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ABSTRACT

The circadian clock defines physiologically optimal times for sleeping, which vary along a
continuum of circadian phenotypes from morning- to evening-type. Although different
‘chronotypes’ can be discriminated reliably by the Morningness/Eveningness Questionnaire
(MEQ), there is little published information on their prevalence. The timing of sleep is also
heavily influenced by societal norms. However, the relative contribution of circadian

physiology versus psychosocial factors is unknown.

This thesis took a multidimensional approach to investigating preferred sleep timing within the
general population of New Zealand (30-49 years). A New Zealand version of the MEQ was
mailed to a random stratified sample of 5,000 adults living in the Wellington region (55.7%
response rate). Using scoring criteria for middle-aged adults, approximately 25% of the

population were morning-types and 25% were evening-types.

The sleeping patterns of 15 morning- and 16 evening-types were monitored using actiwatches
and sleep diaries. Morning-types slept significantly earlier, but there were no differences in
sleep duration or quality. Both chronotypes showed evidence of using the weekend to catch-up

on sleep, although this was more evident among evening-types.

Differences between chronotypes were also investigated using the endogenous melatonin
rhythm as a circadian phase marker. The timing of the melatonin rhythm was earlier among
morning-types, with the difference being greater for melatonin onset, than offset. However,
differences between weekday versus weekend sleep explained more of the variability in sleep

timing that did circadian phase.

Understanding the genetic differences in the circadian clock is evolving rapidly. While this is of
particular scientific interest, little consideration has been given to the ethical implications of this
type of work. In the final study, a Kaupapa Maori framework was used to explore Maori hopes
and concerns for genetic research in Aotearoa/New Zealand. Thematic analysis indicated that
Maori are not anti-science, however there is an urgent need for ethical guidelines that uphold

and respect the values of Maori society.

This thesis argues that sleep is a major public health issue for New Zealand. However, a number
of challenges must be met to ensure that new scientific knowledge meets the needs and

expectations of the community.

iii



ACKNOWLEDGEMENTS

The work and ideas presented in this thesis are but a small indication of the generosity that was
extended to me by the individuals who participated in this research. My deepest gratitude to all

of those people who freely gave their time to take part in this programme.

This thesis also represents the years of support and friendship which I have received from a

number of people, all of whom deserve acknowledgement in this small way.

I am deeply indebted to my supervisor Professor Philippa Gander, whose unquestioning belief
in her staff and students is perhaps only surpassed by her passion for science. Thank-you
Philippa for encouraging me to be ambitious, and most of all for letting me carry-out this work

the only way I knew how.

I am also extremely grateful for the mentorship I have received from Drs. Papaarangi Reid,
Fiona Cram, and Ricci Harris. Their combined knowledge and belief in Kaupapa Maori research
has opened my mind and helped me navigate the theoretical journey that was needed for this

thesis.

While the Sleep/Wake Research Centre is the embodiment of Philippa’s desire for excellence in
research, there is no doubt that the quality of the work that is done there is but a symbol of the
dedication, motivation, and the character of the people who fill that space. To my friends and
colleagues: Kara Mihaere, Riz Firestone, Leigh Signal, Margo van den Berg, Noemie Travier,
Sandy Garden, Allison Clarke, Nat Marshall, and the many others who have come and gone
since [ started this project, thank-you for your continual support, advice and willingness to lend

a hand.

My thanks also to Te Ropt Rangahau Hauora a Eru Pomare, at the Wellington School of
Medicine and Health Sciences, for their ongoing interest in my work. I am also grateful for the
support I have received from MAI ki Poneke, the Wellington branch of the National Programme

for Maori and Indigenous Post-Graduate Advancement.

The PhD journey is often a lonely time, not just for the student, but also for our family and
friends. My love and thanks to my family, for your unwavering belief in me, and for putting up
with my obsession. Finally, to Laird, my thanks for the sacrifices you have made so I could

finish this work, and for listening to me, even when I didn’t have much to say.

Taku aroha ki a koutou katoa mé ake tonu atu

v



I would also like to acknowledge the following people for their vital contribution to this

research programme:

This work was carried out during the tenure of a Maori Health PhD Scholarship from the Health
Research Council of New Zealand (HRC 03/020).

Study One was funded by the Sleep/Wake Research Centre, at Massey University. My thanks to

Noemie Travier for her excellent statistical support.

The recruitment of participants for Studies Two and Three was tirelessly undertaken by
Michelle Gray. My thanks also to the doctors who agreed to carry-out the medical
examinations. Funding for these studies was provided by a project grant from the Lotteries
Health Board. Particular thanks to Noemie Travier, Margo van den Berg and Kara Mihaere for
helping me with the overnight laboratory protocol conducted in Study Three. My thanks also to
Associate Professor Dave Kennaway at the University of Adelaide, Australia, for his advice
with regards to the study design, and also for the analysis of the saliva samples. The Centre for
Public Health Research kindly allowed me the use of their laboratory facilities. Leigh Signal

provided invaluable data management and statistical advice throughout these studies.

Nga Pae o te Maramatanga (Horizons of Insight), The National Institute of Research Excellence
for Maori Development and Advancement, provided funding for Study Four. My thanks to
Papaarangi Reid and Fiona Cram for supporting me throughout this work and to Tamara Byrne,

who provided valuable assistance during the focus groups.



TABLE OF CONTENTS

ABSTRACT I
ACKNOWLEDGEMENTS v
TABLE OF CONTENTS VI
LIST OF TABLES X
LIST OF FIGURES X1V
ABBREVIATIONS & TECHNICAL TERMS XVI
MAORI TERMS XXIII
CHAPTER 1

BACKGROUND

1.1 Key Concepts in Sleep and Circadian Physiology 2
1.2 The Timing of Human Sleep 4
1.3 Recent Advances in Understanding the Circadian Clock 12
1.4 Individual Differences in Preferred Sleep Timing 19
1.5 The Relevance of Morningness/Eveningness to Public Health in Aotearoa/New Zealand30
1.6  Thesis Organisation 35
CHAPTER 2

AN EPIDEMIOLOGICAL SURVEY OF MORNINGNESS/EVENINGNESS IN THE GENERAL POPULATION
2.1 Introduction 38
2.2 Methods 41
2.3 Results 51
2.4  General Summary 75
CHAPTER 3

METHODS USED TO MONITOR SLEEP AND CIRCADIAN PHASE

3.1 Background 79
3.2 Participants 79
3.3 Measures 84
3.4 Procedure 89
3.5 Data Management 93
CHAPTER 4

THE SLEEPING PATTERNS OF SELF-IDENTIFIED MORNING AND EVENING-TYPE ADULTS

4.1 Introduction 95
4.2 Method 97
4.3 Results 104
4.4  General Summary 143

vi



CHAPTER 5

CIRCADIAN PHASE DIFFERENCES BETWEEN MORNING- AND EVENING-TYPES

5.1 Tracking the Endogenous Circadian Clock 145
5.2 Methods 152
5.3 Results 160
5.4 General Summary 182
CHAPTER 6
THE DEVELOPMENT OF A KAUPAPA MAORI ETHIC FOR GENETIC RESEARCH
6.1 A Personal Introduction 185
6.2 Background 188
6.3 Methodology 207
6.4 Findings 214
6.5 General Summary 271
CHAPTER 7
DISCUSSION
7.1 A Survey of Morningness/Eveningness in the General Population 273
7.2 Sleeping Patterns and Circadian Phase among Morning- and Evening-Type Individuals
281
7.3 Towards the Development of Guidelines for Research Involving Maori Genetic Material
293
7.4 The Future of Sleep and Circadian Rhythms Research in Aotearoa/New Zealand 299

REFERENCES 303

vii



APPENDIX 1

ETHICS APPROVAL 322
APPENDIX 2

THE NEW ZEALAND MORNINGNESS/EVENINGNESS QUESTIONNAIRE 325
APPENDIX 3

QUESTIONNAIRE SURVEY STUDY PACK 329
APPENDIX 4

SURVEY RESPONSE CODES 338
APPENDIX 5

DATA ENTRY RULES 342
APPENDIX 6

THE RELATIONSHIP BETWEEN MORNINGNESS/EVENINGNESS AND SELF-REPORTED GENERAL
HEALTH 346
APPENDIX 7

THE RELATIONSHIP BETWEEN MORNINGNESS/EVENINGNESS AND USUAL SLEEP DURATION 347
APPENDIX 8

THE RELATIONSHIP BETWEEN MORNINGNESS/EVENINGNESS AND DAYTIME SLEEPINESS 348
APPENDIX 9

RESPONSE CODES FOR SLEEP STUDY RECRUITMENT 349
APPENDIX 10

SCREENING QUESTIONNAIRE 350
APPENDIX 11

TEMPLATE FOR THE MEDICAL EXAMINATION 365
APPENDIX 12

THE RESULTS FROM THE SCREENING PROCESS 371
APPENDIX 13

INSTRUCTIONS ON HOW TO USE THE ACTIWATCH AND SLEEP DIARY 373
APPENDIX 14

THE SLEEP DIARY 375
APPENDIX 15

RADIOIMMUNOASSAY FOR THE DETECTION OF MELATONIN IN HUMAN SALIVA 376
APPENDIX 16

STUDY PACK FOR SLEEP STUDIES 377
APPENDIX 17

THE KAROLINSKA SLEEPINESS SCALE 382
APPENDIX 18

CONSTANT ROUTINE PROTOCOL 383

viii



APPENDIX 19

PROTOCOL FOR DETERMINING BED TIME AND GET UP TIME IN ACTIGRAPHY 384
APPENDIX 20

POST-HOC TESTS OF SLEEP TIMING 386
APPENDIX 21

POST-HOC TESTS FOR SLEEP DURATION 388
APPENDIX 22

POST-HOC TESTS FOR SLEEP QUALITY 389
APPENDIX 23

LOCALLY WEIGHTED REGRESSION SCATTERPLOT SMOOTH PROCEDURE (LOWESS) 390
APPENDIX 24

INDIVIDUAL SMOOTHED MELATONIN PROFILES 392
APPENDIX 25

AVERAGED SLEEP PARAMETERS 397
APPENDIX 26

CORRELATIONS BETWEEN MELATONIN PHASE MARKERS AND ACTUAL SLEEP TIMING 398
APPENDIX 27

THE 1840 TREATY OF WAITANGI 404
APPENDIX 28

THE MATAATUA DECLARATION ON CULTURAL AND INTELLECTUAL PROPERTY RIGHTS OF
INDIGENOUS PEOPLES 408
APPENDIX 29

RECOMMENDATIONS ON GENETIC MODIFICATION 411
APPENDIX 30

FOCUS GROUP STUDY PACK 413
APPENDIX 31

FOCUS GROUP FACILITATOR GUIDE 417
APPENDIX 32

LETTER FOR TRANSCRIPTS 419
APPENDIX 33

LETTER FOR THEMATIC ANALYSIS 420
APPENDIX 34

KEY-INFORMANT STUDY PACK 422
APPENDIX 35

FOCUS GROUP THEMATIC ANALYSIS 426

X



LIST OF TABLES

Table 2.1

Table 2.2
Table 2.3
Table 2.4
Table 2.5
Table 2.6
Table 2.7
Table 2.8
Table 2.9

Table 2.10
Table 2.11

Table 2.12

Table 2.13

Table 2.14
Table 2.15

Table 2.16

Table 2.17
Table 2.18
Table 2.19

Table 2.20
Table 2.21

Table 2.22

Table 2.23
Table 2.24
Table 2.25
Table 4.1
Table 4.2
Table 4.3

MEQ score cut-offs for the determination of five categories of chronotypes

................................................................................................................. 50
The number of responses received at each mailout ............ccoceeveniennnne. 52
The calculation Of reSPONSE TAtES.......ceeevvierieeiienieeieeiie et 52

A comparison of responses between the Maori and non-Maori samples ..52
The calculation of response rates for the Maori and non-Maori samples..53

Responses by age for the Maori and non-Maori sample...........cccccecueneee. 53
The demographics of the analytical sample............coceveeiiniiininiinienennne. 55
The average age of Maori and non-Maori, men and women..................... 56
Current work status by ethnicity, sex, age and socioeconomic deprivation ..

................................................................................................................. 57
Morningness/eveningness scores by ethnicity, sex and age ...................... 59

Average MEQ scores by age among Maori and non-Maori, men and

Weighted population prevalence estimates of chronotypes categorised
using the MEQ scoring criteria of Horne and Ostberg (1976) among New
Zealand adults (30-49YTS) ..coouiieiiiiieeiieie ettt 60

Weighted population prevalence estimates of chronotypes categorised
using the MEQ scoring criteria of Taillard and colleagues (2004) among
New Zealand adults (30-49YTS)...cccvieiiiiriieiieieeieeie et 60

Univariate relationships between chronotype and demographic factors ...62

Multinomial logistic regression model construction: Independent
predictors Of ChIONOLYPE ...c.vvveeiieeeieeceeee e 63

Independent predictors of morningness/eveningness in the general
POPUIAtION (30-4OYIS) c.eviiiiieiieiieeieeeie ettt ettt 64

Multinomial logistic regression model: Unemployment and night work. .65

Independent predictors of WOrk Status ..........cccceevieeieenieniiieienieeeee 65
Logistic regression model construction: Poor/fair self-reported general
REALLN. ..o s 66
Independent predictors of poor/fair self-reported general health............... 67
Self-reported usual sleep quantity in a 24hr period among Maori and non-
Ma0ri MeN ANd WOMETL. ...eeeuviiiiiieiieeiieiie ettt ettt eseeeeeesaaeens 68
Multinomial logistic regression model construction: Abnormal sleep
QUIALION ..ottt 70
Independent predictors of abnormal sleep duration.............ccccveevvverevennnnnn. 71

Logistic regression model construction: Excessive daytime sleepiness.... 74
The independent predictors of excessive daytime sleepiness (ESS >10)..74
Characteristics of the study participants ...........cccecceeevveerieecieeneesieenneennns 105
Average age and MEQ scores of the study participants ..............c..c........ 105

Descriptive statistics for the sleep timing variables for morning- and
EVEIINZ-EYPCS .o eutieiieentieeiieetee ettt eteestteeteesateebeestteeabeesteeenbeeseesnseenseesnseens 109



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

Table 4.21

Table 4.22

Table 4.23

Table 4.24

Table 4.25

Table 4.26

Table 4.27

Descriptive statistics for the sleep timing variables on weekdays and
weekends for morning- and evening-types.......ccecveeeeieeecieeecieeserieenneenn 110

Bed Time: univariate associations with chronotype, age group, caring for
dependents and weekday versus weekends. ..........ccccoeeieeiiiiniiiiiienieeinn. 111

Sleep Start Time: univariate associations with chronotype, age group,
caring for dependants and weekdays versus weekends ...........c.ccceeuneeen. 111

Get Up Time: univariate associations with chronotype, age group, caring

for dependants and weekdays versus weekends ............cceevieeiieniiennnnn. 112
Sleep End Time: univariate associations with chronotype, age group,
caring for dependants and weekdays versus weekends .............ccoeeeuneeen. 112
Data transformations: Sleep timing variables...........ccccceeeeevieercrieenneeennne. 113
Details and results of mixed model ANCOVAs for the sleep timing
parameters of main night sleep episodes .........cceevveeriieriienieeniieniieee, 116
Descriptive statistics for the sleep duration variables for morning- and
EVEIINZTYPES .vveeurrreeiteeeiieeesteeeitreessseeesssreesssaeessseeessseeessseeessseessssesssseeenns 117
Descriptive statistics for the sleep duration variables on weekdays and
weekends for morning- and eVening-types.......coccueevveerveerieenieenieenneennen. 118
Time in Bed: univariate associations with chronotype, age group, caring
for dependents and weekdays versus weekends ...........ccceeveiieiiiiennnen, 119
Assumed Sleep Time: univariate associations with chronotype, age group,
caring for dependents and weekdays versus weekends ..........ccccceceeneeee. 119
Actual Sleep Time: univariate association with chronotype, age group,
caring for dependents and weekdays versus weekends ............cceeeeuneeenn. 120
Data transformations: Sleep duration variables ...........ccccceevvevcvirenneennne. 121
Details and results of mixed model ANCOVAs for the sleep duraiton
parameters of main night sleep episodes .........cceevvieriieviienieeniieniieieee, 123

Descriptive statistics for the sleep quality variables for morning- and
CVEIINZTYPES .vveeurieeririeeiieeesteeertteeentteeasreesseeessseeessseeensseessssessnsseessseeenns 124

Descriptive statistics for the sleep quality variables on weekdays and
weekends for morning- and evVening-types.......ccocveevveereeeiieenieenieenieeneen. 125

Actual sleep time percentage: univariate associations with chronotype, age
group, caring for dependents and weekdays versus weekends................ 126

Sleep efficiency: univariate associations with chronotype, age group,
caring for dependents and weekdays versus weekends .............ccccceenee. 126

Mean activity score: univariate associations with chronotype, age group,
caring for dependents and weekdays versus weekends ............c.cceuvennnn. 127

Movement and fragmentation index: univariate associations with
chronotype, age group, caring for dependents and weekdays versus

WEEKEIAS ...ttt 127
Data transformations: Sleep quality variables ...........cccccceveveeriienieenenne, 128
Details and results of mixed model ANCOVAs for the sleep quality
parameters of the main night sleep episode..........coecveviiiiieniiienceninenen. 131

Descriptive statistics for the total sleep duration parameters for morning-
ANA EVENINZ-TYPES c.vvieiiieiieiiieiieetieriee et et eete et eebeesseeebeessaeesseesssesnsaens 132

Descriptive statistics for the total sleep duration parameters on weekdays
and weekends for morning- and evening-types ........ccceeveeevieerieeneennenns 133

xi



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 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

Table 5.10

Table 5.11

Table 5.12

Table 5.13
Table 5.14

Total Time in Bed: univariate associations with chronotype, age group,

caring for dependents and weekdays/weekends ..........cccceeeviieeiiienennnnne 134
Total Assumed Sleep Time: univariate associations with chronotype, age
group, caring for dependents and weekdays/weekends..........c.cccceeunenee. 134
Total Actual Sleep Time: univariate associations with chronotype, age
group, caring for dependents and weekdays/weekends...........cccceeeeuneenee 135
Data transformations: Total sleep duration variables .............cceeeueenneee. 136
Details and results of the mixed model ANCOVAs for the sleep duration
parameters across 24-hour Periods .........cceeeceerieriiienieeiiierie e 138

Descriptive statistics for the sleep quality parameters across 24-hour
0151 8 (01 (ST 139

Descriptive statistics for the sleep quality parameters on weekdays and
weekends for morning- and eVening-types.......ccoceevveerveerieenieenieenneennen. 140

Total Mean Sleep Efficiency: univariate associations with chronotype, age
group, caring for dependents and weekdays/weekends...........cccceeeeuneennee 141

Total Mean Activity Score: univariate associations with chronotype, age
group, caring for dependents and weekdays/weekends..............cceene.n. 141

Total Movement and Fragmentation index: univariate associations with
chronotype, age group, caring for dependents and weekdays/weekends 142

Data transformations: Sleep quality variables across 24-hour periods.... 142
Dependent and independent variables for the mixed model ANCOVAs

related to sleep Start time ........cccveeevieeiieriiecie e 159
Dependent and independent variables for the mixed model ANCOVAs
related to sleep end tiMe ........cc.eeeviieeiiieeiiieeeee e 159
Demographic information for the study participants............cccccveerneennnee. 160
Average age and MEQ scores of the study participants .............ccc.......... 160

Characteristics of the nocturnal melatonin profile by chronotype and age
o4 10101 o OO PORUP PO PPPURTPRRRTPRRN 164

Regression parameters (y=ax + b) and correlation coefficients for the
relationship between melatonin phase markers and MEQ scores............ 165

Descriptive statistics and univariate relationships between melatonin phase
markers and chronotype.........cooveviiiiiiiiiiiie e 167

Average phase angle between DLMO and sleep parameters, and
differences between morning- and evening-types .........ccccveeveeeveerreennenns 173

The average phase angle between circadian phase and sleep timing
parameters measured on the night preceding the phase assessment (final
101 11 USRS 174

Details and results of the mixed model ANCOVAs for Sleep Start Time.....

Estimated change in sleep start time for a 30-minute delay in melatonin
PhASE MATKETS ....c.viiiiiiiieiiiciiecie ettt et 177

Results of the post-hoc tests for differences between the estimated mean
sleep start times on weekdays vs. weekends............coeceeriiiiiieniinnieenenns 178

Details and results of the mixed model ANCOVAs for Sleep End Time 179

Estimated change in sleep end time for a 30-minute delay in melatonin
PhASE MATKETS ....c.viiiiieiieciieciieeie ettt e 180

X1l



Table 5.15

Table 6.1
Table 6.2
Table 6.3

Table 6.4
Table 6.5

Table 7.1

Results of the post-hoc tests for differences between the estimated mean

sleep end times by age group and weekday/weekend..............ccveeeuneennn. 181
Models for Pakeha researchers working with Maori communities.......... 197
The principles of Kaupapa Maori research.........ccccceeveiveeecieenciieeeneeeee, 200
Principles of ethical review of health research in Aotearoa/New Zealand....

............................................................................................................... 201
Maori cultural values as guidelines for research ethics .........c..ccoceeeene. 202

A summary of issues for Maori to consider when thinking about
DIOtECHNOIOZY ... .eeiiiiieeiiieeie et e e e 204

A comparison of the eligible voting population to enrolled electors by
parliamentary electorate 2001 ...........ccceeviiiiiiienieiiiieieeeee e 275

Xiii



LIST OF FIGURES

Figure 1.1
Figure 1.2

Figure 2.1
Figure 2.2

Figure 2.3
Figure 2.4
Figure 2.5

Figure 2.6

Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4

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 5.1
Figure 5.2

Figure 5.3
Figure 5.4

Figure 5.5

A schematic representation of the ‘opponent process’ model. .................. 10
A schematic diagram of the molecular clock works regulating circadian
rhythms in mammals............ccoiieiiiieiiie e 18
The socioeconomic deprivation profile of the Maori and non-Maori
SAIMNPLES. ..ottt ettt ettt ettt ettt e et e st e teeenbeensaeenreas 54
The socioeconomic deprivation profile of Maori and non-Maori adults
aged 30-49 years in the study sample. .......ccceevciieeiiieiiieee e 56
The frequency distribution of MEQ scores in the study sample................ 58

The prevalence of morningness/eveningness in the general population....61
The frequency distribution of self-reported usual sleep duration among

Maori and non-Maori, men and women in the study sample .................... 69
The frequency distribution of ESS scores among Maori and non-Maori,
men and women in the study sample.........ccccoveeeiiieeiiieniiieeeece e, 73
An actiwatch and sleep diary ........ooceveeiiieiiiiiceee e 86
A SALIVEEE ... 87
The Psychomotor Vigilance Task (PVT) device ......ccccoueeeevieecveeecnieeenneen. 88
A cubicle in the Human Time Isolation Facility (HTIF) at the Sleep/Wake
ReESEArCh CeNLIe .....oveeniiiniiiiiiiietcce e 91
WHhO™S I DAY ..ot 107
WHO’S @SIEEPT ...ttt et 108
Median bed times and sleep start times among morning- and evening-types

............................................................................................................... 114
Median get up times and sleep end times among morning- and evening-
174 1 OO PRRTPRRRT 115

174 015 PR PRR 122

Changes in the average mean activity score across the week for morning-
(red) and evening-types (rEEN). ....cccuierueerueerieeieeiie et esiie et e seeeeeee s ens 129

Changes in the median movement and fragmentation index across the
week for morning- (red) and evening-types (Zreen)........ccceeeveervveenveennen. 130

Median sleep durations across 24-hour periods for morning- and evening-
17415 SO OO U PSS ORRPPRRTPRRRRT 137

Circadian phase markers derived from the nocturnal melatonin profile.. 156

The nocturnal salivary melatonin profiles of morning- and evening-types...
............................................................................................................... 162

Significant linear relationships between melatonin phase markers and
IMEQ SCOTES...ueteeiiiiieeeeiiiieeeetieeeestteeeeestreeeesaaeeeeesssaaeesesnsaeeeeassseeeennssees 166

Differences in the timing of the melatonin phase markers between
morning- and EVENING-tYPES. ...cc.eervrerureriieereerieeieerieeereenseeeaeesseessneeeens 168

The relationship between the DLMO and the midpoint of sleep from the
last 5d preceding the phase assessment ............ccceveeerieiiieniieniieenieeieens 170

Xiv



Figure 5.6 A schematic illustration of the relationship between the DLMO and

habitual sleep timing among morning- and evening-types...................... 172
Figure 5.7 The phase relationship between melatonin phase and the average midpoint
of sleep in morning- and eVeNINg-tyPes.......cccueerueerieeniierireiienieesieeeieans 175

XV



ABBREVIATIONS & TECHNICAL TERMS

95% CI1
ACC
ActSlp
ActSIpP

Allele

Amplitude

aMTos

ANOVA
ANCOVA
ASPS
AssSlp
AUC

Autosomal
dominant

BMI
BT
CBT

Chromosome

Chronobiology
Chronotype

Circadian

Constant Routine

CRS
CT

DASS-21

DD

DE-type
daf

Dimerise

95% confidence interval

Accident Compensation Corporation
Actual sleep time

Actual sleep time percentage

One of the different forms of a gene that can exist at a single locus

The difference between the maximum and minimum points of a
biological rhythm

6-sulfatoxymelatonin; the urinary metabolite of melatonin

Analysis of Variance

Analysis of Covariance
Advanced Sleep Phase Syndrome
Assumed sleep time

Area under the curve

An allele that masks the expression of another allele

Body Mass Index
Bed Time
Core Body Temperature

A linear end-to-end arrangement of genes and other DNA, sometimes
with associated proteints and DNA

The study of biological clocks
A circadian phenotype

Latin for 'about a day'. Refers to self-sustaining rhythms which have a
periodicity of approximately 24-hours

A study design used to examine endogenous rhythms free of the masking
effects of sleep, posture, activity, and meals

Contact record sheet
Circadian time

The short form of the Depression, Anxiety, and Stress Scale (DASS)

Dark/Dark cycle. Refers to the use of two dark periods within one cycle
and is the experimental manipulation of constant conditions

Definitely Evening-Type
Degrees of freedom

The chemical union of two identical molecules

Xvi



Diurnal
DLMO

DLMO20%

DLMO25

DLMOS0

DLMOff

DLMOff25

DLMOfTf50
DM-type
DNA
ECART
EEG

EMG

Entrainment

EOG
Epoch

ERMA
ESS

ESR

E-type
F

False negative

FASPS
FGP
Fragln

Day-active
The Dim Light Melatonin Onset

The Dim Light Melatonin Onset defined as 20% of maximum melatonin

concentration for that individual

The Dim Light Melatonin Onset defined as 25% of maximum melatonin
concentration for that individual

The Dim Light Melatonin Onset defined as 50% of maximum melatonin
concentration for that individual
The Dim Light Melatonin Offset
The Dim Light Melatonin Offset defined as 25% of maximum melatonin
concentration for that individual
The Dim Light Melatonin Offset defined as 50% of maximum melatonin

concentration for that individual

Definitely morning-type
Deoxyribose nucleic acid

The Ethics Committee on Assisted Reproductive Technology

Electroencephalogram
Electromyogram

The process of synchonisation of a self-sustaining rhythm to the
environmental light/dark cycle

Electrooculogram
A measure of duration of a sleep measurement

The Environmental Management Authority
The Epworth Sleepiness Scale

The Environmental Science and Research Limited
Evening-Type

F-statistic

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

Familial Advanced Sleep Phase Syndrome

Focus Group Participants
Movement and Fragmentation Index

XVil



Free run

GATT
GE
GM
GUT

Heterozygous

Homozygous

HRC

Heterodimer
HIOM
HTIF

HSNO

HRCEC
HUGO
ICSD

in vitro

IQR
IVF
KI

Knock-out

KMR
KSS
K-W

LD

Linkage analysis

Locus

Logl10
LOWESS

The state of a circadian rhythm under constant conditions (i.e. DD); A
circadian rhythm that is not entrianed to zeitgebers and therefore is
running at its endogenous period length

General Agreement on Tarriff and Trade
Genetic Engineering

Genetic Modificaiton

Get Up Time

A gene pair having different alleles in both copies e.g. AA or aa
A gene pair having identical alleles in both copies e.g. AA or aa

The Health Research Council of New Zealand

A complex of two different proteins
Hydroxyindole-O-methyltransferase

The Human Time Isolation Facility
Hazardous Substances and New Organisms

The Health Research Council Ethics Committee
The Human Genome Organisation

The International Classification of Sleep Disorders

Latin for 'in glass'. An experimental situation ouside the organism

Interquartile Range

in vitro fertilisation

Key-informant

The process of purposely removing a particular gene or trait from an
organism

Kaupapa Maori Research

Karolinska Sleepiness Scale

Kruskal-Wallis test

The light/dark cycle (i.e. a fixed schedule most commonly 12 hours light
and 12 hours dark)

A mathematical procedure that analyses meiotic recombination
frequencies between pairs of genes to determine whether two loci are
linked and, if so, how closely

The position of a gene, DNA marker or genetic marker on a chromosome

Log to base 10
Locally Weighted Scatterplot Smooth
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Lux

MActSc

Masking

MelStart

MelEnd

MEQ

MEQ1

MEQ?2

Metazoan

MOU

mRNA

MSIpEff
Mutation

NAT
NEAC

Night work

NKTT

non-REM

Nucleotide

The measure of light intensity which is based on the spectural sensitivity
distribution of rods and cones

The Mean Activity Score

The concealment or alteration of a self-sustaining rhythm by
environmental or behavioural factors (i.e. light, posture, meals, sleep)

Melatonin Start Time. Represents the first detectable melatonin level
Melatonin End Time. Represents the last detectable melatonin level
The Horne and Ostberg Morningness/Eveningness Questionnaire
MEQ scoring criteria developed by Horne and Ostberg (1976)

MEQ scoring criteria developed by Taillard and colleagues (2004)

An animal whose body consists of cells that are separated into different
parts such as tissues and organs. All animals except for sponges and
protozoans are classified as metazoans.

Memorandum of Understanding

An RNA molecule transcribed from the DNA of a gene, and from which
a protein is translated by the action of ribosomes. The basic funtion of
the nucleotide sequence of mRNA is to determine the amino acid
sequence

Mean Sleep Efficiency

The process producing a gene or a chromosome differing from the wild-
type

n-acetyltransferase

The National Ethics Advisory Committee

A pattern of work which involves working for at least 3 hours between
midnight and 5am

Nga Kaihautu Tikanga Taiao (The Maori Advisory Committee of
ERMA)

non-Rapid Eye Movement
A subunit that polymerises into nucleic acids (DNA or RNA). Each

nucleotide consists of a nitrogenous base, a sugar and one to three
phosphate groups
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Null allele

NZDep
OR

Orthologous

OSA
OSAS

Period
pg/ml
Phase

Phase angle

Phase advance
Phase delay

Phase marker

Phase shift

Phenotype

Phosphorylate

Photoperiod
pM

Polymorphism

Prevalence

PRC

PSG

PSQI

An allele whose effect is either an absence of normal gene product at the
molecular level or an absence of normal function at the phenotypic level

The New Zealand Deprivation Index
Odds Ratio
Genes that have evolved directly from an ancestral gene

Obstructive Sleep Apnoea
Obstructive Sleep Apnoea Syndrome

The time interval between recurrances of a defined phase of a rhythm
picograms per millilitre

The position of the circadian clock in its cycle

The difference in time or degrees between the phase of one rhythm and
the phase of another rhythm or environmental cycle

An earlier relative phase position
A later relative phase position

Any identifiable point in the cycle of a thythm (e.g. maximum or
minimum)

The process of moving the phase position of the circadian clock to an
earlier (phase advance) or later (phase delay) clock time

The detectable outward manifestation of a specific genotype; the
observable attributes of an organism

To add phosphate e.g. to a protein to alter its function

The duration of light in a light/dark cycle
picomolar units

The occurance in a population (or among populations) of several

phenotypic forms associated with alleles of one gene or homologues of
one chromosome

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

Phase Response Curve

Polysomnography, the gold standard measure of sleep consisting of
EEG, EOG and EMG channels

The Pittsburgh Sleep Quality Index
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p-value

PVT

REM
RCoGM

RNA
RR
REML
RIA
SBC
SCN
SD
Shift work
SIpEff
SIlpEnd
SIpSt

SNP

SQRT

Subjective day

Subjective night

S-W

SWA
SWRC
SWS
TActSlp
TAssSIp
TIB
TMActSc
TMFragln
t

Tmin

Transactivation

A statement of the probability that the difference observed could have
occurred by chance, reflecting the statistical significance of the result

The Psychomotor Vigilance Task
Correlation coefficient
Rapid Eye Movement

The Royal Commission on Genetic Modification

Ribonucleic acid

Response Rate

Residual Maximum Likelihood estimation
Radioimmunoassay

Schwarz-Bayesian Criteria
Suprachiasmatic Nucleus

Standard Deviation

Any work that forces sleep to be displaced
Sleep Efficiency

Sleep End Time

Sleep Start Time

Single Nucleotide Polymorphism; DNA sequce variation that occurs
when a single nucleotide (A, T, C, or G) in the genome sequence is
altered

Square Root Transformation

The light portion of the LD cycle for diurnal species and the dark portion
of the LD cycle for nocturnal species

The dark portion of the LD cycle for diurnal species and the light portion
of the LD cycle for nocturnal species

Shapiro-Wilk Test

Slow Wave Activity

The Sleep/Wake Research Centre

Slow Wave Sleep

Total Actual Sleep Time

Total Assumed Sleep Time

Time in Bed

Total Mean Activity Score

Total Movement and Fragmentation Indec
The #-statistic

The minimum of the core body temperture rhythm

The stimulation of transcription by a transcription factor binding to DNA
and activating adjacent proteins
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Transcription

Transcription
factor

Translation

The Treaty of
Waitangi

TTiB

Wild-type

WTO

2
X

Y=a+b*X

Zeitgeber

7T

The process whereby RNA is synthesised from a DNA template

A protein that binds to a cis-regulatory elements and thereby, directly or
indirectly, affects the initiation of transcription

The process of protein synthesis whereby the primary structure of the
protein is determined by the nucleotide sequence in mRNA

The founding document of New Zealand signed in 1840 by some Maori
chiefs and representatives of the Crown

Total Time in Bed

A strain or characteristic which prevails in natural conditions, as distinct
from an atypical mutant

The World Trade Organisation
Chi-square

The regression equation. The Y variable can be expressed in terms of a
constant (a) and a slope (b) times the X variable. The constant is also
referred to as the intercept, and the slope as the regression coefficient or
B coefficient.

German for time giver. External stimuli that provide time cues for the
synchronisation of the circadian clock

Zeitgeber Time
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MAORI TERMS

Aotearoa

Aroha
Atua

Ea

Hapii
Hawaaiki
Hinengaro

Hine-nui-te-Po

Hui

Iwi

Ira tangata
Kai

Kanohi kitea
Kainga
Kaitiaki
Kaitiakitanga
Kaupapa
Kaumatua
Kawa

Mana
Manaakitanga

Mana motuhake

Mana tangata
Mana
whakahaere

Mana whenua
Manuhiri

Marae

Mataatua

Matauranga

Maui

Mauri
Mihimihi

New Zealand; the land of the long white cloud

Love

Gods, deity

The successful restoration of relationships
Sub-tribe

Ancestral homeland

Psyche; the mental state

Originally named Hinetitama; in Maori mythology she is the great
woman of the place of the departed spirits

Gathering

Tribe

Human element; gene

Food

The face seen

Home

Guardian

Guardianship

Foundation; base; philosophy
Elder

Protocol

Authority; presitge; power
Hospitality; an expected state of behaviour

Separate authority; effective outcomes and evidence of benefit
Dignity; safety; mutuality
Collaboration; control

The tribe who hold the authority of the area
Guests

A complex of buildings and the surrounding land; a focal point for a
sub-tribe

Maori for 'the face of god'; one of the canoe which brought Maori to
Aotearoa/New Zealand

Knowledge

A special force within Maori mythology who was responsible for many
great feats including the fishing up of the North Island of Aotearoa/New

Zealand

Life essence
Greeting



Nga Wahine Tiaki
ote Ao

Ngati Kahungunu

Nga Kaihautu
Tikanga Taiao

Ngati Porou

Ngati Rongo
Ngai Tahu
Noa

Pakeha
Pono
Powhiri

Rangatahi
Rangatira

Ranginui
Rongoa Maori
Rongokarae

Ruatoki
Tangata whenua
Tane

Tane

Taonga

Tapu

Tauarau

Tauranga-Moana
Te a0 marama
Te ao Maori

Te ao turoa

Te hohonutanga

Te Kopere

Te Mahurehure
Te maramatanga
Te reo

Te Pumanawa
Hauora

Te Ropu
Rangahau Hauora
a Eru Pomare

Guardians of our world; a group of Maori women concerned with
genetic engineering and the future of our world

The tribe located in Hawkes Bay to Wairarapa

The Maori Advisory Committee of the Environmental Risk
Management Authority

The tribe located on the East Coast of the North Island

A sub-tribe of Ttuhoe
The tribe located in the South Island
The restoration of balance

Person of predominately European descent; not Maori
True; genuine
The traditional practice of welcoming guests

Youth
Chief; noble status

The sky father; a god personified in the sky
Traditional medicine and healing practices
The ancestor of the Ngati Rongo hapii of Tithoe

Settlement in Te Urewera

People of the land; indigenous people
Man

Men

A treasured possession

Sacred

The marae belonging to the Ngati Rongo hapt of Tihoe

Tauranga, Bay of Plenty
Maori for 'the world of light'
The Maori world

The natural world

In depth

The Maori Caucus of the Constructive Conversations Project

A sub-tribe of Tuhoe
Understanding; enlightenment
The Maori language

The Maori Health Research Centre at Massey University

The Eru Pomare Maori Health Research Centre at the Wellington
School of Medicine and Health Sciences
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Te Runanga o
Ngai Tahu

Te Ture Whenua
Act

Te Urewera

Te Whakatane
Te whanuitanga
Tiaki

Tika

Tikanga
Tinana

Tino
rangatiratanga
Tipuna

Tihoe

Wahine
Wahine
Waikaremoana
Wairoa
Wananga
Waka
Whangai
Wairua
Whakapapa

Whakatane

Whanau

Whanaungatanga

Utu

The Ngai Tahu tribal authority

The Maori Land Act

Lands belonging to the Tthoe people
A sub-tribe of Tuihoe

Outwards

Guard; protect

Right; correct

Cultural practices

Body

Self-determination; sovereignty; absolute chieftenship

Ancestor

The tribe of Te Urewera
Woman

Women

Maori for 'the sea of rippling waters';, a lake in Te Urewera

Town, Hawkes Bay

Schools of learning; discussions
Canoe

Foster child

Spiritual essence

Genealogy

City, Bay of Plenty. Landing place of the Mataatua waka
Family; extended family
Expressions of support; love within a family

Compensation; revenge; reciprocity
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