
Contents
Preface xi
Acknowledgments xiii
List of Abbreviations XV

A. HISTORY & METHODS

1. Introduction to Sleep Research 3
1.1 Overview 3

2.6 Issues related to laboratory sleep studies 28

2.7 Other methods of studying sleep 30

1.2 Why sleep? 3

1.3 Early research on sleep 5

1.4 Dreams and REM sleep 8

2. Methods for Sleep Research 15
2.1 Overview 15

2.2 Measuring sleep 15

2.3 Stages of sleep 18

2.4 Sources of EEG patterns 23

2.5 The rhythms of sleep 25

3. History and Methods of Circadian 
Rhythms Research 35

3.1 Overview 35

3.2 A short history of circadian rhythms 
research 35

3.3 Studying circadian rhythms 37

3.4 Masking effects 42

3.5 Studying human circadian rhythms 43

3.6 Impacts of laboratory environments 45

B. FACTORS AFFECTING SLEEP

4. Sleep Across the Human Lifespan 51
4.1 Overview 51

4.2 Sleep in infants 51

4.3 Sleep in childhood 55

4.4 Sleep in adolescence 58

4.5 Sleep in adult women 68

4.6 Sleep in adulthood and aging 70

4.7 Challenges in studying aging effects on 
sleep 76

5. Homeostatic and Circadian Regulation 
of SIeep 84

5.1 Overview 84

5.3 Homeostatic regulation of sleep and slow-wave 
activity 86

5.4 Alternatives to homeostatic regulation 94

5.5 Homeostatic regulation of REM sleep 100

5.6 Models of REM sleep regulation 104

5.7 The two-process model of sIeep regulation 107

6. Cultural and Environmental Effects on 
Sleep 118

6.1 Overview 118

6.2 Cultural, social, and geographic influences on 
sleep 118

6.3 Cultural anthropology of sleep 120

6.4 Control of lighting 122
5.2 Homeostasis 84



• 0 •

VIII Contents

6.5 Observational and experimental studies of
sleep in preindustrial societies 125

6.6 Sleep patterns over recent decades 128

6.7 The co-sleeping controversy 131

Sleep in Other Species 138
Overview 138

7.2 Measuring sleep across species 138

7.3 Sleep in invertebrates 142

7.4 Differences in sleep patterns among 
mammals 143

7.5 Unihemispheric sleep 151

7.6 Seasonal changes in sleep 158

C. PHYSIOLOGICAL MECHANISMS

8. Suprachiasmatic Nuclei, Sleep, and 
Aging 167

8.1 Overview 167

8.2 Physiological mechanisms generating daily 
rhythms 167

8.3 Role of the SCN in sleep regulation 179

8.4 Role of the circadian system in aging effects on 
sleep 183

8.5 Are older people less affected by sleep 
loss? 190

9. Pineal Gland and Melatonin 206
9.1 Overview 206

9.2 The pineal gland and the circadian system 206

9.3 Seasonal physiological regulation: a model for 
melatonin's function 210

9.4 Melatonin as a chronobiotic 212

9.5 Melatonin and sleep 215

9.6 Clinical uses of melatonin 223

9.7 Melatonin and circadian amplitude 227

9.8 Cautions in the use of melatonin 231

10. Brainstem Regulation of Sleep and 
Waking 240

10.1 Overview 240

10.2 States of arousal 240

10.3 Norepinephrine 243

10.5 Serotonin 249

10.6 Brainstem glutamate and GABA systems 254

10.7 Pontine acetylcholine 255

10.8 Acting out one's dreams 260

11. Forebrain Regulation of Sleep and 
Waking 266

11.1 Overview 266

11.2 Tuberomammillary nucleus and histamine 266

11.3 Lateral hypothalamus 270

11.4 Preoptic area 281

11.5 Basal forebrain nuclei and acetylcholine 283

11.6 Adenosine, astrocytes, and sleep 
homeostasis 286

11.7 Other physiological regulators of sleep 291

11.8 Overview of forebrain systems involved in 
sleep regulation 293

12. Thalamocortical Mechanisms 301
12.1 Overview 301

12.2 Generating cortical rhythms 301

12.3 Information processing during sleep 309

12.4 Sleep protection and information 
processing in NREM sleep 315

12.5 Modulation of awareness during sleep 319

12.6 Sleep as a local cortical phenomenon 323

10.4 Dopamine 245



Contents | ix

D. IMPACTS OF SLEEP DURATION & QUALITY

13. Behavioral Effects of Inadequate 
Sleep and Shift Work 337

13.1 Overview 337

13.2 How much sleep do you need? 337

13.3 Sleep loss and sustained attention 340

13.4 Individual differences in response to sleep
loss 349

13.5 Sleep loss, circadian phase, and 
performance 353

13.6 Banking effects of sleep duration 356

13.7 Sleep loss and executive task performance 357

13.8 Effects of sleep loss on emotional regulation 
and perception 360

13.9 Adverse work hours and shift work 363

13.10 Physiological effects of jet lag and shift 
work 367

14. Sleep and Human Health, Part A 381
14.1 Overview 381

14.3 Effects of “total" sleep deprivation 384

14.4 Studying effects of sleep duration 389

14.5 Sleep-disordered breathing 393

14.6 Sleep, metabolic syndrome, and glucose 
regulation 393

14.7 Sleep and body weight regulation 398

14.8 Sleep and vascular disease 406

14.9 Sleep and the immune system 410

15. Sleep and Human Health, Part B 421
15.1 Overview 421

15.2 Sleep and pain 421

15.3 Sleep, anxiety, and mood disorders 424

15.4 Sleep and schizophrenia 431

15.5 Sleep and Alzheimer's disease 435

15.6 Sleep and mortality risk 442

15.7 Why long and short sleep are related to illness 
and mortality risk 447

14.2 Studying sleep deprivation 381

E. FUNCTIONS OF SLEEP

16. Models of the Functions of Sleep 461
16.1 Overview 461

16.2 Ecological/circadian models 461

16.3 Physiological models 464

17. The Role of Sleep in Memory 468
17.1 Overview 468

17.2 Introduction to sleep and memory 468

17.3 Studying how sleep affects memory 471

17.4 Explicit (declarative) learning 475

17.5 REM sleep, emotional content, and 
memory 478

17.6 Sensory/perceptual learning 480

17.8 Separate or overlapping roles for NREM and 
REM sleep? 485

17.9 Modulators of sleep effects on memory 486

17.10 Sleep effects on memory over the lifespan 490

17.11 Insight and problem-solving during 
sleep 493

18. Physiology of Sleep Effects on 
Memory 501

18.1 Overview 501

18.2 Sleep and neural plasticity: long-term 
potentiation 501

18.3 Sleep and neural plasticity: visual cortex 503

18.4 Neural replay and plasticity 506

18.5 An aside on hippocampal neurogenesis, sleep, 
and depression 509

17.7 Motor/procedural learning 483



X | Contents

18.6 System-level consolidation in NREM sleep 510

18.7 Neural basis for motor skill learning 516

18.8 Spindles across the lifespan 517

18.9 Sleep spindles and intelligence 519

18.10 REM sleep and memory consolidation 520

18.11 Sensory enhancement of memory during 
sleep 523

18.12 Manipulating sleep EEG features to enhance 
memory 525

18.13 Neurochemical effects on sleep-related 
consolidation 528

18.14 Learning during sleep 530

18.15 Sleep effects on synaptic strength 533

19. Neural Plasticity and the Functions of 
Sleep 542

19.1 Overview 542

19.2 The involvement of sleep in neural plasticity 
and memory 542

19.3 Species differences 544

19.4 Epilogue on the functions of sleep 544

APPENDICES

Appendix A Dreaming and its 
Mechanisms in REM and 
NREM Sleep 549

A.1 Dreaming in REM and NREM sleep 549

A.2 Neurophysiological basis of dreaming 551

Appendix B Obstructive Sleep
Apnea 555

Appendix C Methods for Studying Neural 
Mechanisms Related to 
Sleep 558

C.2 Measuring neuronal activity during sleep 
stages 558

C.3 Manipulating neural functions chemically or 
electrically 559

C.4 Ablation (lesion) methods 560

C.5 Genetic methods to increase or decrease gene 
expression 560

C.6 Optogenetic methods 561

C.7 Pharmacogenetic methods 561

C.8 Studying clinical populations with 
neurotransmitter defects 561

Correlating neurotransmitter levels with sleep 
stages 558 Appendix D Narcolepsy, Influenza, and the

Immune System 563

Index 565


