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TITLE:

Theinteraction between obstructive sleep apnoea and car diovascular
risk factorson cardiovascular disease:

SUMMARY:

Cardiovascular disease (CVD) and obstructive skgampea (OSA) are common disorders that are
associated with substantial morbidity and mortalitgrge observational studies have consistently
found that OSA is an independent risk factor foresal CVDs including coronary artery disease,
atrial fibrillation, heart failure and stroke, atids has been attributed to physiological derangese
during sleep in OSA such as hypoxemia-associatedatixe stress and sympathetic activation.
However, the recent Sleep Apnoea cardioVasculap&nts (SAVE) trial found that continuous
positive airways pressure (CPAP) therapy in OSArdit prevent adverse CVD outcomes in those
with established CVD. While the SAVE trial has sar@mportant limitations, its findings have
raised important questions about the nature of @Sgociated CVD risk. These include: (a) whether
the usual metric of OSA severity — apnoea hypopnodex (AHI) — is the most appropriate basis
for examining this; (b) whethecharacterisation of OSA according to the magnitude of
physiological derangement — hypoxaemia, sympathetic activation, proinflammatcstatus,
metabolic imbalance — coulsttter identify those at greatest risk of CVD; and (c) given that known
risk factors for CVD (such as obesity, physicalcimnaty, hypertension, diabetes mellitus and
hyperlipidaemia) are highly prevalent in patient$hwOSA, how might theynteract with OSA-
related physiological derangements in determining thepathogenesis of CVD. Better identifying
those at greatest risk through examination of thesgequately explored relationships could lead to
more appropriately targeted interventions for OSA.

The West Australian Sleep Health Study (WASHS) Prospective Sleep Clinic cohort is a unique
resource that provides the opportunity to explore the intémm between OSA and other CVD risk
factors in the pathogenesis of CVD. This excepliawhort of 4,100 consecutive patients who
attended the WA Sleep Disorders Research Institetereen 2005 and 2010 have been thoroughly
phenotyped using questionnaire, anthropometric oreagents, in-laboratory polysomnography
(PSG) and blood tests. In each patient, detailtmnmation has been obtained on CVD risk factors,
CVD and OSA-related physiological derangementsndusieep.

We will examine the interaction between OSA-relgddgsiological derangements during sleep and
other CVD risk factors on the development of CVDthe WASHS cohort after mean follow- up

of 10 years. The development of CVD will be determined by I{aking the cohort to statutory WA
morbidity and mortality datasets via the WA Hedlthta Linkage Service (WADLS), (b) a follow-
up review with comprehensive health assessmendsi@mletection of sub-clinical CVD in a subset
of patients who have no overt CVD. This will progié clearer understanding of the interaction
between OSA and other CVD risk factors on the dgweent of CVD, and help identify which
patients with OSA are at greatest risk of develgVvD, enabling risk assessment and intervention
to be individualised, consistent with the concdpiersonalised medicine. Based on our findings, we
aim to develop and validate a risk assessment $opf@VD that includes OSA. In addition, we will
assess if adequate CPAP therapy attenuates thef d&kveloping CVD in OSA.

AIMS:
To determine
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1 Whether the type and severity of OSA-related pHggio derangements during sleep
influences the risk of CVD events and subclinicabaular disease by interacting with co-
morbid CVD risk factors.

2 Whether the risk of developing CVD events and suoimal vascular disease in OSA can be
predicted from a combination of (a) the severityQffA-related physiologic derangements
during sleep, (b) co-existing CVD risk factors afe) biomarkers (C-reactive protein,
fibrinogen, high sensitivity troponin I, B-type nagtic peptide).

3 Whether risk is reduced by treatment with CPAP d@hpgrand, if so, the degree to which this
risk reduction relates to how effectively OSA-relhphysiologic derangements are controlled.

HYPOTHESES:

1 The likelihood of developing CVD and subclinicalscalar disease in OSA depends on the
interaction of physiologic derangements during slegth conventional CVD risk factors, and
how well both are controlled.

2 The risk of developing CVD and subclinical vascul@ésease in OSA can be predicted from a
combination of (a) the severity of OSA-related pblmjic derangements during sleep, (b) co-
existing CVD risk factors and (c) risk biomarkers.

3 The effectiveness of CPAP therapy in amelioratingDCand subclinical vascular disease in
patients with OSA depends on how completely the @8ated physiological derangements
during sleep are corrected.

BACKGROUND:

OSA is common chronic disorder characterised bumreat upper airway obstruction during sleep
that may be complete (apnoea) or partial (hypopnddee prevalence of OSA of at least moderate
severity is estimated at 17% and 9% of middle-aged and women respectivefDSA events are
associated with sleep disruption, hypoxemia anaatn of the sympathetic nervous syste@SA

is associated with a wide range of adverse consegseincluding CVD, cognitive impairment,
daytime sleepiness, increased risks of motor velaold occupational accidents, reduced quality of
life and depression. The annual direct and indicests of OSA to the Australian economy have
been estimated at $21 billibn

OSA-related physiologic derangements during sleep. The severity of OSA is usually quantified as
the frequency of apnoea’s and hypopneas per hosteep (AHI) but this may be a sub-optimal
metric of CVD risk. Abnormal breathing and arousal OSA are associated with a range of
hemodynamic, autonomic, inflammatory and metabadifects that are implicated in the
development of CVD. The AHI during rapid eye movetmn@EM) sleep may be more predictive of
adverse CVD outcomes than the AHI over the entighth A consequence of upper airway
obstruction during sleep is a reduction in blooggen content causing a hypoxemic burden and
oxidative stressThe severity of this oxidative stress may not be reflected in the AHI because the
former is dependent on the duration rather thaguigacy of upper airway obstruction, and lung
oxygen storesThe interaction of this oxidative stress with otl@vD risk factors could be more
important than the AHI in the development of CVD. dupport of this, in the Sleep Health Heart
Study, CVD was associated with hypopneas only wherompanied by oxygen desaturation of
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>4%, and an observational study has found a closeceg®on between longitudinal CV events and
hypoxemic burden than with ARIA second consequence of OS/Asyspathetic activation?

induced through a variety of mechanisms includihgnaoreflexes to hypoxemia and hypercapnia,
baroreflexes, upper airway mechanoreceptors, pumyoafferents, impaired venous return to the
heart, alterations in cardiac output and the aldoresponse. The increase in sympathetic activity
increases heart rate and blood pressure (BP) athwbught to be an important mechanism for the
development of hypertension and other CV conseaqgent OSA. Sympathetic activation can be
estimated from measurements during an overniglepstudy (such as heart rate variabflayd
non-dipping of BP overnight or urinary catecholamings These OSA-related physiologic
derangements during sleep may interact with othéd @sk factors to promote CVD.

Relationship between OSA and CVD. CVD is a major cause of morbidity and mortality i
Australia. It affects one in six Australians, andsmesponsible for nearly 30% of all deaths in
Australia in 2015. We (Cls Hillman & Hung) were thiest to identify OSA as a risk factor for
myocardial infarctioff. Since then, observational studies have consigtesfitown associations
between OSA and hypertenstncoronary artery disease and heart faifyrstroké® and CV
death**> More recently we (Cls Hillman, Hung, McArdle aid Cadby) identified OSA as an
independent risk factor for incident atrial fibaifion'®. However not all patients with severe OSA
develop CVD, andittle is known about the characteristics of patients with OSA who are most likely

to develop CVD.

Common risk factors for CVD include obesity, phgdimactivity, hypertension, diabetes mellitus,
hyperlipidaemia, and cigarette smoking. Risk faxfor CVD are known to be additive, and this has
led to the development of several CVD risk predictscores based on the number of risk factors
present and their severify’® These scores provide an estimate of personabfigieveloping CVD,
and allow personalised risk factor modificationdhanges in life-style or pharmacological therapy.
However no CVD risk score has considered the impa@SA. A recent review has recommended
the need to explore new CVD risk predictors (suskD8A) to improve prediction modéls

A high proportion of patients with OSA have co-¢xig CVD risk factors including obesity,
physical inactivity, hypertension, diabetes medlitand hyperlipidaemia. Studies examining the
relationship between OSA and CVD have attemptedotdrol for these confounding risk factors.
However the development of CVD in patients with O8duld be due to an interaction between
OSA-related physiologic derangements during sleé&p wonventional CVD risk factors (e.g. the
risk of developing CVD from OSA may be attenuatgdrixreasing age)lhe potential interaction
between OSA and other CVD risk factors in the development of CVD has not been explored. Our
richly phenotyped cohort provides a unique oppatyuio determine how OSA interacts with other
CVD risks in the development of CVD.

Effect of CPAP therapy on CVD in OSA. CPAP therapy has been shown to reduce daytime
sleepinesd, hypertensioft and cardiac dysfunctiéh Observational studies suggest that CPAP
reduces CVD risk"*>?® An important prospective sleep clinic cohort stofl 1,651 men found that
CPAP was associated with a lower rate of fatal mmatfatal CV events over a 10 year follow-up,
compared to those with untreated severe HSowever randomised controlled trial (RCT) data
are limited, and the largest RCT with the longe#ibfv-up (SAVEf*found that CPAP treatment did
not prevent adverse CVD event$e results of the SAVE trial should be interpreted with caution for
several reasons. First, the SAVE trial was desidodadst whether CPAP would reduce CVD events
in a population with established CVD (secondaryvergion) so the question of whether CPAP
attenuates the development of CVD (primary prewentremains unanswered. Second, as expected
in a sample with established CVD, many participavgse elderly (mean age 61 years). This may be
an important limitation because the associatioowbeh OSA and CVD appears weaker in the
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elderly’®, possibly due to an OSA survivor efféctThird, as a consequence of emphasis on
secondary prevention, participants were not typaéglatients who present with OSA symptoms. In
particular, participants in the SAVE [and a smalR&T (RICCASDAY’] were not usually sleepy,
and severe sleepiness was an exclusion criteritmeitsAVE study. This may be another important
limitation because sleepiness secondary to OSAbkas linked to CVD risk in some studigsin
addition, people with severe hypoxaemia were atstuded; a potentially important group to target
for CVD risk reduction. Fourth, it is likely that SA was not adequately controlled because
adherence to CPAP treatment was modest (mean 8:13/hight), as is common in those without
OSA symptoms. Finally, the mean follow up duratadr8.7 years may be too short to demonstrate a
treatment effect with sub-optimal CPAP usage ino#&er population with established CVD in
whom OSA may play a smaller role among other cbuating CVD risk factors. The findings of
the SAVE study underline the importance of bettedarstanding the phenotypes of OSA at
risk for CVD. Our proposed 10 year follow up of @de group of carefully phenotyped OSA
patients with typical OSA features will provide higuality data to determine sub-groups at greatest
risk for the development of CVD. Our data will beicial to help focus future research in this area
and design appropriately targeted interventionistud

WASHS Prospective Sleep Clinic Cohort. The West Australian Sleep Disorders Researchitutes
(WASDRI), based at the QEIl Medical Centre, hasdumted diagnostic sleep studies on

~27,000 patients since 1988. The West Australi@e®Health Study (WASHS) Prospective Sleep
Clinic Cohort, established by Cls Hillman, Hung,IRar, McArdle, Singh and Mukherjee, is a
unique study of >5,000 consecutive consenting petivho attended the WASDRI between 2005
and 2010 for clinical evaluation by a sleep discsg#hysician and in-laboratory PG The
participation rate was >98% and OSA was prese®lib. PSGs (n=4,100) were scored manually
according to internationally accepted standardsrasdlts are stored in an easily accessible databas
(Profusion neXus Laboratory Management System, Qongglics, Abbotsville, Australia). In
addition to the clinical and PSG information, alatients (n=5,187) completed a detailed
questionnaire and had anthropometric measuremedtsirometry. Most of the cohort (n=3504)
also had blood tests for biochemistry and DNA asialyThe detailed questionnaire collected
information on CVD risk factors (physical activity, cigarette smoking, hypertension,
hypercholesterolemia and diabetes mellitus) and doctor-diagnosed CVD (angina, myocardial
infarction, coronary angioplasty or stent, coronary artery bypass graft, heart failure, stroke, and
carotid endarterectomy or stent and other diseases. The questionnaire also calléctermation on
current medications, Epworth sleepiness scorep dhebits, symptoms of sleep disorders, alcohol
use, family history of sleep disorders, drivingtarg, educational and employment status, and
ethnicity. Anthropometric measurements included weight, height, body mass index, neck
circumference, upper airway narrowing (Mallampatiore, pharyngeal grade), craniofacial
measurements (cricomental distance and space) Bn@iBchemical assessments includasting
glucose and insulin (to detect insulin resistance and diabetes me)itiasting lipids (to detect
hyperlipidaemia), andnarkers of CVD risk (C-reactive protein and fibrinogen). Blood samples not
used for biochemical or DNA analysis were process®d stored in the WA DNA Bank. Complete
data (questionnaire + PSG + blood tests) are dlaila 2,793 participants. In a subset of patients,
additional information was obtained including degsien scales (Patient Health Questionnaire-9
and DASS-21) (n=426), additional anthropometric soe@aments
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Characteristics, mean (SD)

Age, year 49.€(13.8 51.£(13.4
BMI, kg/m’ 31.9(6.8) 34.3(9.0)
Epworth sleepiness score, /249.9 (5.5) 10.0 (5.6)
PSG, mean (SD)

AHI, per hout 41.€(30.2 30.5E(27.3
Nadir SpQ, % 81.9 (11.0) 84.2 (9.7)

(chest, waist, and hip circumferences, supine almtirsagittal diameter and height) and full-body
dual energy x- ray absorptiometry (DEXA) (GE LurRmodigy, Waltham MA) to assess regional
fat distribution (n=238). Blood samples from 2,1p@rticipants have been genotyped using a
genome wide association scan (GWAS). The WASHS rtol® the largest sample of well
characterized OSA cases with DNA samples in theldvoFable 1 summarise some baseline
characteristics of the WASHS cohort.

About half of the patients in the WASHS cohort dpsently underwent a one month home trial of

CPAP therapy to control OSA under our close supervision, and about 60% of these patients (~1,200)

accepted long-term CPAP therapy. We have sequetitiadal assessments on most of these patients,
and many remain under our clinical supervision.

Linkage of WASHS to WA Data Linkage System. The WA Data Linkage System (WADLS) was
established in 1995 as a facility for linking kewtalsets (including hospital separations and
mortality) for the entire Western Australian popida. The WADLS is particularly useful for
epidemiological studies because the WA populatorelatively stable with a low migration rate.
Successful use of the WADLS for investigating hesease as well as other morbidities has been
demonstrated by other auth®rsThe WASHS cohort was fully linked to the core plgpion-based
WADLS datasets in 2011 and these links are cugrelding updated. The Data Linkage will
provide CVD classification using international déigation of disease (ICD) codes.

We now seek to conduct a follow-up of the WASHSqrds to examine the interaction between the
OSA-related physiologic derangements during sleepagher CVD risk factors on the development
of CVD over a mean follow-up duration of 10 yedrke development of CVD since inclusion in the
WASHS study in 2005-2010 will be determined by I{@king the cohort to databases held by WA
Health using the WA Health Data Linkage Unit, (bjolow-up review with comprehensive health
assessments and (c) detection of sub-clinical CWidray those patients who have not developed
overt disease using DEXA scan (to measure aorification) and Echo Doppler, and explore
pathogenic mechanisms using 24 hour ambulatory @BRPse wave velocity, and blood risk
biomarkers. We will use this data to determineititeraction between OSA phenotypes and CVD
risk factors in the development of CVD. Our anatyseéll give a clearer understanding of which
patients with OSA are at risk of developing CVI2, iaccording to OSA and other CVD risk factor
phenotypes, enabling risk assessment and inteovetti be personalised. We will model the effect
of treatment of OSA and other CVD risk factors oWCrisk and determine if there is a dose-
response relationship, to determine the OSA phgestyhat are most likely to have a causal role in
CVD development. These data will provide vital imf@tion to inform subsequent intervention
studies directed to OSA sub-groups who are at &sae risk of CVD. It will also enable the
development and validation of an individualisedk risssessment score for CVD incorporating
information on OSA. We will develop the model usimgandom two-thirds sample of the original
cohort across the years of enrolment (“derivatiohort”) and test its validity in the remaining thir

of the cohort (“validation cohort'j. The developed risk assessment tool will be diyeapplicable
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to typical OSA clinic patients and, although we l\pigrform internal validation, we acknowledge
the need for future external validation in othemdst populations, including general population
samples.

RESEARCH PLAN, METHODSAND TECHNIQUES:

Subjects. This project is a 10-year follow-up of 4,100 WASHK&bjects in whom we have detailed
baseline data on CVD risk factors, CVD, anthropoimemeasurements and overnight PSG
obtained in 2005-2010. The primary outcome of ha$pidmissions for CVD or CVD mortality will

be available on all patients. All other outcomeB e determined by invitation to participate ireth
follow-up study. We anticipate that about 75% of BHS subjects will be alive and contactable
and, based on prior experience from cohort stuslieh as the Busselton Health Study, 75% of these
subjects will agree to participate. Therefore wecgrate following-up approximately

4,100*0.75*0.75 = 2,306 subjects. An overview @& tlsearch plan is presented in Figure 1.

FIGURE 1, STUDY OUTLINE

Baseline assessments (N =4,100)

| WASHS cohort 2005-2010 (N = 4,100) |<——> P =

l AveragelO years

1. DATA L[NK 2017 (N =_4,100) NOT ATTEND FOLLOW-UP (N ~1,794)
CV morbidity & mortality — Measurements: Nil

2. ATTEND FOLLOW-UP 2018-2020 (N ~2,306)
Measurements: Questionnaire, anthropometric, ECG, blood, actigraphy
A. Not using CPAP (~70%) - Level 3 sleep study; B. Using CPAP (~30%) - CPAP download, oximetry

%

3.NO OVERT CVD (N ~1,384)
Measurements in selected N = 500:
Echo Doppler, DEXA, Pulse wave velocity, urine, 24 hr BP, Holter

OVERT CVD (N ~ 922)
No additional measurements.

Baseline measur ements:

a) PSG (N=4,100). OSA-related physiologic derangementsndusleep obtained at baseline PSG
will be used to examine the interaction between Q8W other CVD risk factors on the
development of CVD. The following derangements v examined (1) the frequency of
obstructive respiratory events (AHI - overall & REM, respiratory disturbance index), (2)
hypoxemic burden (mean and nadir oxygen saturatiotal sleep time spent at oxygen
saturation <90% (T90), 4% oxygen desaturation ingegan apnoea/hypopnoea duration (3)
sleep disruption (cortical arousal index), wakerfileep onset, sleep efficiency, sleep latency,
and (4) sympathetic activation (reduced heartvat&bility, non-dipping of BP overnight).

b) CVD risk factors. CVD risk factors obtained at baseline include (&ndgraphics (age, sex),
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(2) lifestyle (physical activity, cigarette smokjng3) co-morbidities (obesity, hypertension,
diabetes mellitus, hyperlipidaemia) and (4) bloadmmarkers (N= 2,793) [insulin resistance
(HOMA index), lipid profile, fibrinogen, C-reactiverotein]. In addition, from stored plasma
obtained at baseline, we will measure additiorsk biomarkers for cardiac disease [glycated
haemoglobin (HbAlc), hsTn-I and NT-proBNP]. Concatibns of hsTn-I have been associated
with increasing severity of OSA (AHI) and hypoxenhigrden, suggesting that increasing OSA
burden may cause low-grade myocardial inftiryVe will define co-morbid risk factors using
guestionnaire, and where appropriate, other meamnts (BP) or blood markers. For example
diabetes will be defined as disease diagnoseddogtor, on diabetic medication, fasting blood
glucose>7.0 mM/L or HbA1c>6.5% (48 mM/M).

Follow-up measurements (See also Figure 1):

1 All participants (N=4,100). In all patients, the development©¥D will be determined via the
WADLS from WA Health datasets for hospital sepamnasi for any of the following: (1) coronary
artery disease — hospitalization for acute cororsgrydrome (unstable angina, AMI, intervention
(coronary angioplasty or CABG surgery), (2) cardiadure, (3) atrial fibrillation (AF) or
cardioversion for AF, (4) insertion of permanentgaaker, (5) sudden cardiac death, (6) ischaemic
and haemorrhagic stroke or transient ischaemiclateand (7) CVD mortality.

2 Measurementsin participants who are alive and agree to follow-up (N~2,306):

* Questionnaire to determine the changes since baseline in (a) @9 factors —cigarette
smoking, hypertension, hyperlipidaemia, diabetedlitug (b) doctor diagnosed CVD not
captured in Data Linkage - angina, AMI, AF, corghangioplasty/stent/CABG, heatrt failure,
stroke, carotid stent/endarterectomy - date of ibag and details of where diagnosed (c)
OSA treatment history (j.e., CPAP, mandibular adesment splint or surgery, current
reported weight), (d) Epworth sleepiness score,s{@ep behaviour, (g) sleep disorder
symptoms and (h) Potential confounding by digtistralian Diet Quality Tool = DQ¥), (i)
Assessment of healthy user bias - self-efficacy@®alised Self-efficacy scdf®, (j) Multi-
dimensional Perceived Social Support Stalg) brief depression scale (PH®2)Family
history of premature heart disease will be assedéedly developed CVD risk factors since
baseline will be entered into the model (see aiglys

* The questionnaire will be administered by web-based methods (Surveynhkeéy) or, if the
participant is not agreeable or able to use welkdawethods, by research interviewer asking
the questions over the telephone.

» CPAP device data download will be obtained to determine the effectivenessreatment
and objective compliance. CPAP download requirespidttient to attend the Sleep service to
download the device. We will also measure weigltigusalibrated scales, this will serve as a
check on the accuracy of patient reported weigre ébove).

» Actigraphy: objective estimate of sleep time when using CPRRtients who are using
CPAP treatment will be posted a wrist actigraphyick one week prior to the CPAP device
download. They will wear this device for a weekaidition to their usual CPAP treatment.
This device uses accelerometers to sensitively mneasovement and will provide an
accurate and objective assessment of sleep duiiamg CPAP treatment.

3. Participants with no overt CV disease at follow-up. Among participants who agree to follow- up,
we estimate that about 60% (N~1,384) will not havert CV disease. A sample of 500 of these
subjects stratified by gender, OSA severity (mitthderate and severe) and CPAP treatment (not
using CPAP vs regular CPAP use) will be invitedh&we further investigations to detect subclinical
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CVD. Within this subset we will test the associatiof CVD risk factor measures, including:

abnormal heart rate variability, 24-hour mean Bbhaamal pulse aortic wave velocity, with pre-
defined subclinical (quantitative & categorical) D\éendpoints, including: LV longitudinal strain

on echo,quantitative coronary calcium score on @[Ciem scan and non-invasive imaging of the
retinal arteries (OCT).

» DEXA scans (Hologic Horizon A, Hologic Australia Pty Ltd) to easure body composition,
particularly compartmental fat distribution andoggal fat and to measure aortic calcification
as a measure of atherosclerdsis.

» Echo Doppler (GE Vivid E95) to provide detailed assessment aflie& dysfunction or
structural changes. Left and right ventricular chansize, wall thickness, mass, systolic and
diastolic function, estimation of filling pressurasd atrial sizes will be assessed according to
established guidelines and imaging prototolRulmonary artery systolic pressure will be
assessed by spectral Doppler interrogation of #ek gricuspid regurgitation velocity. The
echocardiographic pulmonary to left atrial ratidlWwe determined as a novel assessment of
transpulmonary gradiefit Echocardiography will be conducted at Sir Chasirdner
Hospital, where all methods are established, biglalynexperienced sonographer

Pulse wave velocity (SphygmoCor XCEL) to measure arterial compliance @erive central
arterial pressures. This will be done by the redeassistant at the sleep service.

24 hour ambulatory BP to determine average 24-hour BP and diurnal pattern of BP.

CT scan for coronary artery calcium This will be done at a local private radiology
service. This test is widely used on healthy subjects to determine the amount of calcium
around their blood vessels and carries an acceptable very low dose of radiation.

OCT (Optical Coherence Tomography)-Angiography. A retinal camera provides
>70000 scans/sec with 5.7 um/pixel resolution and <4s acquisition time. It is a non-
invasive imaging technology that enables the visualisation of fine retinal capillary
networks in great detail as well as measuring retinal blood flow rate and identify regions
of low flow. There is no radiation exposure.

In-laboratory PSG. An overnight sleep study will be undertaken to re-assess OSA severity
(N=250) and effectiveness of OSA treatment, in those using CPAP. (N=250)

* Questionnaire: Additional questions asked of this sub-group: a) physical activity, b)
alcohol consumption, c) medications, and d) selected medical history.

Outcomes.

The primary outcome measure will be the developroéicident overt CVD over 10 years defined
as a composite of the following: 1) coronary artdiyease — hospitalization for unstable angina,
AMI, intervention (angioplasty, stent, CABG), (2ardiac failure, (3) AF or cardioversion for AF,
(4) insertion of permanent pacemaker, (5) suddediaa death, (6) ischaemic and haemorrhagic
stroke or transient ischaemic attack, and (7) CV@taility. These outcomes will be determined by
Data Linkage and, in patients who agree to follgwy-also by self-report.
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Secondary outcome measures will be (1) each ointtigidual components of CVDs listed above
and we will also assess the new onset of hypeden&2) subclinical CVD including the following

(a) abnormal cardiac rhythm - abnormal heart rateéability, bradycardia, sinus pauses, (b) reduced
arterial compliance, (c) aortic calcification, @)normal Echo Doppler findings, and (e) raisedaseri
CVD biomarkers (e.g., hsTn-l and NT-proBNP) fronsélne or at follow-up.

Data analysis
Power calculations

The derivation model (see aim 3) is based on twaoldhof the sample (4,100*2/3 = 2,733). Given
that this is a study of moderate to high-risk pagioh, a 20% to 30% absolute 10-year CVD risk is
assumed. The power calculations are based on ammatise 20% 10-year CVD risk i.e. new CVD
events in 546 participants. A Cox regression of lhge hazard ratio on risk variables based on a
sample of 2,733 observations achieves a 90% pow#rea5% level of significance to detect a
regression coefficient equal of 0.0974 (or HazaatidRof 1.10°. This calculation takes into
consideration the effect of any risk variable ofenest being adjusted for other variables in the
model, assuming a conservative R-squared of 10%.

A sample size of 500 to assess the associationeketwisk factors and subclinical CVD outcomes
will have 90% power and 5% level of significancedetect an increased risk of 7.5% for each
standard deviation change in the continuous rislale’’. This calculation takes into consideration
the effect of any risk variable of interest beimjusted for other variables in the model, assunaing

conservative R-squared of 10%.

Aim 1.

1 Riskof CVD
» All subjects (N=4,100). This is the primary analysis using ad@n 2/3 of the sample (see
Aim 2). Predictors: Baseline CVD risk factors (Hase questionnaire, in-lab PSG and blood).
Outcomes: Time to develop CVD from Data LinkageX®woportional Hazards Model).
» Participants who attend follow-up (N~2,306). This analysis will allow a more complete
understanding of the relationships between conwraliCVD risks, risk biomarkers and OSA
measures on CVD events. Predictors: Baseline C¥b factors (from baseline questionnaire,
in-lab PSG and blood) + change in risk factorseibaseline (from follow-up questionnaire and
OSA burden). The potential amelioration of CVD dgeby CPAP will be estimated by
estimating the reduction in OSA burden (CPAP dowdl@nd actigraphy). The presence of
CVD at baseline (20% of sample) will be includecttie model to assess whether established
CVD influences the relationship between OSA an#l fa@ CVD events. Potential bias from
health user effect will be assessed by includinf-&&cacy, social support and depression
scores in the model. Outcomes: Time to develop C¥#bm Data Linkage + follow-up
questionnaire) using survival analyses (Cox Propoai Hazards Model). Duration of exposure
to CVD risk factors (including those that develapidg the 10-year follow-up) will be entered
into the model. Interaction terms will be used xamine the modulation of OSA-related risk by
other CVD risk factors. We will assess the represg@ereness of this secondary analysis and
adjust for baseline differences in those who atgwdellow-up versus all subjects, as applicable.

2 Risk of subclinical vascular disease
This will be assessed in participants who attetidieup and have no overt CVD (N=1,384. We
will use a stratified sample of N=500. PredictoBame as a), i) above + 24 hr BP, Holter
monitor, urinary catecholamines and pulse waveorgioOutcomes: Sub-clinical measures of
CV disease (aortic calcification, Echo Doppler Livas) using linear or logistic regression.

Aim 2.
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Individualised CVD risk score. We will use a random two-thirds of all subjed=@,733) as the
derivation cohort for establishing a CVD risk scdlat incorporates OSA-related physiologic
derangements during sleep. We will initially tdsODISA is an independent CVD predictor, in those
with no CVD at baseline. Where OSA adds signifibatd risk prediction, by way of change in C-
statistics and net reclassification index (NRI), widl apply our findings to the remaining third of
the sample (validation cohatf)

Aim 3.

a) To assess the effect of CPAP on CVD risk (N=2,306). Treatment with CPAP and a treatment
“dose” variable will be entered into the model.[edficacy = residual AHI on device download *
objective CPAP use (hours/night) * 1/estimatedshe®e (hours/night)]. We will undertake a
separate propensity score matching analysis tauatéor non-random application of CPAP
treatment (i.e. cases treated with CPAP matchedritrols not receiving CPAP therapy, adjusted
for differences in baseline CV risk).

b) To assess the effect of CPAP on sub-clinical vascular disease risk. The stratified sample will
include CPAP treatment as a stratification facyeis( N=250, no: N=250)

SAEETY:

Abnormal investigation results will be referred ttee treating physician for further management.
Confidentiality of all records will be maintainedd data will be kept in a locked filing cabinet and

only research staff and authorized members of thmah Research Ethics Committee (HREC) will

have access. Electronic data will be protecteddues to which only research staff and authorized
members of the hospital HREC will have access.

TIMELINE:

Task 2018 2019 2020 2021
Patient follow up
Statistical analysis and dissemination of results

The duration of the study will be 4 years. Thisjgect is feasible in the time allowed by the grant
and with the proposed resources, staff and equiprata collection will take place in years 1-3;
we anticipating collecting an average of 3.1 pgitints per day * 250 working days/year = 775
participants/year. Statistical analysis and dissation of results will occur in year 4.

FEASIBILITY:

This study is highly feasible because: i) the hasettudy data is already available and the linkage
of the patients to hospital separations and moytalia the WADLS is fully funded and the
anticipated data delivery date is April-May 201ij, @ proportion of the cohort remains under
regular medical review at WASDRI, and iii) the fa@s for conducting the follow-up assessments
have been identified, and the investigative teamtha expertise for conducting and interpreting all
measurements.

OUTCOMESAND SIGNIFICANCE:
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The SAVE study has raised questions about the itsalf the compelling epidemiologic and
pathophysiological evidence for OSA as an importésk factor for CVD. As a result, there is
uncertainty over the long-term CVD consequenceantfeated OSA. A recent systematic review
and meta-analysis called for more high-quality Esido evaluate the relationships between OSA
and CVD risk and how this risk compares with othmexdifiable CVD risks, such as hypertension
and diabetéd. The SAVE study also highlights the importancedehtifying the profile of OSA
patients who are at increased risk of developinddCVhe WASHS Prospective Sleep Clinic cohort
presents a unigue opportunity to explore the icteoa between OSA and other CVD risk factors on
the development of CVD for the following reasonsst: the sample size is large and participants
are very well characterized. Second, OSA and phlygical derangements during sleep have been
guantified by in-laboratory PSG using internatitywedccepted standards. Third, the follow-up
period of 10 years is considerably greater thanlmmachieved by randomized controlled studies.
Fourth, the study provides the opportunity to exarthe effects of CPAP treatment for OSA and
many of these patients have been closely moniteheck enrolment in the study. Fifth, there is
stored serum and DNA for additional baseline measents on the cohort. Sixth, the capacity to
link the cohort and physiologic derangements dusiegp to statutory morbidity and mortality
databases held by WA Health will provide outcoméadacross the cohort free of biases due to
healthy volunteer effects. Finally, as far as weaware, the WASHS cohort is the largest sample of
well-characterized OSA cases with DNA samples i@ World, and GWAS results are already
available on 60% of these participants, providingopportunity for genetic studies in the future.
The current study is likely to provide invaluabigarmation to clinicians deciding on therapy for
individual patients, as well as researchers abathanisms by which OSA contributes to CVD,
and who to target for randomised intervention srtal explore the benefit of OSA therapy on CVD.
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