
unclear risk of bias for the above domains. Only 2 studies™***
demonstrated a high risk of bias for random sequence generation,
otherwise a low nisk of bias was assessed in relation to selective
reporting forallincluded studies. Interms of allocation concealment,
5 studies™ " demonstrated an unclear risk of bias, 3
studies***+! indicated a low risk of'bias, and a high risk of'bias
was observed in 2 studies.™* Due to no clear description
concerning blinding of outcome assessors, 7 studies®?>537
exhibited an unclear nsk of bias and a low risk of bias was
observed in the rest of the 3 studies.*#** High risk ofbias for
incomplete outcome data was observed in only | study,™
whereas the remaining 9 studies™ ! exhibited a low risk
ofbias. The findingsalong withthecomments for the judgement
are summarized in Table S4.

Similarly, observational studies (n = 21) were found to dem-
onstrate a low or moderate nisk of bias concerning study partici-
pation, sudy atrition, prognostic fictor management, outcome
management, study confounding, and statistical analysis and
reporting. Four studies™ ™ exhibited a moderate risk of bias for
study participation, whereas the remaining studies (n= 17 )indicated
alow nisk of bias. All studies demonstrateda low risk ofbias for the
domams-outcome measurement and  statistical  amalysis and
reporting. In terms of study attrition, 3 studies®#447 exhibited a
moderate risk of bies, while a low nisk of bias was observed m the
remaining studies. Furthermore, 8 studies #4545 demon-
strated alow risk of bias for prognostic factor measurement, and
remaining studies exhibited a modente risk of bias. The ma-
jority of the studies indicated a moderate risk of bias for study
confounding, while a low risk of bias was observed in 2
studies™" (Table S5).

Qualitative study analysis
Patient and disease characteristics

The current review identified 13 studies exploring the influence
of patient and disease characteristics, which reponted neither
supine-dependent OSA, age, obesity, sex, or sleepiness o be
related to OAT tolerability, #5233 4338454%505% There were no
significant sex differences detected inrelation to the cessation of
apphance use. Neither disease severity or baseline sleepiness
was found to be a predictor of OAT adherence.”® While the
above-reported studies relied upon self-reported adherence, an
additional single study found no correlation between objective
adherence and anthropometric chamcteristics, polysomnographic
parameters, or excessive daytime sleepiness.” Furthenmore,
among the 13 studies included, | study found no significant
association between adherence and the following patient ana-
tomical characteristics: upper airway or facial skeletal
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abnormalities, such as pharyngeal alterations (P = .62), retro-
gnathia (P = .34), Class I dental occlusion (P = .64), cranio-
facial alterations (P = .44), or masal altemations (P = .38,
Although the findings arenot statistically significant, these should be
viewed arefully as the authors relied upon self-reported adherence,
rather than objective adherence.

Appliance fabrication and titration

Intermsofappliance factors, 11 studies examined the influence
of pphance fabrication and titration on OAT adherence 203441545
One study compared the modified Herbst appliance (IST) with
the Thornton anterior positioner (TAP), which differed in
their ability to open the mouth during sleep in a protrusive
position.”” Although the TAP was more effectivein treating
OSA, its long-term acceptance was less than that of
the IST.*

Three studies comparing Mono-Bloc OA with Bi-Bloc OA,
with regardsto their adherence, have reported rather conflicting
results.”*"*** Zhou and Lou"” suggested that monobloc appli-
ance should be considered, as almost half of the patients pre-
femred the appliance to the bibloc device. However, the findings
were basedon a very small sample size (n = 16). On the contrary,
a large prospective singlecenter study, with a sample size of
153 patients, observed an adherence rate of 83.3% with the Bi-
BlocOA and 68.8% with the Mono-Bloc OA, at | year (P=.04).
The authors concluded that the relatively free mandibular
movement may explain the difference in adherence rates.’
Similarly, Dieltjens et al,™* while examining the association
between Type D personality (a combination personality type of
negative affectivity and social inhibition) and OAT adherence,
observed a higher discontinuation rate with monobloc OAT in
comparison to bi- or duo-bloc apphance (95% confidence in-
terval, 1.77-47.09; P = .008) when adjusted for Type D per-
sonality, age, sex, anddecrease in AHL. However, the findings of
the above studies should again be intempreted with caution as
they failed to assess adherence using an objective measure and
the marked differences in study designs.

Seven studies evaluating the impact of ready-made
(nonadjustable/nontitratable ) and custom-made OAT observed
an overwhelming patient-reponted preference for custom-made
OAT in comparison to ready-made devices,**7*4%4%55 The
adherence washigher with the custom-made OAT despite more
reported dental discomfort (P = .03).* In an additional RCT
with a crossover design, Johal et al reported a response rate of
only 24% with a ready-made OAT vs the 64% in the custorm-made
OAT™. It has to be acknowledged that adherence was assessed
from self-reports and can be at risk of bias. More recently, the
addition of objective adherence monitors has served to confirm
the reported levels of self-reported adherence with OAT.**

Side effects

Side effects, such as dental pain, muscular pain, and excessive
salivation associated with OATmay prevent early acceptanceof
the device and contribute to nonadherence. Moreover, side
effects arising from long-term OAT use, such as bite change,
may also lead to poor patient adherence. #***%7 The current
review identified 14studies examining the influence ofearly and
longderm side effects on OAT adherence 2831 4749-53.55.56-59
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Figure 3—Forest plot of patient-reported adherence for custom-made oral appliance and ready-made oral appliance.
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The most common self-reported reason for discontinuing the
treatment wasa lack of treatment effect or discomfort orpain on
OAT use, consistent with other reported studies, ™'
Furthemnaore, early discontinuation (< 2 years) of treatment
was observed due to side effects, discomfort, and inefficacy. In
contrast, patients discontinued treatment due to no specific
reasonsafier 2 or more years.” Additionally, the higher rates of
treatment discontinuation with ready-made OAT was found to
be associated with higher reported side effects in comparison to
the custom-made QAT #7404

Psychological and social factors

Among the 31 included studies, 12 studies™?*** examined the
influence of the psychological and social factors on OAT ad-
herence. One study reported low rates of perceived effective-
ness, self-efficacy, and social support for OAT as a cohont
(n = 39) of older patients had low expectation for positive
outcomes.** However, given that other included studies identified
psychological factors, suchasa lack of perceivedbenefits by the
patients and their bed partner, and cognitive perceptions such
as complete symptom resolution as influential on OAT ad-
herence, the above findings are highly contentious. 547157
Likewise, 2 studies identified that social fictors, such as poor
marital satisfaction (marital quality and bed sharing frequency)
(P < .04), support from their partner, and shame caused by the
disease symptoms to be associated with continued usage of
OAT.**! Nevertheless, the above findings should be viewed
carefully due to marked differences in study designs and lack of
objective assessment of adherence.

Quantitative analysis

A meta-analysis was undertaken in relation to the use of ready-
made OAT vs custom-made OAT with regards to patient ad-
herence (Figure 3). Based on these studies,™74%#! increased

1494

adherence was observed with custom-made appliances, with a
pooled mean difference of ~1.34 (~2.02 to ~0.66), with low
levels of heterogeneity (F = 0%).

DISCUSSION

Given that oral appliances are removable and have 1o be used
indefinitely, adherence to treatment is of utmost importance for
achieving success ful therapy.*However, adherence to OAT for
OSA s highly variable.' The current review observed that the
relationship between OAT adherence and patient and disease
characteristics such as age, sex, obesity, AHI, and daytime
sleepiness is relatively weak. Furthermore, no association
was observed between objective adherence and anthropo-
metric characteristics, polysomnographic parameters, and
excessive daytime sleepiness. It also appears that disease
severity and sleepiness may not be associated with OAT
adherence. The majority of the included studies exploring
the impact of patient and disease characteristics, were ret-
rospective in nature and highly heterogeneous in terms of
study participants.

Dieltjens et al conducted a prospective clinical trial to
identify the determinants of objective adherence to OAT in
patients with OSA ™. Previous studies on OAT adherence have
relied upon patient-reported adherence, which is subject to
overestimation.”* Moreover, objective compliance moni-
tors with OAT have only been introduced recently.” The trial
(n = 51) observed no correlation between objective adherence
and anthropometric characteristics, polysomnographic pa-
rameters, and excessive daytime sleepiness. Nevertheless, the
authors did emphasize the influence of socially disturbing
snoring, reporting objectiveadherence correlated significantly
with a decrease in socially disturbing snoring, as reported by

July 1. 2021

180|Page



Downloaded from josn sssmorg by Harshn Tallamrsju on May 26, 2022, For personal use only. No ofher wses without permission.
L 2m§ af Sleep Medicine. All rights resorved e b

Copyright 2022 American Aca

H Tallanvaju, JT Newton, PS Flaning, et 4.

the partner compared with baseline visual analog scale scores
for snoring without the appliance.”® Nerfeldt and Friberg®
investigated the difference between “arousers” (patients with
respiratory arousals) and “desaturaters” (patients with oxygen
desaturations ) interms of adherence rates. The authors observed
that patients with greater numbers of arousal showed higher
adherence (85%) than among the “desaturaters” (55%: P =
.034). It was reasoned that the above difference in adherence rate
was due to a significant improvement in the Epworth Sleepiness
Score among the arousers (Epworth Sleepiness Score = 10),
which wasnot seen among the desaturaters. Furthermore, OAT
as a first-line treatment was reported 1o be a strong predictor
(odds ratio 1,77, 95% confidence interval 1.03-3.03; P= .0375)
for treatment continuation.” Similarly, complete symptom
resolution (odd ratio 1.78, 95% confidence interval 1.03-3.03,
P = .0384) was also a strong predictor for OAT adherence.™
These findings support an important role for disease chronicity
in terms of patient adherence, which was similar to those re-
ported for other chronic diseases.®’ They also reinforce the link
between disease chronicity and long-term treatment persis-
tence, while indicating that patients intolerant of or non-
adherent with CPAP are more likely to discontinue OAT.*
However, Izcietal®’ in alarge sample (n = 144) of patients with
OSA demonstrated that usage of OAT was not significantly
affected by whether a patient was CPAP nonadherent or a
refuser (P > 3). Nonetheless, the findings of the above stud-
ies should be interpreted with caution, as the studies failed to
provide an objective measure of adherence and also due to
the marked differences in study design and participant settings
with regands to race and ethnicity. However, Johal et al dem-
onstrated excellent long-term objective adherence with OAT in
asample of 42 patients with OSA, whowere CPAP intolerant™.

Nonetheless, itis interesting to evaluate these findings in the
context of CPAP adherence. A weak association between pa-
tient and disease characteristics, such as disease severity, AHI,
oxygen desaturation, and Epworth Sleepiness Score on CPAP
adherence has been observed.®~* Although nasal resistance
influences initial CPAP acceptance, nasal anatomy, not nec-
essarily patient-reported nasal complaints, may be influential on
CPAP adherence. " Furthermore, initial CPAP adherence
appears 10 be closely associated with higher neighborhood
socioeconomic factors, independent of individual demographic
and clinical factors.*® These findings suggest that socio-
environmental factors are impontant in terms of patient ad-
herence among patients with OSA. Studies have also examined
race as influential on CPAP adherence, all of which have re-
ported lower CPAP adherence in African Americans compared
with Caucasian users.”™™ Factors such as race and ethnicity-
based differences in OAT adherence were not examined, as no
studies have been published exploring such factors. Similarly, a
low socioeconomic index is only considered a barner to
accessing OAT, as itsinfluence on treatment adherence is yetto
be explored.” Thus, additional studies are needed to understand
and help characterize the individual considerations needed
for initiating and managing OA treatment within diverse
patient groups.

In terms of appliance charactenstics, both patient-reported
adherence and preference favored the use of custom-made
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appliances. The preference was not only reflected in the
higher number of nights per week but also the number ofhours
per night that the appliance was used.***' The findings are
consistent with a recent systematic review and meta-analysis.”™
Moreover, a8 OAT for OSA is entirely dependent on patient
behavior, patient preference or acceptance cannot be dis-
regarded. However, the majority of the studies were limited to
selfreported use and lacked an objective adherence measure-
ment. Thisreflects the relatively recent introduction ofobjective
adherence monitors. ® Notwithstanding this, a lack of retention
with the ready-made OAT was the most frequently cited reason
for discomfort and nonadherence,’”#%414%5

In relation to side effects, nonusers experienced | or more
adverse effects and tend to discontinue the treatment earlier,
ie, within the first 3 months, whereas those whouse the device
for longer periods experienced milder problems.”™* In a
questionnaire-based retrospecti ve study, nonusers reported a
higher average number of side effects than users.** Similarly,
Makihara et al** reported that one-third of the nonusers dis-
continued the OAT within the first month and 40% within in
the next 3 months. The most common reasons for discon-
tinuation of treatment were discomfort or lack of treatment
effects.”*>*7 Specifically, pain originating from the masti-
catory muscles or the temporomandibular joints may be one
of the main reasons for poor adherence or abandonment.™
Consequently, Cunali etal”* randomized 29 OSA adult patients
with temporomandibular disorders into 2 groups, the exercise
support therapy group and placebo therapy (PT) group, and
they were evaluated prior to and 120 days after OAT. The
authors observed higher treatment adherence in the support
therapy group (P <.05) comparedto the placebo therapy group,
as there was a significant reduction of pain intensity in the
former group (P <.05) but not in the latter. Long-term occlusal
changes may occur with OAT,* as such, dental follow-up may
be useful in encouraging adherence while limiting possible
side effects and the risk of cessation of treatment in long-term
OAT users. In terms of the influence of sex, ina retrospective
study (n = 251), women experienced and reported more side
effects and seemed 1o have a greater tendency to abandon
treatment than men, as 46.8% of the women who answered
a questionnaire based-survey had discontinued the use of
OAT compared to the 32.8% of men.”® However, given that
the study was retrospective, with data collection from patients
at different time intervals, the findings should be interpreted
with caution.*

Poeselor=! and social factors, such as mood and perception
oftreatment benefits, and bed partner satisfaction levels were
significantly correlated with OAT use.” Dieltjens et al
identified that self-reported adherence to OAT was signifi-
cantly lower for adults with OSA and Type D personality, a
combination personality type of negative affectivity and
social inhibition, compared to patients with OSA without
the said personality type®. These findings are in agreement
with similarobservationsreported by Brostrometal? inregards
to lower CPAP adherence withtype D personality. Objective
adherence was found to be significantly correlated with a
more pronounced decrease in socially disturbing snoring.™
Research shows that adoption of new health behavior, like a
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new physical activity routine or adhering to a prescribed
medication regimen, is a challenging endeavor, involving a
variety of social, emotional, and cognitive factors.” How-
ever, evidence in terms of psychological and social factors
with regards to OAT adherence is highly underrepresented,
which contrasts with the volume of literature concerning
CPAP adherence. Efforts to enhance patient education
ranging from telephone support to home visits, motivational
enhancement, or augmented .«sup]:mﬂ,we have been shown to
improve CPAP adherence when compared to standard care. It
has also been suggested in a recent Cochrane review that ed-
ucational, supportive, and behavioral interventions may in-
crease CPAP usage to varying degrees.”” However, no studies
evaluating the efficacy o fthe above-mentioned interventions
in relation to OAT adherence were identified in this review.
Evidence concerning the impact of psychological factors,
such as patient’s perceptions, sel f-efficacy, and social support
on OAT adherence is highly underrepresented in the field of
sleep medicine in comparison to various sleep apnea treat-
ments. Therefore, further research is imperative for the de-
velopment of tailor-made interventions to enhance adherence
in patients with low mood and/or psychological disorders.

Strengths and limitations

This is the first systematic review 1o assess the factors influ-
encing adherence or nonadherence in adult patients with OSA
on OAT. To limit publication bias, comprehensive search
strategies were implementedalong with the use of Covidence, a
core component of Cochmne's review toolkit, The review
followed the PRISMA reporting guidelines, and the Cochrane
Handbook of systematic review was used for risk of bias as-
sessment for the included RCTs.

In terms oflimitations, the searchyield was limited o8 RCTs
demonstrating low or unclear risk of bias. Furthennore, the
application of a meta-anal ysis in nonrandomized controls trials
leads to bias arising from methodological issues and marked
differences in study designs. Another possible limitation is the
limited evidence identified conceming the impact of psycho-
logical and social factors and the effect of strategies or inter-
ventions to improve OA adherence.

CONCLUSIONS

A weak relationship was observed between objective
OAT adherence and patient and disease characteristics such
as age, sex, obesity, AHI, and daytime sleepiness. Nonadherent
patients reported more side effects than users and tended to dis-
continue treatment within the first 3 months. Increased patient
adherence was identified with custom-made OA T in companson to
ready-made OA. The review identified limited evidence con-
ceming the influence of psychological and social factors on OAT
adherence. Given that majornity of the studies relied upon patient-
reported adherence, the review observed a considerable lack of
objective adherence monitoring,

Further research would be beneficial to describe the deter-
minants of adherence, such as risk perception, self-efficacy,
and outcome expectancy and to facilitate patient educationand
development of tailor-made interventions to enhance
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adherence to OAT. Similarly, the lack of objective adherence
monitoring necessitates the need for future studies that assess
adherence objectively.

ABBREVIATIONS

AHI, apnea-hypopnea index

CPAP, continuous positive airway pressure
IST, Herbst appliance

OA, oml appliance

OAT, oral appliance therapy

OSA, obstructive sleep apnea

RCT, randomized controlled trial

TAP, Thornton antérior positioner
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Appendix 3 Ethical approval

NHS

Health Research Authority

North West - Greater Manchester West Research Ethics Committee
Barow Houss

3rd Flaor

4 Minshull Street

Manchesier

M1 302

Telephone: 0207 104 8021
19 August 2019

Professor Ama Johal

Cueen Mary University of Londaon

Office 6, 4th Floor, Barts and The London School of Medicine and Dentistry
Institute of Dentistry, Queen Mary University of London, Tumer Street

E1 2aD

Dear Professor Johal
Study title: Intervention to enhance adherence to Mandibular

advancement appliance in Patients with Obstructive
Sleep Apnoea: A Randomized Control Trial

REC reference: THNWID3IM
Protocol number: [ ProtocolRefiE]
IRAS project 1D: 262092

Thank you for your submission, responding to the Committee’s request for further information on
the above research and submitting revised documentation.

The further information has been considered on behalf of the Commitiee by the Vice-Chair.

Confirmation of ethical opinion

On behalf of the Committee, | am pleased to confirm a favourable ethical opinion for the above
research on the basis described in the application form, protocol and supporting documentation
as revised, subject to the conditions specified below.

Conditions of the favourable opinion

The REC favourahle opinion is subject to the following conditions heing met prior to the start of
the study.

Confirmation of Capacity and Capability {in England. Morthem Ireland and Wales) or NHS
management permission (in Scotland) should be sought from all NHS organisations involved in
the study in accordance with MHS research govemance 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 Ressarch Application System.

For non-NHS sites, site management permission should be obfained in accordance with the
procedures of the relevant host organisation.

Sponsors are nof required fo notify the Commitfee of management permissions from host
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organisations

Reqgistration of Clinical Trials

It is a condition of the REC favourable opinion that all clinical trials are registered on a publichy
accessible database. For this purpose, clinical trials are defined as the first four project
categones 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 defemal has been agreed by or on behalf of the Research Ethics Committee { see here
for more informafion on requesting a deferral: https://www.hra.nhs.uk/planning-and-improving-
researchyresearch-planning/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:/ fwww.hra.nhs.uk/planning-and-improving-research/research-planning fransparency-
responsibilities

You should notify the REC of the registration details. We will audit these as part of the annual
progQress reporting process.

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
quidance on reporting requirements for studies with a favourable opinion, including:

Motifying substantial amendments

Adding new sites and investigators

Motification of serious breaches of the protocol

Progress and safety reports

Motifying the end of the study, including early termination of the study
Final report

The latest guidance on these topics can be found at hitps:/fwww.hra.nhs uk/aporovals-
amendments/managqing-your-approvall.

Ethical review of research sites
MNHS/HSC sites

The favourable opinion applies to all NHSHSC sites listed in the application subject to
confirmation of Capacity and Capability (in England, Morthem Ireland and Wales) or
management permission {in Scotland) being obtained from the NHS/HSC R&D office prior to the
starn of the study (see "Conditions of the favourable opinion" below).

Mon-NHSHSC sites
| am pleased to confirm that the favourable opinion applies to any non-MHSMHSC sites listed in

the application, subject to site management permission being obtained prior 1o the start of the
study at the site.

186 |Page



Approved documents

The final list of documents reviewed and approved by the Committee is as follows:

Document Version Date

Evidence of Sponsor insurance or indemnity (non NHS 27 July 2018
Sponsors only)

IRAS Application Form [IRAS_Form_280520149] 28 May 2018
IRAS Application Form XML file [IRAS_Form_280520149] 28 May 2019
IRAS Checklist XML [Checklist_28052019] 28 May 2019
Letter from sponsor 09 May 2019
Other [Daily Sleep log] 2 22 July 2019
Other [Topic Guide ] 2 22 Juby 2019
Other [Health Pamphilet] 2 22 July 2019
Other [Response to REC, HRA and HCRW assessments)

Participant consent form [Consent form] 2 22 July 2019
Participant consent form [Consent form for Partner ] 01 04 February 2019
Participant consent form [Participant Consent form for One-to-{ 1 22 July 2019

one Interview]

Participant information sheet (PIS) [PI15] 2 22 July 2019
Participant information sheet (PIS) [PIS for One-to-One 1 22 July 2019
interview]

Participant information sheet (PIS) [Information sheet for 10 04 February 2019
Partner]

Referee's report or other scientific critique report 19 February 2019
Research protocol or project proposal [Study protocol] 2 22 July 2019
Summary CV for Chief Investigator (C1) [Cl's CV ] 1 04 February 2019
Summary CV for student [Research Student CV] 1 04 February 2019
Walidated questionnaire [SEMA]

Walidated questionnaire [ECQ-501]

Yalidated questionnaire [SES]

Validated questionnaire [S5Q]

Validated questionnaire [ESS] 2 22 July 2019

Statement of compliance

The Committee is constituted in accordance with the Govemance Arrangements for Research
Ethics Committees and complies fully with the Standard Operating Procedures for Research

Ethics Committeas in the UK.

User Feedback

The Health Research Autharity is continually striving to provide a high quality service 1o 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
availahle on the HRA website: htto/fwww . hra nhs ukfabout-the-hrafgovernance/guality-

assurance/
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NHS

Health Research Authority

North West - Greater Manchester West Research Ethics Committee

11 February 2020

Dr. Harishri Tallamraju

Ph.D. Student

Cueen Mary University of London
Office 2, 4th Floor

The Royal London Dental Hospital
Tumer Street

E12AD

Dear Dr. Tallamraju

Barow House
3rd Floor

4 Minshull Street
Manchester

M1 302

Tel: 02071048285

Study title: Intervention to enhance adherence to Mandibular
advancement appliance in Patients with Obstructive Sleep
Apnoea: A Randomized Control Trial

REC reference: 19/NW0391
Amendment number: Amendment no. 1
Amendment date: 04 December 2019
IRAS project ID: 262002

The above amendment was reviewed by the Sub-Committes in comrespondence.

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 wers:

Document Version Diate

Covering letter on headed paper 06 January 2020

Motice of Substantial Amendment (non-CTIMP) Amendment |04 December 2019
no. 1

Participant information gheet (PI15) [Patient Information Leaflet] W3 04 December 2019

Research protocol or project proposal [Stedy Protocol] ) 31 January 2020
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Appendix 4 Published protocol of the randomised clinical trial

Tallsmiesju et al Trials  (2021) 22:699
Ittpeedeiang/10.] 186/ 13063-021 05582-1 Trl a|5

STUDY PROTOCOL Open Access

Intervention to enhance adherence to a@w
mandibular advancement appliance in =
patients with obstructive sleep apnoea:

study protocol for a randomised clinical

trial

Harishri Tallamrzju"'@, J. Tim Newtor?, Padhraig 5. Fleming and Ama Johal'

Abstract

Background: Obstructive sleep apnoea (054) i a sleep-related breathing disorder characterised by the repeated
episodic collapse of the upper ainway during sleep, resulting in sleep deprivation, ghving rise to apnoeas and
hypopnoeas. Based on the severty of O5A, there are two primary treatment modalities, continuous positive aireay
pressure §CPAP) and mandibular advancement appliances (MAAY, both are adherence-dependent. MAA s offered to
those with mild 1o moderate O5A and is prescribed as an altemative to patients intolerable to CPAP. However,
adherance to MAA treatment is vaniable and declines over time. Hence, the curent study aims to assess the
effectiveness of the stage-matched intersention, the Health Action Process Approach (HAPA), on adherence 1o MAA
in patients with O5A

Methods: A single-centre randomised clinical trial will be undenaken at Ban's Health MHS Trust. Fifty-six
participants with newly diagnosed 054 are planned to be enrolled in the study and randomised to intervention
cane (17} and standardised care (3C) groups. Participants in the 5C group will receive routine care whilst participants
in the IC group will receive the stage-matched interwention, developed using the HAPA model. Data indicating
MAA adherence will be collected both abjectively and subjedively, from micro-sensors embedded in the MAA
design and sleep dianes, respectively at 3, 8, 18 and 36 months. In addition, a range of questionnaires designed 1o
assass risk perception, outaome expectancy, and selfefficacy (SEMSA) and quality of sleep (P01 and ESS) and life
(EQ-5DL), socio-economic and sodal support scales will be used.

Discussion: The cumently available treatrments for obstructive sleep apnoea depend entirely on the patient’s
acceptance and use. There are several factors that affed cooperation and wear for example patients’ awaneness of
their condition, sodial support and peychological behaviour. In addition, mood, such as anxiety, sress, and
depression, may affed wear. At the same time, we know that interventions involving more education and
behaviour approaches can help patients adapt mone easily 1o some meatrments. As a result, the present tria aims 1o
explone the potential role of these factors to maximise treatment success and minimise side effeds
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Introduction

Background and rationale [Ga}

Obstructive sleep apnoea [0SA) & a sleep-related
breathing disorder characterised by the repeated epi-
sodic collapse of the upper airway during sleep,
resulting in sleep deprivation, giving rise to apnoeas
and hypopnoeas [1].

854 is the third most common respiratory disorder in
the UK, affecting up to 10% of middle-aged adults [Z, 3].
Severe long-term effeds of this disease include excessive
daytime sleepiness, cognitive dysfunction, hypertension,
impaired quality of life, and increased cardiovascular
maorbidity and mortality [4].

An owernight sleep study is required to establish a
diagnosis of O5A and provides the apnoea-hypopnoea
index [AHI), which is the sum of the average number of
apnoea (oomplete airflow cessation) and hypopnoea (par-
tial airflow cessation) events per hour of sleep. The AHI
has been classified into the following severity grades: mild
[5-15), moderate (16—30) and severe (> 30) [5].

Based on the severity of O5A, there are two primary
treatment modalities- continuous positive airway pressure
[CPAP) and Mandibular advancement appliance (MAX) [6,
7). CPAF is presribed to those suffering from modemte to
severe 054 MAA is offered to those with mild to
modemate O5A and is the alternative option for patients
who cannot tolerate CPAFP thempy [8). It was noted that
MAA reduces daytime deepiness and improves the AHI by
protruding the mandible and thereby maintaining an open
phanmngeal airway [9]. However, sudies have consistenthy
demonstrated that CPAP is more effective than MAA at
reducing sleep-disordered  breathing and  achieving
complete contml of OSA [(AHI <5) [10]. Despite the
greater effect of CPAP on objective polysomnographic par-
ameter [(AHI), it does not appear to be more effective at
achieving better health outcomes. It seems that the higher
efficacy of CPAP is offset by greater MAA adherence. Phil-
lips et al. (2013) showed that CPAP and MAA achieved
similar improvements in excessive daytime sleepiness and
quality of life Average MAA adherence was 6.5h/night
compared to 5.2 for CPAP (p < 00001). These findings are
consistent with the results of a recent systematic review
and met-analyds [11). The meta-analysis presented that
adherence was significantly lower with CPAP than MAA by
L1 h per night ( = 0.004).

Although initial subjective treatment adherence to
MAA therapy is relatively high, it is declining over time.
A phone-based survey of 69 patients with mild to mod-
erate (05A prescribed MAA, reported a 32% adherence
rate after 4 vears of therapy, indicating a high level of
non-adherence [12]. The study also suggested the pre-
vention of barriers, associated with MaAA therapy adher-
ence, to improve the efidency of the appliance and
disease outcome. In a systematic review, Hoffstein et al.
(2007) reported a wide range of (4-76%) adherence rates
in the first year of appliance use and further studies have
highlighted that adherence decreases with time [13): 83%
after 1year [14] and 62—64% after 4—6vear [15, 16).

MAA adherence might differ depending on the type of
the appliance, mstom-made or ready-made, disease se-
verity, and perhaps patient management [17]. In a recent
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systematic review, patent-reported adherence (64-7
nights per week and 5-63h per night) and preference
(p = 0001) were strongly associated to custom-made
MAA in comparison to ready-made MAA [18]. Subject-
ive side effects such as dry mouth, excessive salivation,
tooth discomfort muscle tenderness, and jaw stiffness,
have never lead to treatment discontinuation [19-22). In
addition, tooth movement and occlusal changes have
been seen in objective measurements after 1 to 4 years
of follow-up, but these changes have not been reported
as being related to treatment withdrawal [23-27].

Dieltjens et al. (2013) were the first to investigate the
impact of type [} personality disorder on adherence to
MAA therapy. Individuals with Type-Dd personality often
possess a negative outlook towards life and are over-
whelmed with emotions such as stress, anxiety, and
anger. The study assessed 113 patients using two ques-
tionnaires: type I scale 14 and a postal questonnaire
addressing side effects and adherence to MAA The
study included 83 patients with a baseline type D per-
sonality and reported a 45% non-adherence rate amongst
them [14]. Patients with a type D personality had a
higher discontinuation rate and lower adherence. These
findings are in agreement with similar observations re-
ported by Brostrom et al. (2007) in regards to lower
CPAP adherence with type It personality [28]. Meverthe-
less, the study has some limitations. The first mitation
of the study i the relatvely small sample size [sample
bias) and the non-meaningful comparison groups, which
may reduce the generalisability of the findings. The sec-
ond limitation is the subjective assessment of adherence
and perceived side-effects rather than employing object-
ive means of adherence measurements. A further limita-
tion i that the characteristic negative reporting trait of
the type [} patients may cause them to overestimate
their non-adherence [14].

Research shows that adoption of a new health
behaviour, like a new physical activity routine or
adhering to a prescribed medication regimen, is a
challenging endeavour involving a wvariety of sodal,
emotonal and cognitive factors [29]. A moulticentre
study examined perceived effectiveness, self-efficacy and
social support among 122 adult patients with O5A aged
= 65 years prescribed for MAA therapy [30]. With a 30%
response rate (= 39), the study reported low rates of
perceived effectiveness, self-efficacy and sodal support
highlighting the lack of self-efficacy, expectations for
positive outcomes and social support experienced by the
older patients in the sample. These findings are debat-
ahle as literature has identified psychological and social
factors and cognitive perceptions as determinants of
CPAP adherence, including patients’ risk perceptions,
treatment outcome expectations, locus of control, and
self-efficacy [31-33). Another possible limitation of the
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study is that the questionnaires were mailed to the par-
ticipants, who were only contacted once by the authors
explaining the poor response rate. As a result, further
research involving larger samples of men and women in-
corporating modes, which increase the response rate, is
necessary to gain a better understanding of the patient's
perception of MAA therapy. In turn, this understanding
could be implemented for the development of interven-
tions enhancing patient’s adherence and experience to
MAA treatment.

Interestingly, previous studies in the field of Sleep
Medicine have featured an aspect of enhanced patient
education ranging from telephone support to home
visits, motivational enhancement, or augmented support
[34, 35], which have been proven to effectively improve
CPAP adherence when compared to usual care. Bakker
et al. [2016) conducted a randomised controlled trial of
CPAP wme with motivational enhancement (ME) or
CPAP only in 83 participants, with moderate to severe
O5A. The trial demonstrated a clinically significant
increase in CPAFP adherence in the interventon arm
[CPAP with ME), supporting the use of a motivational
enhancement approach to optimise the management of
O5A [36].

A recent Cochrane review has also emphasized the
efficiency of interventons in enhandng adherence to
CPAP by stating that educational, supportive and
behavioural interventions increase CPAP usage to
varying degrees [37]. Stage theories such as the Health
Action Process Approach (HAPA), a social cognition
model for behaviour change, can be used to identfy
factors to target in an intervention and their
interrelationships. The mode-based approach often uses
a quantitative, question naire-based approach to assess a
small et of factors linked within a model specifying how
the factors are related to behaviour and to one another.
It includes self-efficacy, outcome expectancies, and risk-
perception as distal predictors, intention as a middle-
level mediator, and wvolitional factors (such as action
planning) as the most proximal predictors of behaviour.
All are oonsidered as determinants of adherence in
CPAF therapy [38, 39].

A mumber of randomised controlled trialk within
medicine have examined the concept of stage-matched
interventions based on HAPA, for example in the con-
text of dietary behaviours [40], physical activity [41] and
dental hygiene [42]. In order to investigate the efficiency
of interventions on CPAP adherence, 110 OS5A (AHI =
15 events'h) patients were randomly assigned into
staged-match intervention care (SMC) and standardised
care (SC) groups [4]. The staged-match intervention care
design, following the principles of HAPA, significanty
improved CPAP adherence whilt facilitating intention
formation and enhancing treatment self-efficacy. Although
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the evidence for stage theories is somewhat inconsistent, a
meta-analysis [43] suggests that tiloring interventions to
behavioural stages is more effective than a generic, non-
staged-tailored approach.

The above stage theory advocates that behaviour
intervention takes acoount of the stages of change.
Individuals are presumed to progress through an
ordered set of stages whilst contemplating, initiating,
and maintaining health behaviour change [44]. Risk
perception is an antecedent, that forms an intention to
adopt a precautionary action or treatment [4]. After a
treatment intention develops, it transforms into detailed
acton plans and these plans may promote moving
further into action and/or a maintenance stage [45]
implies that understanding behaviour change over time,
on dynamic variables instead of static variables, would
achieve maximum intervention effectiveness [4]. This
feature differentiates stage theories from social cognition
theories, such as the theory of planned behaviour [TPE),
which interpret behaviour change as a continuous
ProOCess.

The approach also recommends a distinction between
pre-intentional motivational processes and post
intentional volitional processes [4Z]. The motivational
phase comprises of growing risk perception and out-
come expectancies, leading to the development of an
intention. Although risk perception is the initial step for
developing an intention, it alone is deficient and out-
come expectancies, characterised by the advantages and
disadvantages of the health behaviour in context are es-
sentia to promote intention formation. For example, the
more a patient feels vulnerable to the possible health
threats of long-term untreated OSA (hypertension, car-
diovascular diseases), the more he or she will expect
from the MAA therapy.

In the wvolitional phase, Intention and behaviour
implementation (adherence to MAA) would be
mediated through action planning [46]. Action
planning consists of specifying when, where and how to
perform the behaviour [47]. Self-efficacy is an import-
ant construct to consider for behaviour change [48] and
facilitates maintenance of action [46). For example,
after a patient is provided MAA treatment, he or she
would make concrete plans concerning the commence-
ment and contnuation of the weatment whilst
overcoming the difficulties. Highly self-efficacious indi-
viduals are more confident in coping with setbacks and
easily tackle unanticipated difficulties, as opposed to in-
dividuals with low self-efficacy (Bandura, 1997). Since
patients with O5A experience different mindsets from
initiation to long-term adherence, it is imperative to
frame interventions to optimise adherence, tailor-made
to the patients’ specific psychological variables at differ-
ent stages of therapy [4].
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In summary, research on increasing adherence to
mandibular advancement appliances in ohstructive sleep
apnoea patients in underrepresented, which is in sharp
contrast to the literature regarding CPAF adherence.
Thus, we aim to address this shortfall by identifying the
factors influencing adherence to MAA in patients with
54 and simultaneously assess the effectiveness of stage
theories/stage-matched intervention on subjective and
objective adherence, using the HAP A model.

Objectives (7}
Primary objective

Aims and research guestions The aim and primary
outcome of this study is as follows:

* To assess the effectiveness of stage-matched inter-
vention on adherence to mandibular advancement
appliances (MAA) in patients with obstructive sleep
apnoea (OSA).

Secondary objectives The secondary outcomes are as
follows:

« To identify the psychosorial and socio-economic
indicators enhancing adherence of MAA in patients
with O5A

» Use of the indicators to develop a psychological and
socio-economic predictor model.

Mull hypothesis Stage-matched intervention does not
enhanee adherence to MAA in patients with O5A
compared to standardised care.

Primary endpoint

Adherence ie. the number of the hours the patient uses
the appliance every night will be measured both
objectively and subjectively at 3, 6, 18 and 36 months to
assess the effectiveness of the interventions in enhancing
adherence to MAA.

Secondary endpoint

Self-efficacy, risk perception, outcome expectancy, socio-
economic status and social support will be measured to
assess the ability of these variables in predicting
adherence.

Trial design [B}

This study is a single-centre, superiority, two-arm,
parallel-group, individually randomised clinical trial,
with 1:1 alocation, designed to test the effectiveness of
stage-matched intervention in enhancing patient adher-
ence to MAA therapy in patients with OS5A. In additon,
we pln to recruit patients with a confirmed OS54
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diagnosis, specifically referred for MAA therapy from
secondary care.

Ethical approval was obtained from the Greater
Manchester West Research ethics committee (REC ref:
19LOMOY72 and 19/WW/0391). Patients meeting the
eligibility criteria will be provided with a patent
information  leaflet explaining the whole study.
Interested patients will be asked to sign the informed
consent, after which they will be randomly assigned into
two groups- intervention care (IC) and standardised care
(SC). Only the investigator and chief investigator [CI)
will be aware of the participant’s allocation.

Participants will be provided with a sleep diary
[Addidonal file 1) to record their hours of sleep and
MAA wear-time, which will give a subjective record of
the adherence (duration of usage of MAA). The Thera
Mon®, a micro-sensor induded in the MAA design, will
be used for the objective documentation of MAA adher-
ence. TheraMon® calculates the actual wear tme by
measuring Emperature every 15min and then trans-
forms this information into wear time when the
temperature ranges between two specific values. In the
present study, this range is defined a 28°C to 38°C,
which includes the vast majority of intraoral temperature
values ohserved in an individual under normal
conditions.

At baseline (T0), part of the routine dinical subject
demographics to be collected will include age, gender,
body mass index (BMI), and neck drcumference. The
AHI will also be recorded during the initial screening.
Following an oral examination, upper and lower alginate
impressions will be taken along with the partidpant’s
bite. In addition, partidpants will be asked to complete
the following questionnaires at T (0):

» Epworth Sleepiness Scale (ESS)

o Self-efficacy measure for sleep apnoea (SEMSA)
maodified for oral appliance

Pittsburgh Sleep Cuality Index (PSQI)
Euro(al-5 Dimension [EC-50)
Socio-economic position questionnaire

Social support scale

& & & &

The above questionnaires will provide information
concerning  the  participant’s  daytime  sleepiness,
personality, quality of sleep, health-related quality of life,
socio-economic status and social support, respectively.

At pre-treatment T(1), participants will undergo the
initial fitting of the MAA and be provided instruction on
use and care.

Both IC and SC groups will be called for follow-up at
3 (T2), 6 (T3), 18 (T4) and 36 (T5) months. Any prob-
lems that the patients might be ecperiencing regarding
MAA use will be attended to at these appointments. In
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addition, data indicating adherence will be collected and
evalated at the appointments both subjectively and ob-
jectively by downloading the data from the sensor using
dedicated software.

Furthermaore, at T(2), participants will be asked to
complete the SEMSA questonnaire, whilst at T(3),
participants will need to complete the ESS, SEMSA,
PSOI and EQ-5D questionnaires.

One-to-one interviews will be conducted & months
into treatment with both (1 = 5-10) compliant and non-
compliant patients. It will comprise of questions, which
will address the following topics:

« Patient’s awareness of risks and benefits of OSA

« Barriers and facilitators of MAA therapy

« The interviews will be conducted face-to-face,
recorded, and transcribed by a third-party service
(Essential secretary Ltd., UK). However, due to the
COVID-19 pandemic, the interviews will take place
onling (Microsoft® Teams or Zoom cloud meetings)
to ensure the participants safety. Although, if the
participant is comfortable travelling, the interview
can be carried out in a private seminar room.
Inductive content analysis will be employed to
describe the experiences of (05A and MAA therapy
of compliant and non-compliant patients without
imposing preconceived mtegories and names of
categories to evolve from the data [49].

Methods: Participants, interventions and
outcomes

Study setting [9}

The study will be undertaken at the Koyl London
Dental Hospital, Barts Health NHS Trust in line with
the CONSORT guidelines.

Eligibility criteria [10}
Indlusion criteria

Adult (= 40 years old)

Confirmed diagnosis of O5A (AHI= 5)

Referred for MAMA therapy

Must be able to understand, read and write English;
with the assistance of a translator

- & & &

Exdusion oiteria

Ireufficient teeth for MAA fabrication

Poor dental ar periodontal health

Symptomatic temporomandibular disorder (TMI)
Previously used an MAA

Patients with uncontrolled epilepsy

- & & & &
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Who will take informed consent? [26a}

In line with standard care, patients will be provided
information regarding the study via a Partidpant
Information sheet and what will happen to them if they
agree to participate. Once the patients have agreed to
participate, the research student (HT) will take written
informed consent from the partidpants.

Additional consent provisions for collection and use of
partidpant data and biokgical spedmens [26b}
Mot applicable

Interventions

Explanation for the choice of comparators [6b}
Partidpants in the 5C group will receive the MAA and
the routine care except for the staged-matched
intervention.

Intervention description [11a}

Partidpants in the IC group will receve additional
support in the form of behaviour change intervention.
The behaviour change intervention based on the HAPA
model  entails  delivering interventions in a staged
manner. The interventions that will be provided are
described in Table 1, along with the ime point (Table Z).

Criteria for discontinuing or modifying allocated
interventions [11b}

As we are comparing the benefits of supportive
information on participant’s use of a standard treatment
undertaken by NHS, we do not see any specific aiteria
for discontinuing or modifying allomted interventons.

Strategies to improve adherence to interventions [11c}
The study specifically aims to enhance MAA therapy
adherence in patents with OSA. The strategies
emploved to improve adherence to the intervention ie.
the MAA therapy have been designed on the principles
on the behaviour change model HAPA. These strategies
are described in detailed in Table 1.

Relevant concomitant care permitted or prohibited

during the trial [11d}

Mo relevant conoomitant care i prohibited during the
trial.

Provisions for post-trial care (30}
Mandibular advancement therapy will continue for
all patients post the trial.

CQutcomes (12}

Primary outcome

Adherence ie. the number of hours the patient uses
their appliance every night will be measured both
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ohjectively and subjectively at 3, 6, 18 and 36 months to
assess the effectiveness of the interventions in enhancing
adherence to MAA.

Secondary outcome

Sef-efficacy, risk perception, outcome expectancy, socio-
economic status and social support will be measured to
assess the ability of these variables in predicting adherence

Participant timeline {13}
The participant timeline is found in Table 3.

Study scheme diagram
The study scheme diagram is found in Fig. L

Sample size [14)

A minimum sample size of 56 patients distributed in
two groups is proposed for given a (001) and power
[(09), for 2 randomly assigned groups, intervention care
(r = 28), standard care group (n = 28). Finally, assuming
a maximum of 15% dropout a total number of 64
patients is required.

Recruitment {15}

As part of the routine care for patients presenting with
sleep disordered breathing, they are all diagnosed with
OS54, on the basis of an overnight sleep smdy,
performed in sleep dinics. Patients requiring mandibular
advancement appliance (MAA) therapy are then referred
to spedfic dental sleep clinics for treatment, as part of a
multi-disciplinary approach to care. We plan to recruit
potental patients, with a confirmed diagnosis of (54,
that are specifically referred for MAA therapy to Barts'
Health NHS Trust.

Assignment of interventions: allocation

Sequence genemtion [16a)

A simple computer-generated randomisation method
will be performed using a restricted (10-number block)
random number sequence (www.graphpad.com/
quickcalcs/randomnZcfm)  to ensure equivalence of
numbers in each group. Participants will be stratified by
O5A severity. In every 10-number block from the ran-
dom tahle, the sequence will be checked to ensure the
even numbers are equal to the odd numbers. Each num-
ber in the random table will be given a smdy number
and assigned into one of the study groups.

Concealment mechanism [16b}
A table for the allocation of the partidpants in the study
will be composed and kept in a sealed opaque envelope
by the CL

All the documents related to the randomisation, and
allocation sequence generation will be kept in a box ina
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Table 1 Intervention care content spedfied by behaviour change techniques and linked to constructs of the HARA model
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Table 1 Interention care content spedfied by behaviour change techniques and linked to constructs of the HARA madel

{Continued)

Time Intervention Behadowr change
Point component  technigue

HAPA construct tangeted

Comtent

Socal oo pEEen
effivacy
Pl s aiving
effivacy

3618 Bl e el e uadion Ahout Coping and recovery -
and 21 phone o3l capatility effivacy
ek

ol supgodn
ursfedied effivacy
Pl s cibviing

effivacy

Coping and recovery -

Copang and recoeery el

Copangy and recosery sl

Ciopingy and recoeary el

Ty neraara ther amobonal suppoe dber patents leadibadks
andl Suroe bl Teatrren ] would De dhamed

Addmonaly, paricpants will be pomped 1o denily cormman
fanos that a1 22 bares for them n wing the appliance and
will e hedped 1o Bnd solutions 10 overome sudh Boans
tadored 10 the pEnidpants neods

PatichmEnt wil maeive calls &l wealks 3 6 18 and 21
appexaarEely 10-15 min in dustion, prampling Suem 1o keep
working toveands their gaalk and S1ating that they are capalble
of ackhiesdng ther

Paticipants panmers expedence of the treatmeant will ako be
discussed by aking tham 1o thase thelr thoughts on the
PanBCipant’s Brprovemant.

Adfminnaly, pancipants willl be parmped 1o ideniily oormman
fanos that a1 22 bares for them n wing the appliance and
will e hedped 1o Bnd solutions 10 overome sudh Boans
tadored 10 the pEnidpants neads

locked cabinet away from the clinical environments in
the CI's office.

Implementation [16c}
Research student (Harishri T allamraju)

Assignment of interventions: Blinding

Who will be blinded [17a}

Only the research student (HT) and CI will have
access to the Master file and patient allocation.
Fatients will be anonymised and allocated a unique
study number and the data then blinded to the
statistician, for analysis.

Procedure for unblinding if needed (175}
Mot applicable

Data collection and management
Plans for assessment and collection of outcomes [18a)

= (Juestionnaire responses

» Mandibular advancement appliance with an in-built
sensor will be used to collect objectively measured
adherence

Plans to promote partidpant retention and complete
follow-up [18b}
[Data concerning adherence will be retained.

Data management {19}

The data recorded in this study will be stored securely
both physically and electronically. The data will be
accessed at the Queen Mary University of London by

the CI and research student only and will be password
protected. The personal data of the participants will be
securely held within the research fadlities at the Queen
Mary University of London, by the chief investigator.
Data transter for analysis wil be undertaken in an
anonymised form, using unique [ numbers and
password-protected access.

Confidentiality [27}

Information related to partidpants will be kept
confidential and managed in accordance with the Dat
Protection Act, NHS Caldecott Principles, The Research
Governance Framework for Health and Social Care, and
the conditions of Research Ethics Committee Approval

Flans for collection laboratory evaluation and storage of
biological specimens for genetic or molecular analysis in
this trialfuture use (33}

Mot applicable

Statistical methods
Statistical methods for primary and secondary outcomes
[20a}
Both objective and subjective data of adherence ie.
duration of the usage of the appliance will be collected
at 3, 6, 18 and 36 months will be analysed to assess the
effectiveness of Intervention care in comparison with
standardised care

Comparison of pre- and post-treatment scores of ESS,
SEMSA, P50, and EQ)-50, for both the groups, will aid
in identifying significant differences in terms of

improvement
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Table 2 Intervention care and sandardizsd e components
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Time point Intervention care growup

Standardised care group
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= Qusstionnanes

- 55, SENEA (Modifed for Oral Applance) PSOI, BQHSD, Socio-Bomonric - E55, SEMSA, PSOI, BQ-50, Sacdo-emaamic psition,
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- Mg srent of MAA use
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- Follow up at Seep Chnic
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- Mateggrrent of MAA use
- Quasticnnaine
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eeatment)

- Asgegarent of MAY we

- Aigearien o MAA e

- Assegarient of MAA use

Statistically, evaluate the ability of the variables -self-
efficacy, risk perception, outcome expectancy, social
support and socio-economic position, to predict patent
adherence at 3, 6, 18 and 36 months.

List of statistical procedures
Assuring random  assignment to  groups, for this
purpose, we need to test whether the observations differ
in any of the time zero measurements. Indifference
means there is no allocation bias.

T-test for each of the variables between SC and IC

1. Risk perception
2 Outcome expectancy

Self-efficacy

ESS — time zero

PSOI - time zero

ECSD - time zero

Social support

Socio-economic (ordinal) — chi-square test

Pl

In case of violaion of the ¢ test assumption
(normality of the error term), Wilcoxon tests will be
implemented.

Assessing the aims of the study
In order to assess the aims of the study, we will test
each of the repeated measures first by themselves
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Table 3 Schedule of amemment
Assesmment Basedinee Pre-treatment 3 months & moniths 18 months 36 months
T Ti = T3 T4 TS

[T G T

Ervecath Sheannes Seale F55) W x

Sel-Ecacy Messre for Shean Apnes X X X

SEMEA) X

Finsbungh Sheep Quality Indes [P500) N x

BQ-50 X

Socorboonanrnd Quesimnare W

Socid Suggoe DQuestiodn e X
Age X
Gender X
Body rruss ndes [BAM) W
Meck courriesnce X
Oijacive maxwe o adhasnce X X X
Sulbpcive messure of adheence X X X
One-1o-ne narviews X

using a repeated measures AMOVA controlling for
groups:

1. Adherence — reported, times 3, 6, 18, 36 difference

3—6, 618, 18-36

Adherence - objective, times 3, 6, 18, 36 difference

3—6, 618, 18-36

ESS, time 6, difference 06

PSQL time 6, difference 0-6

ECQSD, time 6, difference 0-6

Risk perception, times 3, 6, difference 0-3, 06, 3-6

Outcome expectancy, times 3, 6, difference 0-3,

06, 3-6

B Sdf-effimcy, times 3, 6, difference 0-3, difference
0-6, 3-6

=)

b= A

Once we understand the tends in the data, we can
construct multiple regressions for Adherence variables.
These can be the final measures from time & or the
differences between them and previous times, 0 or 3. In
these models, we will use the Psychosocial variables and
socic-economic  as  predictors, beyond the group
classification.

Interim analy ses [21b}
The €1 wil make the final deckion to terminate the
trial.

Methods for additional analyses (e.g. subgroup analyses)
[20b}
Mot applicable

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data [20c]
All randomised participants will be included in the
main analyses. An intention-to-treat analysis will be
carried out relating to any protocol non-adherence or
dropouts. However, due to the nature of the trial very
few dropouts are anticipated. Nevertheless, sensitivity
analysis will be performed for any of the missing
data.

Plans to give access to the full protocol, participant level
data and statistical code [31d
Mot applicable

Owversight and monitoring

Compositon of the coordinating centre and trial steering
committes [5d}

Mot applicable

Composition of the data monitoring committes, its role
and reporting structure [21a]

The data recorded in this study will be stored securely
both physically and eledronically. The data will be
analyzed in the Queen Mary, University of London by
the Cl of the research student. The data will be
password protected and the only the C1 and the research
student will have full access. The personal data of the
participants will be securely held within the research
facilities at the Queen Mary, University of London, by
the chief investigator.
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Recruitmant of patients
(meet the selection criteria)

|

| Wiritten informed consent |

|

| Randomizalion |

V[ o | §

Intervention Care Graup
T (Participart Enrolment)
Pre=Intention Stage

Standardized care Group
Ta {Pardicipant Enralment)

|

|

T1 {Pre=treatment Baseline)
Intention Stage

T1 {Pre=treatment Baseline)

[y |

T2 (3 months inte treatment)
Intention Stage

T2 {3 months info treatment)

|

|

T3 (6 months into treatment)
Action and maintain Stage
Onasto=one interviews

T3 (6 months into treatment)
One=lo=ong interviews

!

|

T4 (18 manths into ireatment)
Adherance assessmant

T4 (18 months inlo treatment)
Aoheranca assessment

!

!

T5 {38 months into freatment)
Adherence assessmaent

TS (36 months into treatment)
Adherance assessment

Ag. 1 Study Flow diageam
i

Adverse event reporting and hamns [22]

We expect no adverse events in the study, as it is
questionnaire-based and relates to routine clinical care
of MAA therapy in relation to (05A management

Frequency and plans for auditing trial conduct [23}

The sponsor or delegate retains the right to audit any
study, study site or central facility. In addition, the funders
may audit any part of the study where applimble.
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Plans for communicating important protocol
amendments to relevant parties (e.g. trial partidpants,
ethical committees) {25}

Any protocol amendments will be communicated to the
sponsor (Joint Research Management Office), the relevant
research ethics committee and to the study participants.

Dissemination plans (31a}
It is intended that the results of the research would
be presented at conferences or organising/attending
workshops. In addition, the results will be published
in a peer-review journal.

Discussion
Not applicable

Trial status
Protocol version 04, Dated: 31/01/2020

Date recruitment began: December 2019

Approximate date of recruitment completion: September
2021

Abbrevistons

A Apnoeatypopnoe: ndex; O Chief investgaor; BME Body mas index
CPAR: Comtinuouws postve amay preswre; 55 Eowor Seenness Sale;
EQ-50 EwraQa-5 Dimensary HAPA: Health Aczon Pracess Anpoachy

IC: nereenzon cxe; MAA: Mand bular adwncement applance,

OSA Chatmuctve seep apnoey; PSQ: Prastungh Sieep Quaily Index
QUPS: Qualey in rognass studies SEAGA: Sefeficacy memune & deep
anoes; 3C Sandandsad cane; TO: Rxsdine; T1: Pre-rentrnent T2 3mont
folowup atuenaton T2 mont idlow-up cheervaton; T 18-mareh
follow-p otzenaton TS 3morth falow-up dossvatan

Supplementary Information
The onine vemaon conthins supplementay marral avalatle at mmsd/dac
aag/10. 118641 3063-02105582-1
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Appendix 5 Participant information leaflet for the randomised clinical trial

PARTICIPANT INFORMATION SHEET

(Version 3.0, 4.12.2019)

Intervention to enhance adherence to mandibular advancement appliance in Patients with
Obstructive sleep apnoea: A Randomized control trial

We would like to invite you to take part in our study in which we aim to assess whether additional
support approaches will help patients use their anti-snoring (sleep apnoea) mouth guard for more
hours as compared to those who receive routine care. We also will try and identify factors that
help us to understand why some patients choose to wear their anti- snoring mouth guard more
than others.

Please take your time to read through this participant information leaflet and only then sign the
informed consent sheet if you would like to take part in this project. The information is very useful
to us and the future patients being offered this treatment and very much appreciate your help. If
you require any further clarification please feel free to contact the chief or principle investigator
[details below].

What is this study about?

The main purpose of this study is to assess whether additional support approaches would help
patients wear their anti-snoring (sleep apnoea) mouth guard for longer periods of time, when
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compared those who receive routine care. We also aim to explore the reasons behind why some
patients choose to wear their anti-snoring mouth guard more than others.

Your participation would involve answering some simple questionnaires regarding your sleep
condition, psychological health and about your circumstances. The Questionnaires will take

approximately 15 minutes to complete and will be given to you at your routine sleep clinic
appointment.

Why are we doing this study?

Anti-snoring mouth guards are recommended for patients with sleep apnoea and they been
shown to be effective. However, they rely entirely on the patient’s acceptance and use. There are
thought to be a number of factors that can affect cooperation and wear. The decision to use the
anti-snoring mouth guard effectively depends on factors, such as the patients’ awareness of their
condition, social support and psychological behaviour. Mood, such as anxiety, stress and
depression may affect wear. At the same time we know that additional support approaches, which
involve more education and behaviour approaches can help patients to adapt more easily to some
treatments. As a result, we would like to explore the potential role of these factors to help future
patients make the most of their treatment.

Why me?

You were invited to help with this study because you are an adult, suffering from obstructive sleep
apnoea and recommended to use an anti-snoring/sleep apnoea mouth guard.

Do | have to take part?

No. Taking part in this study is completely optional. If you wish not to participate, your care will
continue as normal and will not be affected. If you would like to participate in the study, we will ask
you to sign a consent form.

What happens to me if | take part?

You will be asked to complete a set of questionnaires used to assess your general health and
personality-type. The questionnaires will take approximately 15 minutes to complete. Information
such as age, gender, body mass index (BMI) and neck circumference will be recorded. All
participants will then be given an anti-snoring (sleep apnoea) mouth guard and receive either the
routine instructions on usage or be offered additional support which includes a video over the
planned study period of 6 months. Initially fitting of the anti-snoring (sleep apnoea) mouth guard
will take place at the first appointment. A daily sleep diary will be provided to you to keep a record
of how many hours you have used the anti-snoring mouth guard.
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You will be called for follow-up at 3, 6, 18 and 36 months into treatment which is part of the
standard routine care. You either will receive routine instructions or be given additional support and
a removable plastic retainer. The plastic retainer is used to keep the teeth in their original position
and will need to be worn for one hour during the day. At follow-up appointments, you will also be
required to complete questionnaires and the hours of anti-snoring/sleep apnoea mouth guard
usage will be assessed.

After 6 months, some of the participants will be invited to take part in interviews to gain a better
understanding of their experience of their treatment and their thoughts about what helped or
prevented them from using the appliance more.

What happens if | wish to leave the study?

You are free to withdraw from the study at any time without any reason. All the information
collected will be stored safely. Once you withdraw from the study no further research

information will be collected and if you specifically request, any previous information collected can
be discarded. Alternatively, previous information will be retained and analysed in an anonymous
manner with the remaining patient information depending at which time point you choose to
withdraw, e.g. after 1-, 3- or 6-months.

Are there any disadvantages in not taking part?
No, your decision not to take part will not affect the care you were to receive.
Are there any benefits in taking part?

By taking part in this study you will help us to better understand what factors are important in
helping patients use their anti-snoring (sleep apnoea) mouth guard. This will in turn help us find
ways to help future patients get the most out of their treatment.

What are the possible risks of taking part in the study?
There are no risks involved in this study
Will my taking part in this study be kept confidential?

Queen Mary University of London is the sponsor for this study based in the United Kingdom. We
will be using information from you and/or your medical records in order to undertake 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. Queen Mary University of London will keep identifiable
information about you for 20 years after the study has finished.

Your rights to access, change or move your information are limited, as we need to manage your
information in specific ways in order for the research to be reliable and accurate. If you withdraw
from the study, the information about you that we have already obtained will be retained. To
safeguard your rights, we will use the minimum personally-identifiable information possible.
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You can find out more about how we use your information at
http://www.arcs.gmul.ac.uk/media/arcs/policyzone/Privacy-Notice-for-Research- Participants.pdf

NHS will collect information from you and your medical records for this research study in
accordance with our instructions.

NHS will use your name, NHS number and contact details to contact you about the research
study, and make sure that relevant information about the study is recorded for your care, and to
oversee the quality of the study. Individuals from Queen Mary University of London and regulatory
organisations may look at your medical and research records to check the accuracy of the research
study. NHS site will pass these details to Queen Mary University of London along with the
information collected from you and your medical records. The only people in Queen Mary
University of London who will have access to information that identifies you will be people who
need to contact you to confirm any missing data and invite you to partake in the qualitative study
or audit the data collection process. The people who analyse the information will not be able to
identify you and will not be able to find out your name, NHS number or contact details.

NHS will keep identifiable information about you from this study for 20 years after the study has
finished according to Queen Mary University of London/Barts Health NHS Trust policy.

The data will be archived in the Corporate Records Facility at 9 Prescot Street, London, E1 8PR.

What will happen to the results of this study?

In order to share the knowledge gained from the study, the findings will be published in a medical
journal and presented at health conferences including voluntary and support sleep apnoea patient
groups.

What if there is a problem?

Any problem that occurs during the study will be addressed appropriately. Please contact the chief
investigator [contact below] to solve the problem immediately. If you remain unhappy and wish to
complain formally, you can do this through the NHS complains procedure. Details can be
obtained from:
http://www.nhs.uk/choiceintheNHS/Rightsandpledges/complaints/Pages/NHScomplaints.asp X

In the event that something does go wrong and you are harmed during the research due to
negligence, then you may have grounds for legal action for compensation against the sponsor of
this study, Queen Mary university of London. The sponsor will compensate for injury caused directly
by the procedure you received during your participation.

Who has reviewed the study?

This research project has been reviewed by a group of clinical researchers. In addition it will be
looked at by an independent group of people, which includes both professionals and lay public,
whose purpose is to review all NHS research to protect your interests, called a Research Ethics
Committee.
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Where can | obtain Alternative means of support?
Independent advice could be obtained from: Patient Advice and Liaison Service (PALS)

For Barts Health NHS Trust hospitals: Integrated for Royal London, patient Advice Liaison Service
(PALS). Telephone: 020 3594 2040, e-mail address: pals@bartshealth.nhs.uk. Service is
available Monday to Friday, 9.30am-4.30pm by appointment.

Thank you very much for taking the time to read about the research. If you take part, you can help
us make a difference to others in the future.

Further information and contact details

To contact the Chief investigator of the study:

Professor Ama Johal, Dental Institute, The Royal London Dental Hospital Phone: 0207 377 7686

Email: a.s.johal@gmul.ac.uk

If you would like to find out more about this study or arrange an appointment, please contact the
Researcher: Dr. Harishri Tallamraju, Dental Institute, 4™ floor, The Royal London Dental Hospital
Email: h.tallamraju@agmul.ac.uk
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Appendix 6 Consent from for the randomised clinical trial

IRAS ID: 262092

Centre Number:

Study Number:

Participant Identification Number for this trial:
CONSENT FORM FOR PARTICIPANT

Title of Project: Intervention to enhance adherence to mandibular advancement appliance in Patients with
Obstructive sleep apnoea: A Randomized control trial

Name of Researcher:

Please

initial box

1. Iconfirm that | have read the information sheet dated.................... (version............ ) for the

above study. | have had the opportunity to consider the information, ask questions and have

had these answered satisfactorily.

2. lunderstand that my participation is voluntary and that | am free to withdraw at any time withott

giving any reason, without my medical care or legal rights being affected.

3. lunderstand that relevant sections of my medical notes and data collected during |

the study, may be looked at by individuals from the NHS Trust, where it is relevant to my takin

part in this research. | give permission for these individuals to have access to my records.

4. | understand that the information collected about me will be used to support

other research in the future and may be shared anonymously with other researchers.

5. lunderstand that the information held and maintained by Queen Mary, University of London rrlay
be used to help contact me or provide information about my health status.

207 |Page



6. | agree to take part in the above study.

Name of Participant Date Signature

Name of Person Date Signature taking consent

208 | Page



Appendix 7 Sleep diary

DAILY SLEEP LOG
(VERSION 2.0, 22.07.2019)

Participant identification number for the study:

Title of the study: Intervention to enhance adherence to mandibular advancement appliance in
Patients with Obstructive sleep apnoea: A Randomized control trial

To help us understand your sleep problems, we need a report of the times when you sleep,
nap and how often you wake during sleep. In addition, we need to know the times when you
drink coffee, tea and alcoholic beverages.

If medication is taken, record the time medication is needed.
IT IS IMPORTANT THAT YOU KEEP THIS RECORD FOR 7 DAYS. Each column begins a

new day; the first column is an example for you to study.

Start Date Example Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
NETSpERE 2:00 pm

& length .
you napped A3 [
6:30 pm
30 min

\=ellezillolgd | Zimovane
5mg x 1

Amount &

Coffee & C.x1
Tea

No. of 7:00 am
. T.x2
cups/time
6:30 pm
Alcohol: A. X2
No. of
units/time 7:00 pm
A.x1
10:00 pm

Timein bed 30 min
before
lights out:
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Estimated
time to fall
asleep

Estimated
number of
awakening
in night &
duration

Time of
awakenings

Total hours @ T7hrs
of sleep

Overall
sleep
quality
night:
Poor=1
Average= 2
Good=3

If you have any queries, please contact Prof. Ama Johal via his secretary at The Royal
London Hospital on 0207 377 7379.
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Appendix 8 Self-efficacy measure for sleep apnoea questionnaire

PERCEIVED SELF-EFFICACY MEASURE FOR SLEEP APNOEA

DIRECTIONS: This survey asks you about sleep apnoea and Mandibular Advancement
Appliance (MAA) or Anti-snoring mouth guard, a treatment for sleep apnoea. Please put a (V')
in the box under your answer to each question. Pick only one answer for each question.
Please try to be as careful as possible. All information will be kept confidential.

1A. My chances of having high blood pressure compared to people my own age and sex who do not have
sleep apnea are:

Very low Low High Very high

2A. My chances of falling asleep while driving compared to people my own age and sex who do not have
sleep apnea are:

Very low Low High Very high

3A. My chances of having a heart attack compared to people my own age and sex who do not have sleep
apnea are:

Very low Low High Very high

4A. My chances of having difficulty concentrating compared to people my own age and sex who do not
have sleep apnea are:

Very low Low High Very high

5A. My chances of falling asleep during the day compared to people my own age and sex who do not
have sleep apnea are:

211 |Page



Very low Low High Very high

6A. My chances of having an accident because of falling asleep while driving compared to people my own
age and sex who do not have sleep apnoea are:

Very low Low High Very high

7A. My chances of being depressed compared to people my own age and sex who do not have sleep
apnea are:

Very low Low High Very high

8A. My chances of having problems with sexual desire or sexual performance compared

to people my own age and sex who do not have sleep apnoea are:

Very low Low High Very high

These questions ask you what you think may happen to you if you do or do not use anti- snoring
mouth guard nightly to treat sleep apnoea. Please put a (v) in the box under your answer to each
guestion for how true each statement would be for you.

1B. If I do use the anti-snoring mouth guard, | will decrease my chances of having an accident while
driving.

Very low Low High Very high

2B. If | use the anti-snoring mouth guard, then | will not snore.

Very low Low High Very high

3B. If I do not use the anti-snoring mouth guard, | will be less alert during the day.
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4B.

5B.

6B.

7B.

8B.

9B.

Very low Low High Very high
If I use anti- snoring mouth guard, then my job performance will improve.
Very low Low High Very high

If I use anti- snoring mouth guard, my relationship with my significant other and friends will improve.

Very low

Low

High

Very high

If 1 do not use anti-snoring mouth guard, | will increase my chances of having a heart attack.
Very low Low High Very high
If | use anti- snoring mouth guard, my bed partner will sleep better.
Very low Low High Very high
If | use anti-snoring mouth guard, | will feel better.
Very low Low High Very high
If I use anti-snoring mouth guard | will be more active.
Very low Low High Very high

10B. If I use anti-snoring mouth guard my desire and sexual performance will improve.
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These questions ask you about wearing anti-snoring mouth guard, if it should be prescribed for
you. Please put a (¥') in the box under your answer to each question that best indicates how true

Very low

Low

High

Very high

each statement would be for you.

1C.

2C.

3C.

4C.

5C.

| would use the anti-snoring mouth guard, even if it made me feel claustrophobic.

Very low

Low

High

Very high

| would use the anti-snoring mouth guard, even if it will take me longer to get ready for bed.

6C.

Very low Low High Very high
| would use the anti-snoring mouth guard, even when | travelled.

Very low Low High Very high
| would use the anti-snoring mouth guard, even when it is uncomfortable.

Very low Low High Very high
I would use the anti-snoring mouth guard, even if it made my mouth dry.

Very low Low High Very high
| would use the anti-snoring mouth guard, even if it were a bother.

Very low Low High Very high
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7C. | would use the anti-snoring mouth guard, even if it disturbed my bed partner’s sleep.

Very low

Low

High

Very high

8C. I would use the anti-snoring mouth guard, even if it made me feel embarrassed.

Very low

Low

High

Very high

9C. I would use the anti-snoring mouth guard, even | had to pay for some of the cost.

Very low

Low

High

Very high

© Weaver, T. October, 1997
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Appendix 9 Pittsburgh sleep quality index questionnaire

Sleep Quality Assessment (PSQI)

What is PSQI, and what is it measuring?

The Pittsburgh Sleep Quality Index (PSQI) is an effective instrument used to measure the quality and patterns of
sleep in adults. It differentiates “poor” from “good” sleep quality by measuring seven areas (components): subjective
sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping
medications, and daytime dysfunction over the last month.

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.

During the past month,

1. When have you usually gone to bed?
2. How long (in minutes) has it taken you to fall asleep each night?
3. What time have you usually gotten up in the morning?
4. How many hours of actual sleep did you get at night?

Not Less Onceor Threeor
5. During the past month, how often have you had duringthe  than \t/\\;\gglf (az) more
trouble sleeping because you Past once a times a

month (0) week (1) week (3)

A. Cannot get to sleep within 30 minutes

B. Wake up in the middle of the night or early
morning

C. Have to get up to use the bathroom
D. Cannot breathe comfortably

E. Cough or snore loudly

F. Feel too cold

G. Feel too hot

H. Have bad dreams

I. Have pain

J. Other reason (s), please describe:

How often you have had trouble sleeping because of this reason (s):

( )Not during the past month ( )Less than once a week

( )Once or twice a week ( )Three or more times a week

6. During the past month, how would you rate your Very Fairly Fairly Very bad
sleep quality overall? Good (0 good (1) bad (2) 3)
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7. During the past month, how often have you taken
medicine (prescribed or “over the counter”) to help
you sleep?

8. During the past month, how often have you had
trouble staying awake while driving, eating meals, or

engaging in Social activity?

9. During the past month, how much of a problem has  Verygood Fairly Fairly Very bad
it been for you to keep up the enthusiasm to get things (0 good (1) bad (2) 3
done?

© 1989, University of Pittsburgh. All rights reserved. Developed by Buysse,D.J., Reynolds,C.F., Monk,T.H., Berman,S.R., and
Kupfer,D.J. of the University of Pittsburgh using National Institute of Mental Health Funding. Buysse DJ, Reynolds CF, Monk TH,
Berman SR, Kupfer DJ: Psychiatry Research, 28:193-213, 1989.

217|Page



Appendix 10 EuroQol — 5 Dimension questionnaire

Under each heading, please tick the ONE box that best describes your health

TODAY.
MOBILITY
| have no problems in walking about

I have slight problems in walking about
| have moderate problems in walking about
| have severe problems in walking about

| am unable to walk about

SELF-CARE
| have no problems washing or dressing myself

I 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

USUAL ACTIVITIES (e.g. work, study, housework, family or leisure
activities)

| have no problems doing my usual activities

I have slight problems doing my usual activities

| have moderate problems doing my usual activities

| have severe problems doing my usual activities

| am unable to do my usual activities

PAIN / DISCOMFORT
I have no pain or discomfort

I have slight pain or discomfort
| have moderate pain or discomfort
I have severe pain or discomfort

| have extreme pain or discomfort

ANXIETY / DEPRESSION
| am not anxious or depressed

DOo000 o000 o000

o000

Qg
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The best health
you can imagine

| am slightly anxious or depressed 0
| am moderately anxious or depressed 0
| am severely anxious or depressed o F
| am extremely anxious or depressed 0 éf_ 95
—F— 90
e We would like to know how good or bad your health is TODAY. x o
e This scale is numbered from 0 to 100. _+ 80
¢ 100 means the best health you can imagine. + 75
0 means the worst health you can imagine. F
— /0
e Mark an X on the scale to indicate how your health is TODAY. =+
o0 65
¢ Now, please write the number you marked on the scale in the box + 50
below. F
- 55
—— 50
YOUR HEALTH TODAY = +
- 45
—— 40
-+ 35
—— 20
+= 5
= 20
- 15
—— 10
- 5
N 0

The worst health
you can imagine

© 2009 EuroQol Research Foundation. EQ-5D™ is a trade mark of the EuroQol Research Foundation. UK (English) v1.1
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Appendix 11 Socio-economic position questionnaire

SOCIO-ECONOMIC POSITION QUESTIONNAIRE

(Based on National Statistics Socio-Economic Classification)

1) Did you ever attend school?
0 No OYES 0 No, but I can read and write

2) What was the highest degree or qualification that you obtained?

OElementary Primary School OSecondary school without O level(s)
O Secondary school with O level(s) OTechnical Education

OA/AS/S levels OUniversity

O Postgraduate

3) How old were you then (when you obtained your highest degree or qualification)?
OPlease specify: years old ODon’t know

4) Last week, were you any of the following?

Oln training/student (OCasually Employed
OFull-time Employed ORetired
O Currently Sick/disable O1 have never worked
OPart-time employed [Lllooking after home/family
ONone of the options:

Specify

The following questions are related to your employment status. Please choose one
option.

5) Do (did) you work as an employee or are (were) you self-employed?
OEmployee OSelf-employed with employees
O Self-employed/freelance without employees (Go to question no. 8)

6) For employees: How many people work (worked) for your employer at the place where
you work (worked)?

For self-employed: How many people do (did) you employ? (Go to question no. 7 when
you have completed this question)
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O1to 24 25 or more

7) Do (did) you supervise any other employees? (A supervisor or foreman is responsible for
overseeing the work of other employees on a day-to-day basis)
OYes CINo

8) Tick the box to show which best describes the sort of work you do. If you are not working
now, please tick the box to show what you did in your last main job.

0 Modern professional occupations such as: teacher- nurse- physiotherapist- social worker-

welfare officer- artist- musician- police officer (sergeant or above)- software designer

O Clerical and intermediate occupations such as: secretary- personal assistant- clerical
worker-  office clerk- call center agent- nursing auxiliary- nursery nurse

O Senior managers or administrators (usually responsible for planning, organizing and
coordinating work, and for finance manager- chief executive

[0 Technical and craft occupations such as: motor mechanic- fitter- inspector- plumber-
printer- tool maker- electrician- gardener- train driver

0 Semi-routine manual and service occupations such as: postal worker- machine operative-
security guard- caretaker- farm worker- catering assistant- receptionist- sales assistant

O Routine manual and service occupations such as: HGV driver- van driver- cleaner- porter-
sewing machinist- messenger- laborer- waiter/waitress- bar staff

O Middle or junior managers such as: office manager- retail manager- bank manager-
restaurant manager- warehouse manager- publican

O Traditional professional occupations such as: accountant- solicitor- medical practitioner-
scientist- civil/mechanical engineer

Standard Occupational Classification 2010 — SOC2010
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Appendix 12 Social support questionnaire

Social Support Questionnaire
(Stepnowsky et al., 2002)

Directions: Please indicate how much you agree or disagree

Disagree Disagre Neither Agree Agree
Completely -e Agree Completel
nor y
disagree

1. I have people in my life who will 1 2 3 4 5
support me in using the Anti-
Snoring mouth guard regularly.
2. I have people in my life who will 1 2 3 4 5
encourage me to use the Anti-
Snoring mouth guard even when it
causes dry mouth or jaw
discomfort.

3. I have people in my life who will 1 2 3 4 5
encourage me to keep using the
Anti-Snoring mouth guard even
when it is uncomfortable.

4. | have people in my life who will 1 2 3 4 5
give me ideas for making the Anti-
Snoring mouth guard more
comfortable.

5. I have people in my life who will 1 2 3 4 5
help me adjust to using the Anti-
Snoring mouth guard.

6. | have peoplein my life who will 1 2 3 4 5
be upset if | stopped using the
Anti-Snoring mouth guard.

7. I have people in my life who will 1 2 3 4 5
support me in using the Anti-
Snoring mouth guard nightly.

8. lwill getthe help I need to use the 1 2 3 4 5
Anti-Snoring mouth guard nightly.

9. The healthcare staff will be helpful 1 2 3 4 5

in helping me to use the Anti-
Snoring mouth guard nightly.
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Appendix 13 Health pamphlet

® Long-term wear of an MAA carries a
risk of causing small changes in the
position of your teeth and how they
meet together (your bite). Long-term
use can therefore change your bite
(or the way in which your front teeth
meet).

®  You must maintain a high level of
tooth  cleaning and  regular
appointments with your dentist.

Do any of these worry you? (Please tick)
Adapting to the anti-snoring device O

2. Excessive saliva in the mouth O
3. Changes in your bite O
4. Visiting the dentist regularly O

6. How can Self-efficacy help
YOUR rtreatment?

¢ Self-efficacy (or Self-confidence)
describes how YOU, the patient can help
improve the results of your treatment.

* We have found that to help YOU adapt
to this new treatment seeking Advice
and Feedback from individuals who
have undergone the same treatment,
helps in personal motivation.

e We will help YOU to identify the relative
advantages and disadvantages of
undergoing this type of treatment.

® As treatment for sleep apnoea is
lifelong, it can be very helpful to set
short achievable goals such as to
“increase one hour of usage every 3
nights” to help achieve the desirable

goal of greater than 6 hours use per night.
If the goal is achieved, praise and treat
yourself! Your sleeping partner and family
will certainly notice the improvement!
Lifestyle changes such as decreased alcohol
consumption & smoking and regular
physical exercises for e.g. even a daily 30-
minute walk will help you achieve your goal
and improve your sleep.

= X .

e Moods, emotions and stress levels can

all influence how you feel and your
personality.

* Confidence and low levels of anxiety

and nervousness help improve your
sense of self- efficacy.

e Always try to approach difficult tasks as

challenges and avoid focusing on the
negatives.

OBSTRUCTIVE
SLEEP APNOEA
(OSA)

PATIENT HEALTH

PAMPHIET

NAME:
AGE:
SEX:
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1. What is Obstructive Sleep
Apnoea?

Obstructive Sleep Apnoea (OSA) is a serious
breathing problem where the airway at the
back of the throat becomes blocked during
sleep. It effects men and women. Currently,
OSA is a significant health care burden in the
UK, for individuals, the NHS and society as a
whole. Although awareness of OSA is rising in
the population, 42% of people who snore or
whose partner snores have not even heard of
OSA.

2. Why do I need to have any

treatment?

You might have experienced Excessive
daytime sleepiness and memory problems,
as a consequence of OSA.

Which of the following do you think
are most relevant to you?

(Please tick) o
® Increased risk of Diabetes

o
® Increased risk of motor vehicle
accidents o
* Memory problems o
* Shorten life expectancy o
*  Weight gain o
e Depression o
® Job Impairment
Other (please describe):

3. What are my treatment options?

Treatment of OSA depends on the severity of the
disease. People with severe OSA should be
treated with Nasal Continuous Positive Airway
Pressure (CPAP). This acts by pushing air through
the nose to keep the airway open during sleep.

'—-ﬁ‘-‘ﬂ\- - \

Patients with mild-to-moderate sleep apnoea
are treated with Mandibular Advancement
Appliances [MAA] also known as Anti-snoring
mouth guards or Oral appliances.

. ST

These are best made to fit and use the teeth to
hold them in place during sleep. They work by
moving (in a gradual fashion) the bottom jaw
forward, opening the airway at the back of the
throat.

4. What are the benefits of wearing
the appliance regularly?

Most importantly, the appliance prevents the
airway at the back of your throat from
collapsing and thereby Improving the Quality Of
Sleep, whilst reducing the risks Of Heart
Disease.

Which of the following benefits are most
important to you?
® Increased daytime
alertness O
* |Increased concentration
in daily activities O
* Increased emotional
well-being O
® |ncreased life expectancy O
Other (Please describe):

5. What is it like to wear the
appliance?

The appliance, like all new things, will
require a little getting used to. Most
patients adapt to their appliance within
a week.

®  You may also experience more saliva, in
the mouth at first but once you are
used to the appliance, this improves.
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Appendix 14 Pre-screening questionnaire

Snoring and daytime sleepiness ca

« Daytime sleepiness - less effectivene
* Reduced energy - poor motivation to
* Relationship issues
* Hypertension - those whe

atent name

The following questions relate to your lifestyle and general health. Please indicate whether you have suffered with any of the below
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PRE-TREATMENT QUESTIONNAIRE

PLEASE ENSURE THAT THIS FORM IS COMPLETED USING BLACK INK AND IN CAPITALS

PATIENT'S MAIN CONCERNS

Please indicate If you have suffered with any of the conditions below, giving further details when required:

Circle
Headaches on waking Y/N
Daytime sleepiness Y/N
Sleepiness whilst dniving Y/N
Snoring most mghts Y/N
Snorting or gasping dunng sleep Y/N

Detalls

PREVIOUS TREATMENT IN RELATION TO SLEEP DISORDERS

Circle
Lifestyle change Y/N
Nasal CPAP Y/N
Surgery Y/N
Previcus sleep study Y/N

R TAONE AL BN oot chsretars ot mipisiomsi oo

SLEEPING PARTNER QUESTIONNAIRE (ocptional, if the partner is present)

Partner's name

Please indicate your quality of sleep;

Good | | Average | | Poor

How would you rate the severity of your partner's

Please indicate your partner's quality of sleep:

Good ‘7‘ Average ‘7‘ Poor

Does your partner's snonng disturb your sleep?

snoring? Please tick one bax only. Please tick one bax only.
No snoring . Never |
Mild snonng Hardly ever
Moderate snoring | Sometimes
Loud snonng Usually
Very loud snonng Fil Always -
FLEMONS ADJUSTED NECK CIRCUMFERENCE
Neck size - not collar (cm) .. cm
Hypertension Y/N if YES, add 4
Habitual snorer Y/N if YES, add 3
Choke ar gasp most nights Y/N if YES add 3
Total ACTTTATEROmT N
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en if you haven't been in some

out how they may & number for each sftuation

1 - SUGHT chance 3. HIGH chance

(Le. theatre, meeling)
As a passenger in a car for an hour, without break

Laying to rest in the afternoon, when arcumstances permit

Sitting and talking to someone

Sitting quietly after lunch when NO alcohol has been consumed

In a car, stationary for a few minutes in traffic

Total (0-24) ..o
DENTIST USE ONLY - Oral examination
Incisor relationship Class 1 Class2Div| Class 2D il Class3
Ovenet .. TV
Overbite SIS 1)
OH/Penodontal condition Good Far Poor
Tonsils - enlarged/inflamed Y/N
Bruxismy/clenching/grinding of teeth Y /N Severe/Not Ssvere (please note severity on lab ticket)
TMJ assessment:
Max Iateral movements L._mmRB.__mm
Max opening . mm
Max protrusion <. TUT
Tenderness o palpiation Y/N
Pain on mandibular movement YIN
Smoath movement Y/N
Locking and/or luxation Y/N

CARE PATHWAY: TO DETERMINE PATIENT'S LEVEL OF OSA RISK

Epworth - less than or equal to 10 Patient reports sleepiness whilst driving
OR
Flemons <43 Flemons 43 - 48 Epworth >10

Patient reports sleepiness whilst dnving !
Na

Metabolic, cardiovascular or @

pulmanary conditions? >

Follow up, including post-treatment questionnaire
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GP REFERRAL

To - GP details From - GDP details

Date:

Dear Dr ..

Patient name;

| have assessed the above patient in relation to his/her presentation of snoring. | have provided him/her with a Sleepwell mandibular
advancement apphiance to address their snoring complaint.

Your patient has collective signs and symptoms of cbstructive skeep apnoea (see summary below) and | feel that he/she requires further
medical assessment.

Daytime sleepiness (Epworth Sleepiness Score........... )

J

Reports sleepiness whilst dnving

h
!

Stops breathing during sleep

L]

Flemons Adjusted Neck Circumference Score: .............

a) Snorts or gasps during sleep

1

b) Habitual snonng

Other Comments:

On the reverse of this letter 1= 3 summary of the Epworth Sleepiness Scale and Flemons Adjusted Neck Circumference. Further
information regarding snonng and OSA can be found on the S4S website: www.sdsdental.com.

| would appreciate any feedback regarding the outcomes of further investigation. If | can be of any further assistance, please do not
hesitate to contact me.

Yours sincerely,
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SNORING & OBSTRUCTIVE SLEEP APNOEA

Snoning and OSA is a serious medical issue. It leads to broken sleep for snorers and their partners, can have a profound impact on quality
of life, and can be highly embarmassing.

Daytime sleepiness — Less effectiveness at work and increased risk of acoidents

Reduced energy — Poor mativation to exercise, causing welght gain

Relationships — Sieeping in different bedrooms, reduced sex life, and higher stress levels
Hypertension — Patients who snore and have OSA have an elevated nsk of high blood pressure

0SA is the term used when a person stops breathing for short periods whilst asleep, before creating a gasp, snort or choking sound.
Breathing interruptions, known as ‘sleep apnoes’, reduce oxygen leveis in the blood. During sleep, the brain reacts quickly and releases
adrenaline, which causes partial wakening. This cycle can occur many times, interrupting sleep and leading to daytime tiredness.

The NHS will not treat simple snorers due to financial constraints, and only 50% of sleep centres provide a comprehensive treatment
service for OSA.

SNORING TREATMENT

Mandibular advancement splint therapy (MAS therapy) offers effective treatment for simple snoring and muld to moderate OSA.
Continuous Positive Air Pressure (CPAP) should be offered to sufferers of severe OSA

What is a mandibular advancement splint (MAS therapy)? This is & collective name for mouthpieces which are designed to prevent
the lower jaw from dropping back during sleep, in turn reducing the nsk of airway narrowing. The narrawing of the arway causes the
soft tissue ta vibrate, causing the sound of snonng. The role of mandibular advancement splints in the management of snonng 1s widely
recognised (SIGN guidelines, 2003). The most clinically proven and effective mandibular advancement sphint is Sleepwell - available from

S4S trained dentists. Lower cost, self-diagnosis treatments are called Snoresolve and Snoreshield.

EPWORTH SCALE M.JOHNS Sleep, 1991 Dec; 14(06):540-5
m«uumwwm&mm

Johns MW. Sleep Disorders Unit, Epworth Hospital, Melbourne,
Victoria, Australia.

The Epworth sleepiness scale (ESS) is a simple, self-administered
questionnaire which is shown to pronide a measurement of the
subject's general level of daytime sleepiness.

180 adults answered the ESS, including 30 normal men and
women as controls and 150 patients with a range of skeep
disorders. They rated the chances that they would doze off or fall
asleep when in eight different situations, commonly encountered
in daily life. Total ESS scores sigruficantly distinguished normal
subjects from patients in vanious diagnostic groups, including
OSA, narcolepsy and Idiopathic hypersomnia.

ESS scores were significantly correlated with sleep latency,
measured dunng the multiple sleep latency test and during
overnight polysomnography. In patients with OSA syndrome,
ESS scores were significantly correlsted with the respiratory
disturbance index and the minimum Sa02 recorded cverrught.
ESS scores showed patients who simply snored did not differ from
controls.

ADJUSTED NECK CIRCUMFERENCE (ANC)
W Flemons N Eng J Med Vol 347 No 7 Aug 2003 p.498-504 A
Screening Tool for Apnoea Prediction

An adaptation of prediction rule 12, based on neck circumference,
canbeusedtoestimatea patient’s probability of having asleep test
result that is diagnostic of sleep apnoea. Neck circumference
(measured i centimetres) s adjusted f the patient has
hypertension (4cm in added), is a habtual snorer (3om Is
added), or isreported to choke or gasp most nights (3cmis added).

A low clinical probability correspords to an adjusted neck
circumference of less than 43cm, an intermediate probability
(4 to 8 times as probable as a low probability) to a neck
circumference of 43 to 48 cm, and a high probability (20 times
as probable) to a8 neck circumference of more than 48cm.
Together with the consideration of the seventy of symptoms,
the clinical probability estimate helps guide management

12 Flemons WW, Whitelaw WA, Brant R, Remmers JE, Likekhood
ratios for a sleep apnoea climical prediction rule. Am J Respit Crit
Care Med 1994; 150:1279-1285 (Abstract).
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PATIENT INFORMATION

Snonng results from a partial closure of the airway during sleep. and most commeanly coours 0 solation (simplke snonng). Less
often, it can take place as part of a more serious condition, 0S4, which can be potentially life-threatening. This screening questionnaire
has been used by your dental practiticner to help identify your nisk of 0SA. However, only a slesp physician can dizgnoss 0SA after
performing an owernight sleep recording that measures your breathing pattems.

Anti-snoning dental appliances have been shown to play an effective role in the management of patients with snoring and/or OSA.The
appliance will not cure the disorder, but works by temporarily repositioning the lower jaw and tongue forwards - keeping the airway open.
In order to be effective, the appliance must be worn each might. If the use of the appliance is discontinued, the symptoms will recur. There
1= o guarantee that an appliance will be effective in every patient, due to indidual variation in response. & high standard of oral hygiene
is important for a successful outcome. as is the care and use of the device as per supplied instructions.

It 1= impartant that you return for assessment after the fitting of your apphiance. ¥ou will be asked to complete a simple questionnaire,
designed to assess your response to treatment and gain feedback from your partner. Whilst this provides valuable feedback, for 0SA
sufferers, a follow-up overmaght sleep recording with Sleepwell in the mouth 1 the only way to know if your breathang has improved
sufficiently.

After weanng the appliance, most patients imitialty report a degres of drocling, or some patients fesl that their teeth do not come
together (bite) properly. These are short-term effects and lessem with time. If, however, you awaken with a dry mouth sensation, the fit of the
appliance may need adjusting to improve its grip on the teeth. There is a nsk that long-term wear can result in a degree of movernent in
your teeth. It is therefore important that you maintain the health of your testh, and, most impartantly, your gums with regular dental care.
Very rarely, the jaw joints may become sore. This iz maost typically seem in patients with a history of jaw discomfart and/or those who
self-adjust their appliances too aggressively. In addition, the splint may require replacement as a result of wear or breakage.

PATIENT COMSENT - LOW/MODERATE RISK OF OBSTRUCTIVE SLEEP APNOEA

| have given complete and accurate replies to the guestions withan this document, hawve read the information given to me and
understand how Sleepwell, made by S45 (LK) Ltd, may help my snonng and/or sleep apnoea. | understand that | would need to undengo

an overnight sleep study in order to diagnose 0SA.

Patient’s name: Patient's signature:
Date:

Clinician’s mame: Chnician's signature:
Date:

PATIENT COMNSENT - HIGH RISK OF OBSTRUCTIVE SLEEP APNOEA

| have given complete and accurate replies to the guestions within this document, have read the information given to me and understand
how Sleepwell, made by S45 (UK) Lid, may help my snonng. | understand that | would need to undergo an overnight sleep study in order
to diagnose OSA. | have also been made aware of the risk of having 0SA and have been advised as follows:

To wisit my GP with a letter provided by the dentist

Patient’s name: Patient's signature:
Date:

Chnician’s mame: Clinician’s signature:
Date:

MSCLAIMER - The guestioninaires being described in this handout have been obtained from published scientific Iiterature. However, we do
not endorse their sole use to establish a diagnosis of OSA. It is important to emphasise that the subjective responses upon which these
guestionnaires rely have the potential to be underestimated by some pecple. Particular care should be taken in interpreting the results for
people whose occupations reguire high alertness, such as transport drivers. An overnight sleep study would be required to diagnoss OSA.
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Appendix 15 Participant information leaflet for the qualitative study

PARTICIPANT INFORMATION SHEET

(Version 1.0, 22.07.2019)

Intervention to enhance adherence to mandibular advancement appliance in Patients with
Obstructive sleep apnoea

We would like to invite you to take part in a one-to-one interview in which we aim to assess
your perspective of what helps and/or prevents you from using your anti-snoring mouth guard.
We also will try and identify factors that help us to understand why some patients choose to
wear their anti-snoring mouth guard more than others do.

Please take your time to read through this participant information leaflet and only then sign
the informed consent sheet if you would like to take part in this project. The information is
very useful to us and the future patients being offered this treatment and very much
appreciate your help. If you require any further clarification please feel free to contact the
chief or principle investigator [details below].

What is this study about?

The main purpose of this study is to assess whether additional support approaches would help
patients wear their anti-snoring (sleep apnoea) mouth guard for longer periods of time, when
compared those who receive routine care. The one-to-one interview will give us a deeper
insight of your treatment experience.

Your participation would involve attending one-to-one interviews and answering some simple
guestions which will help us assess your perspective of what helps and/or prevents you from
using your anti-snoring mouth guard.

Why are we doing this study?

Anti-snoring mouth guards are recommended for patients with sleep apnoea and they have
been shown to be effective. However, they rely entirely on the patient’s acceptance and use.
There are thought to be a number of factors that can affect cooperation and wear. The
decision to use the anti-snoring mouth guard effectively depends on factors, such as the
patients’ awareness of their condition, social support and psychological behaviour. Mood,
such as anxiety, stress and depression may affect wear. At the same time, we know that
additional support approaches, which involve more education and behaviour approaches can
help patients to adapt more easily to some treatments. As a result, we would like to explore
the potential role of these factors to help future patients make the most of their treatment.
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Why me?

You were invited to help with this study because you are an adult, suffering from obstructive
sleep apnoea and are using/used the anti-snoring mouth guard.

Do | have to take part?

No. Taking part in this study is completely optional. If you wish not to participate, your care will
continue as normal and will not be affected. If you would like to participate in the study, we will
ask you to sign a consent form.

What happens to me if | take part?

Once you agree for you to take part in the study, and after the consent form has been signed,
you will be asked to attend a one-to-one interview. The interview will approximately take 60
minutes to complete. A one-to-one interview is a conversation between you and the
researcher, where you will be asked questions in a meeting room in the hospital, to help us
better understand what helped or prevented you from using your anti-snoring mouth guard
regularly. The interview is quite flexible so that you can also ask questions for further
clarification. Please be reassured that there is no right or wrong answers and we only want
to gain a deeper insight of your treatment experience.

The researcher will use an audio-recording device to record the interview. Each participant
will be given a unique and unidentifiable code, and recordings will be sent to a third party —
Essential Secretary Ltd. - for transcription purposes. Once recordings are transcribed, the
audio files will be deleted. All information that you provide will be kept confidential and
anonymous.

What happens if | wish to leave the study?

You are free to withdraw from the study at any time without any reason. All the information
collected will be stored safely. Once you withdraw from the study no further research
information will be collected and if you specifically request, any previous information collected
can be discarded.

Are there any disadvantages in not taking part?
No, your decision not to take part will not affect the care you are to receiving.
Are there any benefits in taking part?

By taking part in this study you will help us to better understand what factors are important in
helping patients use their anti-snoring (sleep apnoea) mouth guard. This will in turn help us
find ways to help future patients get the most out of their treatment.
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What are the possible risks of taking part in the study?
There are no risks involved in this study.
Will my taking part in this study be kept confidential?

Queen Mary University of London is the sponsor for this study based in the United Kingdom.
We will be using information from you and/or your medical records in order to undertake 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. Queen Mary University of London will keep
identifiable information about you for 20 years after the study has finished.

Your rights to access, change or move your information are limited, as we need to manage
your information in specific ways in order for the research to be reliable and accurate. If you
withdraw from the study, the information about you that we have already obtained will be
retained. To safeguard your rights, we will use the minimum personally-identifiable information
possible.

You can find out more about how we use your information at
http://www.arcs.gmul.ac.uk/media/arcs/policyzone/Privacy-Notice-for-Research-
Participants.pdf

NHS will collect information from you and your medical records for this research study in
accordance with our instructions.

NHS will use your name, NHS number and contact details to contact you about the research
study, and make sure that relevant information about the study is recorded for your care, and
to oversee the quality of the study. Individuals from Queen Mary University of London and
regulatory organisations may look at your medical and research records to check the accuracy
of the research study. NHS site will pass these details to Queen Mary University of London
along with the information collected from you and your medical records. The only people in
Queen Mary University of London who will have access to information that identifies you will
be people who need to contact you to confirm any missing data and invite you to partake in
the qualitative study or audit the data collection process. The people who analyse the
information will not be able to identify you and will not be able to find out your name, NHS
number or contact details.

NHS will keep identifiable information about you from this study for 20 years after the study
has finished according to Queen Mary University of London/Barts Health NHS Trust policy.
The data will be archived in the Corporate Records Facility at 9 Prescot Street, London, E1
8PR.

What will happen to the results of this study?

In order to share the knowledge gained from the study, the findings will be published in a
medical journal and presented at health conferences including voluntary and support sleep

apnoea patient groups.
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What if there is a problem?

Any problem that occurs during the study will be addressed appropriately. Please contact the

chief investigator [contact below] to solve the problem immediately. If you remain unhappy and

wish to complain formally, you can do this through the NHS complains procedure. Details can
be obtained from:

http://www.nhs.uk/choiceintheNHS/Rightsandpledges/complaints/Pages/NHScomplaints.asp

X

In the event that something does go wrong and you are harmed during the research due to
negligence, then you may have grounds for legal action for compensation against the sponsor
of this study, Queen Mary university of London. The sponsor will compensate for injury caused
directly by the procedure you received during your participation.

Who has reviewed the study?

This research project has been reviewed by a group of clinical researchers. In addition it will be
looked at by an independent group of people, which includes both professionals and lay public,
whose purpose is to review all NHS research to protect your interests, called a Research Ethics
Committee.

Where can | obtain Alternative means of support?
Independent advice could be obtained from: Patient Advice and Liaison Service (PALS)

For Barts Health NHS Trust hospitals: Integrated for Royal London, patient Advice Liaison
Service (PALS). Telephone: 020 3594 2040, e-mail address: pals@bartshealth.nhs.uk.
Service is available Monday to Friday, 9.30am-4.30pm by appointment.

Thank you very much for taking the time to read about the research. If you take part, you can

help us make a difference to others in the future.

Further information and contact details

To contact the Chief investigator of the study:

Professor Ama Johal, Dental Institute, The Royal London Dental Hospital
Phone: 0207 377 7686

Email: a.s.johal@gmul.ac.uk

If you would like to find out more about this study or arrange an appointment, please contact
the Researcher:

Dr. Harishri Tallamraju, Dental Institute, 4" floor, The Royal London Dental Hospital

Email: h.tallamraju@gmul.ac.uk
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Appendix 16 Consent from for the qualitative study

IRAS ID: 262092

Centre Number:

Study Number:

Participant Identification Number for this trial:
CONSENT FORM

Title of Project: Intervention to enhance adherence to mandibular advancement appliance in Patients with

Obstructive sleep apnoea: A Randomized control trial
Name of Researcher:

Please initial

box

1. [ confirm that | have read the information sheet dated.................... (version............ ) for the

above study. | have had the opportunity to consider the information, ask questions and have

had these answered satisfactorily.

2. lunderstand 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. lunderstand that relevant sections of my medical notes and data collected during the study,

may be looked at by individuals from NHS Trust, where it is relevant to my taking part in this

research. | give permission for these individuals to have access to my records.

4. | understand that the information collected about me will be used to support

other research in the future, and may be shared anonymously with other researchers.

5. lunderstand that the information held and maintained by-Queen Mary, University of London

may be used to help contact me or provide information about my health status.

6. |agree to take part in the above study.

Name of Participant Date Signature

Name of Person Date Signature

taking consent
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Appendix 17 Topic guide

Topic Guide

Title of the study: Intervention to enhance adherence to mandibular acvancement appliance in Patients
with Obstructive sleep apnoea: A Randomized control trial

Introduction

Presenting myself and my role in the study

Welcome. Thank you for being here toeday. We would like to know about your perspective of
what helps and hinders mandibular Advancement Appliance (MAA) usage, also known as Anti-
snoring mouth guard.

Would you mind reading the consent form and signing it?

The interviewed will be recorded using a digital recorder, and you will be notified about the
start and end of the recording. Mo personally identifiable information will be collected during
the interview. Your participation is voluntary, and you are free to stop me at any time of the
conversation.

It is important to note that there are no right or Wrong answers.

Do you have any questions before we start?
[Turn on the recorder]

Topics/Questions

1

Your understanding of Obstructive sleep apnoea
- Obstructive sleep apnoea
- Various treatments that the participant is aware of #
- What experiences had you had with the previously prescribed treatments?
Why do you feel the anti-snoring mouth guard would be of use to you?
- Had you heard of them or see one before?
- Do you have any understanding of how they work?
Planned usage of anti-snoring mouthguard
- How likely are you to continue the use of the anti-snoring mouthguard?
- What would help or what can be done to ensure this?
- Additional support
*  Follow-up Appointments
" Telephone support
Other reasons that might have influenced the usage of the anti-snoring mouthguard
- Lack of motivation
" Self-motivation
" Family & Friends
" Health care workers
- Social support
- | didn't hawve to pay for the appliance
Cther experiences concerning the treatment

Thank you for your time!

[Turn off the recorder]
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