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E tipu e rea mo nga ra o tou ao
Ko te ringa ki nga rakau a te Pakeha, hei oranga mo tou tinana
Ko to ngakau ki nga taonga a o tipuna, hei tikitiki mo to mahunga
Ko to wairua ki te Atua, nana nei nga mea katoa

Grow up and thrive for the days destined to you.

Your hands to the tools of the Pakehd to provide physical sustenance,
Your heart to the treasures of your Mdori ancestors as a diadem for your brow,
Your soul to God, to whom all things belong
Sir Apirana Ngata
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ABSTRACT

The goals of this thesis were to objectively assess the prevalence of obstructive sleep
apnoea syndrome (OSAS) among Maori and non-Maori adults in a community-based
sample, and to develop a questionnaire-based multivariate predictive tool for OSAS, to
help improve referral of patients to specialist sleep services, and prioritise waiting lists.
This research was situated within the wider scope of ethnic inequalities in health
between Maori and non-Maori, and was conducted within a Kaupapa Maori Research

(KMR) framework.

Between August 1999 and June 2001 letters and information were progressively sent
out to 1200 (600 Maori, 600 non-Maori) Wellington residents aged 30-60 years selected
randomly from the electoral rolls. Participants were asked to wear a small sleep
monitoring device (MESAM4) for one night in their own homes and to fill out a sleep
questionnaire. Contemporaneously, sleep and questionnaire data were collected from
510 consecutive patients aged 30-60 years, who were referred to the regional sleep

clinic for suspected OSAS.

In the community sample, OSA was found to be more prevalent among Maori. Among
men, 21.98% of Maori had OSA (RDI> 5) compared with 11.37% of non-Maori.
Among women, 6.28% of Maori and 3.02% of non-Maori respectively had OSA (RDI>
5). The higher risk among Maori appeared to be due to well-recognised risk factors
such as higher body mass index (BMI) and larger neck circumference, rather than

ethnicity per se.

Using the combined data from the community and clinical samples, two clinical
prediction models were developed using logistic regression modelling. One model
(Model 1a) included age, sex, observed apnoeas, self-reported habitual snoring,
subjective excessive daytime sleepiness, and BMI. The second model (Model 2a)
included neck circumference instead of BMI. Model la correctly classified 82.50% of
participants (sensitivity 72%, specificity 87%). Model 2a correctly classified 81.10% of
participants (sensitivity 80%, specificity 82%).

This research indicates that OSA is a common problem among New Zealand adults and

that ethnic disparities exist. The results provide important guidance for planning to
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meet population needs, by identifying differential needs of specific groups. The
prediction models provided reliable estimates of a priori probability of OSA, and

therefore may be useful tools for screening patients for OSAS.

v



ACKNOWLEGEMENTS

As I look back at my life, I am both humbled and relieved to have reached this amazing
milestone. There are a number of people who have assisted me through this journey,

and I would like to take this opportunity to express my appreciation.

First and foremost I would like to thank the study participants, especially those from the
community study and their families who welcomed me into their homes - without them

this study would not have been possible.

I would like to acknowledge the fantastic support and guidance from my supervisors,
especially my primary supervisor, Professor Philippa Gander, who sparked my interest
in the area of sleep, and whose enthusiasm and encouragement has seen me through this
journey. Thanks also to my other supervisors, Dr Papaarangi Reid, whose expertise in
Maori health and Kaupapa Maori Research was fundamental to this study, and Dr

Alister Neill, whose clinical perspective and experience was invaluable.

I am very grateful for the continual support from my colleagues at the Sleep/Wake
Research Centre, who are an amazing group of individuals, and of whom I have
developed many great friendships. To the other PhD students, Riz Firestone, Sarah-
Jane Paine, Sandy Garden and Nat Marshall, I wish you all the best. I would also like to
thank Dr Angela Campbell from Wellsleep Clinic and the staff from Te Ropi Rangahau

a Eru Pomare for their input into this research.

To my family, you are my foundation and without your support this would not be
possible. A special thanks to my parents, who have made many sacrifices in life for us
(children). Finally, to my wonderful partner William, who has experienced both the
good and not so good times (to put it mildly) of this journey — thank you for your

unconditional support, encouragement, and understanding.

This thesis was also supported by the Health Research Council of New Zealand postgraduate
scholarship in Maori health (HRC 01/014).



TABLE OF CONTENTS

ADSEITACE c.uueiiiinriirinricsinricsssnenssnnessssnessssncssssnessssssssssssssssesssssesssssesssssesssssessssssssssssssssssssssssses iii
ACKNOWICZEIMENTS .cuuueeriirssrnrricsssnrnecsssnricsssssssscsssssnssssssssssssssssssssssssssssssssssssssssssssssssssssase v
Table Of CONLENLS ...cceeeueiiivseiiiiiiiiiniininicssnicnsnicsssnecssssncssssesssssecssssssssssesssssssssssessssssssnss vi
APPENAICES c.cuevererinriessrrrcssnncssanssssansssssnssssssssssssssssssssssssssssssssassssssssssssssssssssssssssssnsssssnssss viii
LiSt Of TADIES .cuuueeiiniriiiiiiiniiiniticniticsniicsnncssnicsssncssssncssssscssssesssssesssssessssssssssssssssasssnes ix
LiSt Of FiUIES .ouverivniiiicnriinsnninisnninsnicsssnncssnnssssisssssssssssssssasssssassssssssssssssssssssssnsssssnsssses xiii
Glossary of Technical Terms and Abbreviations.................. . XVi
GlosSary Of MAO0TT TEIMS ....ccoceeeivnrcisnrcssnicssnicsssnisssssssssssssssssssssssssssssssssssssssssssassses Xix
Chapter 1 - INTroduCtion ...ccccceecceevvnricnissnnrccsssnnicsssssssessssssssesssssssssssssssssssssssssssssssssssssass 1
Chapter 2 - Background 5
MAOTE HEAILN a..ceaaanaennnnnnnnnninnnnnrinscnnsesssssansesssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssans 5
2.1 INEOAUCTION ...ttt sttt e 5
2.2 Maori Health Status ........ccooiiiiiiiiiieiieeeee e 5
2.3 The Treaty of Waitang@i........cc.ceeciieiiiieiiiiceiie et 8
2.4 Maori Health ReSEarch...........cooueiiieiiiiiiiiiiecieeectee et 9
2.5 Kaupapa Maori Research...........ccoooiiieiiiiiiiiecieeeee e 12
Obstructive Sleep APnoea SYNATOMO.......aaeueneeaeeriossuneriiissnniessssssissssssssessssssssssssssssssans 15
2.6 INEPOAUCTION ...ttt e 15
2.7  Classification and DIagnosiS.........cceeeuieruieriiienieeiiieniieeieesiieeieeseeereesieeeseeseee e 16
2.8 PathOpRYSIOIOZY ....eeieviieiiie ettt et aee e eeree e 20
2.9  Clinical Symptoms and Presentation ...........cccceeeveeieeriienieeiiienieeieesee e 21
208 L L 203 0 (53 14 1 10) (0 o USRS 22
2.11  Consequences Of OSAS ... 32
2.12  Treatment and Management............ccveeriuieeriieeniiieeriieesieeesreeeaeeeeveeeseeeeaeee e 35
2.13  Public Health and Sleep Service ISSUES ........ccveriieriieiiieiieeiieeecee e 37
2.14  Clinical Prediction Models for OSAS Screening.........ccccveeeveeecieeecieeecieeeneeens 38
2.15 Sleep Research and Services in New Zealand ............ccceeevievieniiieniinniieneeneen, 45
Background 10 The STUAY .......eeeeeoneeicssurinssnnicsssrissssrissssiossssosssssosssssssssssssssssssssssssssses 49
2,16 GOoals and ODJECTIVES ....ccuvieruieiiieiieeiieriie et siee et eiee et seteebeesaeeenbeeseaeebeeesee e 50
2.17  Research HYpPotheSes ........coouiiiiiiiiiiecciie ettt e 51
Chapter 3 - Methods 52
3.1 INEPOAUCTION ...ttt e 52
3.2 SaAMPIING SrAtEGIES....ccuvieiiieiiietierieeite ettt see et steebeesae e bt e ssaeebeesanaens 52
33 Measurement 0f OSA ..o 54
3.4 Other ObJectiVe MEASUIES.........ereerieriiriiiieeienitenie ettt ettt nee s 65
3.5 QuEStIONNAITE DAtA........ccueeiiuiiieiiiieiie et ettt et 66
3.6 Data CoOIIECHION .....eeeeiieeiiie ettt e e e et e e e e e eaaeeeareeees 75
3.7 Data ManagemeNnt ..........cc.eeerieeeiuiieeiieeeiieeeieeesieeesreeeseaeeesereeenseeesseeesseeesseeenns 80

Vi



Chapter 4 - The Community SAMPIE .....eeeierivnriiciissnniicsssnrecsssssnrecssssssssssssssssessssssssses 84

4.1 INErOAUCTION .....eiieiie et et e et e e e tb e e eaaeeenseeensaeeens 84
4.2 MEROAS...coiieeiieiie ettt et enb e eteenaeeens 84
4.3 ReESPONSE RALES ...oeieiiiiiieeiiiieeeee et e 85
4.4  MESAM4 Analytical SAmPIe .......ccoeviiiiiiiiiiiiieiecieee e 91
4.5  MESAMA DAta ....ooouiiiiiiieieeesee ettt et 111
4.6 Predictors O OSA .....ooii ittt 117
4.7 Population Prevalence EStImates ..........cccceeccvieeiiiieiiieeiieeeieeceeeee e 120
4.8  Validation of Self-Reported Snoring and Observed Apnoeas .............c.ccuvee... 122
Chapter 5 - The Clinical SAMPIE ....ccouereeviiiiisiriisnncssencssnicsssicssssecsssssssssssssssssssassess 125
5.1 INEEOAUCTION ...ttt ettt st e b e sseeeeneens 125
5.2 MEhOM ettt eneen 125
53 Sample fOr ANALYSIS ..cccuviiiieiieeiieie ettt 126
5.4  Polysomnography Data..........ccceeriuiiiiiiiiiiiiieciie et 143
55 Predictors OF OSA ...ttt sttt ens 149
5.6 Validation of Self-Reported Snoring and Observed Apnoeas ............cceeeunennn. 153
Chapter 6 - Developing a Screening Tool .........ccooueeiiinvnnricnissnnricssssnneccsssnnsncsssnssens 155
6.1 INErOAUCTION ... e e et e e et e e e eeenaeeennaeas 155
0.2 MELhOM ..ioiiiiiieieeee e ettt et naee e 155
6.3 Combining SAMPIES .......veeeeuiieiiiieeiieeie et eree e e e e s aeeesreee e 158
6.4  Combined Sample CharacteriStiCs ..........ccvveerieeiiierieeiierieeriie e eiee e ieeeeens 159
6.5 Univariate Predictors Of OSA ........oo oot 161
6.6  Multivariate Predictors of OSA ......ccoooiiiiiieecee e 165
6.7 Estimated Probability 0f OSAS ......cooieiee e 175
6.8 Evaluation of the MOdels ..........ccocuiiiiiiiiiiiiiciieiiecece e 177
Chapter 7 - DiSCUSSION cccueeineeiseecsenisaenssensssenssnssssesssnssssesssassssesssssssssssssssssasssssssassssasens 191
7.1 Summary and Explanation of Results.........ccccceceviiiiniiniiiiniiniiccee, 191
7.2 Study Sren@thS ...cccevvieiiieeeeee e 207
7.3 Study LIMItAtIONS ..cc.vevuviriiiiiiieniieiee ettt 209
7.4  Summary of Key FINAINGS ......ccccovvieiiiiiiieiieiiiceeee e 219
7.5  Implications and Recommendations ...........cccceeevuierierieenieiiieenieeieesie e 220
7.6 Further ReSEarch ..........ccoveviiiiiiiiiiciiccic ettt 225
7.7 CONCIUSIONS ....eeivieeiiieeeiiee et e ettt e et e e et e e eteeesabeeesasee e ssaeesseessaeessseeesssesensseeanns 227
RETEIEINCES ccccocuveriieiirrnricisssnniecsssnniesssssnsessssssssscsssssssssssssssasssssssssssssssssssssssssssssssssssssssnasss 228

vil



APPENDICES

Appendix 1 - Community Instructions for the Night..........ccccceevvurivivriciveicsvenccannns 271
Appendix 2 - Validation Study- MESAM4 versus PSG ........... 272
Appendix 3 - The Sleep QUeStioNNAITe.......ccoovreerreressrnncsssnrcssnrcsssressssssssssssssssssssanes 280
Appendix 4 - Community SIEePlOg.....ccceerrueerrercsuenssrensueessnncsnnssaesssnesssessanssassssacssae 282
Appendix 5 - Community Covering Letters .....c.ccceeevercrrnrcssnnicssnercssnescssanssssasssssanes 283
Letter to MAOTT SAMPLE .....cccvieieiieiieeieeiieeie ettt ettt te e saee e eereessbeebeessseenseas 284
Letter t0 NON-MAO0TT SAMPIE........eeruiiiiiiiiiiiie ettt 285
Appendix 6 - Community Information Sheet...........coueevueevirnsuenreenrnecsenssncnsenennnes 286
Appendix 7 - Community Consent FOrM........iceicinseicissencssnrcssnnncsssnscssssssssssssssnns 288
Appendix 8 - Community SIEePlog.....cccverreeerrercserssnensenssrecsaenssaessanesssessasssaesssacssne 289
Appendix 9 - Community ReSults Letter ..........ccoveieiveicisencssnnicssnnicssnnscssnnscssssscssnns 290
Appendix 10 - Clinic Consent FOrM ....iiiiiinnensseensenssnncsenssncsssessssecssesssacssssessnes 291
Appendix 11 - 1996 Census Population Numbers for Maori and non-Maori Aged

30-60 Years in the Wellington Region..........ceeieierinieicssnicssnnicssnnicssneccsssncssnncssnsnes 292
Appendix 12 - Multivariate ANALYSeS ......coccceervrccssencsssnncsssnrcssnrssssssssssssssssssssssssssases 293
Table 1. Possible univariate predictors of OSAS (RDIC) ...ccueevvieviieiieiiiiiieieeieenee, 294
Table 1. Possible univariate predictors of OSAS (RDIc) (cont...)..cccceevieriieiieennennnen. 295
Table 2. RDIc>5: Summary of fitted models...........cccueevieriiiiniiniieieeeeeeeeee, 296
Table 3. RDIc> 10: Summary of fitted models.........cccceeveerieniniiniininiiniceeeceeee, 297
Table 4. RDIc > 15: Summary of fitted models.........c.ccoveeviieriieiieniieieeieeeeieeee, 298
Table 5. Model 1a (RDIa>5): Model parameters..........cceceeveeenieeniieneenieenieeieeee. 299
Table 6. Model 1a (RDIa > 10): Model parameters............cccueeveereeeieeneeeieeneeereenenn. 299
Table 7. Model 2a (RDIa>5): Model parameters..........cceceeveeenieeniieniienieeneeeieeee. 299
Table 8. Model 2a (RDIa > 10): Model parameters............ccveeeveerreeeieeneeeieeneeereennnn. 300

viil



Table 3.1
Table 3.2
Table 3.3
Table 3.4
Table 4.1
Table 4.2
Table 4.3
Table 4.4
Table 4.5
Table 4.6
Table 4.7
Table 4.8

Table 4.9

Table 4.10

Table 4.11

Table 4.12
Table 4.13
Table 4.14
Table 4.15
Table 4.16

Table 4.17
Table 4.18
Table 4.19
Table 4.20

LIST OF TABLES

SNOTE Grade CIILETIA .. .eeviieeiiieeeiie ettt et e 60
Inter and intra-scorer reliability for scoring of MESAM4 studies............. 63
NZDep96 variables .........cccueeiuieiiiiiieieeiiece et 69
Coding and variable names for possible predictive values........................ 82
Breakdown of community reSPONSES .........ccuveeveerrierieerieeneeeireenveesreenneens 86
MESAMA4 responders, by ethnicity, sex and age group .........cceccveeeveenee. 86
Questionnaire only responders, by ethnicity, sex and age group............... 86
Response rate equations and calculations...........cccoccveeiienieniienienieeiene, 87
People who were contacted, by ethnicity and age group...........cccceevvenneeen. 88
Odds of being contacted ..........ccevvieeiiieeiiieeiieecee e 89
Analytical sample, by ethnicity, sex and age group ........c.ccceeeevveenvenncne 91

MESAM4 participants vs. Questionnaire only and National survey:
Never/rarely get enough sleep, by ethnicity and seX .........cccoeeveevivervennnnnn. 94
MESAM4 participants vs. Questionnaire only and National survey:
Never/rarely wake feeling refreshed?...........cooccooiiiiiiniiniiiiee 95

MESAM4 participants: Usual hours sleep in 24 hours, by ethnicity and sex

MESAM4 participants vs. Questionnaire only and National survey:

excessive daytime sleepiness (ESS>10) ......occveviviiiiiiieiiiinieeiieieene 102
MESAM4 participants: Median BMI, by ethnicity and sex.................... 103
MESAMA4 participants: Overweight, by ethnicity and seX............c......... 103
MESAM4 participants: Obese, by ethnicity and seX.......c..ccoceevereennenee. 103

MESAM4 participants: Median neck circumference, by ethnicity and sex ..

X



Table 4.21

Table 4.22

Table 4.23
Table 4.24

Table 4.25

Table 4.26

Table 4.27

Table 4.28
Table 4.29
Table 4.30
Table 4.31
Table 4.32
Table 4.33
Table 4.34
Table 4.35
Table 4.36
Table 4.37
Table 4.38
Table 4.39
Table 5.1
Table 5.2
Table 5.3
Table 5.4
Table 5.5
Table 5.6
Table 5.7
Table 5.8
Table 5.9

MESAM4 participants vs. National Survey: Mean neck size, by ethnicity
ANA SEX .+ttt ettt sttt et 106
MESAMA4 participants: Number of people receiving treatment for medical
conditions by thNICItY .......ccueeriieiiiiiiieieie e 106
MESAM4 participants: Regular smokers, by ethnicity and sex.............. 108
MESAM4 participants: Alcohol frequency (at least once a week), by
EthNICILY ANA SEX .vviiiiiieiiiie ettt re e et e e eee e sbe e e earee e 109
MESAM4 participants: Alcohol consumption (= 5 drinks on typical

occasion), by ethniCity and SEX..........cccceeruieriiieniienieeiieeie et 109
MESAM4 participants: Are you eligible for a community services card?....

............................................................................................................... 109
MESAM4 participants vs. Questionnaire only and National survey: CSC
Eligibility, by ethnicity and S€X ..........ccceeriiriiienieeiieiecieee e 110
Estimated total sleep time, by ethnicity and SeX..........ccceceevvveriienrennnnns 113
RDIA > 5.t 114
RDIA 2> 101ttt 114
RDIA 2> 15, e 115
RDIC > 5.ttt 115
RDIC 2 101ttt 115
RDIC 2> 15ttt 116
OSA — Logistic regression model 1........cccoeceeviiiiniiniinninienennicnecncenne. 117
OSA — Logistic regression model 1a (BMI)........cccccoeviieiiiiiiniieiiiens 118
OSA — Logistic regression model 1b (Neck circumference)................... 119
Population prevalence estimates for OSA, by ethnicity and sex............. 120
OSAS prevalence estimates, by ethnicity and seX........cccocevveeverieneenne. 121
INCIUSION CIILETIA c..eueiiiiieiieeieeieee et 126
Clinical analytical sample by age group, ethnicity and sex..................... 126
Never/Rarely get enough sleep, by ethnicity and seX........cccccecuvveeneennnee. 129
Never/Rarely wake feeling refreshed, by ethnicity and sex .................... 129
Usual hours sleep in 24 hours, by ethnicity and seX..........ccoecvevveenennen. 130
Always snore, by ethnicity and SEX .........ccccceevierciienieniiieieeie e, 131
Often/Always snore, by ethnicity and SEX .........cccceeveveeeriieerieeniieeeiieens 131
Percentage of the night spent snoring, by ethnicity and sex.................... 132
Observed apnoeas, by ethnicity and S€X .........cceecueevierireciienieeiierie e 133



Table 5.10
Table 5.11
Table 5.12
Table 5.13
Table 5.14

Table 5.15
Table 5.16
Table 5.17

Table 5.18
Table 5.19
Table 5.20
Table 5.21
Table 5.22
Table 5.23
Table 5.24
Table 5.25
Table 5.26
Table 5.27
Table 5.28
Table 5.29
Table 5.30
Table 5.31
Table 5.32
Table 5.33
Table 6.1
Table 6.2
Table 6.3
Table 6.4
Table 6.5
Table 6.6
Table 6.7
Table 6.8

Excessive Daytime Sleepiness (EDS), by ethnicity and seX ................... 134
Median BMI, by ethnicity and S€X........cccceevvverieriiienieeiierie e 135
Obesity, by ethniCity and SEX.........ccecvreriiieriiieeie e 136
Median neck circumference, by ethnicity and seX.........ccccoeveeriieeiienncne 137

Currently receiving treatment for medical conditions, by ethnicity and sex.

............................................................................................................... 138
Current smokers, by ethnicity and S€X........ccccveerviieerciieeiiieeiiie e e 139
Alcohol frequency (at least once a week), by ethnicity and sex.............. 140

Alcohol consumption (> 5 drinks on typical occasion), by ethnicity and sex

............................................................................................................... 141
Are you eligible for a community services card? ..........cceevveeerieerennene 141
CSC eligibility, by ethnicity and S€X .........cocevervierienierenienecieeicneenne. 142
Total sleep time (TST), by ethnicity and SEX.........cccevveeriieriienieenreennens 144
Median RDIa, by ethnicity and S€X .........ccccceevieriieniieniieiieeie e, 145
Median RDIc, by ethnicity and SEX ........cccceeeveeriieerieeeniieeieeeeee s 145
2 D) e TSRS 145
RDIA 2 101ttt 146
RDIA > 15, et 146
RDIC > 5.t 146
RDIC 2 101ttt ettt et e 147
RIDIC > 15 ettt et e nne s 147
OSAS (RDIa + ESS >10) estimates, by ethnicity and seX ...................... 148
OSAS (RDIc + ESS >10) estimates, by ethnicity and seX ...................... 148
OSA — Logistic regression model 1.........cccooovieieiiiiniiieiniieeiieeeeceees 149
OSA — Logistic regression model 1a (BMI).......cccocoeviiiiniiiiniinenncnnn. 150
OSA — Logistic regression model 1b (Neck).........ccceevieriieniiinciieniieninnns 151
Community and Clinic: Tests for homogeneity...........ccccccverveeieenrennnnnn. 158
Combined sample, by ethnicity, sex, and age group .........c.ccceeeevveerreenne 159
Possible univariate predictors of OSA........cccoiiviriiniiiiniciceeeee, 162
Model 1: BMI and other variables (n=829)............ccccceeevvieeviieecreeennee. 166
Model 2: Neck circumference and other variables (n=810).................... 167
RDIa> 5: Summary of fitted models...........ccccveeriiiiiniiiiiiiee e, 170
RDIa> 10: Summary of fitted models...........cocerveniiniininiiniiiniceenne. 171
RDIa> 15: Summary of fitted models............ccoeeviieviiniiinieeiieieeeee, 172

x1i



Table 6.9

Table 6.10
Table 6.11
Table 6.12
Table 6.13

Table 6.14

Table 6.15
Table 6.16
Table 6.17
Table 6.18
Table 6.19
Table 6.20
Table 6.21
Table 7.1

Table 7.2

Table 7.3

Model la: pretest probability.........cccccceevieriiiiniieiiiieieeeeeeeeeee e 174
Model 2a: pretest probability.........cccccveviieciieniieeiieieeieeeeee e 174
Model 1a (RDIa > 15): Model parameters..........ccceeeueeerveeerveeenveesinneenns 175
Model 2a (RDIa > 15): Model parameters...........ccccceeveeeieenieeesieeneenaenns 175
Classification table for Model 1a (BMI) for estimating the probability of
an individual having an RDI> 15........cccccoiiiiiiiiiiiiiiccecece e 177
Classification table for Model 2a (Neck) equation for estimating the
probability of an RDI> 15. ..o 178
Likelihood ratios for Model 1a........cccooeevieniiniininiiniiiieccceeeee, 181
Likelihood ratios for Model 2b..........ccccoeveriiniininiiieceeeeeee 181
MOl 182 2X2 ..t 182
Model 1a: diagnostiC SUMMATY ........cc.cereeriieiiieeiieiie et eee e see e 182
MOAE] 227 2X2 .. e e 183
Model 2a: diagnostic SUMMATY .........ccvervierrienreerrienieereenreeieeeeeeaeenenes 183
RDIa for false negatives and positives, by sample and model ................ 185
Summary of univariate reSults ..........cocerieririiiniinieireeeececeee e 192
Comparison of prevalence Studies ..........cccceevvueeriieriiieniieeiieieeie e 198
Summary of OSA clinical prediction models...........ccceeveeeiienierciiennnnnnn. 206

Xii



Figure 2.1
Figure 3.1

Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9

Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5

Figure 4.6
Figure 4.7

Figure 4.8

Figure 4.9
Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13
Figure 4.14

LIST OF FIGURES

Types of studies for OSA evaluation...........cccceeveeeviienieeciienieeieerie e 19
Volunteer wearing the MESAM4 equipment (while mobile and while in
{0156 ) USROS 55
Recorded sound and SNOTING .......cceevvieeiieniieiieeiieeece e 56
MESAM4 oximetry sensors (Right: flex sensor, Left: clip sensor)........ 56
MESAM4 equipment placement ............cccveeeevveeeiieeeiieeeiee e 57
Example of MESAM4 scoring on printout (2x 5 min epochs) ............... 59
CONLINUOUS SNOTING.....eeeuvieeieeiiieiieereeniteeteesttesseesseesseesseesseesseesseesseanns 60
SNOTING ArteTACt ...oeiiiiieiie e 61
S0 ATEETACT - eeeeeeeeeee e e et e e e e e e e rreaeeeeaeanes 61

Distribution of NZDep96 scores, with the NZDep96 scale superimposed

................................................................................................................. 69
Percentage of Maori and non-Maori contacted, by NZDep9%6 ................ 89
NZDep96 profiles: Initial sample vs. Wellington Adults....................... 90
NZDep96 profiles of MESAM4 participants, by ethnicity ..................... 91

NZDep96 profiles: MESAM4 participants vs. National sleep survey ...92
NZDep96 profiles: MESAM4 participants vs. Wellington region adults

................................................................................................................. 93
MESAM4 participants: How often do you think you get enough sleep? 94
MESAM4 participants: How often do you wake feeling refreshed? ...... 95
MESAM4 participants: Reported usual hours sleep in 24 hours, by
EthNICILY ANA SEX ..vviiiiiiiiiiieciieeciee ettt e e b e e saee e 97
MESAM4 participants: How often do you snore? ..........ccccceceeveevvennennee. 98

Distribution of the percentage of night spent snoring, by ethnicity and sex

MESAM4 participants: Distribution of Epworth sleepiness score, by
SthNICILY ANd SEX ...uviiiiieiieiiecie ettt e eae e 101
MESAM4 participants: Distribution of BMI, by ethnicity and sex ...... 102
MESAM4 participants: Neck circumference distributions, by ethnicity

Xiil



Figure 4.15

Figure 4.16

Figure 4.17
Figure 4.18

Figure 4.19

Figure 4.20
Figure 4.21
Figure 4.22
Figure 4.23
Figure 4.24
Figure 4.25
Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9
Figure 5.10
Figure 5.11
Figure 5.12

Figure 5.13
Figure 5.14
Figure 5.15

Figure 5.16
Figure 5.17

MESAM4 participants: Difference between participants and researcher
NECK MEASUIEIMENTS. ... .eiiiiiiiiieiiieiieeie ettt 105
MESAM4 participants: Receiving treatment for asthma, hypertension
and other medical conditions...........ccceeeeeiiieiiiiiiiniiee e, 107
MESAM4 participants: Cigarette smoking, by ethnicity and sex......... 107
MESAM4 participants: Frequency of alcohol consumption, by ethnicity

MESAM4 participants: Amount of alcohol consumed on a typical
drinking occasion, by ethnicity and S€X ..........cccceevveevienieeiiieniieieenen. 108

Participants rating of study sleep compared to a normal nights sleep... 111

Distribution of estimated Total Sleep Time (TST)......cccccvvevcveernnennee. 112
RDI distributions, by ethnicity and S€X ..........ccceveeriiienieeiieenienieeieene 113
Reported snoring vs. actual SNOTING ........cccveevieeriieniieiiecie e 122
Reporting ‘don’t know’ to snore question vs. actual snoring................ 123
Reported vs. actual apnoeas .........c.ceceveeeeieeeiiieecieeeiee e 124
Ethnicity of clinical participants............ccceceerieenieniiienienieeee e 127
Clinical patient tyPe.......c.eeeveeriierieeiiieeieeiie ettt sre et eaee e e 128
How often do you think you get enough sleep? .........cccceevvvevierviennnnnne. 128
How often do you wake feeling refreshed?...........ccccoevvveiiiiiienieennnne. 129

Distribution of reported average hours of sleep, by ethnicity and sex..130

How often do you SNOTE?.......ccc.eeiiiiiiiiieeiiee et 131
Percentage of night spent snoring, by ethnicity and seX .........c..cccceue. 132
Distribution of observed apnoeas, by ethnicity and sex........................ 133
Distribution of Epworth Sleepiness Scores by ethnicity and sex.......... 134
BMI distributions, by ethnicity and S€X ..........ccccceevviienieniieenienieeene 135
Distribution of neck circumference, by ethnicity and sex..................... 137

Patients receiving treatment for asthma, hypertension and other

COMAITIONS ..ottt ettt ettt st et e st e et esateebeesaeeeneeas 138
Cigarette smoking, by ethnicity and SeX.......c..ccoceevereieriininiicneenicnnenn 139
Frequency of alcohol consumption, by ethnicity and sex ..................... 140

Amount of alcohol consumed on a typical drinking occasion, by ethnicity

AN SEX .ttt ettt 140
Percentage of participants eligible for CSC .........cccoviniininiiniininns 142
Distribution of Total Sleep Time (TST)....ccceevvievieriieieeieeie e 143

Xiv



Figure 5.18
Figure 5.19
Figure 5.20
Figure 6.1
Figure 6.2
Figure 6.3
Figure 6.4
Figure 6.5

Figure 6.6
Figure 6.7
Figure 6.8

Figure 6.9

Figure 6.10
Figure 6.11

Figure 6.12

RDI distributions, by ethnicity and S€X ..........cccevverviienieniieenieeieeieene 144
Clinical participants: Reported snoring vs. actual snoring.................... 153
Reported vs. recorded apnoeas...........cceeeeveeeeieeeeieeeiieeeiee e 154
Body mass index (kg/mz) vs. neck circumference (cm)..........ccveeeneee. 156
RDI distributions, by ethnicity and S€X ..........ccceeveeviierieevieenieeieeieene 160
BMI distributions, by ethnicity and SEX .........c.ccecueeviierieeciieneeereeeeene, 161

Diagram of the application of the probability equation to each model.176

Model 1la and 2a: Plot of sensitivity and specificity versus all possible

CUL-POINES ...ttt eiiieite et ete ettt e et esite e bt eseeesbeesaaeenbeessnesnseenaeeenseensnas 179
ROC curves for Model 1a and 2a..........ccoeeveeiienieniieiicieceeee e 180
Model 1a and 2a: RDI by probability..........ccccceeevviieiiiieiiiieeiee e 184

False positives and false negatives for each model, by sample, ethnicity,
ANA SEX ..ttt ettt sttt 186

Proportion of false positives and negatives for each predictor, by model

............................................................................................................... 187
Model 1a: Proportion of false negatives and positives, by BMI........... 188
Model 2a: Proportion of false negatives and positives, by neck
CITCUMEETEIICE ...ttt 189
Misclassified participants in each age-group, by model ....................... 190

XV



GLOSSARY OF TECHNICAL TERMS AND

%

AIC
ALAC
Apnoea

Apnoea Hypopnoea Index
(AHI)

AUC (Area under the curve)

BMI (Body Mass Index)

BP
CI
CSA
CSC
CvD
DF

DHB (District Health Board)

ECG

EDS

EEG
EMG
EOG
Epoch
ESS

ABBREVIATIONS

Percentage

Akaike Information Criterion

Alcohol Advisory Council of New Zealand
Cessation of airflow

the number of apnoeic events plus hypopnoeas per
hours of sleep as determined by polysomnography.

A measure of accuracy of the ROC curve

Weight in kilograms divided by height in metres
squared (kg/m?).

Blood Pressure

Confidence Interval

Central Sleep Apnoea

Community services card

Cardiovascular disease

Degrees of freedom

Organisations established to protect, promote and
improve the health and independence of a
geographically defined population. Each District

Health Board will fund, provide or ensure the
provision or services for its population.

Electrocardiogram

Excessive daytime sleepiness

Electroencephalogram

Electromyogram

Electrocculogram

a measure of duration of a sleep recording
Epworth Sleepiness Scale
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False Negative

False Positive

First night effect

GHQ
HR
HRI
IRI

KMR
MESAM4
MSLT
MOH
MVA
nCPAP

NPV (Negative Predictive

Value)
NZDEP
ODI
OR
OSA
OSAS
OSAHS

Polysomnography (PSG)
PPV (Positive Predictive Value)

Prevalence

P-value

RDI
REM
RERA

ROC (Receiver Operator
Characteristic) Curve

RR
RTS

The ratio of the number of events incorrectly
classified as non-events over the sum of all
observations classified as non-events

The ratio of the number of non-events incorrectly
classified as events over the sum of all observations
classified as events

the effect of the environment and sleep recording
equipment on the quality of the subject's sleep
during the first night of recording

General health questionnaire
Heart Rate
Heart Rate Variation Index

International Research Institute for Maori and
Indigenous Education
Kaupapa Maori Research

Madaus Electronic Sleep Apnoea Monitor 4
Multiple sleep latency test

Ministry of Health

Motor vehicle accident

Nasal continuous positive airway pressure

The probability of not having the disease when the
test result is negative

New Zealand Deprivation Index

Oxygen Desaturation Index

Odds Ratio

Obstructive Sleep Apnoea

Obstructive Sleep Apnoea Syndrome

Obstructive Sleep Apnoea-Hypopnoea Syndrome
Gold standard for measuring sleep

The probability of disease in a person with an
abnormal/positive test result

The number of instances of a given disease or
occurrence in a given population at a specific point
in time

A statement of the probability that the difference

observed could have occurred by chance, reflecting
the statistical significance of the result

Respiratory Disturbance Index
Rapid eye movement sleep
Respiratory Effort Related Arousal

Non-parametric plot of the true positive (sensitivity)
and false positive rates (1-specificity)

Relative Risk
Return to sender
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Sa(2
SAS
SD
SDB
SE

Sensitivity

SNZ

Specificity

TRRHAEP
UPPP

US

Level of oxygen saturation in blood
Sleep Apnoea Syndrome

Standard Deviation

Sleep disordered breathing
Standard Error

The ratio of correctly classified events over the total
number of events

Statistics New Zealand

The ratio of correctly classified non-events over the
total number of non-events

Te Ropii Rangahau a Eru Pomare
Uvulopalatophyrangoplasty

United States
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GLOSSARY OF MAORI TERMS

Aotearoa

Whanau

Iwi

Hapu

Tino rangatiratanga

Pakeha

Maori

Mauri

Maori name for New Zealand often translated as

"land of the long white cloud

Family, extended family

Tribe

sub-tribe

Maori self-determination; sovereignty

Person of predominately European descent; not
Maori

The indigenous people of New Zealand

Maori vitality; life force
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