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 This Thing Called Sleep
 
  



 

CHAPTER 1
 
 
 
 To Sleep . . .
 Do you think you got enough sleep this past week? Can you recall the last time you woke up without an alarm clock feeling refreshedlàm cho khỏe lại, not needing caffeinecafein? If the answer to either of these questions is “no,” you are not alone. Two-thirds of adults throughout all developed nations fail to obtainđạt được the recommended eight hours of nightlyhàng đêm sleep.I
 I doubt you are surprised by this fact, but you may be surprised by the consequenceskết quả. Routinely sleeping less than six or seven hours a night demolishes your immunemiễn dịch system, more than doubling your risk of cancer. Insufficient sleep is a key lifestylecách sống factor determiningxác định whether or not you will develop Alzheimer’s disease. Inadequate sleep—even moderatevừa phải reductionssự giảm bớt for just one week—disrupts blood sugar levels so profoundly that you would be classifiedđược phân loại as pre-diabetic. Short sleeping increases the likelihoodkhả năng of your coronaryhình vành arteriesđộng mạch becoming blocked and brittlegiòn, setting you on a path toward cardiovasculartim mạch disease, stroke, and congestivesung huyết heart failure. Fitting Charlotte Brontë’s prophetictiên tri wisdomkhôn ngoan that “a ruffledxù lông mind makes a restlessbồn chồn pillowcái gối,” sleep disruptiongián đoạn further contributesđóng góp to all major psychiatrictâm thần conditions, including depression, anxietysự lo lắng, and suicidality.
 Perhaps you have also noticed a desire to eat more when you’re tired? This is no coincidencetrùng hợp ngẫu nhiên. Too little sleep swellssưng lên concentrations of a hormonenội tiết tố that makes you feel hungryđói bụng while suppressingkìm nén a companionbạn đồng hành hormonenội tiết tố that otherwise signals food satisfaction. Despite being full, you still want to eat more. It’s a proven recipecông thức for weight gain in sleep-deficient adults and children alikenhư nhau. Worse, should you attempt to diet but don’t get enough sleep while doing so, it is futilevô tích sự, since most of the weight you lose will come from lean body mass, not fat.
 Add the above health consequenceskết quả up, and a proven link becomes easier to accept: the shorter your sleep, the shorter your life spannhịp. The old maximchâm ngôn “I’ll sleep when I’m dead” is therefore unfortunatethật không may. Adopt this mind-set, and you will be dead sooner and the quality of that (shorter) life will be worse. The elasticđàn hồi band of sleep deprivationtước đoạt can stretch only so far before it snaps. Sadly, human beings are in fact the only speciesgiống loài that will deliberatelythong thả deprivetước đoạt themselves of sleep without legitimatehợp pháp gain. Every componentthành phần of wellnessgiữ gìn sức khỏe, and countlessvô số seamsđường may of societalxã hội fabricvải vóc, are being erodedxói mòn by our costlytốn kém state of sleep neglect: human and financial alikenhư nhau. So much so that the World Health Organization (WHO) has now declared a sleep loss epidemicbệnh dịch throughout industrializedcông nghiệp hóa nations.II It is no coincidencetrùng hợp ngẫu nhiên that countries where sleep time has declined most dramatically over the past century, such as the US, the UK, Japan, and South Korea, and several in western Europe, are also those suffering the greatest increase in rates of the aforementionednói trên physical diseases and mental disorders.
 Scientists such as myself have even started lobbyingsảnh doctors to start “prescribing” sleep. As medical advice goes, it’s perhaps the most painlesskhông đau and enjoyablethú vị to follow. Do not, however, mistake this as a plealời thú tội to doctors to start prescribing more sleeping pills—quite the opposite, in fact, considering the alarming evidence surrounding the deleteriouscó hại health consequenceskết quả of these drugs.
 But can we go so far as to say that a lack of sleep can kill you outrightngay? Actually, yes—on at least two counts. First, there is a very rare geneticdi truyền disorder that starts with a progressivecấp tiến insomniamất ngủ, emergingmới nổi in midlifetuổi trung niên. Several months into the disease course, the patient stops sleeping altogether. By this stage, they have started to lose many basic brain and body functions. No drugs that we currently have will help the patient sleep. After twelve to eighteen months of no sleep, the patient will die. Though exceedinglyhết sức rare, this disorder assertskhẳng định that a lack of sleep can kill a human being.
 Second is the deadlychết người circumstance of getting behind the wheel of a motor vehicle without having had sufficient sleep. Drowsy driving is the cause of hundreds of thousands of traffic accidents and fatalitiestử vong each year. And here, it is not only the life of the sleep-deprived individuals that is at risk, but the lives of those around them. Tragically, one person dies in a traffic accident every hour in the United States due to a fatigue-related error. It is disquietingkhông yên to learn that vehicularxe cộ accidents caused by drowsybuồn ngủ driving exceed those caused by alcohol and drugs combined.
 Society’s apathythờ ơ toward sleep has, in part, been caused by the historicmang tính lịch sử failure of science to explain why we need it. Sleep remained one of the last great biologicalsinh học mysteriesbí ẩn. All of the mightyhùng mạnh problem-solving methods in science—genetics, molecularphân tử biologysinh vật học, and high-powered digital technology—have been unable to unlockmở khóa the stubbornbướng bỉnh vaultkho tiền of sleep. Minds of the most stringentnghiêm khắc kind, including Nobel Prize–winner Francis Crick, who deducedsuy ra the twisted-ladder structure of DNA, famednổi tiếng Roman educatornhà giáo dục and rhetoriciannhà hùng biện Quintilian, and even Sigmund Freud had all tried their hand at decipheringgiải mã sleep’s enigmaticbí ẩn code, all in vainhão huyền.
 To better frame this state of prior scientific ignorancethiếu hiểu biết, imagine the birth of your first child. At the hospital, the doctor enters the room and says, “Congratulations, it’s a healthy baby boy. We’ve completed all of the preliminarysơ bộ tests and everything looks good.” She smiles reassuringly and starts walking toward the door. However, before exitinglối ra the room she turns around and says, “There is just one thing. From this moment forthra, and for the rest of your child’s entire life, he will repeatedly and routinely lapsetrôi đi into a state of apparentrõ ràng comahôn mê. It might even resemblegiống death at times. And while his body lies still his mind will often be filled with stunningkinh ngạc, bizarrekỳ dị hallucinationsảo giác. This state will consume one-third of his life and I have absolutely no idea why he’ll do it, or what it is for. Good luck!”
 Astonishing, but until very recently, this was reality: doctors and scientists could not give you a consistent or complete answer as to why we sleep. Consider that we have known the functions of the three other basic drives in life—to eat, to drink, and to reproduce—for many tens if not hundreds of years now. Yet the fourth main biologicalsinh học drive, common across the entire animal kingdom—the drive to sleep—has continued to eludelảng tránh science for millennia.
 Addressing the question of why we sleep from an evolutionarytiến hóa perspectiveluật xa gần only compoundshợp chất the mysterybí ẩn. No matter what vantage point you take, sleep would appear to be the most foolishkhờ dại of biologicalsinh học phenomenahiện tượng. When you are asleepngủ, you cannot gather food. You cannot socializexã hội hóa. You cannot find a mate and reproducetái sản xuất. You cannot nurturedưỡng dục or protect your offspringcon cháu. Worse still, sleep leaves you vulnerabledễ bị tổn thương to predationăn thịt. Sleep is surely one of the most puzzlingkhó hiểu of all human behaviors.
 On any one of these grounds—never mind all of them in combination—there oughtnên to have been a strong evolutionarytiến hóa pressure to prevent the emergencesự xuất hiện of sleep or anything remotelytừ xa like it. As one sleep scientist has said, “If sleep does not serve an absolutely vitalthiết yếu function, then it is the biggest mistake the evolutionarytiến hóa process has ever made.”III
 Yet sleep has persistedkiên trì. Heroically so. Indeed, every speciesgiống loài studied to date sleeps.IV This simple fact establishes that sleep evolvedphát triển with—or very soon after—life itself on our planet. Moreover, the subsequenttiếp theo perseverancekiên trì of sleep throughout evolutionsự tiến hóa means there must be tremendousto lớn benefits that far outweighlớn hơn all of the obviousrõ ràng hazardsnguy hiểm and detrimentsbất lợi.
 Ultimately, asking “Why do we sleep?” was the wrong question. It impliedbao hàm, ngụ ý there was a single function, one holythánh thiện grailchén thánh of a reason that we slept, and we went in search of it. Theories ranged from the logicalhợp lý (a time for conservingbảo tồn energy), to the peculiarkỳ lạ (an opportunity for eyeballnhãn cầu oxygenationoxy hóa), to the psychoanalytic (a non-conscious state in which we fulfill repressedkìm nén wishes).
 This book will reveal a very different truth: sleep is infinitelyvô tận more complex, profoundly more interesting, and alarmingly more health-relevant. We sleep for a rich litanykinh cầu nguyện of functions, plural—an abundantdồi dào constellationchòm sao of nighttimeban đêm benefits that service both our brains and our bodies. There does not seem to be one major organđàn organ within the body, or process within the brain, that isn’t optimally enhancednâng cao by sleep (and detrimentallybất lợi impairedkhiếm khuyết when we don’t get enough). That we receive such a bountytiền thưởng of health benefits each night should not be surprising. After all, we are awake for two-thirds of our lives, and we don’t just achieve one useful thing during that stretch of time. We accomplishhoàn thành myriadvô số undertakings that promote our own well-being and survival. Why, then, would we expect sleep—and the twenty-five to thirty years, on average, it takes from our lives—to offer one function only?
 Through an explosionvụ nổ of discoveries over the past twenty years, we have come to realize that evolutionsự tiến hóa did not make a spectacularhùng vĩ blundersai lầm in conceivingtưởng tượng of sleep. Sleep dispensesphân chia a multitudevô số of health-ensuring benefits, yours to pick up in repeat prescriptionđơn thuốc every twenty-four hours, should you choose. (Many don’t.)
 Within the brain, sleep enriches a diversityđa dạng of functions, including our ability to learn, memorizeghi nhớ, and make logicalhợp lý decisions and choices. Benevolently servicing our psychologicaltâm lý health, sleep recalibrates our emotional brain circuitsmạch, allowing us to navigateđiều hướng next-day social and psychologicaltâm lý challenges with cool-headed composuređiềm tĩnh. We are even beginning to understand the most imperviouskhông thấm nước and controversialgây tranh cãi of all consciousbiết rõ experiences: the dream. Dreaming provides a uniqueđộc nhất suiteThượng hạng of benefits to all speciesgiống loài fortunatemay mắn enough to experience it, humans included. Among these gifts are a consolingan ủi neurochemicalhóa học thần kinh bath that mollifies painful memories and a virtualảo reality space in which the brain meldspha trộn past and present knowledge, inspiring creativitysáng tạo.
 Downstairs in the body, sleep restocksbổ sung the armorykho vũ khí of our immunemiễn dịch system, helping fight malignancybệnh ác tính, preventing infection, and wardingphường off all manner of sicknessbệnh tật. Sleep reformscải cách the body’s metabolictrao đổi chất state by fine-tuning the balance of insulininsulin and circulatinglưu hành glucoseđường. Sleep further regulatesquy định our appetitethèm ăn, helping control body weight through healthy food selection rather than rashphát ban impulsivity. Plentiful sleep maintains a flourishinghưng thịnh microbiome within your gutruột from which we know so much of our nutritionaldinh dưỡng health begins. Adequate sleep is intimatelymật thiết tied to the fitnesssự thích hợp of our cardiovasculartim mạch system, lowering blood pressure while keeping our hearts in fine condition.
 A balanced diet and exercise are of vitalthiết yếu importance, yes. But we now see sleep as the preeminentưu việt force in this health trinityba ngôi. The physical and mental impairmentssuy giảm caused by one night of bad sleep dwarfquỷ lùn those caused by an equivalent absence of food or exercise. It is difficult to imagine any other state—natural or medically manipulated—that affords a more powerful redressingbồi thường of physical and mental health at every level of analysis.
 Based on a rich, new scientific understanding of sleep, we no longer have to ask what sleep is good for. Instead, we are now forced to wonder whether there are any biologicalsinh học functions that do not benefit by a good night’s sleep. So far, the results of thousands of studies insist that no, there aren’t.
 Emerging from this research renaissancephục hưng is an unequivocalrõ ràng message: sleep is the single most effective thing we can do to resetcài lại our brain and body health each day—Mother Nature’s best effort yet at contra-death. Unfortunately, the real evidence that makes clear all of the dangers that befallxảy ra individuals and societies when sleep becomes short have not been clearly telegraphedđiện báo to the public. It is the most glaringtrừng mắt nhìn omissionbỏ sót in the contemporaryđồng thời health conversation. In response, this book is intended to serve as a scientifically accurate interventionsự can thiệp addressing this unmetchưa được đáp ứng need, and what I hope is a fascinatinglôi cuốn journey of discoveries. It aims to revise our cultural appreciationsự đánh giá of sleep, and reverse our neglect of it.
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 Personally, I should note that I am in love with sleep (not just my own, though I do give myself a non-negotiable eight-hour sleep opportunity each night). I am in love with everything sleep is and does. I am in love with discovering all that remains unknown about it. I am in love with communicating the astonishingkinh ngạc brilliancesáng chói of it to the public. I am in love with finding any and all methods for reunitingđoàn tụ humanitynhân loại with the sleep it so desperatelytuyệt vọng needs. This love affair has now spannednhịp a twenty-plus-year research career that began when I was a professor of psychiatrytâm thần học at Harvard Medical School and continues now that I am a professor of neurosciencekhoa học thần kinh and psychologytâm lý at the University of California, Berkeley.
 It was not, however, love at first sight. I am an accidentaltình cờ sleep researcher. It was never my intentý định to inhabittrú ngụ this esotericbí truyền outerbên ngoài territorylãnh thổ of science. At age eighteen I went to study at the Queen’s Medical Center in England: a prodigiousphi thường institutehọc viện in Nottingham boastingkhoác lác a wonderful band of brain scientists on its facultykhoa. Ultimately, medicine wasn’t for me, as it seemed more concernedlo âu with answers, whereas I was always more enthralledsay mê by questions. For me, answers were simply a way to get to the next question. I decided to study neurosciencekhoa học thần kinh, and after graduating, obtainedđạt được my PhD in neurophysiologysinh lý thần kinh supported by a fellowshiptình bằng hữu from England’s Medical Research Council, London.
 It was during my PhD work that I began making my first real scientific contributions in the field of sleep research. I was examining patterns of electrical brainwavesóng não activity in older adults in the early stages of dementiamất trí nhớ. Counter to common belief, there isn’t just one type of dementiamất trí nhớ. Alzheimer’s disease is the most common, but is only one of many types. For a number of treatment reasons, it is critical to know which type of dementiamất trí nhớ an individual is suffering from as soon as possible.
 I began assessingđánh giá brainwavesóng não activity from my patients during wake and sleep. My hypothesisgiả thuyết: there was a uniqueđộc nhất and specific electrical brain signaturechữ ký that could forecastdự báo which dementiamất trí nhớ subtype each individual was progressing toward. Measurements taken during the day were ambiguousmơ hồ, with no clear signaturechữ ký of difference to be found. Only in the nighttimeban đêm ocean of sleeping brainwavessóng não did the recordings speak out a clear labeling of my patients saddeningbuồn bã disease fateđịnh mệnh. The discovery proved that sleep could potentially be used as a new early diagnosticchẩn đoán litmusgiấy quỳ test to understand which type of dementiamất trí nhớ an individual would develop.
 Sleep became my obsessionnỗi ám ảnh. The answer it had provided me, like all good answers, only led to more fascinatinglôi cuốn questions, among them: Was the disruptiongián đoạn of sleep in my patients actually contributingđóng góp to the diseases they were suffering from, and even causing some of their terrible symptoms, such as memory loss, aggressionHiếu chiến, hallucinationsảo giác, delusionsảo tưởng? I read all I could. A scarcelyhầu như không believableđáng tin cậy truth began to emerge—nobody actually knew the clear reason why we needed sleep, and what it does. I could not answer my own question about dementiamất trí nhớ if this fundamentalcơ bản first question remained unansweredchưa được trả lời. I decided I would try to crack the code of sleep.
 I haltedtạm dừng lại my research in dementiamất trí nhớ and, for a post-doctoral position that took me across the Atlantic Ocean to Harvard, set about addressing one of the most enigmaticbí ẩn puzzlescâu đố of humanity—one that had eludedlảng tránh some of the best scientists in history: Why do we sleep? With genuinethành thật naïveté, not hubrisngạo mạn, I believed I would find the answer within two years. That was twenty years ago. Hard problems care little about what motivates their interrogatorsngười thẩm vấn; they meter out their lessons of difficulty all the same.
 Now, after two decadesthập kỷ of my own research efforts, combined with thousands of studies from other laboratories around the world, we have many of the answers. These discoveries have taken me on wonderful, privilegedđặc quyền, and unexpectedkhông ngờ tới journeys inside and outside of academia—from being a sleep consultanttư vấn for the NBA, NFL, and British Premier League football teams; to Pixar Animation, government agencies, and well-known technology and financial companies; to taking part in and helping make several mainstreamXu hướng television programs and documentariesphim tài liệu. These sleep revelationsmặc khải, together with many similar discoveries from my fellow sleep scientists, will offer all the proof you need about the vitalthiết yếu importance of sleep.
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 A final comment on the structure of this book. The chapters are written in a logicalhợp lý order, traversingđi qua a narrativechuyện kể arcvòng cung in four main parts.
 Part 1 demystifies this beguilingmê hoặc thing called sleep: what it is, what it isn’t, who sleeps, how much they sleep, how human beings should sleep (but are not), and how sleep changes across your life spannhịp or that of your child, for better and for worse.
 Part 2 details the good, the bad, and the deathlychết người of sleep and sleep loss. We will explore all of the astonishingkinh ngạc benefits of sleep for brain and for body, affirmingXác nhận what a remarkable Swiss Army knife of health and wellness sleep truly is. Then we turn to how and why a lack of sufficient sleep leads to a quagmirevũng lầy of ill health, disease, and untimelykhông kịp thời death—a wakeup call to sleep if ever there was one.
 Part 3 offers safe passage from sleep to the fantastical world of dreams scientifically explained. From peering into the brains of dreaming individuals, and precisely how dreams inspire Nobel Prize–winning ideas that transform the world, to whether or not dream control really is possible, and if such a thing is even wise—all will be revealed.
 Part 4 seats us first at the bedsideđầu giường, explaining numerous sleep disorders, including insomniamất ngủ. I will unpackgiải nén the obviousrõ ràng and not-so-obvious reasons for why so many of us find it difficult to get a good night’s sleep, night after night. A frankthẳng thắn discussion of sleeping pillsViên thuốc then follows, based on scientific and clinical datadữ liệu rather than hearsaytin đồn or branding messages. Details of new, safer, and more effective non-drug therapies for better sleep will then be advised. Transitioning from bedsideđầu giường up to the level of sleep in society, we will subsequently learn of the soberingnghiêm túc impactsự va chạm that insufficientkhông đủ sleep has in education, in medicine and health care, and in business. The evidence shatterslàm vỡ beliefs about the usefulnesssự hữu dụng of long waking hours with little sleep in effectively, safely, profitably, and ethicallyvề mặt đạo đức accomplishinghoàn thành the goals of each of these disciplines. Concluding the book with genuinethành thật optimisticlạc quan hope, I lay out a road map of ideas that can reconnect humanitynhân loại with the sleep it remains so bereftbị bỏ rơi of—a new vision for sleep in the twenty-first century.
 I should point out that you need not read this book in this progressivecấp tiến, four-part narrativechuyện kể arcvòng cung. Each chapter can, for the most part, be read individually, and out of order, without losing too much of its significancetầm quan trọng. I therefore invite you to consume the book in whole or in part, buffet-style or in order, all accordingtheo to your personal taste.
 In closing, I offer a disclaimertừ chối trách nhiệm. Should you feel drowsybuồn ngủ and fall asleepngủ while reading the book, unlike most authors, I will not be disheartenedchán nản. Indeed, based on the topic and content of this book, I am actively going to encourage that kind of behavior from you. Knowing what I know about the relationship between sleep and memory, it is the greatest form of flatterytâng bốc for me to know that you, the reader, cannot resist the urge to strengthen and thus remember what I am telling you by falling asleepngủ. So please, feel free to ebblên xuống and flow into and out of consciousnessý thức during this entire book. I will take absolutely no offense. On the contrarytrái ngược, I would be delighted.
 
 I. The World Health Organization and the National Sleep Foundation both stipulatequy định an average of eight hours of sleep per night for adults.
 II. Sleepless in America, National Geographic, http://channel.nationalgeographic.com/sleepless-in-america/episode/sleepless-in-america.
 III. Dr. Allan Rechtschaffen.
 IV. Kushida, C. Encyclopedia of Sleep, Volume 1 (Elsever, 2013).
 
  



 

CHAPTER 2
 
 
 
 Caffeine, Jet Lag, and Melatonin
 Losing and Gaining Control of Your Sleep Rhythm
 How does your body know when it’s time to sleep? Why do you suffer from jetmáy bay phản lực laglỗi after arriving in a new time zonevùng? How do you overcome jetmáy bay phản lực laglỗi? Why does that acclimatizationthích nghi với khí hậu cause you yet more jetmáy bay phản lực laglỗi upon returning home? Why do some people use melatoninmelatonin to combatchiến đấu these issues? Why (and how) does a cup of coffee keep you awakethức giấc? Perhaps most importantly, how do you know if you’re getting enough sleep?
 There are two main factors that determinequyết tâm when you want to sleep and when you want to be awakethức giấc. As you read these very words, both factors are powerfully influencing your mind and body. The first factor is a signal beamedchùm tia out from your internal twenty-four-hour clock located deep within your brain. The clock creates a cycling, day-night rhythmnhịp that makes you feel tired or alertbáo động at regular times of night and day, respectively. The second factor is a chemical substance that builds up in your brain and creates a “sleep pressure.” The longer you’ve been awakethức giấc, the more that chemical sleep pressure accumulatestích trữ, and consequentially, the sleepier you feel. It is the balance between these two factors that dictatesra lệnh how alertbáo động and attentivechú ý you are during the day, when you will feel tired and ready for bed at night, and, in part, how well you will sleep.
 GOT RHYTHM?
 Central to many of the questions in the opening paragraph is the powerful sculptingđiêu khắc force of your twenty-four-hour rhythmnhịp, also known as your circadiannhịp sinh học rhythmnhịp. Everyone generates a circadiannhịp sinh học rhythmnhịp (circa, meaning “around,” and dian, derivativephát sinh of diam, meaning “day”). Indeed, every living creature on the planet with a life spannhịp of more than several days generates this natural cycle. The internal twenty-four-hour clock within your brain communicates its daily circadiannhịp sinh học rhythmnhịp signal to every other region of your brain and every organđàn organ in your body.
 Your twenty-four-hour temponhịp độ helps to determinequyết tâm when you want to be awakethức giấc and when you want to be asleepngủ. But it controls other rhythmicnhịp nhàng patterns, too. These include your timed preferences for eating and drinking, your moods and emotions, the amount of urinenước tiểu you produce,I your corecốt lõi body temperature, your metabolictrao đổi chất rate, and the release of numerous hormonesnội tiết tố. It is no coincidencetrùng hợp ngẫu nhiên that the likelihoodkhả năng of breaking an Olympic record has been clearly tied to time of day, being maximaltối đa at the natural peak of the human circadiannhịp sinh học rhythmnhịp in the early afternoon. Even the timing of births and deaths demonstrateschứng minh circadiannhịp sinh học rhythmicitynhịp nhàng due to the marked swings in key life-dependent metabolictrao đổi chất, cardiovasculartim mạch, temperature, and hormonalnội tiết tố processes that this pacemakermáy trợ tim controls.
 Long before we discovered this biologicalsinh học pacemakermáy trợ tim, an ingeniouskhéo léo experiment did something utterly remarkable: stopped time—at least, for a plant. It was in 1729 when French geophysicistNhà địa vật lý Jean-Jacques d’Ortous de Mairan discovered the very first evidence that plants generate their own internal time.
 De Mairan was studying the leaflá cây movements of a speciesgiống loài that displayed heliotropismthuyết hướng sinh: when a plant’s leaves or flowers track the trajectoryquỹ đạo of the sun as it moves across the sky during the day. De Mairan was intriguedâm mưu by one plant in particular, called Mimosa pudica.II Not only do the leaves of this plant trace the archinguốn cong daytimeban ngày passage of the sun across the sky’s face, but at night, they collapse down, almost as though they had wiltedhéo rũ. Then, at the start of the following day, the leaves pop open once again like an umbrellaChiếc ô, healthy as ever. This behavior repeats each and every morning and evening, and it caused the famous evolutionarytiến hóa biologistnhà sinh vật học Charles Darwin to call them “sleeping leaves.”
 Prior to de Mairan’s experiment, many believed that the expanding and retractingrút lại behavior of the plant was solelycô độc determinedxác định by the corresponding rising and setting of the sun. It was a logicalhợp lý assumptiongiả thiết: daylightban ngày (even on cloudynhiều mây days) triggeredcò súng the leaves to open wide, while ensuingtiếp theo darkness instructeddạy the leaves to shut up shop, close for business, and fold away. That assumptiongiả thiết was shatteredvỡ tan by de Mairan. First, he took the plant and placed it out in the open, exposing it to the signals of light and dark associated with day and night. As expected, the leaves expanded during the light of day and retractedrút lại with the dark of night.
 Then came the geniusthiên tài twist. De Mairan placed the plant in a sealed box for the next twenty-four-hour period, plunginglao xuống it into total dark for both day and night. During these twenty-four hours of blacknesssự đen đủi, he would occasionally take a peeknhìn trộm at the plant in controlled darkness, observing the state of the leaves. Despite being cut off from the influence of light during the day, the plant still behaved as though it were being bathedtắm in sunlight; its leaves were proudly expanded. Then, it retractedrút lại its leaves as if on cuegợi ý at the end of the day, even without the sun’s setting signal, and they stayed collapsed throughout the entire night.
 It was a revolutionarycách mạng discovery: de Mairan had shown that a living organismsinh vật kept its own time, and was not, in fact, slave to the sun’s rhythmicnhịp nhàng commands. Somewhere within the plant was a twenty-four-hour rhythmnhịp generatormáy phát điện that could track time without any cuesgợi ý from the outside world, such as daylightban ngày. The plant didn’t just have a circadiannhịp sinh học rhythmnhịp, it had an “endogenousnội sinh,” or self-generated, rhythmnhịp. It is much like your heart drummingđánh trống out its own self-generating beat. The difference is simply that your heart’s pacemakermáy trợ tim rhythmnhịp is far faster, usually beating at least once a second, rather than once every twenty-four-hour period like the circadiannhịp sinh học clock.
 Surprisingly, it took another two hundred years to prove that we humans have a similar, internally generated circadiannhịp sinh học rhythmnhịp. But this experiment added something rather unexpectedkhông ngờ tới to our understanding of internal timekeeping. It was 1938, and Professor Nathaniel Kleitman at the University of Chicago, accompanied by his research assistant Bruce Richardson, were to perform an even more radicalcăn bản scientific study. It required a type of dedicationcống hiến that is arguablyđược cho là without match or comparison to this day.
 Kleitman and Richardson were to be their own experimentalthực nghiệm guineachuột lang pigs. Loaded with food and water for six weeks and a pair of dismantledtháo dỡ, high-standing hospital beds, they took a trip into Mammoth Cave in Kentucky, one of the deepest cavernshang động on the planet—so deep, in fact, that no detectablecó thể phát hiện sunlight penetratesxâm nhập its farthest reaches. It was from this darkness that Kleitman and Richardson were to illuminatechiếu sáng a striking scientific finding that would define our biologicalsinh học rhythmnhịp as being approximately one day (circadiannhịp sinh học), and not precisely one day.
 In addition to food and water, the two men brought a host of measuring devices to assessđánh giá their body temperatures, as well as their waking and sleeping rhythmsnhịp. This recording area formed the heart of their living space, flankedhông either side by their beds. The tall bed legs were each seated in a bucketGầu múc of water, castle-moat style, to discouragekhông khuyến khích the innumerablevô số small (and not so small) creatures lurkingẩn nấp in the depths of Mammoth Cave from joining them in bed.
 The experimentalthực nghiệm question facing Kleitman and Richardson was simple: When cut off from the daily cycle of light and dark, would their biologicalsinh học rhythmsnhịp of sleep and wakefulnesssự tỉnh táo, together with body temperature, become completely erraticthất thường, or would they stay the same as those individuals in the outside world exposed to rhythmicnhịp nhàng daylightban ngày? In total, they lasted thirty-two days in complete darkness. Not only did they aggregatetổng hợp some impressiveấn tượng facialtrên khuôn mặt hair, but they made two groundbreakingđột phá discoveries in the process. The first was that humans, like de Mairan’s heliotropecây vòi voi plants, generated their own endogenousnội sinh circadiannhịp sinh học rhythmnhịp in the absence of external light from the sun. That is, neither Kleitman nor Richardson descendedđi xuống into random spurtsbộc phát of wake and sleep, but instead expressed a predictableđoán trước được and repeating pattern of prolongedkéo dài wakefulnesssự tỉnh táo (about fifteen hours), paired with consolidatedcủng cố bouts of about nine hours of sleep.
 The second unexpected—and more profound—result was that their reliably repeating cycles of wake and sleep were not precisely twenty-four hours in length, but consistentlynhất quán and undeniably longer than twenty-four hours. Richardson, in his twenties, developed a sleep-wake cycle of between twenty-six and twenty-eight hours in length. That of Kleitman, in his forties, was a little closer to, but still longer than, twenty-four hours. Therefore, when removed from the external influence of daylightban ngày, the internally generated “day” of each man was not exactly twenty-four hours, but a little more than that. Like an inaccuratekhông chính xác wristwatchđồng hồ đeo tay whose time runs long, with each passing (real) day in the outside world, Kleitman and Richardson began to add time based on their longer, internally generated chronometry.
 Since our innatebẩm sinh biologicalsinh học rhythmnhịp is not precisely twenty-four hours, but thereaboutsgần đó, a new nomenclaturedanh pháp was required: the circadian rhythm—that is, one that is approximately, or around, one day in length, and not precisely one day.III In the seventy-plus years since Kleitman and Richardson’s seminaltinh dịch experiment, we have now determinedxác định that the average durationkhoảng thời gian of a human adult’s endogenousnội sinh circadiannhịp sinh học clock runs around twenty-four hours and fifteen minutes in length. Not too far off the twenty-four-hour rotationVòng xoay of the Earth, but not the precisechính xác timing that any self-respecting Swiss watchmakerthợ sửa đồng hồ would ever accept.
 Thankfully, most of us don’t live in Mammoth Cave, or the constant darkness it imposesáp đặt. We routinely experience light from the sun that comes to the rescue of our imprecisekhông chính xác, overrunningtràn ngập internal circadiannhịp sinh học clock. Sunlight acts like a manipulatingvận dụng finger and thumbngón cái on the side-dial of an imprecisekhông chính xác wristwatchđồng hồ đeo tay. The light of the sun methodicallycó phương pháp resetscài lại our inaccuratekhông chính xác internal timepieceđồng hồ each and every day, “winding” us back to precisely, not approximately, twenty-four hours.IV
 It is no coincidencetrùng hợp ngẫu nhiên that the brain uses daylightban ngày for this resettingcài lại purpose. Daylight is the most reliableđáng tin cậy, repeating signal that we have in our environment. Since the birth of our planet, and every single day thereaftersau đó without fail, the sun has always risen in the morning and set in the evening. Indeed, the reason most living speciesgiống loài likely adopted a circadiannhịp sinh học rhythmnhịp is to synchronizelàm cho đồng bộ themselves and their activities, both internal (e.g., temperature) and external (e.g., feeding), with the daily orbitalquỹ đạo mechanicscơ khí of planet Earth spinning on its axistrục, resulting in regular phases of light (sun facing) and dark (sun hiding).
 Yet daylightban ngày isn’t the only signal that the brain can latchchốt cửa on to for the purpose of biologicalsinh học clock resettingcài lại, though it is the principalhiệu trưởng and preferentialưu đãi signal, when present. So long as they are reliably repeating, the brain can also use other external cuesgợi ý, such as food, exercise, temperature fluctuationsdao động, and even regularly timed social interaction. All of these events have the ability to resetcài lại the biologicalsinh học clock, allowing it to strike a precisechính xác twenty-four-hour note. It is the reason that individuals with certain forms of blindnessmù lòa do not entirely lose their circadiannhịp sinh học rhythmnhịp. Despite not receiving light cuesgợi ý due to their blindnessmù lòa, other phenomenahiện tượng act as their resettingcài lại triggerscò súng. Any signal that the brain uses for the purpose of clock resettingcài lại is termed a zeitgeber, from the German “time giverngười cho” or “synchronizer.” Thus, while light is the most reliableđáng tin cậy and thus the primary zeitgeber, there are many factors that can be used in addition to, or in the absence of, daylightban ngày.
 The twenty-four-hour biologicalsinh học clock sitting in the middle of your brain is called the suprachiasmatic (pronouncedphát âm soo-pra-kai-as-MAT-ik) nucleusnhân tế bào. As with much of anatomical language, the name, while far from easy to pronouncephát âm, is instructionalhướng dẫn: supra, meaning above, and chiasm, meaning a crossing point. The crossing point is that of the opticquang học nerves coming from your eyeballsnhãn cầu. Those nerves meet in the middle of your brain, and then effectively switch sides. The suprachiasmatic nucleusnhân tế bào is located just above this intersectionngã tư for a good reason. It “samples” the light signal being sent from each eye along the opticquang học nerves as they head toward the back of the brain for visual processing. The suprachiasmatic nucleusnhân tế bào uses this reliableđáng tin cậy light information to resetcài lại its inherentvốn có time inaccuracysai to a crispsắc nét twenty-four-hour cycle, preventing any drifttrôi dạt.
 When I tell you that the suprachiasmatic nucleusnhân tế bào is composed of 20,000 brain cells, or neuronstế bào thần kinh, you might assume it is enormouslớn lao, consuming a vast amount of your cranialhộp sọ space, but actually it is tiny. The brain is composed of approximately 100 billion neuronstế bào thần kinh, making the suprachiasmatic nucleusnhân tế bào minusculecỡ nhỏ in the relative schemecơ chế of cerebralnão matter. Yet despite its staturetầm vóc, the influence of the suprachiasmatic nucleusnhân tế bào on the rest of the brain and the body is anything but meeknhu mì. This tiny clock is the central conductorNhạc trưởng of life’s biologicalsinh học rhythmicnhịp nhàng symphony—yours and every other living speciesgiống loài. The suprachiasmatic nucleusnhân tế bào controls a vast arraymảng of behaviors, including our focus in this chapter: when you want to be awakethức giấc and asleepngủ.
 For diurnalthuộc về Ban ngày speciesgiống loài that are active during the day, such as humans, the circadiannhịp sinh học rhythmnhịp activateskích hoạt many brain and body mechanismscơ chế in the brain and body during daylightban ngày hours that are designed to keep you awakethức giấc and alertbáo động. These processes are then ratchetedbánh cóc down at nighttimeban đêm, removing that alertingbáo động influence. Figure 1 shows one such example of a circadiannhịp sinh học rhythm—that of your body temperature. It represents average corecốt lõi body temperature (rectaltrực tràng, no less) of a group of human adults. Starting at “12 pm” on the far left, body temperature begins to rise, peaking late in the afternoon. The trajectoryquỹ đạo then changes. Temperature begins to decline again, dropping below that of the middaybuổi trưa start-point as bedtimegiờ đi ngủ approaches.
  Figure 1: Typical Twenty-Four-Hour Circadian Rhythm (Core Body Temperature)
 [image: Image] 
 Your biologicalsinh học circadiannhịp sinh học rhythmnhịp coordinatesđiều phối a drop in corecốt lõi body temperature as you near typicalđặc trưng bedtimegiờ đi ngủ (figure 1), reaching its nadirthấp nhất, or low point, about two hours after sleep onsetbắt đầu. However, this temperature rhythmnhịp is not dependent upon whether you are actually asleep. If I were to keep you awakethức giấc all night, your corecốt lõi body temperature would still show the same pattern. Although the temperature drop helps to initiatebắt đầu sleep, the temperature change itself will rise and fall across the twenty-four-hour period regardlessbất kể of whether you are awakethức giấc or asleepngủ. It is a classic demonstrationtrình diễn of a preprogrammed circadiannhịp sinh học rhythmnhịp that will repeat over and over without fail, like a metronomemáy đánh nhịp. Temperature is just one of many twenty-four-hour rhythmsnhịp that the suprachiasmatic nucleusnhân tế bào governs. Wakefulness and sleep are another. Wakefulness and sleep are therefore under the control of the circadiannhịp sinh học rhythmnhịp, and not the other way around. That is, your circadiannhịp sinh học rhythmnhịp will march up and down every twenty-four hours irrespectivekhông phân biệt of whether you have slept or not. Your circadiannhịp sinh học rhythmnhịp is unwaveringkiên định in this regardvề. But look across individuals, and you discover that not everyone’s circadiannhịp sinh học timing is the same.
 MY RHYTHM IS NOT YOUR RHYTHM
 Although every human being displays an unyieldingkiên cường twenty-four-hour pattern, the respectivetương ứng peak and troughmáng points are strikingly different from one individual to the next. For some people, their peak of wakefulnesssự tỉnh táo arrives early in the day, and their sleepinessbuồn ngủ troughmáng arrives early at night. These are “morning types,” and make up about 40 percent of the populacequần chúng. They prefer to wake at or around dawnbình minh, are happy to do so, and function optimally at this time of day. Others are “evening types,” and account for approximately 30 percent of the population. They naturally prefer going to bed late and subsequently wake up late the following morning, or even in the afternoon. The remaining 30 percent of people lie somewhere in between morning and evening types, with a slightmảnh dẻ leaning toward eveningness, like myself.
 You may colloquiallythông tục know these two types of people as “morning larkschim sơn ca” and “night owls,” respectively. Unlike morning larkschim sơn ca, night owls are frequently incapablekhông có khả năng of falling asleepngủ early at night, no matter how hard they try. It is only in the early-morning hours that owls can drifttrôi dạt off. Having not fallen asleepngủ until late, owls of course strongly dislikekhông thích waking up early. They are unable to function well at this time, one cause of which is that, despite being “awakethức giấc,” their brain remains in a more sleep-like state throughout the early morning. This is especially true of a region called the prefrontaltrán trước cortexvỏ não, which sits above the eyes, and can be thought of as the head office of the brain. The prefrontaltrán trước cortexvỏ não controls high-level thought and logicalhợp lý reasoning, and helps keep our emotions in check. When a night owl is forced to wake up too early, their prefrontaltrán trước cortexvỏ não remains in a disabledtàn tật, “offline” state. Like a cold engine after an early-morning start, it takes a long time before it warms up to operating temperature, and before that will not function efficiently.
 An adult’s owlness or larkness, also known as their chronotype, is strongly determinedxác định by geneticsdi truyền học. If you are a night owl, it’s likely that one (or both) of your parents is a night owl. Sadly, society treats night owls rather unfairly on two counts. First is the label of being lazy, based on a night owl’s wontkhông muốn to wake up later in the day, due to the fact that they did not fall asleepngủ until the early-morning hours. Others (usually morning larkschim sơn ca) will chastisetrừng phạt night owls on the erroneoussai assumptiongiả thiết that such preferences are a choice, and if they were not so slovenlycẩu thả, they could easily wake up early. However, night owls are not owls by choice. They are boundràng buộc to a delayed schedule by unavoidablekhông thể tránh khỏi DNA hardwiring. It is not their conscious fault, but rather their genetic fateđịnh mệnh.
 Second is the engrained, un-level playing field of society’s work scheduling, which is strongly biasedthành kiến toward early start times that punishtrừng phạt owls and favor larkschim sơn ca. Although the situation is improving, standard employment schedules force owls into an unnaturalkhông tự nhiên sleep-wake rhythmnhịp. Consequently, job performance of owls as a whole is far less optimaltối ưu in the mornings, and they are further prevented from expressing their true performance potential in the late afternoon and early evening as standard work hours end prior to its arrival. Most unfortunately, owls are more chronicallykinh niên sleep-deprived, having to wake up with the larkschim sơn ca, but not being able to fall asleepngủ until far later in the evening. Owls are thus often forced to burn the proverbialtục ngữ candlenến at both ends. Greater ill health caused by a lack of sleep therefore befallsxảy ra owls, including higher rates of depression, anxietysự lo lắng, diabetesbệnh tiểu đường, cancer, heart attack, and stroke.
 In this regardvề, a societalxã hội change is needed, offering accommodationschỗ ở not dissimilarkhông giống nhau to those we make for other physicallythể chất determinedxác định differences (e.g., sight impairedkhiếm khuyết). We require more suppledẻo dai work schedules that better adapt to all chronotypes, and not just one in its extreme.
 You may be wondering why Mother Nature would program this variabilitysự thay đổi across people. As a social speciesgiống loài, should we not all be synchronizedlàm cho đồng bộ and therefore awakethức giấc at the same time to promote maximaltối đa human interactions? Perhaps not. As we’ll discover later in this book, humans likely evolvedphát triển to co-sleep as families or even whole tribesbộ lạc, not alone or as couples. Appreciating this evolutionarytiến hóa contextbối cảnh, the benefits of such genetically programmed variation in sleep/wake timing preferences can be understood. The night owls in the group would not be going to sleep until one or two a.m., and not waking until nine or ten a.m. The morning larkschim sơn ca, on the other hand, would have retired for the night at nine p.m. and woken at five a.m. Consequently, the group as a whole is only collectivelytập thể vulnerabledễ bị tổn thương (i.e., every person asleepngủ) for just four rather than eight hours, despite everyone still getting the chance for eight hours of sleep. That’s potentially a 50 percent increase in survival fitnesssự thích hợp. Mother Nature would never pass on a biologicalsinh học trait—here, the useful variabilitysự thay đổi in when individuals within a collectivetập thể tribebộ lạc go to sleep and wake up—that could enhancenâng cao the survival safety and thus fitnesssự thích hợp of a speciesgiống loài by this amount. And so she hasn’t.
 MELATONIN
 Your suprachiasmatic nucleusnhân tế bào communicates its repeating signal of night and day to your brain and body using a circulatinglưu hành messengertin nhắn called melatoninmelatonin. Melatonin has other names, too. These include “the hormonenội tiết tố of darkness” and “the vampirema cà rồng hormonenội tiết tố.” Not because it is sinisternham hiểm, but simply because melatoninmelatonin is released at night. Instructed by the suprachiasmatic nucleusnhân tế bào, the rise in melatoninmelatonin begins soon after duskhoàng hôn, being released into the bloodstreamdòng máu from the pinealquả tùng glandốc lắp cáp, an area situated deep in the back of your brain. Melatonin acts like a powerful bullhornsừng bò, shouting out a clear message to the brain and body: “It’s dark, it’s dark!” At this moment, we have been served a writlệnh of nightime, and with it, a biologicalsinh học command for the timing of sleep onsetbắt đầu.V
 In this way, melatoninmelatonin helps regulatequy định the timing of when sleep occurs by systemically signaling darkness throughout the organismsinh vật. But melatoninmelatonin has little influence on the generation of sleep itself: a mistakennhầm lẫn assumptiongiả thiết that many people hold. To make clear this distinctionphân biệt, think of sleep as the Olympic 100-meter race. Melatonin is the voice of the timing official that says “Runners, on your mark,” and then fires the starting pistolkhẩu súng lục that triggerscò súng the race. That timing official (melatoninmelatonin) governs when the race (sleep) begins, but does not participate in the race. In this analogysự giống nhau, the sprintersvận động viên chạy nước rút themselves are other brain regions and processes that actively generate sleep. Melatonin corralsbãi quây these sleep-generating regions of the brain to the starting line of bedtimegiờ đi ngủ. Melatonin simply provides the official instruction to commencebắt đầu the event of sleep, but does not participate in the sleep race itself.
 For these reasons, melatoninmelatonin is not a powerful sleeping aid in and of itself, at least not for healthy, non-jet-lagged individuals (we’ll explore jetmáy bay phản lực lag—and how melatoninmelatonin can be helpful—in a moment). There may be little, if any, quality melatoninmelatonin in the pillViên thuốc. That said, there is a significant sleep placebogiả dược effect of melatoninmelatonin, which should not be underestimatedđánh giá quá thấp: the placebogiả dược effect is, after all, the most reliableđáng tin cậy effect in all of pharmacologydược học. Equally important to realize is the fact that over-the-counter melatoninmelatonin is not commonly regulatedquy định by governing bodies around the world, such as the US Food and Drug Administration (FDA). Scientific evaluationssự đánh giá of over-the-counter brands have found melatoninmelatonin concentrations that range from 83 percent less than that claimed on the label, to 478 percent more than that stated.VI
 Once sleep is under way, melatoninmelatonin slowly decreases in concentration across the night and into the morning hours. With dawnbình minh, as sunlight enters the brain through the eyes (even through the closed lidsNắp), a brakephanh pedalbàn đạp is applied to the pinealquả tùng glandốc lắp cáp, therebybằng cách ấy shutting off the release of melatoninmelatonin. The absence of circulatinglưu hành melatoninmelatonin now informs the brain and body that the finish line of sleep has been reached. It is time to call the race of sleep over and allow active wakefulnesssự tỉnh táo to return for the rest of the day. In this regardvề, we human beings are “solarmặt trời powered.” Then, as light fades, so, too, does the solarmặt trời brakephanh pedalbàn đạp blocking melatoninmelatonin. As melatoninmelatonin rises, another phase of darkness is signaled and another sleep event is called to the starting line.
 You can see a typicalđặc trưng profile of melatoninmelatonin release in figure 2. It starts a few hours after duskhoàng hôn. Then it rapidly rises, peaking around four a.m. Thereafter, it begins to drop as dawnbình minh approaches, falling to levels that are undetectablekhông thể phát hiện by early to midmorninggiữa buổi sáng.
  Figure 2: The Cycle of Melatonin
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 HAVE RHYTHM, WON’T TRAVEL
 The adventsự ra đời of the jetmáy bay phản lực engine was a revolutioncuộc cách mạng for the mass transitquá cảnh of human beings around the planet. However, it created an unforeseenkhông lường trước được biologicalsinh học calamitythiên tai: jetmáy bay phản lực planes offered the ability to speed through time zonesvùng faster than our twenty-four-hour internal clocks could ever keep up with or adjust to. Those jetsmáy bay phản lực caused a biologicalsinh học time laglỗi: jetmáy bay phản lực laglỗi. As a result, we feel tired and sleepy during the day in a distantxa xôi time zonevùng because our internal clock still thinks it is nighttimeban đêm. It hasn’t yet caught up. If that were not bad enough, at night, we are frequently unable to initiatebắt đầu or maintain sleep because our internal clock now believes it to be daytimeban ngày.
 Take the example of my recent flight home to England from San Francisco. London is eight hours ahead of San Francisco. When I arrive in England, despite the digital clock in London’s Heathrow Airport telling me it is nine a.m., my internal circadiannhịp sinh học clock is registering a very different time—California time, which is one a.m. I should be fast asleepngủ. I will drag my time-lagged brain and body through the London day in a state of deep lethargythờ ơ. Every aspectdiện mạo of my biologysinh vật học is demanding sleep; sleep that most people back in California are being swaddledquấn tã in at this time.
 The worst, however, is yet to come. By midnightnửa đêm London time, I am in bed, tired and wanting to fall asleepngủ. But unlike most people in London, I can’t seem to drifttrôi dạt off. Though it is midnightnửa đêm in London, my internal biologicalsinh học clock believes it to be four p.m., which it is in California. I would normally be wide awakethức giấc, and so I am, lying in bed in London. It will be five or six hours before my natural tendencykhuynh hướng to fall asleepngủ arrives . . . just as London is starting to wake up, and I have to give a public lecture. What a messsự lộn xộn.
 This is jetmáy bay phản lực laglỗi: you feel tired and sleepy during the day in the new time zonevùng because your body clock and associated biologysinh vật học still “think” it is nighttimeban đêm. At night, you are frequently unable to sleep solidly because your biologicalsinh học rhythmnhịp still believes it to be daytimeban ngày.
 Fortunately, my brain and body will not stay in this mismatchedkhông phù hợp limbolấp lửng forever. I will acclimatizethích nghi với khí hậu to London time by way of the sunlight signals in the new location. But it’s a slow process. For every day you are in a different time zonevùng, your suprachiasmatic nucleusnhân tế bào can only readjustđiều chỉnh lại by about one hour. It therefore took me about eight days to readjustđiều chỉnh lại to London time after having been in San Francisco, since London is eight hours ahead of San Francisco. Sadly, after such epicsử thi efforts by my suprachiasmatic nucleus’s twenty-four-hour clock to drag itself forward in time and get settled in London, it faces some depressing news: I now have to fly back to San Francisco after nine days. My poor biologicalsinh học clock has to suffer this struggle all over again in the reverse direction!
 You may have noticed that it feels harder to acclimatethích nghi to a new time zonevùng when traveling eastwardhướng đông than when flying westwardhướng tây. There are two reasons for this. First, the eastwardhướng đông direction requires that you fall asleepngủ earlier than you would normally, which is a tall biologicalsinh học order for the mind to simply will into action. In contrast, the westwardhướng tây direction requires you to stay up later, which is a consciously and pragmatically easier prospecttiềm năng. Second, you will remember that when shut off from any outside world influences, our natural circadiannhịp sinh học rhythmnhịp is innatelybẩm sinh longer than one day—about twenty-four hours and fifteen minutes. Modest as this may be, this makes it somewhat easier for you to artificially stretch a day than shrinkco lại it. When you travel westward—in the direction of your innatelybẩm sinh longer internal clock—that “day” is longer than twenty-four hours for you and why it feels a little easier to accommodatechứa to. Eastward travel, however, which involves a “day” that is shorter in length for you than twenty-four hours, goes against the grainngũ cốc of your innatelybẩm sinh long internal rhythmnhịp to start with, which is why it is rather harder to do.
 West or east, jetmáy bay phản lực laglỗi still places a torturoustra tấn physiologicalsinh lý strain on the brain, and a deep biologicalsinh học stress upon the cells, organsNội tạng, and major systems of the body. And there are consequenceskết quả. Scientists have studied airplaneMáy bay cabincabin crews who frequently fly on long-haul routes and have little chance to recover. Two alarming results have emergedhiện ra. First, parts of their brains—specifically those related to learning and memory—had physicallythể chất shrunk, suggesting the destruction of brain cells caused by the biologicalsinh học stress of time-zone travel. Second, their short-term memory was significantlyđáng kể impairedkhiếm khuyết. They were considerably more forgetfulđãng trí than individuals of similar age and background who did not frequently travel through time zonesvùng. Other studies of pilots, cabincabin crew members, and shift workers have reported additionallyNgoài ra disquietingkhông yên consequenceskết quả, including far higher rates of cancer and type 2 diabetesbệnh tiểu đường than the general population—or even carefully controlled match individuals who do not travel as much.
 Based on these deleteriouscó hại effects, you can appreciate why some people faced with frequent jetmáy bay phản lực laglỗi, including airlinehãng hàng không pilots and cabincabin crew, would want to limit such miseryđau khổ. Often, they choose to take melatoninmelatonin pillsViên thuốc in an attempt to help with the problem. Recall my flight from San Francisco to London. After arriving that day, I had real difficulty getting to sleep and staying asleepngủ that night. In part, this was because melatoninmelatonin was not being released during my nighttimeban đêm in London. My melatoninmelatonin rise was still many hours away, back on California time. But let’s imagine that I was going to use a legitimatehợp pháp compoundhợp chất of melatoninmelatonin after arriving in London. Here’s how it works: at around seven to eight p.m. London time I would take a melatoninmelatonin pillViên thuốc, triggeringcò súng an artificialnhân tạo rise in circulatinglưu hành melatoninmelatonin that mimicsbắt chước the natural melatoninmelatonin spikemũi nhọn currently occurring in most of the people in London. As a consequencekết quả, my brain is fooled into believing it’s nighttimeban đêm, and with that chemicallyvề mặt hóa học inducedcảm ứng trick comes the signaled timing of the sleep race. It will still be a struggle to generate the event of sleep itself at this irregularkhông thường xuyên time (for me), but the timing signal does significantlyđáng kể increase the likelihoodkhả năng of sleep in this jet-lagged contextbối cảnh.
 SLEEP PRESSURE AND CAFFEINE
 Your twenty-four-hour circadiannhịp sinh học rhythmnhịp is the first of the two factors determiningxác định wake and sleep. The second is sleep pressure. At this very moment, a chemical called adenosineadenosine is building up in your brain. It will continue to increase in concentration with every waking minute that elapsestrôi mau. The longer you are awakethức giấc, the more adenosineadenosine will accumulatetích trữ. Think of adenosineadenosine as a chemical barometerÁp kế that continuouslyliên tục registers the amount of elapsedtrôi qua time since you woke up this morning.
 One consequencekết quả of increasing adenosineadenosine in the brain is an increasing desire to sleep. This is known as sleep pressure, and it is the second force that will determinequyết tâm when you feel sleepy, and thus should go to bed. Using a cleverthông minh dual-action effect, high concentrations of adenosineadenosine simultaneously turn down the “volume” of wake-promoting regions in the brain and turn up the dialquay số on sleep-inducing regions. As a result of that chemical sleep pressure, when adenosineadenosine concentrations peak, an irresistiblekhông thể cưỡng lại urge for slumbergiấc ngủ will take hold.VII It happens to most people after twelve to sixteen hours of being awakethức giấc.
 You can, however, artificially mutetắt tiếng the sleep signal of adenosineadenosine by using a chemical that makes you feel more alertbáo động and awakethức giấc: caffeinecafein. Caffeine is not a food supplement. Rather, caffeinecafein is the most widely used (and abusedlạm dụng) psychoactivethần kinh stimulantchất kích thích in the world. It is the second most traded commodityhàng hóa on the planet, after oil. The consumptionsự tiêu thụ of caffeinecafein represents one of the longest and largest unsupervisedkhông giám sát drug studies ever conducted on the human race, perhaps rivaledđối thủ only by alcohol, and it continues to this day.
 Caffeine works by successfully battling with adenosineadenosine for the privilegeđặc quyền of latchingchốt cửa on to adenosineadenosine welcome sites—or receptors—in the brain. Once caffeinecafein occupies these receptorsthụ, however, it does not stimulatekích thích them like adenosineadenosine, making you sleepy. Rather, caffeinecafein blocks and effectively inactivates the receptorsthụ, acting as a maskingđắp mặt nạ agent. It’s the equivalent of sticking your fingers in your ears to shut out a sound. By hijackingkhông tặc and occupying these receptorsthụ, caffeinecafein blocks the sleepinessbuồn ngủ signal normally communicated to the brain by adenosineadenosine. The upshotkết quả cuối cùng: caffeinecafein tricks you into feeling alertbáo động and awakethức giấc, despite the high levels of adenosineadenosine that would otherwise seducequyến rũ you into sleep.
 Levels of circulatinglưu hành caffeinecafein peak approximately thirty minutes after oralmiệng administration. What is problematiccó vấn đề, though, is the persistencekiên trì of caffeinecafein in your system. In pharmacologydược học, we use the term “half-life” when discussing a drug’s efficacyhiệu quả. This simply refers to the length of time it takes for the body to remove 50 percent of a drug’s concentration. Caffeine has an average half-life of five to seven hours. Let’s say that you have a cup of coffee after your evening dinner, around 7:30 p.m. This means that by 1:30 a.m., 50 percent of that caffeinecafein may still be active and circulatinglưu hành throughout your brain tissue. In other words, by 1:30 a.m., you’re only halfwaylưng chừng to completing the job of cleansinglàm sạch your brain of the caffeinecafein you drank after dinner.
 There’s nothing benignnhẹ about that 50 percent mark, either. Half a shot of caffeinecafein is still plenty powerful, and much more decompositionphân hủy work lies ahead throughout the night before caffeinecafein disappears. Sleep will not come easily or be smooth throughout the night as your brain continues its battle against the opposing force of caffeinecafein. Most people do not realize how long it takes to overcome a single doseliều lượng of caffeinecafein, and therefore fail to make the link between the bad night of sleep we wake from in the morning and the cup of coffee we had ten hours earlier with dinner.
 Caffeine—which is not only prevalentthịnh hành in coffee, certain teas, and many energy drinks, but also foods such as dark chocolate and ice cream, as well as drugs such as weight-loss pillsViên thuốc and pain relievers—is one of the most common culpritsthủ phạm that keep people from falling asleepngủ easily and sleeping soundly thereaftersau đó, typicallytiêu biểu masqueradinghóa trang as insomniamất ngủ, an actual medical condition. Also be aware that de-caffeinated does not mean non-caffeinated. One cup of decafcaffein usually contains 15 to 30 percent of the doseliều lượng of a regular cup of coffee, which is far from caffeine-free. Should you drink three to four cups of decafcaffein in the evening, it is just as damaging to your sleep as one regular cup of coffee.
 The “joltgiật mình” of caffeinecafein does wear off. Caffeine is removed from your system by an enzymeenzym within your livergan,VIII which graduallydần dần degradesxuống cấp it over time. Based in large part on geneticsdi truyền học,IX some people have a more efficient version of the enzymeenzym that degradesxuống cấp caffeinecafein, allowing the livergan to rapidly clear it from the bloodstreamdòng máu. These rare individuals can drink an espressocà phê espresso with dinner and fall fast asleepngủ at midnightnửa đêm without a problem. Others, however, have a slower-acting version of the enzymeenzym. It takes far longer for their system to eliminate the same amount of caffeinecafein. As a result, they are very sensitive to caffeine’s effects. One cup of tea or coffee in the morning will last much of the day, and should they have a second cup, even early in the afternoon, they will find it difficult to fall asleepngủ in the evening. Aging also alters the speed of caffeinecafein clearancegiải tỏa: the older we are, the longer it takes our brain and body to remove caffeinecafein, and thus the more sensitive we become in later life to caffeine’s sleep-disrupting influence.
 If you are trying to stay awakethức giấc late into the night by drinking coffee, you should be prepared for a nastybẩn thỉu consequencekết quả when your livergan successfully evictstrục xuất the caffeinecafein from your system: a phenomenonhiện tượng commonly known as a “caffeinecafein crash.” Like the batteriesắc quy running down on a toy robotngười máy, your energy levels plummetdây chì rapidly. You find it difficult to function and concentrate, with a strong sense of sleepinessbuồn ngủ once again.
 We now understand why. For the entire time that caffeinecafein is in your system, the sleepinessbuồn ngủ chemical it blocks (adenosineadenosine) neverthelesstuy nhiên continues to build up. Your brain is not aware of this rising tidethủy triều of sleep-encouraging adenosine, however, because the wall of caffeinecafein you’ve created is holding it back from your perceptionsự nhận thức. But once your livergan dismantlestháo dỡ that barricadechướng ngại vật of caffeinecafein, you feel a viciousluẩn quẩn backlashphản ứng dữ dội: you are hit with the sleepinessbuồn ngủ you had experienced two or three hours ago before you drank that cup coffee plus all the extra adenosineadenosine that has accumulatedtích lũy in the hours in between, impatientlysốt ruột waiting for caffeinecafein to leave. When the receptorsthụ become vacantbỏ trống by way of caffeinecafein decompositionphân hủy, adenosineadenosine rushes back in and smothersngột ngạt the receptorsthụ. When this happens, you are assaultedtấn công with a most forcefulmạnh mẽ adenosine-trigger urge to sleep—the aforementionednói trên caffeinecafein crash. Unless you consume even more caffeinecafein to push back against the weight of adenosineadenosine, which would start a dependencyphụ thuộc cycle, you are going to find it very, very difficult to remain awakethức giấc.
 To impress upon you the effects of caffeinecafein, I footnotechú thích cuối trang esotericbí truyền research conducted in the 1980s by NASA. Their scientists exposed spiderscon nhện to different drugs and then observed the webs that they constructed.X Those drugs included LSD, speed (amphetamineamphetamine), marijuanacần sa, and caffeinecafein. The results, which speak for themselves, can be observed in figure 3. The researchers noted how strikingly incapablekhông có khả năng the spiderscon nhện were in constructing anything resemblinggiống a normal or logicalhợp lý web that would be of any functional use when given caffeinecafein, even relative to other potentmạnh mẽ drugs tested.
  Figure 3: Effects of Various Drugs on Spider Web Building
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 It is worth pointing out that caffeinecafein is a stimulantchất kích thích drug. Caffeine is also the only addictivegây nghiện substance that we readilydễ dàng give to our children and teens—the consequenceskết quả of which we will return to later in the book.
 IN STEP, OUT OF STEP
 Setting caffeinecafein aside for a moment, you may have assumed that the two governing forces that regulatequy định your sleep—the twenty-four-hour circadiannhịp sinh học rhythmnhịp of the suprachiasmatic nucleusnhân tế bào and the sleep-pressure signal of adenosine—communicate with each other so as to unite their influences. In actual fact, they don’t. They are two distinct and separate systems that are ignorantdốt of each other. They are not coupled; though, they are usually alignedthẳng hàng.
 Figure 4 encompassesbao gồm forty-eight hours of time from left to right—two days and two nights. The dottedsay mê line in the figure is the circadiannhịp sinh học rhythmnhịp, also known as Process-C. Like a sinesin wave, it reliably and repeatedly rises and falls, and then rises and falls once more. Starting on the far left of the figure, the circadiannhịp sinh học rhythmnhịp begins to increase its activity a few hours before you wake up. It infusestruyền the brain and body with an alertingbáo động energy signal. Think of it like a rousingkhuấy động marching band approaching from a distance. At first, the signal is faintmờ nhạt, but graduallydần dần it builds, and builds, and builds with time. By early afternoon in most healthy adults, the activatingkích hoạt signal from the circadiannhịp sinh học rhythmnhịp peaks.
  Figure 4: The Two Factors Regulating Sleep and Wakefulness
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 Now let us consider what is happening to the other sleep-controlling factor: adenosineadenosine. Adenosine creates a pressure to sleep, also known as Process-S. Represented by the solid line in figure 4, the longer you are awakethức giấc, the more adenosineadenosine builds up, creating an increasing urge (pressure) to sleep. By midgiữa- to late morning, you have only been awakethức giấc for a handfulmột nắm đầy tay of hours. As a result, adenosineadenosine concentrations have increased only a little. Furthermore, the circadiannhịp sinh học rhythmnhịp is on its powerful upswingđi lên of alertnesssự tỉnh táo. This combination of strong activatingkích hoạt output from the circadiannhịp sinh học rhythmnhịp together with low levels of adenosineadenosine result in a delightfulthú vị sensationcảm giác of being wide awakethức giấc. (Or at least it should, so long as your sleep was of good quality and sufficient length the night before. If you feel as though you could fall asleepngủ easily midmorninggiữa buổi sáng, you are very likely not getting enough sleep, or the quality of your sleep is insufficientkhông đủ.) The distance between the curved lines above will be a direct reflection of your desire to sleep. The larger the distance between the two, the greater your sleep desire.
 For example, at eleven a.m., after having woken up at eight a.m., there is only a small distance between the dottedsay mê line (circadiannhịp sinh học rhythmnhịp) and solid line (sleep pressure), illustratedMinh họa by the verticalthẳng đứng double arrowmũi tên in figure 5. This minimaltối thiểu difference means there is a weak sleep drive, and a strong urge to be awakethức giấc and alertbáo động.
  Figure 5: The Urge to Be Awake
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 However, by eleven p.m. it’s a very different situation, as illustratedMinh họa in figure 6. You’ve now been awakethức giấc for fifteen hours and your brain is drenchedướt sũng in high concentrations of adenosineadenosine (note how the solid line in the figure has risen sharplyđột ngột). In addition, the dottedsay mê line of the circadiannhịp sinh học rhythmnhịp is descendinggiảm dần, powering down your activity and alertnesssự tỉnh táo levels. As a result, the difference between the two lines has grown large, reflected in the long verticalthẳng đứng double arrowmũi tên in figure 6. This powerful combination of abundantdồi dào adenosineadenosine (high sleep pressure) and declining circadiannhịp sinh học rhythmnhịp (lowered activity levels) triggerscò súng a strong desire for sleep.
  Figure 6: The Urge to Sleep
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 What happens to all of the accumulatedtích lũy adenosineadenosine once you do fall asleepngủ? During sleep, a mass evacuationsơ tán gets under way as the brain has the chance to degradexuống cấp and remove the day’s adenosineadenosine. Across the night, sleep lifts the heavy weight of sleep pressure, lighteningánh sáng the adenosineadenosine load. After approximately eight hours of healthy sleep in an adult, the adenosineadenosine purgethanh trừng is complete. Just as this process is ending, the marching band of your circadiannhịp sinh học activity rhythmnhịp has fortuitously returned, and its energizingtiếp thêm sinh lực influence starts to approach. When these two processes trade places in the morning hours, whereintrong đó adenosineadenosine has been removed and the rousingkhuấy động volume of the circadiannhịp sinh học rhythmnhịp is becoming louder (indicated by the meeting of the two lines in figure 6), we naturally wake up (seven a.m. on day two, in the figure example). Following that full night of sleep, you are now ready to face another sixteen hours of wakefulnesssự tỉnh táo with physical vigorsinh lực and sharp brain function.
 INDEPENDENCE DAY, AND NIGHT
 Have you ever pulled an “all-nighter”—forgoing sleep and remaining awakethức giấc throughout the following day? If you have, and can remember much of anything about it, you may recall that there were times when you felt truly miserablekhổ sở and sleepy, yet there were other moments when, despite having been awakethức giấc for longer, you paradoxically felt more alertbáo động. Why? I don’t advise anyone to conduct this self-experiment, but assessingđánh giá a person’s alertnesssự tỉnh táo across twenty-four hours of total sleep deprivationtước đoạt is one way that scientists can demonstratechứng minh that the two forces determiningxác định when you want to be awakethức giấc and asleep—the twenty-four-hour circadiannhịp sinh học rhythmnhịp and the sleepinessbuồn ngủ signal of adenosine—are independent, and can be decoupledtách rời from their normal lockstepbước khóa.
 Let’s consider figure 7, showing the same forty-eight-hour slice of time and the two factors in question: the twenty-four-hour circadiannhịp sinh học rhythmnhịp and the sleep pressure signal of adenosineadenosine, and how much distance there is between them. In this scenariokịch bản, our volunteer is going to stay awakethức giấc all night and all day. As the night of sleep deprivationtước đoạt marches forward, the sleep pressure of adenosineadenosine (upper line) rises progressively, like the rising water level in a pluggedcắm sink when a faucetvòi has been left on. It will not decline across the night. It cannot, since sleep is absent.
  Figure 7: The Ebb and Flow of Sleep Deprivation
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 By remaining awakethức giấc, and blocking access to the adenosineadenosine drainlàm khô hạn that sleep opens up, the brain is unable to rid itself of the chemical sleep pressure. The mounting adenosineadenosine levels continue to rise. This should mean that the longer you are awakethức giấc, the sleepier you feel. But that’s not true. Though you will feel increasingly sleepy throughout the nighttimeban đêm phase, hitting a low point in your alertnesssự tỉnh táo around five to six a.m., thereaftersau đó, you’ll catch a second wind. How is this possible when adenosineadenosine levels and corresponding sleep pressure continue to increase?
 The answer residescư trú tại with your twenty-four-hour circadiannhịp sinh học rhythmnhịp, which offers a brief period of salvationsự cứu rỗi from sleepinessbuồn ngủ. Unlike sleep pressure, your circadiannhịp sinh học rhythmnhịp pays no attention to whether you are asleepngủ or awakethức giấc. Its slow, rhythmicnhịp nhàng countenancevẻ mặt continues to fall and rise strictly on the basis of what time of night or day it is. No matter what state of adenosineadenosine sleepinessbuồn ngủ pressure exists within the brain, the twenty-four-hour circadiannhịp sinh học rhythmnhịp cycles on as per usual, obliviousquên to your ongoingđang diễn ra lack of sleep.
 If you look at figure 7 once again, the graveyard-shift miseryđau khổ you experience around six a.m. can be explained by the combination of high adenosineadenosine sleep pressure and your circadiannhịp sinh học rhythmnhịp reaching its lowest point. The verticalthẳng đứng distance separating these two lines at three a.m. is large, indicated by the first verticalthẳng đứng arrowmũi tên in the figure. But if you can make it past this alertnesssự tỉnh táo low point, you’re in for a rallytập hợp. The morning rise of the circadiannhịp sinh học rhythmnhịp comes to your rescue, marshalingnguyên soái an alertingbáo động boost throughout the morning that temporarily offsetsbù lại the rising levels of adenosineadenosine sleep pressure. As your circadiannhịp sinh học rhythmnhịp hits its peak around eleven a.m., the verticalthẳng đứng distance between the two respectivetương ứng lines in figure 7 has been decreased.
 The upshotkết quả cuối cùng is that you will feel much less sleepy at eleven a.m. than you did at three a.m., despite being awakethức giấc for longer. Sadly, this second wind doesn’t last. As the afternoon lumbersgỗ xẻ on, the circadiannhịp sinh học rhythmnhịp begins to decline as the escalatingleo thang adenosineadenosine pilescọc on the sleep pressure. Come late afternoon and early evening, any temporary alertnesssự tỉnh táo boost has been lost. You are hit by the full force of an immensebao la adenosineadenosine sleep pressure. By nine p.m., there exists a towering verticalthẳng đứng distance between the two lines in figure 7. Short of intravenoustĩnh mạch caffeinecafein or amphetamineamphetamine, sleep will have its way, wrestlingđấu vật your brain from the now weak gripnắm chặt of blurrymờ wakefulnesssự tỉnh táo, blanketingcái chăn you in slumbergiấc ngủ.
 AM I GETTING ENOUGH SLEEP?
 Setting aside the extreme case of sleep deprivationtước đoạt, how do you know whether you’re routinely getting enough sleep? While a clinical sleep assessmentđánh giá is needed to thoroughly address this issue, an easy rule of thumbngón cái is to answer two simple questions. First, after waking up in the morning, could you fall back asleepngủ at ten or eleven a.m.? If the answer is “yes,” you are likely not getting sufficient sleep quantity and/or quality. Second, can you function optimally without caffeinecafein before noonbuổi trưa? If the answer is “no,” then you are most likely self-medicating your state of chronickinh niên sleep deprivationtước đoạt.
 Both of these signs you should take seriously and seek to address your sleep deficiencysự thiếu hụt. They are topics, and a question, that we will cover in depth in chapters 13 and 14 when we speak about the factors that prevent and harm your sleep, as well as insomniamất ngủ and effective treatments. In general, these un-refreshed feelings that compelbắt buộc a person to fall back asleepngủ midmorninggiữa buổi sáng, or require the boosting of alertnesssự tỉnh táo with caffeinecafein, are usually due to individuals not giving themselves adequateđủ sleep opportunity time—at least eight or nine hours in bed. When you don’t get enough sleep, one consequencekết quả among many is that adenosineadenosine concentrations remain too high. Like an outstandingnổi bật debt on a loan, come the morning, some quantity of yesterday’s adenosineadenosine remains. You then carry that outstandingnổi bật sleepinessbuồn ngủ balance throughout the following day. Also like a loan in arrearstruy thu, this sleep debt will continue to accumulatetích trữ. You cannot hide from it. The debt will roll over into the next payment cycle, and the next, and the next, producing a condition of prolongedkéo dài, chronickinh niên sleep deprivationtước đoạt from one day to another. This outstandingnổi bật sleep obligationnghĩa vụ results in a feeling of chronickinh niên fatigueMệt mỏi, manifestingrõ ràng in many forms of mental and physical ailmentsbệnh tật that are now rifeđầy rẫy throughout industrializedcông nghiệp hóa nations.
 Other questions that can draw out signs of insufficientkhông đủ sleep are: If you didn’t set an alarm clock, would you sleep past that time? (If so, you need more sleep than you are giving yourself.) Do you find yourself at your computer screen reading and then rereadingđọc lại (and perhaps rereadingđọc lại again) the same sentence? (This is often a sign of a fatiguedmệt mỏi, under-slept brain.) Do you sometimes forget what color the last few traffic lights were while driving? (Simple distractionmất tập trung is often the cause, but a lack of sleep is very much another culpritthủ phạm.)
 Of course, even if you are giving yourself plenty of time to get a full night of shut-eye, next-day fatigueMệt mỏi and sleepinessbuồn ngủ can still occur because you are suffering from an undiagnosed sleep disorder, of which there are now more than a hundred. The most common is insomniamất ngủ, followed by sleep-disordered breathing, or sleep apneangưng thở, which includes heavy snoringngáy. Should you suspect your sleep or that of anyone else to be disordered, resulting in daytimeban ngày fatigueMệt mỏi, impairmentsuy giảm, or distressphiền muộn, speak to your doctor immediately and seek a referralgiới thiệu to a sleep specialist. Most important in this regardvề: do not seek sleeping pillsViên thuốc as your first option. You will realize why I say this come chapter 14, but please feel free to skipnhảy right to the section on sleeping pillsViên thuốc in that chapter if you are a current user, or considering using sleeping pillsViên thuốc in the immediate future.
 In the event it helps, I have provided a link to a questionnairebảng câu hỏi that has been developed by sleep researchers that will allow you to determinequyết tâm your degree of sleep fulfillmenthoàn thành.XI Called SATED, it is easy to complete, and contains only five simple questions.
 
 I. I should note, from personal experience, that this is a winning fact to dispensephân chia at dinner parties, family gatherings, or other such social occasions. It will almost guarantee nobody will approach or speak to you again for the rest of the evening, and you’ll also never be invited back.
 II. The word pudica is from the Latin meaning “shyxấu hổ” or “bashfulbẽn lẽn,” since the leaves will also collapse down if you touch or stroke them.
 III. This phenomenonhiện tượng of an imprecisekhông chính xác internal biologicalsinh học clock has now been consistentlynhất quán observed in many different speciesgiống loài. However, it is not consistentlynhất quán long in all speciesgiống loài, as it is in humans. For some, the endogenousnội sinh circadiannhịp sinh học rhythmnhịp runs short, being less than twenty-four hours when placed in total darkness, such as hamsterschuột đồng or squirrelscon sóc. For others, such as humans, it is longer than twenty-four hours.
 IV. Even sunlight coming through thick cloud on a rainy day is powerful enough to help resetcài lại our biologicalsinh học clocks.
 V. For nocturnalsống về đêm speciesgiống loài like batscon dơi, cricketsbóng chày, firefliescon đom đóm, or foxescáo, this call happens in the morning.
 VI. L. A. Erland and P. K. Saxena, “Melatonin natural health products and supplements: presence of serotonin and significant variabilitysự thay đổi of melatoninmelatonin content,” Journal of Clinical Sleep Medicine 2017;13(2):275–81.
 VII. Assuming you have a stable circadiannhịp sinh học rhythmnhịp, and have not recently experienced jetmáy bay phản lực travel through numerous time zonesvùng, in which case you can still have difficulty falling asleepngủ even if you have been awakethức giấc for sixteen hours.
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CHAPTER 3
 
 
 
 Defining and Generating Sleep
 Time Dilation and What We Learned from a Baby in 1952
 Perhaps you walked into your living room late one night while chatting with a friend. You saw a family member (let’s call her Jessica) lying still on the couchđi văng, not making a peepnhìn trộm, body recumbentnằm nghiêng and head lollingle ra to one side. Immediately, you turned to your friend and said, “Shhhhh, Jessica’s sleeping.” But how did you know? It took a split second of time, yet there was little doubt in your mind about Jessica’s state. Why, instead, did you not think Jessica was in a comahôn mê, or worse, dead?
 SELF-IDENTIFYING SLEEP
 Your lightning-quick judgment of Jessica being asleepngủ was likely correct. And perhaps you accidentallyvô tình confirmed it by knocking something over and waking her up. Over time, we have all become incrediblyvô cùng good at recognizing a number of signals that suggest that another individual is asleepngủ. So reliableđáng tin cậy are these signs that there now exists a set of observablequan sát được features that scientists agree indicate the presence of sleep in humans and other speciesgiống loài.
 The Jessica vignettehọa tiết illustratesMinh họa nearly all of these cluesđầu mối. First, sleeping organismssinh vật adopt a stereotypicalkhuôn mẫu position. In land animals, this is often horizontalnằm ngang, as was Jessica’s position on the couchđi văng. Second, and related, sleeping organismssinh vật have lowered muscle tone. This is most evidenthiển nhiên in the relaxationthư giãn of posturaltư thế (antigravity) skeletalbộ xương muscles—those that keep you uprightngay thẳng, preventing you from collapsing to the floor. As these muscles ease their tension in light and then deep sleep, the body will slouchthõng thượt down. A sleeping organismsinh vật will be drapedtreo lên over whatever supports it underneath, most evidenthiển nhiên in Jessica’s listing head position. Third, sleeping individuals show no overtcông khai displays of communication or responsivity. Jessica showed no signs of orientingđịnh hướng to you as you entered the room, as she would have when awakethức giấc. The fourth defining feature of sleep is that it’s easily reversiblecó thể đảo ngược, differentiatingphân biệt it from comahôn mê, anesthesiagây tê, hibernationngủ đông, and death. Recall that upon knocking the item over in the room, Jessica awokethức giấc. Fifth, as we established in the previous chapter, sleep adherestuân thủ to a reliableđáng tin cậy timed pattern across twenty-four hours, instructeddạy by the circadiannhịp sinh học rhythmnhịp coming from the brain’s suprachiasmatic nucleusnhân tế bào pacemakermáy trợ tim. Humans are diurnalthuộc về Ban ngày, so we have a preference for being awakethức giấc throughout the day and sleeping at night.
 Now let me ask you a rather different question: How do you, yourself, know that you have slept? You make this self-assessment even more frequently than that of sleep in others. Each morning, with luck, you return to the waking world knowing that you have been asleepngủ.I So sensitive is this self-assessment of sleep that you can go a step further, gaugingmáy đo when you’ve had good- or bad-quality sleep. This is another way of measuring sleep—a first-person phenomenological assessmentđánh giá distinct from signs that you use to determinequyết tâm sleep in another.
 Here, also, there are universal indicatorschỉ báo that offer a convincing conclusion of sleep—two, in fact. First is the loss of external awareness—you stop perceivingnhận thức the outside world. You are no longer consciousbiết rõ of all that surrounds you, at least not explicitlyrõ ràng. In actual fact, your ears are still “hearing”; your eyes, though closed, are still capable of “seeing.” This is similarly true for the other sensorygiác quan organsNội tạng of the nose (smell), the tongue (taste), and the skin (touch).
 All these signals still flood into the center of your brain, but it is here, in the sensorygiác quan convergencehội tụ zonevùng, where that journey ends while you sleep. The signals are blocked by a perceptualnhận thức barricadechướng ngại vật set up in a structure called the thalamus (THAL-uh-muhs). A smooth, oval-shaped object just smaller than a lemonchanh vàng, the thalamus is the sensorygiác quan gate of the brain. The thalamus decides which sensorygiác quan signals are allowed through its gate, and which are not. Should they gain privilegedđặc quyền passage, they are sent up to the cortexvỏ não at the top of your brain, where they are consciously perceivednhận thức. By locking its gates shut at the onsetbắt đầu of healthy sleep, the thalamus imposesáp đặt a sensorygiác quan blackoutmất điện in the brain, preventing onwardtrở đi travel of those signals up to the cortexvỏ não. As a result, you are no longer consciously aware of the information broadcastsphát tin being transmittedchuyển giao from your outerbên ngoài sense organsNội tạng. At this moment, your brain has lost waking contact with the outside world that surrounds you. Said another way, you are now asleepngủ.
 The second feature that instructsdạy your own, self-determined judgment of sleep is a sense of time distortionméo mó experienced in two contradictorymâu thuẫn ways. At the most obviousrõ ràng level, you lose your consciousbiết rõ sense of time when you sleep, tantamounttương đương to a chronometric voidkhoảng trống. Consider the last time you fell asleepngủ on an airplaneMáy bay. When you woke up, you probably checked a clock to see how long you had been asleepngủ. Why? Because your explicitrõ ràng tracking of time was ostensibly lost while you slept. It is this feeling of a time cavitylỗ that, in waking retrospectnhìn lại, makes you confident you’ve been asleepngủ.
 But while your conscious mapping of time is lost during sleep, at a non-conscious level, time continues to be catalogedmục lục by the brain with incredibleđáng kinh ngạc precisionđộ chính xác. I’m sure you have had the experience of needing to wake up the next morning at a specific time. Perhaps you had to catch an early-morning flight. Before bed, you diligentlysiêng năng set your alarm for 6:00 a.m. Miraculously, however, you woke up at 5:58 a.m., unassistedkhông có trợ giúp, right before the alarm. Your brain, it seems, is still capable of logging time with quite remarkable precisionđộ chính xác while asleepngủ. Like so many other operations occurring within the brain, you simply don’t have explicitrõ ràng access to this accurate time knowledge during sleep. It all flies below the radarra-đa of consciousnessý thức, surfacing only when needed.
 One last temporalthời gian distortionméo mó deserves mention here—that of time dilationsự giãn nở in dreams, beyond sleep itself. Time isn’t quite time within dreams. It is most often elongatedkéo dài. Consider the last time you hit the snoozegiấc ngủ ngắn button on your alarm, having been woken from a dream. Mercifully, you are giving yourself another deliciousthơm ngon five minutes of sleep. You go right back to dreaming. After the allottedphân bổ five minutes, your alarm clock faithfully sounds again, yet that’s not what it felt like to you. During those five minutes of actual time, you may have felt like you were dreaming for an hour, perhaps more. Unlike the phase of sleep where you are not dreaming, whereintrong đó you lose all awareness of time, in dreams, you continue to have a sense of time. It’s simply not particularly accurate—more often than not dream time is stretched out and prolongedkéo dài relative to real time.
 Although the reasons for such time dilationsự giãn nở are not fully understood, recent experimentalthực nghiệm recordings of brain cells in rats give tantalizingtrêu ngươi cluesđầu mối. In the experiment, rats were allowed to run around a mazemê cung. As the rats learned the spatialkhông gian layoutcách trình bày, the researchers recorded signaturechữ ký patterns of brain-cell firing. The scientists did not stop recording from these memory-imprinting cells when the rats subsequently fell asleepngủ. They continued to eavesdropnghe lén on the brain during the different stages of slumbergiấc ngủ, including rapid eye movement (REM) sleep, the stage in which humans principally dream.
 The first striking result was that the signaturechữ ký pattern of brain-cell firing that occurred as the rats were learning the mazemê cung subsequently reappearedxuất hiện trở lại during sleep, over and over again. That is, memories were being “replayedphát lại” at the level of brain-cell activity as the rats snoozedgiấc ngủ ngắn. The second, more striking finding was the speed of replayphát lại. During REM sleep, the memories were being replayedphát lại far more slowly: at just half or quarter the speed of that measured when the rats were awakethức giấc and learning the mazemê cung. This slow neuralthần kinh recountingthuật lại of the day’s events is the best evidence we have to date explaining our own protractedkéo dài experience of time in human REM sleep. This dramatickịch decelerationgiảm tốc of neuralthần kinh time may be the reason we believe our dream life lasts far longer than our alarm clocks otherwise assertkhẳng định.
 AN INFANT REVELATION—TWO TYPES OF SLEEP
 Though we have all determinedxác định that someone is asleepngủ, or that we have been asleepngủ, the gold-standard scientific verificationxác minh of sleep requires the recording of signals, using electrodesđiện cực, arising from three different regions: (1) brainwavesóng não activity, (2) eye movement activity, and (3) muscle activity. Collectively, these signals are grouped together under the blanketcái chăn term “polysomnography” (PSG), meaning a readoutđọc to (graph) of sleep (somnus) that is made up of multiple signals (poly).
 It was using this collection of measures that arguablyđược cho là the most important discovery in all of sleep research was made in 1952 at the University of Chicago by Eugene Aserinsky (then a graduate student) and Professor Nathaniel Kleitman, famednổi tiếng for the Mammoth Cave experiment discussed in chapter 2.
 Aserinsky had been carefully documenting the eye movement patterns of human infantstrẻ sơ sinh during the day and night. He noticed that there were periods of sleep when the eyes would rapidly dartphi tiêu from side to side underneath their lidsNắp. Furthermore, these sleep phases were always accompanied by remarkably active brainwavessóng não, almost identicalgiống hệt nhau to those observed from a brain that is wide awakethức giấc. Sandwiching these earnestnghiêm trang phases of active sleep were longer swathsdải băng of time when the eyes would calm and rest still. During these quiescentyên time periods, the brainwavessóng não would also become calm, slowly tickingtích tắc up and down.
 As if that weren’t strange enough, Aserinsky also observed that these two phases of slumbergiấc ngủ (sleep with eye movements, sleep with no eye movements) would repeat in a somewhat regular pattern throughout the night, over, and over, and over again.
 With classic professorialgiáo sư skepticismchủ nghĩa hoài nghi, his mentorngười hướng dẫn, Kleitman, wanted to see the results replicatedsao chép before he would entertain their validityhiệu lực. With his propensitykhuynh hướng for including his nearest and dearest in his experimentationthử nghiệm, he chose his infanttrẻ sơ sinh daughter, Ester, for this investigationcuộc điều tra. The findings held up. At that moment Kleitman and Aserinsky realized the profoundthâm thúy discovery they had made: humans don’t just sleep, but cycle through two completely different types of sleep. They named these sleep stages based on their defining ocularbằng mắt features: non–rapid eye movement, or NREM, sleep, and rapid eye movement, or REM, sleep.
 Together with the assistance of another graduate student of Kleitman’s at the time, William Dement, Kleitman and Aserinsky further demonstratedchứng minh that REM sleep, in which brain activity was almost identicalgiống hệt nhau to that when we are awakethức giấc, was intimatelymật thiết connected to the experience we call dreaming, and is often described as dream sleep.
 NREM sleep received further dissectionmổ xẻ in the years thereaftersau đó, being subdividedchia nhỏ into four separate stages, unimaginatively named NREM stages 1 to 4 (we sleep researchers are a creative bunch), increasing in their depth. Stages 3 and 4 are therefore the deepest stages of NREM sleep you experience, with “depth” being defined as the increasing difficulty required to wake an individual out of NREM stages 3 and 4, compared with NREM stages 1 or 2.
 THE SLEEP CYCLE
 In the years since Ester’s slumbergiấc ngủ revelationmặc khải, we have learned that the two stages of sleep—NREM and REM—play out in a recurringtái diễn, push-pull battle for brain dominationthống trị across the night. The cerebralnão war between the two is won and lost every ninety minutes,II ruled first by NREM sleep, followed by the comebacksự trở lại of REM sleep. No sooner has the battle finished than it starts anewmột lần nữa, replayingphát lại every ninety minutes. Tracing this remarkable roller-coaster ebblên xuống and flow across the night reveals the quite beautiful cycling architecturengành kiến trúc of sleep, depictedmiêu tả in figure 8.
 On the verticalthẳng đứng axistrục are the different brain states, with Wake at the top, then REM sleep, and then the descendinggiảm dần stages of NREM sleep, stages 1 to 4. On the horizontalnằm ngang axistrục is time of night, starting on the left at about eleven p.m. through until seven a.m. on the right. The technical name for this graphicđồ họa is a hypnogram (a sleep graphđồ thị).
  Figure 8: The Architecture of Sleep
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 Had I not added the verticalthẳng đứng dashedtiêu tan lines demarcatingvạch ranh giới each ninety-minute cycle, you may have protested that you could not see a regularly repeating ninety-minute pattern. At least not the one you were expecting from my descriptionSự miêu tả above. The cause is another peculiarkỳ lạ feature of sleep: a lopsidedlệch profile of sleep stages. While it is true that we flip-flop back and forthra between NREM and REM sleep throughout the night every ninety minutes, the ratio of NREM sleep to REM sleep within each ninety-minute cycle changes dramatically across the night. In the first half of the night, the vast majority of our ninety-minute cycles are consumed by deep NREM sleep, and very little REM sleep, as can be seen in cycle 1 of the figure above. But as we transitionchuyển tiếp through into the second half of the night, this seesawbập bênh balance shifts, with most of the time dominated by REM sleep, with little, if any, deep NREM sleep. Cycle 5 is a perfect example of this REM-rich type of sleep.
 Why did Mother Nature design this strange, complex equation of unfoldingmở ra sleep stages? Why cycle between NREM and REM sleep over and over? Why not obtainđạt được all of the required NREM sleep first, followed by all of the necessary REM sleep second? Or vice versa? If that’s too much a gambleđánh bạc on the off chance that an animal only obtainsđạt được a partialmột phần night of sleep at some point, then why not keep the ratio within each cycle the same, placing similar proportionstỷ lệ of eggs in both basketsrổ, as it were, rather than putting most of them in one early on, and then invertingđảo ngược that imbalancemất cân bằng later in the night? Why vary it? It sounds like an exhaustingmệt mỏi amount of evolutionarytiến hóa hard work to have designed such a convolutedquấn lại với nhau system, and put it into biologicalsinh học action.
 We have no scientific consensusđoàn kết as to why our sleep (and that of all other mammalsđộng vật có vú and birds) cycles in this repeatablecó thể lặp lại but dramatically asymmetric pattern, though a number of theories exist. One theory I have offered is that the unevenkhông bằng phẳng back-and-forth interplaytác động lẫn nhau between NREM and REM sleep is necessary to elegantlythanh lịch remodelsửa sang lại and update our neuralthần kinh circuitsmạch at night, and in doing so manage the finitecó hạn storage space within the brain. Forced by the known storage capacity imposedáp đặt by a set number of neuronstế bào thần kinh and connections within their memory structures, our brains must find the “sweet spot” between retentiongiữ lại of old information and leaving sufficient room for the new. Balancing this storage equation requires identifying which memories are fresh and salientQuan trọng, and which memories that currently exist are overlappingqua nối chồng, redundantdư thừa, or simply no longer relevant.
 As we will discover in chapter 6, a key function of deep NREM sleep, which predominateschiếm ưu thế early in the night, is to do the work of weedingcần sa out and removing unnecessarykhông cần thiết neuralthần kinh connections. In contrast, the dreaming stage of REM sleep, which prevailsChiếm ưu thế later in the night, plays a role in strengthening those connections.
 Combine these two, and we have at least one parsimonioustiết kiệm explanation for why the two types of sleep cycle across the night, and why those cycles are initially dominated by NREM sleep early on, with REM sleep reigningtrị vì supremetối cao in the second half of the night. Consider the creation of a piece of sculptuređiêu khắc from a block of clayđất sét. It starts with placing a large amount of raw material onto a pedestalbệ đỡ (that entire mass of stored autobiographicaltự truyện memories, new and old, offered up to sleep each night). Next comes an initial and extensiverộng rãi removalgỡ bỏ of superfluousdư thừa matter (long stretches of NREM sleep), after which brief intensificationtăng cường of early details can be made (short REM periods). Following this first session, the cullingloại bỏ hands return for a second round of deep excavationmoi lên (another long NREM-sleep phase), followed by a little more enhancingnâng cao of some fine-grained structures that have emergedhiện ra (slightly more REM sleep). After several more cycles of work, the balance of sculpturalđiêu khắc need has shifted. All corecốt lõi features have been hewnđẽo from the original mass of raw material. With only the important clayđất sét remaining, the work of the sculptornhà điêu khắc, and the tools required, must shift toward the goal of strengthening the elements and enhancingnâng cao features of that which remains (a dominanttrội need for the skills of REM sleep, and little work remaining for NREM sleep).
 In this way, sleep may elegantlythanh lịch manage and solve our memory storage crisiskhủng hoảng, with the general excavatory force of NREM sleep dominating early, after which the etchingkhắc hand of REM sleep blendstrộn, interconnectskết nối với nhau, and adds details. Since life’s experience is ever changing, demanding that our memory catalogmục lục be updated ad infinitum, our autobiographicaltự truyện sculptuređiêu khắc of stored experience is never complete. As a result, the brain always requires a new bout of sleep and its varied stages each night so as to auto-update our memory networks based on the events of the prior day. This account is one reason (of many, I suspect) explaining the cycling nature of NREM and REM sleep, and the imbalancemất cân bằng of their distributionphân bổ across the night.
 A danger residescư trú tại in this sleep profile whereintrong đó NREM dominates early in the night, followed by an REM sleep dominancethống trị later in the morning, one of which most of the general public are unawarekhông biết. Let’s say that you go to bed this evening at midnightnửa đêm. But instead of waking up at eight a.m., getting a full eight hours of sleep, you must wake up at six a.m. because of an early-morning meeting or because you are an athletevận động viên whose coach demands early-morning practices. What percent of sleep will you lose? The logicalhợp lý answer is 25 percent, since waking up at six a.m. will loptrượt off two hours of sleep from what would otherwise be a normal eight hours. But that’s not entirely true. Since your brain desires most of its REM sleep in the last part of the night, which is to say the late-morning hours, you will lose 60 to 90 percent of all your REM sleep, even though you are losing 25 percent of your total sleep time. It works both ways. If you wake up at eight a.m., but don’t go to bed until two a.m., then you lose a significant amount of deep NREM sleep. Similar to an unbalancedkhông cân bằng diet in which you only eat carbohydrateschất bột đường and are left malnourishedsuy dinh dưỡng by the absence of protein, short-changing the brain of either NREM or REM sleep—both of which serve critical, though different, brain and body functions—results in a myriadvô số of physical and mental ill health, as we will see in later chapters. When it comes to sleep, there is no such thing as burning the candlenến at both ends—or even at one end—and getting away with it.
 HOW YOUR BRAIN GENERATES SLEEP
 If I brought you into my sleep laboratory this evening at the University of California, Berkeley, placed electrodesđiện cực on your head and face, and let you fall asleepngủ, what would your sleeping brainwavessóng não look like? How different would those patterns of brain activity be to those you are experiencing right now, as you read this sentence, awakethức giấc? How do these different electrical brain changes explain why you are consciousbiết rõ in one state (wake), non-conscious in another (NREM sleep), and delusionally consciousbiết rõ, or dreaming, in the third (REM sleep)?
  Figure 9: The Brainwaves of Wake and Sleep
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 Assuming you are a healthy young/midlife adult (we will discuss sleep in childhood, old age, and disease a little later), the three wavyDợn sóng lines in figure 9 reflect the different types of electrical activity I would record from your brain. Each line represents thirty seconds of brainwavesóng não activity from these three different states: (1) wakefulnesssự tỉnh táo, (2) deep NREM sleep, and (3) REM sleep.
 Prior to bed, your waking brain activity is freneticđiên cuồng, meaning that the brainwavessóng não are cycling (going up and down) perhaps thirty or forty times per second, similar to a very fast drumbeattiếng trống. This is termed “fast frequency” brain activity. Moreover, there is no reliableđáng tin cậy pattern to these brainwaves—that is, the drumbeattiếng trống is not only fast, but also erraticthất thường. If I asked you to predictdự đoán the next few seconds of the activity by tapping along to the beat, based on what came before, you would not be able to do so. The brainwavessóng não are really that asynchronous—their drumbeattiếng trống has no discerniblerõ rệt rhythmnhịp. Even if I converted the brainwavessóng não into sound (which I have done in my laboratory in a sonification-of-sleep project, and is eerieghê rợn to beholdhãy chứng kiến), you would find it impossible to dance to. These are the electrical hallmarksdấu ấn of full wakefulnesssự tỉnh táo: fast-frequency, chaotichỗn loạn brainwavesóng não activity.
 You may have been expecting your general brainwavesóng não activity to look beautifully coherentmạch lạc and highly synchronousđồng bộ while awakethức giấc, matching the ordered pattern of your (mostly) logicalhợp lý thought during waking consciousnessý thức. The contradictorymâu thuẫn electrical chaossự hỗn loạn is explained by the fact that different parts of your waking brain are processing different pieces of information at different moments in time and in different ways. When summed together, they produce what appears to be a discombobulatedrời rạc pattern of activity recorded by the electrodesđiện cực placed on your head.
 As an analogysự giống nhau, consider a large football stadiumsân vận động filled with thousands of fans. Dangling over the middle of the stadiumsân vận động is a microphonecái mic cờ rô. The individual people in the stadiumsân vận động represent individual brain cells, seated in different parts of the stadiumsân vận động, as they are clusteredcụm in different regions of the brain. The microphonecái mic cờ rô is the electrodeđiện cực, sitting on top of the head—a recording device.
 Before the game starts, all of the individuals in the stadiumsân vận động are speaking about different things at different times. They are not having the same conversation in sync. Instead, they are desynchronized in their individual discussions. As a result, the summed chatterhuyên thuyên that we pick up from the overheadtrên không microphonecái mic cờ rô is chaotichỗn loạn, lacking a clear, unifiedthống nhât voice.
 When an electrodeđiện cực is placed on a subject’s head, as done in my laboratory, it is measuring the summed activity of all the neuronstế bào thần kinh below the surface of the scalpda đầu as they process different streams of information (sounds, sights, smells, feelings, emotions) at different moments in time and in different underlyingcơ bản locations. Processing that much information of such varied kinds means that your brainwavessóng não are very fast, freneticđiên cuồng, and chaotichỗn loạn.
 Once settled into bed at my sleep laboratory, with lights out and perhaps a few tossesquăng and turns here and there, you will successfully cast off from the shores of wakefulnesssự tỉnh táo into sleep. First, you will wadelội nước out into the shallowschỗ cạn of light NREM sleep: stages 1 and 2. Thereafter, you will enter the deeper waters of stages 3 and 4 of NREM sleep, which are grouped together under the blanketcái chăn term “slow-wave sleep.” Returning to the brainwavesóng não patterns of figure 9, and focusing on the middle line, you can understand why. In deep, slow-wave sleep, the up-and-down temponhịp độ of your brainwavesóng não activity dramatically deceleratesgiảm tốc, perhaps just two to four waves per second: ten times slower than the ferventnhiệt thành speed of brain activity you were expressing while awakethức giấc.
 As remarkable, the slow waves of NREM are also far more synchronousđồng bộ and reliableđáng tin cậy than those of your waking brain activity. So reliableđáng tin cậy, in fact, that you could predictdự đoán the next few bars of NREM sleep’s electrical song based on those that came before. Were I to convert the deep rhythmicnhịp nhàng activity of your NREM sleep into sound and play it back to you in the morning (which we have also done for people in the same sonification-of-sleep project), you’d be able to find its rhythmnhịp and move in time, gently swayinglắc lư to the slow, pulsingnhịp đập measure.
 But something else would become apparentrõ ràng as you listened and swayedlắc lư to the throbnhói of deep-sleep brainwavessóng não. Every now and then a new sound would be overlaidlớp phủ on top of the slow-wave rhythmnhịp. It would be brief, lasting only a few seconds, but it would always occur on the downbeatthất thường of the slow-wave cycle. You would perceivenhận thức it as a quick trilltrill of sound, not dissimilarkhông giống nhau to the strong rolling r in certain languages, such as Hindi or Spanish, or a very fast purrr from a pleased cat.
 What you are hearing is a sleep spindle—a punchymạnh mẽ burst of brainwavesóng não activity that often festoonsdây hoa the tail end of each individual slow wave. Sleep spindlescon quay occur during both the deep and the lighterbật lửa stages of NREM sleep, even before the slow, powerful brainwavessóng não of deep sleep start to rise up and dominate. One of their many functions is to operate like nocturnalsống về đêm soldiers who protect sleep by shieldingche chắn the brain from external noises. The more powerful and frequent an individual’s sleep spindlescon quay, the more resilientđàn hồi they are to external noises that would otherwise awakenđánh thức the sleeperngười ngủ.
 Returning to the slow waves of deep sleep, we have also discovered something fascinatinglôi cuốn about their site of origin, and how they sweep across the surface of the brain. Place your finger between your eyes, just above the bridge of your nose. Now slide it up your foreheadtrán about two inches. When you go to bed tonight, this is where most of your deep-sleep brainwavessóng não will be generated: right in the middle of your frontalphía trước lobesthùy. It is the epicentertâm chấn, or hot spot, from which most of your deep, slow-wave sleep emergeshiện ra. However, the waves of deep sleep do not radiatephát xạ out in perfect circles. Instead, almost all of your deep-sleep brainwavessóng não will travel in one direction: from the front of your brain to the back. They are like the sound waves emittedphát ra from a speaker, which predominantly travel in one direction, from the speaker outwardbề ngoài (it is always louder in front of a speaker than behind it). And like a speaker broadcastingphát thanh truyền hình across a vast expansemở rộng, the slow waves that you generate tonight will graduallydần dần dissipate in strength as they make their journey to the back of the brain, without rebounddội lại or return.
 Back in the 1950s and 1960s, as scientists began measuring these slow brainwavessóng não, an understandablecó thể hiểu được assumptiongiả thiết was made: this leisurelynhàn nhã, even lazy-looking electrical pacenhịp độ of brainwavesóng não activity must reflect a brain that is idlenhàn rỗi, or even dormantnằm im. It was a reasonable hunchlinh cảm considering that the deepest, slowest brainwavessóng não of NREM sleep can resemblegiống those we see in patients under anesthesiagây tê, or even those in certain forms of comahôn mê. But this assumptiongiả thiết was utterly wrong. Nothing could be further from the truth. What you are actually experiencing during deep NREM sleep is one of the most epicsử thi displays of neuralthần kinh collaborationsự hợp tác that we know of. Through an astonishingkinh ngạc act of self-organization, many thousands of brain cells have all decided to unite and “sing,” or fire, in time. Every time I watch this stunningkinh ngạc act of neuralthần kinh synchronyđồng bộ occurring at night in my own research laboratory, I am humblednhún nhường: sleep is truly an object of awesợ hãi.
 Returning to the analogysự giống nhau of the microphonecái mic cờ rô danglinglủng lẳng above the football stadiumsân vận động, consider the game of sleep now in play. The crowd—those thousands of brain cells—has shifted from their individual chitter-chatter before the game (wakefulnesssự tỉnh táo) to a unifiedthống nhât state (deep sleep). Their voices have joined in a lockstepbước khóa, mantra-like chant—the chanttụng kinh of deep NREM sleep. All at once they exuberantlyhồ hởi shout out, creating the tall spikemũi nhọn of brainwavesóng não activity, and then fall silent for several seconds, producing the deep, protractedkéo dài troughmáng of the wave. From our stadiumsân vận động microphonecái mic cờ rô we pick up a clearly defined roarGầm from the underlyingcơ bản crowd, followed by a long breath-pause. Realizing that the rhythmicnhịp nhàng incantare of deep NREM slow-wave sleep was actually a highly active, meticulouslytỉ mỉ coordinatedphối hợp state of cerebralnão unityđoàn kết, scientists were forced to abandonbỏ rơi any cursoryqua loa notionskhái niệm of deep sleep as a state of semi-hibernation or dullđần độn stuporsự sững sờ.
 Understanding this stunningkinh ngạc electrical harmonyhòa hợp, which ripplesgợn sóng across the surface of your brain hundreds of times each night, also helps explain your loss of external consciousnessý thức. It starts below the surface of the brain, within the thalamus. Recall that as we fall asleepngủ, the thalamus—the sensorygiác quan gate, seated deep in the middle of the brain—blocks the transfer of perceptualnhận thức signals (sound, sight, touch, etc.) up to the top of the brain, or the cortexvỏ não. By severingcắt đứt perceptualnhận thức ties with the outside world, not only do we lose our sense of consciousnessý thức (explaining why we do not dream in deep NREM sleep, nor do we keep explicitrõ ràng track of time), this also allows the cortexvỏ não to “relax” into its defaultmặc định mode of functioning. That defaultmặc định mode is what we call deep slow-wave sleep. It is an active, deliberatecố ý, but highly synchronousđồng bộ state of brain activity. It is a near state of nocturnalsống về đêm cerebralnão meditationthiền, though I should note that it is very different from the brainwavesóng não activity of waking meditativethiền định states.
 In this shamanisticpháp sư state of deep NREM sleep can be found a veritablexác thực treasurekho báu trovekho báu of mental and physical benefits for your brain and body, respectively—a bountytiền thưởng that we will fully explore in chapter 6. However, one brain benefit—the saving of memories—deserves further mention at this moment in our story, as it serves as an elegantthanh lịch example of what those deep, slow brainwavessóng não are capable of.
 Have you ever taken a long road trip in your car and noticed that at some point in the journey, the FM radio stations you’ve been listening to begin dropping out in signal strength? In contrast, AM radio stations remain solid. Perhaps you’ve driven to a remote location and tried and failed to find a new FM radio station. Switch over to the AM band, however, and several broadcastingphát thanh truyền hình channelskênh truyền hình are still available. The explanation lies in the radio waves themselves, including the two different speeds of the FM and AM transmissionsquá trình lây truyền. FM uses faster-frequency radio waves that go up and down many more times per second than AM radio waves. One advantage of FM radio waves is that they can carry higher, richer loads of information, and hence they sound better. But there’s a big disadvantageđiều bất lợi: FM waves run out of steamhơi nước quickly, like a muscle-bound sprintervận động viên chạy nước rút who can only cover short distances. AM broadcastsphát tin employ a much slower (longer) radio wave, akingiống to a lean long-distance runnerngười chạy. While AM radio waves cannot match the muscularcơ bắp, dynamicnăng động quality of FM radio, the pedestrianđi bộ pacenhịp độ of AM radio waves gives them the ability to cover vast distances with less fade. Longer-range broadcastsphát tin are therefore possible with the slow waves of AM radio, allowing far-reaching communication between very distantxa xôi geographicĐịa lý locations.
 As your brain shifts from the fast-frequency activity of waking to the slower, more measured pattern of deep NREM sleep, the very same long-range communication advantage becomes possible. The steady, slow, synchronousđồng bộ waves that sweep across the brain during deep sleep open up communication possibilities between distantxa xôi regions of the brain, allowing them to collaboratively send and receive their different repositorieskho of stored experience.
 In this regardvề, you can think of each individual slow wave of NREM sleep as a courierchuyển phát nhanh, able to carry packetsgói of information between different anatomical brain centers. One benefit of these traveling deep-sleep brainwavessóng não is a file-transfer process. Each night, the long-range brainwavessóng não of deep sleep will move memory packetsgói (recent experiences) from a short-term storage site, which is fragiledễ vỡ, to a more permanent, and thus safer, long-term storage location. We therefore consider waking brainwavesóng não activity as that principally concernedlo âu with the reception of the outside sensorygiác quan world, while the state of deep NREM slow-wave sleep donatesquyên tặng a state of inwardhướng nội reflection—one that fostersnuôi dưỡng information transfer and the distillationchưng cất of memories.
 If wakefulnesssự tỉnh táo is dominated by receptionthu nhận, and NREM sleep by reflection, what, then, happens during REM sleep—the dreaming state? Returning to figure 9, the last line of electrical brainwavesóng não activity is that which I would observe coming from your brain in the sleep labphòng thí nghiệm as you entered into REM sleep. Despite being asleepngủ, the associated brainwavesóng não activity bears no resemblancesự giống nhau to that of deep NREM slow-wave sleep (the middle line in the figure). Instead, REM sleep brain activity is an almost perfect replicabản sao of that seen during attentivechú ý, alertbáo động wakefulness—the top line in the figure. Indeed, recent MRI scanning studies have found that there are individual parts of the brain that are up to 30 percent more active during REM sleep than when we are awakethức giấc!
 For these reasons, REM sleep has also been called paradoxicalnghịch lý sleep: a brain that appears awakethức giấc, yet a body that is clearly asleepngủ. It is often impossible to distinguishphân biệt REM sleep from wakefulnesssự tỉnh táo using just electrical brainwavesóng não activity. In REM sleep, there is a return of the same faster-frequency brainwavessóng não that are once again desynchronized. The many thousands of brain cells in your cortexvỏ não that had previously unifiedthống nhât in a slow, synchronizedlàm cho đồng bộ chat during deep NREM sleep have returned to franticallyđiên cuồng processing different informationalthông tin pieces at different speeds and times in different brain regions—typical of wakefulnesssự tỉnh táo. But you’re not awakethức giấc. Rather, you are sound asleepngủ. So what information is being processed, since it is certainly not information from the outside world at that time?
 As is the case when you are awakethức giấc, the sensorygiác quan gate of the thalamus once again swings open during REM sleep. But the nature of the gate is different. It is not sensationscảm giác from the outside that are allowed to journey to the cortexvỏ não during REM sleep. Rather, signals of emotions, motivations, and memories (past and present) are all played out on the big screens of our visual, auditorythính giác, and kinestheticđộng học sensorygiác quan corticesvỏ não in the brain. Each and every night, REM sleep ushersmở ra you into a preposterouslố bịch theater whereintrong đó you are treated to a bizarrekỳ dị, highly associativekết hợp carnivallễ hội hóa trang of autobiographicaltự truyện themes. When it comes to information processing, think of the wake state principally as reception (experiencing and constantly learning the world around you), NREM sleep as reflection (storing and strengthening those raw ingredientsnguyên liệu of new facts and skills), and REM sleep as integration (interconnectingkết nối với nhau these raw ingredientsnguyên liệu with each other, with all past experiences, and, in doing so, building an ever more accurate model of how the world works, including innovativeđổi mới insightscái nhìn thấu suốt and problem-solving abilities).
 Since the electrical brainwavessóng não of REM sleep and wake are so similar, how can I tell which of the two you are experiencing as you lie in the bedroom of the sleep laboratory next to the control room? The telltalekể chuyện player in this regardvề is your body—specifically its muscles.
 Before putting you to bed in the sleep laboratory, we would have applied electrodesđiện cực to your body, in addition to those we affixdán vào to your head. While awakethức giấc, even lying in bed and relaxed, there remains a degree of overall tension, or tone, in your muscles. This steady muscularcơ bắp humngâm nga is easily detected by the electrodesđiện cực listening in on your body. As you pass into NREM sleep, some of that muscle tension disappears, but much remains. Gearing up for the leap into REM sleep, however, an impressiveấn tượng change occurs. Mere seconds before the dreaming phase begins, and for as long as that REM-sleep period lasts, you are completely paralyzedtê liệt. There is no tone in the voluntary muscles of your body. None whatsoeverbất cứ điều gì. If I were to quietly come into the room and gently lift up your body without waking you, it would be completely limpkhập khiễng, like a raggiẻ dollBÚP BÊ. Rest assured that your involuntary muscles—those that control automatictự động operations such as breathing—continue to operate and maintain life during sleep. But all other muscles become laxlỏng lẻo.
 This feature, termed “atoniamất trương lực” (an absence of tone, referring here to the muscles), is instigatedxúi giục by a powerful disablingvô hiệu hóa signal that is transmittedchuyển giao down the full length of your spinalcột sống corddây from your brain stem. Once put in place, the posturaltư thế body muscles, such as the bicepsbắp tay of your arms and the quadricepscơ tứ đầu of your legs, lose all tension and strength. No longer will they respond to commands from your brain. You have, in effect, become an embodiedhiện thân prisoner, incarceratedtống giam by REM sleep. Fortunately, after serving the detentiontạm giam sentence of the REM-sleep cycle, your body is freed from physical captivitynuôi nhốt as the REM-sleep phase ends. This striking dissociationphân ly during the dreaming state, where the brain is highly active but the body is immobilizedcố định, allows sleep scientists to easily recognize—and therefore separate—REM-sleep brainwavessóng não from wakefultỉnh táo ones.
 Why did evolutionsự tiến hóa decide to outlawngoài vòng pháp luật muscle activity during REM sleep? Because by eliminating muscle activity you are prevented from acting out your dream experience. During REM sleep, there is a nonstopkhông ngừng barrageđập phá of motor commands swirlingxoáy around the brain, and they underlienền tảng the movement-rich experience of dreams. Wise, then, of Mother Nature to have tailoredphù hợp a physiologicalsinh lý straitjacketáo bó that forbidsngăn cấm these fictionalhư cấu movements from becoming reality, especially considering that you’ve stopped consciously perceivingnhận thức your surroundings. You can well imagine the calamitoustai họa upshotkết quả cuối cùng of falselynói dối enactingban hành a dream fight, or a franticđiên cuồng sprinttăng tốc from an approaching dream foekẻ thù, while your eyes are closed and you have no comprehensionbao quát of the world around you. It wouldn’t take long before you quickly left the genegien pool. The brain paralyzeslàm tê liệt the body so the mind can dream safely.
 How do we know these movement commands are actually occurring while someone dreams, beyond the individual simply waking up and telling you they were having a running dream or a fighting dream? The sad answer is that this paralysisbại liệt mechanismcơ chế can fail in some people, particularly later in life. Consequentially, they convert these dream-related motor impulsesthúc đẩy into real-world physical actions. As we shall read about in chapter 11, the repercussionshậu quả can be tragicbi thảm.
 Finally, and not to be left out of the descriptivemô tả REM-sleep picture, is the very reason for its name: corresponding rapid eye movements. Your eyes remain still in their socketsổ cắm during deep NREM sleep.III Yet electrodesđiện cực that we place above and below your eyes tell a very different ocularbằng mắt story when you begin to dream: the very same story that Kleitman and Aserinsky unearthedkhai quật in 1952 when observing infanttrẻ sơ sinh sleep. During REM sleep, there are phases when your eyeballsnhãn cầu will jagrăng cưa, with urgencykhẩn cấp, left-to-right, left-to-right, and so on. At first, scientists assumed that these rat-a-tat-tat eye movements corresponded to the tracking of visual experience in dreams. This is not true. Instead, the eye movements are intimatelymật thiết linked with the physiologicalsinh lý creation of REM sleep, and reflect something even more extraordinary than the passivethụ động apprehensione ngại of moving objects within dream space. This phenomenonhiện tượng is chronicledghi chép lại in detail in chapter 9.
 Are we the only creatures that experience these varied stages of sleep? Do any other animals have REM sleep? Do they dream? Let us find out.
 
 I. Some people with a certain type of insomniamất ngủ are not able to accuratelychính xác gaugemáy đo whether they have been asleepngủ or awakethức giấc at night. As a consequencekết quả of this “sleep misperception,” they underestimateđánh giá quá thấp how much slumbergiấc ngủ they have successfully obtained—a condition that we will return to later in the book.
 II. Different speciesgiống loài have different NREM–REM cycle lengths. Most are shorter than that of humans. The functional purpose of the cycle length is another mysterybí ẩn of sleep. To date, the best predictordự đoán of NREM–REM sleep cycle length is the widthchiều rộng of the brain stem, with those speciesgiống loài possessing wider brain stems having longer cycle lengths.
 III. Oddly, during the transitionchuyển tiếp from being awakethức giấc into light stage 1 NREM sleep, the eyes will gently and very, very slowly start to roll in their socketsổ cắm in synchronyđồng bộ, like two ocularbằng mắt ballerinasnữ diễn viên ba lê pirouettingcướp biển in perfect time with each other. It is a hallmarkdấu ấn indication that the onsetbắt đầu of sleep is inevitablekhông thể tránh khỏi. If you have a bed partner, try observing their eyelidsmí mắt the next time they are driftingtrôi dạt off to sleep. You will see the closed lidsNắp of the eyes deformingbiến dạng as the eyeballsnhãn cầu roll around underneath. Parenthetically, should you choose to complete this suggested observationalquan sát experiment, be aware of the potential ramificationsphân nhánh. There is perhaps little else more disquietingkhông yên than abortingHuỷ bỏ one’s transitionchuyển tiếp into sleep, opening your eyes, and finding your partner’s face loomingkhung cửi over yours, gazenhìn chằm chằm affixeddán vào.
 
  



 

CHAPTER 4
 
 
 
 Ape Beds, Dinosaurs, and Napping with Half a Brain
 Who Sleeps, How Do We Sleep, and How Much?
 WHO SLEEPS
 When did life start sleeping? Perhaps sleep emergedhiện ra with the great apesvượn? Maybe earlier, in reptilesbò sát or their aquaticthủy sinh antecedentstiền lệ, fish? Short of a time capsuleviên con nhộng, the best way to answer this question comes from studying sleep across different phyla of the animal kingdomVương quốc, from the prehistoricthời tiền sử to the evolutionarilytiến hóa recent. Investigations of this kind provide a powerful ability to peer far back in the historicallịch sử record and estimate the moment when sleep first gracedduyên dáng the planet. As the geneticistnhà di truyền học Theodosius Dobzhansky once said, “Nothing in biologysinh vật học makes sense except in light of evolutionsự tiến hóa.” For sleep, the illuminatingchiếu sáng answer turned out to be far earlier than anyone anticipatedđoán trước, and far more profoundthâm thúy in ramificationphân nhánh.
 Without exception, every animal speciesgiống loài studied to date sleeps, or engages in something remarkably like it. This includes insectscôn trùng, such as flies, beescon ong, cockroachescon gián, and scorpionsbọ cạp;I fish, from small perchcá rô to the largest sharkscá mập;II amphibianslưỡng cư, such as frogscon ếch; and reptilesbò sát, such as turtlescon rùa, Komodo dragonsrồng, and chameleonscon tắc kè. All have bona fide sleep. Ascend the evolutionarytiến hóa ladderthang further and we find that all types of birds and mammals sleep: from shrewschuột chù to parrotscon vẹt, kangarooscon chuột túi, polarvùng cực bears, batscon dơi, and, of course, we humans. Sleep is universal.
 Even invertebratesđộng vật không xương sống, such as primordialnguyên thủy mollusksnhuyễn thể and echinodermsda gai, and even very primitivenguyên thủy wormssâu, enjoy periods of slumbergiấc ngủ. In these phases, affectionatelytrìu mến termed “lethargus,” they, like humans, become unresponsivekhông phản hồi to external stimulikích thích. And just as we fall asleepngủ faster and sleep more soundly when sleep-deprived, so, too, do wormssâu, defined by their degree of insensitivityvô cảm to prodssản xuất from experimentersngười thí nghiệm.
 How “old” does this make sleep? Worms emergedhiện ra during the Cambrian explosionvụ nổ: at least 500 million years ago. That is, wormssâu (and sleep by association) predatelùi về trước all vertebrateđộng vật có xương sống life. This includes dinosaurskhủng long, which, by inferencesự suy luận, are likely to have slept. Imagine diplodocuses and triceratopsesba sừng all comfortably settling in for a night of full reposenghỉ ngơi!
 Regress evolutionarytiến hóa time still further and we have discovered that the very simplest forms of unicellular organismssinh vật that survive for periods exceeding twenty-four hours, such as bacteriavi khuẩn, have active and passivethụ động phases that correspond to the light-dark cycle of our planet. It is a pattern that we now believe to be the precursortiền thân of our own circadiannhịp sinh học rhythmnhịp, and with it, wake and sleep.
 Many of the explanations for why we sleep circle around a common, and perhaps erroneoussai, idea: sleep is the state we must enter in order to fix that which has been upset by wake. But what if we turned this argument on its head? What if sleep is so useful—so physiologically beneficialcó lợi to every aspectdiện mạo of our being—that the real question is: Why did life ever botherlàm phiền to wake up? Considering how biologicallyvề mặt sinh học damaging the state of wakefulnesssự tỉnh táo can often be, that is the true evolutionarytiến hóa puzzlecâu đố here, not sleep. Adopt this perspectiveluật xa gần, and we can pose a very different theory: sleep was the first state of life on this planet, and it was from sleep that wakefulnesssự tỉnh táo emergedhiện ra. It may be a preposterouslố bịch hypothesisgiả thuyết, and one that nobody is taking seriously or exploring, but personally I do not think it to be entirely unreasonablevô lý.
 Whichever of these two theories is true, what we know for certain is that sleep is of ancient origin. It appeared with the very earliest forms of planetaryhành tinh life. Like other rudimentarythô sơ features, such as DNA, sleep has remained a common bond uniting every creature in the animal kingdomVương quốc. A long-lasting commonalityđiểm chung, yes; however, there are truly remarkable differences in sleep from one speciesgiống loài to another. Four such differences, in fact.
 ONE OF THESE THINGS IS NOT LIKE THE OTHER
 Elephants need half as much sleep as humans, requiring just four hours of slumbergiấc ngủ each day. Tigers and lionscon sư tử devourngấu nghiến fifteen hours of daily sleep. The brown batcon dơi outperformslàm tốt hơn all other mammalsđộng vật có vú, being awakethức giấc for just five hours each day while sleeping nineteen hours. Total amount of time is one of the most conspicuousdễ thấy differences in how organismssinh vật sleep.
 You’d imagine the reason for such clear-cut variation in sleep need is obviousrõ ràng. It isn’t. None of the likely contenders—body size, prey/predator status, diurnal/nocturnal—usefully explains the difference in sleep need across speciesgiống loài. Surely sleep time is at least similar within any one phylogeneticphát sinh loài category, since they share much of their geneticdi truyền code. It is certainly true for other basic traitsđặc điểm within phyla, such as sensorygiác quan capabilities, methods of reproductionsinh sản, and even degree of intelligence. Yet sleep violatesxâm phạm this reliableđáng tin cậy pattern. Squirrels and degus are part of the same family group (rodentsloài gặm nhấm), yet they could not be more dissimilarkhông giống nhau in sleep need. The former sleeps twice as long as the latter—15.9 hours for the squirrelcon sóc versus 7.7 hours for the degu. Conversely, you can find near-identical sleep times in utterly different family groups. The humblekhiêm tốn guineachuột lang pig and the precociousphát triển sớm baboonkhỉ đầu chó, for example, which are of markedlyrõ rệt different phylogeneticphát sinh loài orders, not to mention physical sizes, sleep precisely the same amount: 9.4 hours.
 So what does explain the difference in sleep time (and perhaps need) from speciesgiống loài to speciesgiống loài, or even within a genetically similar order? We’re not entirely sure. The relationship between the size of the nervous system, the complexity of the nervous system, and total body mass appears to be a somewhat meaningfulcó ý nghĩa predictordự đoán, with increasing brain complexity relative to body size resulting in greater sleep amounts. While weak and not entirely consistent, this relationship suggests that one evolutionarytiến hóa function that demands more sleep is the need to service an increasingly complex nervous system. As millennia unfoldedmở ra and evolutionsự tiến hóa crownedđăng quang its (current) accomplishmentthành tích with the genesisnguồn gốc of the brain, the demand for sleep only increased, tending to the needs of this most preciousquý giá of all physiologicalsinh lý apparatusbộ máy.
 Yet this is not the whole story—not by a good measure. Numerous speciesgiống loài deviateđi chệch hướng wildlyđiên cuồng from the predictionssự dự đoán made by this rule. For example, an opossumchồn Opossum, which weighs almost the same as a rat, sleeps 50 percent longer, clocking an average of eighteen hours each day. The opossumchồn Opossum is just one hour shyxấu hổ of the animal kingdomVương quốc record for sleep amount currently held by the brown batcon dơi, who, as previously mentioned, racksgiá đỡ up a whoppingto lớn nineteen hours of sleep each day.
 There was a moment in research history when scientists wondered if the measure of choice—total minutes of sleep—was the wrong way of looking at the question of why sleep varies so considerably across speciesgiống loài. Instead, they suspected that assessingđánh giá sleep quality, rather than quantity (time), would shedtúp lều some light on the mysterybí ẩn. That is, speciesgiống loài with superiorthượng đẳng quality of sleep should be able to accomplishhoàn thành all they need in a shorter time, and vice versa. It was a great idea, with the exception that, if anything, we’ve discovered the opposite relationship: those that sleep more have deeper, “higher”-quality sleep. In truth, the way quality is commonly assessedđánh giá in these investigationscuộc điều tra (degree of unresponsiveness to the outside world and the continuityliên tục of sleep) is probably a poor index of the real biologicalsinh học measure of sleep quality: one that we cannot yet obtainđạt được in all these speciesgiống loài. When we can, our understanding of the relationship between sleep quantity and quality across the animal kingdomVương quốc will likely explain what currently appears to be an incomprehensiblekhó hiểu map of sleep-time differences.
 For now, our most accurate estimate of why different speciesgiống loài need different sleep amounts involves a complex hybridhỗn hợp of factors, such as dietarychế độ ăn kiêng type (omnivoređộng vật ăn tạp, herbivoređộng vật ăn cỏ, carnivorethú ăn thịt), predator/prey balance within a habitatmôi trường sống, the presence and nature of a social network, metabolictrao đổi chất rate, and nervous system complexity. To me, this speaks to the fact that sleep has likely been shaped by numerous forces along the evolutionarytiến hóa path, and involves a delicatethanh tú balancing act between meeting the demands of waking survival (e.g., hunting prey/obtaining food in as short a time as possible, minimizinggiảm thiểu energy expenditurechi phí and threat risk), serving the restorativephục hồi physiologicalsinh lý needs of an organismsinh vật (e.g., a higher metabolic rate requires greater “cleanupdọn dẹp” efforts during sleep), and tending to the more general requirements of the organism’s community.
 Nevertheless, even our most sophisticatedcầu kì predictivetiên đoán equations remain unable to explain far-flung outliersngoại lệ in the map of slumbergiấc ngủ: speciesgiống loài that sleep much (e.g., batscon dơi) and those that sleep little (e.g., giraffeshươu cao cổ, which sleep for just four to five hours). Far from being a nuisancephiền toái, I feel these anomalousdị thường speciesgiống loài may hold some of the keys to unlockingmở khóa the puzzlecâu đố of sleep need. They remain a delightfullythú vị frustratinglàm nản lòng opportunity for those of us trying to crack the code of sleep across the animal kingdomVương quốc, and within that code, perhaps as yet undiscoveredchưa được khám phá benefits of sleep we never thought possible.
 TO DREAM OR NOT TO DREAM
 Another remarkable difference in sleep across speciesgiống loài is composition. Not all speciesgiống loài experience all stages of sleep. Every speciesgiống loài in which we can measure sleep stages experiences NREM sleep—the non-dreaming stage. However, insectscôn trùng, amphibianslưỡng cư, fish, and most reptilesbò sát show no clear signs of REM sleep—the type associated with dreaming in humans. Only birds and mammalsđộng vật có vú, which appeared later in the evolutionarytiến hóa timelinemốc thời gian of the animal kingdomVương quốc, have full-blown REM sleep. It suggests that dream (REM) sleep is the new kid on the evolutionarytiến hóa block. REM sleep seems to have emergedhiện ra to support functions that NREM sleep alone could not accomplishhoàn thành, or that REM sleep was more efficient at accomplishinghoàn thành.
 Yet as with so many things in sleep, there is another anomalynghĩa bóng. I said that all mammalsđộng vật có vú have REM sleep, but debatetranh luận surrounds cetaceansđộng vật biển có vú, or aquaticthủy sinh mammalsđộng vật có vú. Certain of these ocean-faring speciesgiống loài, such as dolphinscá heo and killersát thủ whalescá voi, buckCái xô the REM-sleep trend in mammalsđộng vật có vú. They don’t have any. Although there is one case in 1969 suggesting that a pilot whalecá voi was in REM sleep for six minutes, most of our assessmentsđánh giá to date have not discovered REM sleep—or at least what many sleep scientists would believe to be true REM sleep—in aquaticthủy sinh mammalsđộng vật có vú. From one perspectiveluật xa gần, this makes sense: when an organismsinh vật enters REM sleep, the brain paralyzeslàm tê liệt the body, turning it limpkhập khiễng and immobilebất động. Swimming is vitalthiết yếu for aquaticthủy sinh mammalsđộng vật có vú, since they must surface to breathe. If full paralysisbại liệt was to take hold during sleep, they could not swim and would drownchết chìm.
 The mysterybí ẩn deepensđào sâu when we consider pinnipedsghim (one of my all-time favorite words, from the Latin derivativesphát sinh: pinna “finvây” and pedis “foot”), such as furlông thú seals. Partially aquaticthủy sinh mammalsđộng vật có vú, they split their time between land and sea. When on land, they have both NREM sleep and REM sleep, just like humans and all other terrestrialtrên cạn mammalsđộng vật có vú and birds. But when they enter the ocean, they stop having REM sleep almost entirely. Seals in the ocean will sample but a soupçon of the stuff, rackingkệ up just 5 to 10 percent of the REM sleep amounts they would normally enjoy when on land. Up to two weeks of ocean-bound time have been documented without any observablequan sát được REM sleep in seals, who survive in such times on a snoozegiấc ngủ ngắn diet of NREM sleep.
 These anomaliesnghĩa bóng do not necessarily challenge the usefulnesssự hữu dụng of REM sleep. Without doubt, REM sleep, and even dreaming, appears to be highly useful and adaptivethích nghi in those speciesgiống loài that have it, as we shall see in part 3 of the book. That REM sleep returns when these animals return to land, rather being done away with entirely, affirmsXác nhận this. It is simply that REM sleep does not appear to be feasiblekhả thi or needed by aquaticthủy sinh mammalsđộng vật có vú when in the ocean. During that time, we assume they make do with lowlyhèn mọn NREM sleep—which, for dolphinscá heo and whalescá voi, may always be the case.
 Personally, I don’t believe aquaticthủy sinh mammalsđộng vật có vú, even cetaceansđộng vật biển có vú like dolphinscá heo and whalescá voi, have a total absence of REM sleep (though several of my scientific colleagues will tell you I’m wrong). Instead, I think the form of REM sleep these mammalsđộng vật có vú obtainđạt được in the ocean is somewhat different and harder to detect: be it brief in nature, occurring at times when we have not been able to observe it, or expressed in ways or hiding in parts of the brain that we have not yet been able to measure.
 In defense of my contrariantrái ngược point of view, I note that it was once believed that egg-laying mammalsđộng vật có vú (monotremesđơn cực), such as the spinycó gai anteaterThú ăn kiến and the duck-billed platypusthú mỏ vịt, did not have REM sleep. It turned out that they do, or at least a version of it. The outerbên ngoài surface of their brain—the cortex—from which most scientists measure sleeping brainwavessóng não, does not exhibittriển lãm the choppybấp bênh, chaotichỗn loạn characteristicsđặc trưng of REM-sleep activity. But when scientists looked a little deeper, beautiful bursts of REM-sleep electrical brainwavesóng não activity were found at the base of the brain—waves that are a perfect match for those seen in all other mammalsđộng vật có vú. If anything, the duck-billed platypusthú mỏ vịt generates more of this kind of electrical REM-sleep activity than any other mammalđộng vật có vú! So they did have REM sleep after all, or at least a betaphiên bản thử nghiệm version of it, first rolled out in these more evolutionarilytiến hóa ancient mammalsđộng vật có vú. A fully operationalhoạt động, whole-brain version of REM sleep appears to have been introduced in more developed mammalsđộng vật có vú that later evolvedphát triển. I believe a similar story of atypicalkhác biệt, but neverthelesstuy nhiên present, REM sleep will ultimatelycuối cùng be observed in dolphinscá heo and whalescá voi and seals when in the ocean. After all, absence of evidence is not evidence of absence.
 More intriguinghấp dẫn than the poverty of REM sleep in this aquaticthủy sinh corner of the mammalianđộng vật có vú kingdomVương quốc is the fact that birds and mammalsđộng vật có vú evolvedphát triển separatelyriêng biệt. REM sleep may therefore have been birthed twice in the course of evolutionsự tiến hóa: once for birds and once for mammalsđộng vật có vú. A common evolutionarytiến hóa pressure may still have created REM sleep in both, in the same way that eyes have evolvedphát triển separatelyriêng biệt and independently numerous times across different phyla throughout evolutionsự tiến hóa for the common purpose of visual perceptionsự nhận thức. When a theme repeats in evolutionsự tiến hóa, and independently across unrelatedkhông liên quan lineagesdòng dõi, it often signals a fundamentalcơ bản need.
 However, a very recent report has suggested that a protonguyên thủy form of REM sleep exists in an Australian lizardcon thằn lằn, which, in terms of the evolutionarytiến hóa timelinemốc thời gian, predateslùi về trước the emergencesự xuất hiện of birds and mammalsđộng vật có vú. If this finding is replicatedsao chép, it would suggest that the original seed of REM sleep was present at least 100 million years earlier than our original estimates. This common seed in certain reptilesbò sát may have then germinatednẩy mầm into the full form of REM sleep we now see in birds and mammalsđộng vật có vú, including humans.
 Regardless of when true REM sleep emergedhiện ra in evolutionsự tiến hóa, we are fast discovering why REM-sleep dreaming came into being, what vitalthiết yếu needs it supports in the warm-blooded world of birds and mammalsđộng vật có vú (e.g., cardiovasculartim mạch health, emotional restorationsự phục hồi, memory association, creativitysáng tạo, body-temperature regulation), and whether other speciesgiống loài dream. As we will later discuss, it seems they do.
 Setting aside the issue of whether all mammalsđộng vật có vú have REM sleep, an uncontestedkhông có đối thủ fact is this: NREM sleep was first to appear in evolutionsự tiến hóa. It is the original form that sleep took when stepping out from behind evolution’s creative curtain—a true pioneertiên phong. This senioritythâm niên leads to another intriguinghấp dẫn question, and one that I get asked in almost every public lecture I give: Which type of sleep—NREM or REM sleep—is more important? Which do we really need?
 There are many ways you can define “importance” or “need,” and thus numerous ways of answering the question. But perhaps the simplest recipecông thức is to take an organismsinh vật that has both sleep types, bird or mammalđộng vật có vú, and keep it awakethức giấc all night and throughout the subsequenttiếp theo day. NREM and REM sleep are thus similarly removed, creating the conditions of equivalent hunger for each sleep stage. The question is, which type of sleep will the brain feasttiệc on when you offer it the chance to consume both during a recovery night? NREM and REM sleep in equal proportionstỷ lệ? Or more of one than the other, suggesting greater importance of the sleep stage that dominates?
 This experiment has now been performed many times on numerous speciesgiống loài of birds and mammalsđộng vật có vú, humans included. There are two clear outcomes. First, and of little surprise, sleep durationkhoảng thời gian is far longer on the recovery night (ten or even twelve hours in humans) than during a standard night without prior deprivationtước đoạt (eight hours for us). Responding to the debt, we are essentiallyThiết yếu trying to “sleep it off,” the technical term for which is a sleep rebounddội lại.
 Second, NREM sleep reboundsdội lại harder. The brain will consume a far larger portion of deep NREM sleep than of REM sleep on the first night after total sleep deprivationtước đoạt, expressing a lopsidedlệch hunger. Despite both sleep types being on offer at the finger buffettiệc đứng of recovery sleep, the brain optsopt to heapđống much more deep NREM sleep onto its plate. In the battle of importance, NREM sleep therefore wins. Or does it?
 Not quite. Should you keep recording sleep across a second, third, and even fourth recovery night, there’s a reversalđảo ngược. Now REM sleep becomes the primary dish of choice with each returning visit to the recovery buffettiệc đứng table, with a side of NREM sleep added. Both sleep stages are therefore essential. We try to recover one (NREM) a little sooner than the other (REM), but make no mistake, the brain will attempt to recoupbù lại both, trying to salvagetrục vớt some of the losses incurredgánh chịu. It is important to note, however, that regardlessbất kể of the amount of recovery opportunity, the brain never comes close to getting back all the sleep it has lost. This is true for total sleep time, just as it is for NREM sleep and for REM sleep. That humans (and all other speciesgiống loài) can never “sleep back” that which we have previously lost is one of the most important take-homes of this book, the saddeningbuồn bã consequenceskết quả of which I will describe in chapters 7 and 8.
 IF ONLY HUMANS COULD
 A third striking difference in sleep across the animal kingdomVương quốc is the way in which we all do it. Here, the diversityđa dạng is remarkable and, in some cases, almost impossible to believe. Take cetaceansđộng vật biển có vú, such as dolphinscá heo and whalescá voi, for example. Their sleep, of which there is only NREM, can be unihemispheric, meaning they will sleep with half a brain at a time! One half of the brain must always stay awakethức giấc to maintain life-necessary movement in the aquaticthủy sinh environment. But the other half of the brain will, at times, fall into the most beautiful NREM sleep. Deep, powerful, rhythmicnhịp nhàng, and slow brainwavessóng não will drenchướt sũng the entiretytoàn bộ of one cerebralnão hemispherebán cầu, yet the other half of the cerebrumđại não will be bristlinglông cứng with freneticđiên cuồng, fast brainwavesóng não activity, fully awakethức giấc. This despite the fact that both hemispheresbán cầu are heavily wired together with thick crisscrossbắt chéo nhau fiberschất xơ, and sit merechỉ là millimetersmi-li-mét apart, as in human brains.
 Of course, both halves of the dolphincá heo brain can be, and frequently are, awakethức giấc at the very same time, operating in unison. But when it is time for sleep, the two sides of the brain can uncoupletháo rời and operate independently, one side remaining awakethức giấc while the other side snoozes away. After this one half of the brain has consumed its fill of sleep, they switch, allowing the previously vigilantthận trọng half of the brain to enjoy a well-earned period of deep NREM slumbergiấc ngủ. Even with half of the brain asleepngủ, dolphinscá heo can achieve an impressiveấn tượng level of movement and even some vocalizedxưng hô communication.
 The neuralthần kinh engineering and trickykhó khăn architecturengành kiến trúc required to accomplishhoàn thành this staggeringsửng sốt trick of oppositional “lights-on, lights-off” brain activity is rare. Surely Mother Nature could have found a way to avoid sleep entirely under the extreme pressure of nonstopkhông ngừng, 24/7 aquaticthủy sinh movement. Would that not have been easier than mastermindingchủ mưu a convolutedquấn lại với nhau split-shift system between brain halves for sleep, while still allowing for a joint operating system where both sides unite when awakethức giấc? Apparently not. Sleep is of such vitalthiết yếu necessitysự cần thiết that no matter what the evolutionarytiến hóa demands of an organismsinh vật, even the unyieldingkiên cường need to swim in perpetuum from birth to death, Mother Nature had no choice. Sleep with both sides of the brain, or sleep with just one side and then switch. Both are possible, but sleep you must. Sleep is non-negotiable.
 The gift of split-brain deep NREM sleep is not entirely uniqueđộc nhất to aquaticthủy sinh mammalsđộng vật có vú. Birds can do it, too. However, there is a somewhat different, though equally life-preserving, reason: it allows them to keep an eye on things, quite literallytheo đúng nghĩa đen. When birds are alone, one half of the brain and its corresponding (opposite-side) eye must stay awakethức giấc, maintaining vigilancecảnh giác to environmentalthuộc về môi trường threats. As it does so, the other eye closes, allowing its corresponding half of the brain to sleep.
 Things get even more interesting when birds group together. In some speciesgiống loài, many of the birds in a flockđàn will sleep with both halves of the brain at the same time. How do they remain safe from threat? The answer is truly ingeniouskhéo léo. The flockđàn will first line up in a row. With the exception of the birds at each end of the line, the rest of the group will allow both halves of the brain to indulgethưởng thức in sleep. Those at the far left and right ends of the row aren’t so lucky. They will enter deep sleep with just one half of the brain (opposing in each), leaving the corresponding left and right eye of each bird wide open. In doing so, they provide full panoramictoàn cảnh threat detectionphát hiện for the entire group, maximizingtối đa hóa the total number of brain halves that can sleep within the flockđàn. At some point, the two end-guards will stand up, rotatequay 180 degrees, and sit back down, allowing the other side of their respectivetương ứng brains to enter deep sleep.
 We merechỉ là humans and a select number of other terrestrialtrên cạn mammalsđộng vật có vú appear to be far less skilled than birds and aquaticthủy sinh mammalsđộng vật có vú, unable as we are to take our medicine of NREM sleep in half-brain measure. Or are we?
 Two recently publishedđược phát hành reports suggest humans have a very mildnhẹ version of unihemispheric sleep—one that is drawn out for similar reasons. If you compare the electrical depth of the deep NREM slow brainwavessóng não on one half of someone’s head relative to the other when they are sleeping at home, they are about the same. But if you bring that person into a sleep laboratory, or take them to a hotel—both of which are unfamiliarkhông quen sleep environments—one half of the brain sleeps a little lighterbật lửa than the other, as if it’s standing guard with just a tad more vigilancecảnh giác due to the potentially less safe contextbối cảnh that the consciousbiết rõ brain has registered while awakethức giấc. The more nights an individual sleeps in the new location, the more similar the sleep is in each half of the brain. It is perhaps the reason why so many of us sleep so poorlykém the first night in a hotel room.
 This phenomenonhiện tượng, however, doesn’t come close to the complete division between full wakefulnesssự tỉnh táo and truly deep NREM sleep achieved by each side of birds’ and dolphinscá heo’ brains. Humans always have to sleep with both halves of our brain in some state of NREM sleep. Imagine, though, the possibilities that would become available if only we could rest our brains, one half at a time.
 I should note that REM sleep is strangelykỳ lạ immunemiễn dịch to being split across sides of the brain, no matter who you are. All birds, irrespectivekhông phân biệt of the environmentalthuộc về môi trường situation, always sleep with both halves of the brain during REM sleep. The same is true for every speciesgiống loài that experiences dream sleep, humans included. Whatever the functions of REM-sleep dreaming—and there appear to be many—they require participation of both sides of the brain at the same time, and to an equal degree.
 UNDER PRESSURE
 The fourth and final difference in sleep across the animal kingdomVương quốc is the way in which sleep patterns can be diminishedgiảm bớt under rare and very special circumstances, something that the US government sees as a matter of national security, and has spent sizablekhá lớn taxpayerngười nộp thuế dollars investigating.
 The infrequentkhông thường xuyên situation happens only in response to extreme environmentalthuộc về môi trường pressures or challenges. Starvation is one example. Place an organismsinh vật under conditions of severe faminenạn đói, and foragingkiếm ăn for food will supersedethay thế sleep. Nourishment will, for a time, push aside the need for sleep, though it cannot be sustainedduy trì for long. Starve a fly and it will stay awakethức giấc longer, demonstratingchứng minh a pattern of food-seeking behavior. The same is true for humans. Individuals who are deliberatelythong thả fasting will sleep less as the brain is tricked into thinking that food has suddenly become scarcekhan hiếm.
 Another rare example is the joint sleep deprivationtước đoạt that occurs in female killersát thủ whalescá voi and their newborntrẻ sơ sinh calvesbắp chân. Female killersát thủ whalescá voi give birth to a single calfbắp chân once every three to eight years. Calving normally takes place away from the other members of the podvỏ. This leaves the newborntrẻ sơ sinh calfbắp chân incrediblyvô cùng vulnerabledễ bị tổn thương during the initial weeks of life, especially during the return to the podvỏ as it swims beside its mother. Up to 50 percent of all new calvesbắp chân are killed during this journey home. It is so dangerous, in fact, that neither mother nor calfbắp chân appear to sleep while in transitquá cảnh. No mother-calf pair that scientists have observed shows signs of robustcường tráng sleep en route. This is especially surprising in the calfbắp chân, since the highest demand and consumptionsự tiêu thụ of sleep in every other living speciesgiống loài is in the first days and weeks of life, as any new parent will tell you. Such is the egregiousnghiêm trọng perilsự nguy hiểm of long-range ocean travel that these infanttrẻ sơ sinh whalescá voi will reverse an otherwise universal sleep trend.
 Yet the most incredibleđáng kinh ngạc featchiến công of deliberatecố ý sleep deprivationtước đoạt belongs to that of birds during transoceanicxuyên đại dương migrationdi cư. During this climate-driven race across thousands of miles, entire flocksđàn will fly for many more hours than is normal. As a result, they lose much of the stationaryđứng im opportunity for plentifuldồi dào sleep. But even here, the brain has found an ingeniouskhéo léo way to obtainđạt được sleep. In-flight, migratingdi cư birds will grab remarkably brief periods of sleep lasting only seconds in durationkhoảng thời gian. These ultra–power napsngủ trưa are just sufficient to avertngăn chặn the ruinousphá hoại brain and body deficitsthiếu hụt hoặc khuyết that would otherwise ensuexảy ra sau đó from prolongedkéo dài total sleep deprivationtước đoạt. (If you’re wondering, humans have no such similar ability.)
 The white-crowned sparrowchim sẻ is perhaps the most astonishingkinh ngạc example of aviangia cầm sleep deprivationtước đoạt during long-distance flights. This small, quotidianthương số bird is capable of a spectacularhùng vĩ featchiến công that the American military has spent millions of research dollars studying. The sparrowchim sẻ has an unparalleledvô song, though time-limited, resiliencekhả năng phục hồi to total sleep deprivationtước đoạt, one that we humans could never withstandchịu được. If you sleep-deprive this sparrowchim sẻ in the laboratory during the migratorydi cư period of the year (when it would otherwise be in flight), it suffers virtuallyhầu như no ill effects whatsoeverbất cứ điều gì. However, deprivingtước đoạt the same sparrowchim sẻ of the same amount of sleep outside this migratorydi cư time window inflictsgây thiệt a maelstromxoáy nước of brain and body dysfunctionrối loạn chức năng. This humblekhiêm tốn passerinechim sẻ bird has evolvedphát triển an extraordinary biologicalsinh học cloakáo choàng of resiliencekhả năng phục hồi to total sleep deprivationtước đoạt: one that it deploystriển khai only during a time of great survival necessitysự cần thiết. You can now imagine why the US government continues to have a vestedáo vest interest in discovering exactly what that biologicalsinh học suit of armoráo giáp is: their hope for developing a twenty-four-hour soldier.
 HOW SHOULD WE SLEEP?
 Humans are not sleeping the way nature intended. The number of sleep bouts, the durationkhoảng thời gian of sleep, and when sleep occurs have all been comprehensivelytoàn diện distortedbóp méo by modernityhiện đại.
 Throughout developed nations, most adults currently sleep in a monophasic pattern—that is, we try to take a long, single bout of slumbergiấc ngủ at night, the average durationkhoảng thời gian of which is now less than seven hours. Visit cultures that are untouchedhoang sơ by electricity and you often see something rather different. Hunter-gatherer tribesbộ lạc, such as the Gabra in northern Kenya or the San people in the Kalahari Desert, whose way of life has changed little over the past thousands of years, sleep in a biphasic pattern. Both these groups take a similarly longer sleep period at night (seven to eight hours of time in bed, achieving about seven hours of sleep), followed by a thirty- to sixty-minute napngủ trưa in the afternoon.
 There is also evidence for a mix of the two sleep patterns, determinedxác định by time of year. Pre-industrial tribesbộ lạc, such as the Hadza in northern Tanzania or the San of Namibia, sleep in a biphasic pattern in the hotter summer months, incorporating a thirty- to forty-minute napngủ trưa at high noonbuổi trưa. They then switch to a largely monophasic sleep pattern during the coolermáy làm lạnh winter months.
 Even when sleeping in a monophasic pattern, the timing of slumbergiấc ngủ observed in pre-industrialized cultures is not that of our own, contortedvặn vẹo making. On average, these tribespeoplebộ lạc will fall asleepngủ two to three hours after sunsetHoàng hôn, around nine p.m. Their nighttimeban đêm sleep bouts will come to an end just prior to, or soon after, dawnbình minh. Have you ever wondered about the meaning of the term “midnightnửa đêm”? It of course means the middle of the night, or, more technicallykỹ thuật, the middle point of the solarmặt trời cycle. And so it is for the sleep cycle of hunter-gatherer cultures, and presumablycó lẽ all those that came before. Now consider our cultural sleep normsđịnh mức. Midnight is no longer “midgiữa night.” For many of us, midnightnửa đêm is usually the time when we consider checking our email one last time—and we know what often happens in the protractedkéo dài thereaftersau đó. Compounding the problem, we do not then sleep any longer into the morning hours to accommodatechứa these later sleep-onset times. We cannot. Our circadiannhịp sinh học biologysinh vật học, and the insatiablevô độ early-morning demands of a post-industrial way of life, deniestừ chối us the sleep we vitally need. At one time we went to bed in the hours after duskhoàng hôn and woke up with the chickens. Now many of us are still waking up with the chickens, but duskhoàng hôn is simply the time we are finishing up at the office, with much of the waking night to go. Moreover, few of us enjoy a full afternoon napngủ trưa, further contributingđóng góp to our state of sleep bankruptcyphá sản.
 The practice of biphasic sleep is not cultural in origin, however. It is deeply biologicalsinh học. All humans, irrespectivekhông phân biệt of culture or geographicalđịa lý location, have a genetically hardwireddây cứng dipnhúng in alertnesssự tỉnh táo that occurs in the midafternoongiữa buổi chiều hours. Observe any post-lunch meeting around a boardroomphòng họp table and this fact will become evidentlyhiển nhiên clear. Like puppetscon rối whose control strings were let loose, then rapidly pulled tautcăng ra, heads will start dippingnhúng then quickly snap back uprightngay thẳng. I’m sure you’ve experienced this blanketcái chăn of drowsinessbuồn ngủ that seems to take hold of you, midafternoongiữa buổi chiều, as though your brain is heading toward an unusuallybất thường early bedtimegiờ đi ngủ.
 Both you and the meeting attendeesngười tham dự are falling preycon mồi to an evolutionarilytiến hóa imprinteddấu ấn lullru ngủ in wakefulnesssự tỉnh táo that favors an afternoon napngủ trưa, called the post-prandial alertnesssự tỉnh táo dipnhúng (from the Latin prandium, “meal”). This brief descenthạ xuống from high-degree wakefulnesssự tỉnh táo to low-level alertnesssự tỉnh táo reflects an innatebẩm sinh drive to be asleepngủ and nappingngủ trưa in the afternoon, and not working. It appears to be a normal part of the daily rhythmnhịp of life. Should you ever have to give a presentation at work, for your own sake—and that of the consciousbiết rõ state of your listeners—if you can, avoid the midafternoongiữa buổi chiều slotchỗ.
 What becomes clearly apparentrõ ràng when you step back from these details is that modern society has divorced us from what should be a preordained arrangement of biphasic sleep—one that our geneticdi truyền code neverthelesstuy nhiên tries to rekindlenhen nhóm lại every afternoon. The separationtách biệt from biphasic sleep occurred at, or even before, our shift from an agrariannông nghiệp existence to an industrial one.
 Anthropological studies of pre-industrial hunter-gatherers have also dispelledgiải tán a popular myththần thoại about how humans should sleep.III Around the close of the early modern erakỷ nguyên (circakhoảng late seventeenth and early eighteenth centuries), historicallịch sử texts suggest that Western Europeans would take two long bouts of sleep at night, separated by several hours of wakefulnesssự tỉnh táo. Nestled in-between these twin slabsphiến of sleep—sometimes called first sleep and second sleep, they would read, write, pray, make love, and even socializexã hội hóa.
 This practice may very well have occurred during this moment in human history, in this geographicalđịa lý region. Yet the fact that no pre-industrial cultures studied to date demonstratechứng minh a similar nightlyhàng đêm split-shift of sleep suggests that it is not the natural, evolutionarilytiến hóa programmed form of human sleep. Rather, it appears to have been a cultural phenomenonhiện tượng that appeared and was popularizedphổ biến with the western European migrationdi cư. Furthermore, there is no biologicalsinh học rhythm—of brain activity, neurochemicalhóa học thần kinh activity, or metabolictrao đổi chất activity—that would hint at a human desire to wake up for several hours in the middle of the night. Instead, the true pattern of biphasic sleep—for which there is anthropologicalnhân chủng học, biologicalsinh học, and geneticdi truyền evidence, and which remains measurableđo lường được in all human beings to date—is one consisting of a longer bout of continuous sleep at night, followed by a shorter midafternoongiữa buổi chiều napngủ trưa.
 Accepting that this is our natural pattern of slumbergiấc ngủ, can we ever know for certain what types of health consequenceskết quả have been caused by our abandonmentbỏ rơi of biphasic sleep? Biphasic sleep is still observed in several siestangủ trưa cultures throughout the world, including regions of South America and Mediterranean Europe. When I was a child in the 1980s, I went on vacationkì nghỉ to Greece with my family. As we walked the streets of the major metropolitanđô thị Greek cities we visited, there were signs hanging in storefrontmặt tiền cửa hàng windows that were very different from those I was used to back in England. They stated: open from nine a.m. to one p.m., closed from one to five p.m., open five to nine p.m.
 Today, few of those signs remain in windows of shops throughout Greece. Prior to the turn of the millenniumthiên niên kỷ, there was increasing pressure to abandonbỏ rơi the siesta-like practice in Greece. A team of researchers from Harvard University’s School of Public Health decided to quantifyđịnh lượng the health consequenceskết quả of this radicalcăn bản change in more than 23,000 Greek adults, which contained men and women ranging in age from twenty to eighty-three years old. The researchers focused on cardiovasculartim mạch outcomes, tracking the group across a six-year period as the siestangủ trưa practice came to an end for many of them.
 As with countlessvô số Greek tragediesbi kịch, the end result was heartbreakingđau lòng, but here in the most serious, literalnghĩa đen way. None of the individuals had a history of coronaryhình vành heart disease or stroke at the start of the study, indicating the absence of cardiovasculartim mạch ill health. However, those that abandonedbị bỏ rơi regular siestasngủ trưa went on to suffer a 37 percent increased risk of death from heart disease across the six-year period, relative to those who maintained regular daytimeban ngày napsngủ trưa. The effect was especially strong in workingmen, where the ensuingtiếp theo mortalitytỷ lệ tử vong risk of not nappingngủ trưa increased by well over 60 percent.
 Apparent from this remarkable study is this fact: when we are cleavedtách ra from the innatebẩm sinh practice of biphasic sleep, our lives are shortenedrút ngắn. It is perhaps unsurprisingkhông ngạc nhiên that in the small enclavesbao vây of Greece where siestasngủ trưa still remain intactnguyên vẹn, such as the island of Ikaria, men are nearly four times as likely to reach the age of ninety as American males. These nappingngủ trưa communities have sometimes been described as “the places where people forget to die.” From a prescriptionđơn thuốc written long ago in our ancestraltổ tiên geneticdi truyền code, the practice of natural biphasic sleep, and a healthy diet, appear to be the keys to a long-sustained life.
 WE ARE SPECIAL
 Sleep, as you can now appreciate, is a unifyingthống nhất feature across the animal kingdomVương quốc, yet within and between speciesgiống loài there is remarkable diversityđa dạng in amount (e.g., time), form (e.g., half-brain, whole-brain), and pattern (monophasic, biphasic, polyphasic). But are we humans special in our sleep profile, at least, in its pure form when unmolestedkhông bị cản trở by modernityhiện đại? Much has been written about the uniquenesssự độc đáo of Homo sapiensngười tinh khôn in other domains—our cognitionnhận thức, creativitysáng tạo, culture, and the size and shape of our brains. Is there anything similarly exceptionalđặc biệt about our nightlyhàng đêm slumbergiấc ngủ? If so, could this uniqueđộc nhất sleep be an unrecognizedkhông được công nhận cause of these aforementionednói trên accomplishmentsthành tích that we prize as so distinctlyrõ ràng human—the justificationbiện minh of our hominidgiống người name (Homo sapiens—Latin derivativephát sinh, “wise person”)?
 As it turns out, we humans are special when it comes to sleep. Compared to Old- and New-World monkeyscon khỉ, as well as apesvượn, such as chimpanzeestinh tinh, orangutansđười ươi, and gorillascon khỉ đột, human sleep sticks out like the proverbialtục ngữ soređau thumbngón cái. The total amount of time we spend asleepngủ is markedlyrõ rệt shorter than all other primateslinh trưởng (eight hours, relative to the ten to fifteen hours of sleep observed in all other primateslinh trưởng), yet we have a disproportionatekhông cân xứng amount of REM sleep, the stage in which we dream. Between 20 and 25 percent of our sleep time is dedicated to REM sleep dreaming, compared to an average of only 9 percent across all other primateslinh trưởng! We are the anomalousdị thường datadữ liệu point when it comes to sleep time and dream time, relative to all other monkeyscon khỉ and apesvượn. To understand how and why our sleep is so different is to understand the evolutionsự tiến hóa of apevượn to man, from tree to ground.
 Humans are exclusiveloại trừ terrestrialtrên cạn sleepers—we catch our Zs lying on the ground (or sometimes raised a little off it, on beds). Other primateslinh trưởng will sleep arboreally, on branches or in neststổ. Only occasionally will other primateslinh trưởng come out of trees to sleep on the ground. Great apesvượn, for example, will build an entirely new treetopngọn cây sleep nesttổ, or platform, every single night. (Imagine having to set aside several hours each evening after dinner to construct a new IKEA bedframekhung giường before you can sleep!)
 Sleeping in trees was an evolutionarilytiến hóa wise idea, up to a point. It provided safe haven from large, ground-hunting predatorsđộng vật ăn thịt, such as hyenasLinh cẩu, and small blood-sucking arthropodsđộng vật chân đốt, including lice, fleasbọ chét, and ticksđánh dấu. But when sleeping twenty to fifty feet up in the air, one has to be careful. Become too relaxed in your sleep depth when slouchedthõng thượt on a branch or in a nesttổ, and a danglinglủng lẳng limbchân tay may be all the invitation gravityTrọng lực needs to bring you hurtlingđòn roi down to Earth in a life-ending fall, removing you from the genegien pool. This is especially true for the stage of REM sleep, in which the brain completely paralyzeslàm tê liệt all voluntary muscles of the body, leaving you utterly limp—a literalnghĩa đen bag of bones with no tension in your muscles. I’m sure you have never tried to rest a full bag of groceriescửa hàng tạp hóa on a tree branch, but I can assure you it’s far from easy. Even if you manage the delicatethanh tú balancing act for a moment, it doesn’t last long. This body-balancing act was the challenge and danger of tree sleeping for our primatelinh trưởng forebearstổ tiên, and it markedlyrõ rệt constrainedhạn chế their sleep.
 Homo erectus, the predecessorngười tiền nhiệm of Homo sapiensngười tinh khôn, was the first obligatebắt buộc bipedhai chân, walking freely uprightngay thẳng on two legs. We believe that Homo erectus was also the first dedicated ground sleeperngười ngủ. Shorter arms and an uprightngay thẳng stancelập trường made tree living and sleeping very unlikely. How did Homo erectus (and by inferencesự suy luận, Homo sapiensngười tinh khôn) survive in the predatorđộng vật ăn thịt- rich ground-sleeping environment, when leopardsbáo, hyenasLinh cẩu, and saber-toothed tigerscon hổ (all of which can hunt at night) are on the prowllảng vảng, and terrestrialtrên cạn bloodsuckerskẻ hút máu aboundrất nhiều? Part of the answer is fire. While there remains some debatetranh luận, many believe that Homo erectus was the first to use fire, and fire was one of the most important catalysts—if not the most important—that enabled us to come out of the trees and live on terra firma. Fire is also one of the best explanations for how we were able to sleep safely on the ground. Fire would deterrăn đe large carnivoresthú ăn thịt, while the smoke provided an ingeniouskhéo léo form of nighttimeban đêm fumigationkhử trùng, repellingxua đuổi small insectscôn trùng ever keensắc sảo to bite into our epidermisbiểu bì.
 Fire was no perfect solution, however, and ground sleeping would have remained riskyrủi ro. An evolutionarytiến hóa pressure to become qualitatively more efficient in how we sleep therefore developed. Any Homo erectus capable of accomplishinghoàn thành more efficient sleep would likely have been favored in survival and selection. Evolution saw to it that our ancient form of sleep became somewhat shorter in duration, yet increased in intensity, especially by enrichinglàm giàu the amount of REM sleep we packed into the night.
 In fact, as is so often the case with Mother Nature’s brilliancesáng chói, the problem became part of the solution. In other words, the act of sleeping on solid ground, and not on a precariousbấp bênh tree branch, was the impetussự thúc đẩy for the enrichedlàm giàu and enhancednâng cao amounts of REM sleep that developed, while the amount of time spent asleepngủ was able to modestlykhiêm tốn decrease. When sleeping on the ground, there’s no more risk of falling. For the first time in our evolutionsự tiến hóa, hominidsgiống người could consume all the body-immobilized REM-sleep dreaming they wanted, and not worry about the lassodây cột ngựa of gravityTrọng lực whippingđánh đòn them down from treetops. Our sleep therefore became “concentrated”: shorter and more consolidatedcủng cố in durationkhoảng thời gian, packed aplentynhiều with high-quality sleep. And not just any type of sleep, but REM sleep that bathedtắm a brain rapidly acceleratingThúc giục in complexity and connectivitykết nối. There are speciesgiống loài that have more total REM time than hominidsgiống người, but there are none who power up and lavishxa hoa such vast proportionstỷ lệ of REM sleep onto such a complex, richlyphong phú interconnectedkết nối với nhau brain as we Homo sapiensngười tinh khôn do.
 From these cluesđầu mối, I offer a theoremđịnh lý: the tree-to-ground reengineering of sleep was a key triggercò súng that rocketedtên lửa Homo sapiensngười tinh khôn to the top of evolution’s loftycao pyramidkim tự tháp. At least two features define human beings relative to other primateslinh trưởng. I positkhẳng định that both have been beneficiallycó lợi and causallynhân quả shaped by the hand of sleep, and specifically our intensemãnh liệt degree of REM sleep relative to all other mammalsđộng vật có vú: (1) our degree of socioculturalvăn hóa xã hội complexity, and (2) our cognitivenhận thức intelligence. REM sleep, and the act of dreaming itself, lubricatesbôi trơn both of these human traitsđặc điểm.
 To the first of these points, we have discovered that REM sleep exquisitelytinh xảo recalibrates and fine-tunes the emotional circuitsmạch of the human brain (discussed in detail in part 3 of the book). In this capacity, REM sleep may very well have acceleratedtăng tốc the richnessgiàu có and rationalhợp lý control of our initially primitivenguyên thủy emotions, a shift that I propose critically contributedđóng góp to the rapid rise of Homo sapiensngười tinh khôn to dominancethống trị over all other speciesgiống loài in key ways.
 We know, for example, that REM sleep increases our ability to recognize and therefore successfully navigateđiều hướng the kaleidoscopekính vạn hoa of socioemotional signals that are abundantdồi dào in human culture, such as overtcông khai and covertche giấu facialtrên khuôn mặt expressions, major and minor bodilycơ thể gesturescử chỉ, and even mass group behavior. One only needs to consider disorders such as autismbệnh tự kỷ to see how challenging and different a social existence can be without these emotional navigationdẫn đường abilities being fully intactnguyên vẹn.
 Related, the REM-sleep gift of facilitatingtạo điều kiện accurate recognition and comprehensionbao quát allows us to make more intelligentthông minh decisions and actions as a consequencekết quả. More specifically, the coolheadedlạnh lùng ability to regulatequy định our emotions each day—a key to what we call emotional IQ—depends on getting sufficient REM sleep night after night. (If your mind immediately jumped to particular colleagues, friends, and public figures who lack these traitsđặc điểm, you may well wonder about how much sleep, especially late-morning REM-rich sleep, they are getting.)
 Second, and more critical, if you multiplynhân these individual benefits within and across groups and tribesbộ lạc, all of which are experiencing an ever-increasing intensitycường độ and richnessgiàu có of REM sleep over millennia, we can start to see how this nightlyhàng đêm REM-sleep recalibration of our emotional brains could have scaled rapidly and exponentiallynhanh chóng. From this REM-sleep-enhanced emotional IQ emergedhiện ra a new and far more sophisticatedcầu kì form of hominidgiống người socioecology across vast collectivestập thể, one that helped enable the creation of large, emotionally astutesắc sảo, stable, highly bonded, and intenselymãnh liệt social communities of humans.
 I will go a step further and suggest that this is the most influentialcó ảnh hưởng function of REM sleep in mammalsđộng vật có vú, perhaps the most influentialcó ảnh hưởng function of all types of sleep in all mammalsđộng vật có vú, and even the most eminentlỗi lạc advantage ever gifted by sleep in the annalsbiên niên sử of all planetaryhành tinh life. The adaptivethích nghi benefits conferredtrao by complex emotional processing are truly monumentalvĩ đại, and so often overlookedbỏ qua. We humans can instantiatekhởi tạo vast numbers of emotions in our embodiedhiện thân brains, and thereaftersau đó, deeply experience and even regulatequy định those emotions. Moreover, we can recognize and help shape the emotions of others. Through both of these intra- and interpersonalgiữa các cá nhân processes, we can forgelàm giả the types of cooperativehợp tác xã alliancesliên minh that are necessary to establish large social groups, and beyond groups, entire societies brimmingđầy ắp with powerful structures and ideologieshệ tư tưởng. What may at first blushđỏ mặt have seemed like a modestkhiêm tốn assettài sản awarded by REM sleep to a single individual is, I believe, one of the most valuable commoditieshàng hóa ensuring the survival and dominancethống trị of our speciesgiống loài as a collective.
 The second evolutionarytiến hóa contribution that the REM-sleep dreaming state fuels is creativitysáng tạo. NREM sleep helps transfer and make safe newly learned information into long-term storage sites of the brain. But it is REM sleep that takes these freshlytươi mintedcây bạc hà memories and begins collidingva chạm them with the entire back catalogmục lục of your life’s autobiographyhồi ký. These mnemonictrí nhớ collisionsva chạm during REM sleep sparktia lửa new creative insightscái nhìn thấu suốt as novel links are forgedgiả mạo between unrelatedkhông liên quan pieces of information. Sleep cycle by sleep cycle, REM sleep helps construct vast associativekết hợp networks of information within the brain. REM sleep can even take a step back, so to speak, and divinethiêng liêng overarchingbao quát insightscái nhìn thấu suốt and gistý chính: something akin to general knowledge—that is, what a collection of information means as a whole, not just an inerttrơ back catalogue of facts. We can awakethức giấc the next morning with new solutions to previously intractablekhó chữa problems or even be infusedtruyền with radically new and original ideas.
 Adding, then, to the opulentsang trọng and domineeringđộc đoán socioemotional fabricvải vóc that REM sleep helps weavedệt across the massestập thể dục came this second, creativitysáng tạo benefit of dream sleep. We should (cautiouslythận trọng) reveretôn kính how superiorthượng đẳng our hominidgiống người ingenuityKhéo léo is relative to that of any of our closest rivalsđối thủ, primatelinh trưởng or other. The chimpanzees—our nearest living primatelinh trưởng relatives—have been around approximately 5 million years longer than we have; some of the great apesvượn precededđứng trước us by at least 10 million years. Despite aeons of opportunity time, neither speciesgiống loài has visited the moon, created computers, or developed vaccinesvắc xin. Humbly, we humans have. Sleep, especially REM sleep and the act of dreaming, is a tenablecó thể sử dụng được, yet underappreciatedđánh giá thấp, factor underlyingcơ bản many elements that form our uniqueđộc nhất human ingenuityKhéo léo and accomplishmentsthành tích, just as much as language or tool use (indeed, there is even evidence that sleep causallynhân quả shapes both these lattersau này traitsđặc điểm as well).
 Nevertheless, the superiorthượng đẳng emotional brain gifts that REM sleep affords should be considered more influentialcó ảnh hưởng in defining our hominidgiống người success than the second benefit, of inspiring creativitysáng tạo. Creativity is an evolutionarilytiến hóa powerful tool, yes. But it is largely limited to an individual. Unless creative, ingeniouskhéo léo solutions can be shared between individuals through the emotionally rich, pro-social bonds and cooperativehợp tác xã relationships that REM sleep fosters—then creativitysáng tạo is far more likely to remain fixed within an individual, rather than spread to the massestập thể dục.
 Now we can appreciate what I believe to be a classic, self-fulfilling positive cycle of evolutionsự tiến hóa. Our shift from tree to ground sleeping instigatedxúi giục an ever more bountifulphong phú amount of relative REM sleep compared with other primateslinh trưởng, and from this bountytiền thưởng emergedhiện ra a steepdốc đứng increase in cognitivenhận thức creativitysáng tạo, emotional intelligence, and thus social complexity. This, alongsidebên cạnh our increasingly densengu độn, interconnectedkết nối với nhau brains, led to improved daily (and nightlyhàng đêm) survival strategies. In turn, the harder we worked those increasingly developed emotional and creative circuitsmạch of the brain during the day, the greater was our need to service and recalibrate these ever-demanding neuralthần kinh systems at night with more REM sleep.
 As this positive feedbacknhận xét loopvòng took hold in exponentialsố mũ fashion, we formed, organized, maintained, and deliberatively shaped ever larger social groups. The rapidly increasing creative abilities could thus be spread more efficiently and rapidly, and even improved by that ever-increasing amount of hominidgiống người REM-sleep that enhancesnâng cao emotional and social sophisticationtinh hoa. REM-sleep dreaming therefore represents a tenablecó thể sử dụng được new contributingđóng góp factor, among others, that led to our astonishingly rapid evolutionarytiến hóa rise to power, for better and worse—a new (sleep-fueled), globallytoàn cầu dominanttrội social superclass.
 
 I. Proof of sleep in very small speciesgiống loài, such as insectscôn trùng, in which recordings of electrical activity from the brain are impossible, is confirmed using the same set of behavioral features described in chapter 3, illustratedMinh họa by the example of Jessica: immobilitybất động, reduced responsivenesskhả năng đáp ứng to the outside world, easily reversiblecó thể đảo ngược. A further criteriontiêu chuẩn is that deprivingtước đoạt the organismsinh vật of what looks like sleep should result in an increased drive for more of it when you stop the annoying deprivationtước đoạt assaulttấn công, reflecting “sleep rebounddội lại.”
 II. It was once thought that sharkscá mập did not sleep, in part because they never closed their eyes. Indeed, they do have clear active and passivethụ động phases that resemblegiống wake and sleep. We now know that the reason they never close their eyes is because they have no eyelidsmí mắt.
 III. A. Roger Ekirch, At Day’s Close: Night in Times Past (New York: W. W. Norton, 2006).
 
  



 

CHAPTER 5
 
 
 
 Changes in Sleep Across the Life Span
 SLEEP BEFORE BIRTH
 Through speech or song, expecting parents will often thrillsợ hãi at their ability to elicitgợi ra small kicks and movements from their in utero child. Though you should never tell them this, the baby is most likely fast asleepngủ. Prior to birth, a human infanttrẻ sơ sinh will spend almost all of its time in a sleep-like state, much of which resemblesgiống the REM-sleep state. The sleeping fetusthai nhi is therefore unawarekhông biết of its parents’ performative machinationsâm mưu. Any co-occurring arm flicksbúng nhẹ and leg bopsbốp that the mother feels from her baby are most likely to be the consequencekết quả of random bursts of brain activity that typifytiêu biểu REM sleep.
 Adults do not—or at least should not—throw out similar nighttimeban đêm kicks and movements, since they are held back by the body-paralyzing mechanismcơ chế of REM sleep. But in utero, the immaturechưa trưởng thành fetus’s brain has yet to construct the REM-sleep muscle-inhibiting system adults have in place. Other deep centers of the fetusthai nhi brain have, however, already been glueddán in place, including those that generate sleep. Indeed, by the end of the second trimesterkhoảng ba tháng of development (approximately week 23 of pregnancy), the vast majority of the neuralthần kinh dialsquay số and switches required to produce NREM and REM sleep have been sculptedđiêu khắc out and wired up. As a result of this mismatchkhông phù hợp, the fetusthai nhi brain still generates formidableghê gớm motor commands during REM sleep, except there is no paralysisbại liệt to hold them back. Without restraintkiềm chế, those commands are freely translated into freneticđiên cuồng body movements, felt by the mother as acrobaticnhào lộn kicks and featherweighthạng lông punchescú đấm.
 At this stage of in utero development, most of the time is spent in sleep. The twenty-four-hour period contains a mishmashlộn xộn of approximately six hours of NREM sleep, six hours of REM sleep, and twelve hours of an intermediaryngười Trung gian sleep state that we cannot confidently say is REM or NREM sleep, but certainly is not full wakefulnesssự tỉnh táo. It is only when the fetusthai nhi enters the final trimesterkhoảng ba tháng that the glimmerslấp lánh of real wakefulnesssự tỉnh táo emergehiện ra. Far less than you would probably imagine, though—just two to three hours of each day are spent awakethức giấc in the wombtử cung.
 Even though total sleep time decreases in the last trimesterkhoảng ba tháng, a paradoxicalnghịch lý and quite ballisticđạn đạo increase in REM-sleep time occurs. In the last two weeks of pregnancy, the fetusthai nhi will rampcon dốc up its consumptionsự tiêu thụ of REM sleep to almost nine hours a day. In the last week before birth, REM-sleep amount hits a lifetimecả đời high of twelve hours a day. With near insatiablevô độ appetitethèm ăn, the human fetusthai nhi therefore doubles its hunger for REM sleep just before entering the world. There will be no other moment during the life of that individual—pre-natal, early post-natal, adolescencethời niên thiếu, adulthoodtrưởng thành, or old age—when they will undergo such a dramatickịch change in REM-sleep need, or feasttiệc so richlyphong phú on the stuff.
 Is the fetusthai nhi actually dreaming when in REM sleep? Probably not in the way most of us conceptualizekhái niệm hóa dreams. But we do know that REM sleep is vitalthiết yếu for promoting brain maturationtrưởng thành. The construction of a human being in the wombtử cung occurs in distinct, interdependentphụ thuộc lẫn nhau stages, a little bit like building a house. You cannot crownvương miện a house with a roof before there are supporting wall frames to rest it on, and you cannot put up walls without a foundation to seat them in. The brain, like the roof of a house, is one of the last items to be constructed during development. And like a roof, there are sub-stages to that process—you need a roof frame before you can start adding roof tilesngói, for instance.
 Detailed creation of the brain and its componentthành phần parts occurs at a rapid pacenhịp độ during the second and third trimesterskhoảng ba tháng of human development—precisely the time window when REM-sleep amounts skyrockettăng vọt. This is no coincidencetrùng hợp ngẫu nhiên. REM sleep acts as an electrical fertilizerphân bón during this critical phase of early life. Dazzling bursts of electrical activity during REM sleep stimulatekích thích the lushtươi tốt growth of neuralthần kinh pathwayscon đường all over the developing brain, and then furnishSự tiện nghi each with a healthy bouquetbó hoa of connecting ends, or synaptic terminalsphần cuối. Think of REM sleep like an Internet service providercác nhà cung cấp that populatescư trú new neighborhoods of the brain with vast networks of fiber-optic cables. Using these inaugural boltschớp of electricity, REM sleep then activateskích hoạt their high-speed functioning.
 This phase of development, which infusestruyền the brain with massestập thể dục of neuralthần kinh connections, is called synaptogenesis, as it involves the creation of millions of wiring links, or synapses, between neuronstế bào thần kinh. By deliberatecố ý design, it is an overenthusiasticnhiệt tình thái quá first pass at setting up the mainframemáy tính lớn of a brain. There is a great deal of redundancydư, offering many, many possible circuitmạch configurationscấu hình to emergehiện ra within the infant’s brain once bornsinh ra. From the perspectiveluật xa gần of the Internet service providercác nhà cung cấp analogysự giống nhau, all homes, across all neighborhoods, throughout all territorieslãnh thổ of the brain have been gifted a high degree of connectivitykết nối and bandwidthbăng thông in this first phase of life.
 Charged with such a herculeanphi thường task of neuro-architecture—establishing the neuralthần kinh highwaysXa lộ and side streets that will engendergây ra thoughts, memories, feelings, decisions, and actions—it’s no wonder REM sleep must dominate most, if not all, of early developmentalphát triển life. In fact, this is true for all other mammalsđộng vật có vú:I the time of life when REM sleep is greatest is the same stage when the brain is undergoing the greatest construction.
 Worryingly, if you disturb or impairlàm suy yếu the REM sleep of a developing infanttrẻ sơ sinh brain, pre- or early post-term, and there are consequenceskết quả. In the 1990s, researchers began studying newly bornsinh ra rat pupschó con. Simply by blocking REM sleep, their gestationalmang thai progress was retardedchậm phát triển, despite chronologicaltheo niên đại time marching on. The two should, of course, progress in unison. Depriving the infanttrẻ sơ sinh rats of REM sleep stalledquầy hàng construction of their neuralthần kinh rooftop—the cerebralnão cortexvỏ não of the brain. Without REM sleep, assemblycuộc họp work on the brain ground to a halttạm dừng lại, frozen in time by the experimentalthực nghiệm wedgenêm of a lack of REM sleep. Day after day, the half-finished rooflinemái nhà of the sleep-starved cerebralnão cortexvỏ não shows no growth change.
 The very same effect has now been demonstratedchứng minh in numerous other mammalianđộng vật có vú speciesgiống loài, suggesting that the effect is probably common across mammalsđộng vật có vú. When the infanttrẻ sơ sinh rat pupschó con were finally allowed to get some REM sleep, assemblycuộc họp of the cerebralnão rooftopmái nhà did restartkhởi động lại, but it didn’t accelerateThúc giục, nor did it ever fully get back on track. An infanttrẻ sơ sinh brain without sleep will be a brain ever underconstructed.
 A more recent link with deficientthiếu REM sleep concerns autismbệnh tự kỷ spectrumquang phổ disorder (ASD) (not to be confused with attention deficitthiếu hụt hoặc khuyết hyperactivitytăng động disorder [ADHD], which we will discuss later in the book). Autism, of which there are several forms, is a neurologicalthần kinh condition that emergeshiện ra early in development, usually around two or three years of age. The corecốt lõi symptom of autismbệnh tự kỷ is a lack of social interaction. Individuals with autismbệnh tự kỷ do not communicate or engage with other people easily, or typicallytiêu biểu.
 Our current understanding of what causes autismbệnh tự kỷ is incomplete, but central to the condition appears to be an inappropriatekhông phù hợp wiring up of the brain during early developmentalphát triển life, specifically in the formation and number of synapses—that is, abnormalbất thường synaptogenesis. Imbalances in synaptic connections are common in autistictự kỷ individuals: excess amounts of connectivitykết nối in some parts of the brain, deficienciessự thiếu hụt in others.
 Realizing this, scientists have begun to examine whether the sleep of individuals with autismbệnh tự kỷ is atypicalkhác biệt. It is. Infants and young children who show signs of autismbệnh tự kỷ, or who are diagnosedchẩn đoán with autismbệnh tự kỷ, do not have normal sleep patterns or amounts. The circadiannhịp sinh học rhythmsnhịp of autistictự kỷ children are also weaker than their non-autistic counterpartsđối tác, showing a flatternịnh nọt profile of melatoninmelatonin across the twenty-four-hour period rather than a powerful rise in concentration at night and rapid fall throughout the day.II Biologically, it is as if the day and night are far less light and dark, respectively, for autistictự kỷ individuals. As a consequencekết quả, there is a weaker signal for when stable wake and solid sleep should take place. Additionally, and perhaps related, the total amount of sleep that autistictự kỷ children can generate is less than that of non-autistic children.
 Most notableđáng chú ý, however, is the significant shortagethiếu of REM sleep. Autistic individuals show a 30 to 50 percent deficitthiếu hụt hoặc khuyết in the amount of REM sleep they obtainđạt được, relative to children without autismbệnh tự kỷ.III Considering the role of REM sleep in establishing the balanced mass of synaptic connections within the developing brain, there is now keensắc sảo interest in discovering whether or not REM-sleep deficiencysự thiếu hụt is a contributingđóng góp factor to autismbệnh tự kỷ.
 Existing evidence in humans is simply correlationaltương quan, however. Just because autismbệnh tự kỷ and REM-sleep abnormalitiesbất thường go hand in hand does not mean that one causes the other. Nor does this association tell you the direction of causalitynhân quả even if it does exist: Is deficientthiếu REM sleep causing autismbệnh tự kỷ, or is it the other way around? It is curious to note, however, that selectively deprivingtước đoạt an infanttrẻ sơ sinh rat of REM sleep leads to aberrantkhác thường patterns of neuralthần kinh connectivitykết nối, or synaptogenesis, in the brain.IV Moreover, rats deprivedtước đoạt of REM sleep during infancythời thơ ấu go on to become socially withdrawn and isolatedbị cô lập as adolescentsthanh niên and adults.V Irrespective of causalitynhân quả issues, tracking sleep abnormalitiesbất thường represents a new diagnosticchẩn đoán hope for the early detectionphát hiện of autismbệnh tự kỷ.
 Of course, no expecting mother has to worry about scientists disruptinglàm gián đoạn the REM sleep of their developing fetusthai nhi. But alcohol can inflictgây thiệt that same selectivechọn lọc removalgỡ bỏ of REM sleep. Alcohol is one of the most powerful suppressors of REM sleep that we know of. We will discuss the reason that alcohol blocks REM-sleep generation, and the consequenceskết quả of that sleep disruptiongián đoạn in adults, in later chapters. For now, however, we’ll focus on the impactsự va chạm of alcohol on the sleep of a developing fetusthai nhi and newborntrẻ sơ sinh.
 Alcohol consumed by a mother readilydễ dàng crossesvượt qua the placentalnhau thai barrierrào chắn, and therefore readilydễ dàng infusestruyền her developing fetusthai nhi. Knowing this, scientists first examined the extreme scenariokịch bản: mothers who were alcoholicskẻ nghiện rượu or heavy drinkersngười uống rượu during pregnancy. Soon after birth, the sleep of these neonatessơ sinh was assessedđánh giá using electrodesđiện cực gently placed on the head. The newbornstrẻ sơ sinh of heavy-drinking mothers spent far less time in the active state of REM sleep compared with infantstrẻ sơ sinh of similar age but who were bornsinh ra of mothers who did not drink during pregnancy.
 The recording electrodesđiện cực went on to point out an even more concerning physiologicalsinh lý story. Newborns of heavy-drinking mothers did not have the same electrical quality of REM sleep. You will remember from chapter 3 that REM sleep is exemplifiednêu gương, lam mâu mực by delightfullythú vị chaotic—or desynchronized—brainwaves: a vivacioushoạt bát and healthy form of electrical activity. However, the infantstrẻ sơ sinh of heavy-drinking mothers showed a 200 percent reductionsự giảm bớt in this measure of vibrantsôi động electrical activity relative to the infantstrẻ sơ sinh bornsinh ra of non-alcohol-consuming mothers. Instead, the infantstrẻ sơ sinh of heavy-drinking mothers emittedphát ra a brainwavesóng não pattern that was far more sedentaryít vận động in this regardvề.VI If you are now wondering whether or not epidemiological studies have linked alcohol use during pregnancy and an increased likelihoodkhả năng of neuropsychiatricbệnh thần kinh illness in the mother’s child, including autismbệnh tự kỷ, the answer is yes.VII
 Fortunately, most mothers these days do not drink heavily during pregnancy. But what about the more common situation of an expectantmong đợi mom having an occasionalthỉnh thoảng glass or two of wine during pregnancy? Using noninvasivekhông xâm lấn tracking of heart rate, together with ultrasoundsiêu âm measures of body, eye, and breathing movement, we are now able to determinequyết tâm the basic stages of NREM sleep and REM sleep of a fetusthai nhi when it is in the wombtử cung. Equipped with these methods, a group of researchers studied the sleep of babies who were just weeks away from being bornsinh ra. Their mothers were assessedđánh giá on two successiveliên tiếp days. On one of those days, the mothers drank non-alcoholic fluidsdịch. On the other day, they drank approximately two glasses of wine (the absolutetuyệt đối amount was controlled on the basis of their body weight). Alcohol significantlyđáng kể reduced the amount of time that the unbornchưa sinh babies spent in REM sleep, relative to the non-alcohol condition.
 That alcohol also dampenedlàm ẩm the intensitycường độ of REM sleep experienced by the fetusthai nhi, defined by the standard measure of how many dartingphi tiêu rapid eye movements adorntô điểm the REM-sleep cycle. Furthermore, these unbornchưa sinh infantstrẻ sơ sinh suffered a marked depression in breathing during REM sleep, with breath rates dropping from a normal rate of 381 per hour during natural sleep to just 4 per hour when the fetusthai nhi was awashtràn ngập with alcohol.VIII
 Beyond alcohol abstinencekiêng khem during pregnancy, the time window of nursing also warrantsbảo đảm mention. Almost half of all lactatingđang cho con bú women in Western countries consume alcohol in the months during breastfeedingcho con bú. Alcohol is readilydễ dàng absorbedhấp thụ in a mother’s milk. Concentrations of alcohol in breast milk closely resemblegiống those in a mother’s bloodstreamdòng máu: a 0.08 blood alcohol level in a mother will result in approximately a 0.08 alcohol level in breast milk.IX Recently we have discovered what alcohol in breast milk does to the sleep of an infanttrẻ sơ sinh.
 Newborns will normally transitionchuyển tiếp straight into REM sleep after a feeding. Many mothers already know this: almost as soon as sucklingbú stops, and sometimes even before, the infant’s eyelidsmí mắt will close, and underneath, the eyes will begin dartingphi tiêu left-right, indicating that their baby is now being nourishednuôi dưỡng by REM sleep. A once-common myththần thoại was that babies sleep better if the mother has had an alcoholickẻ nghiện rượu drink before a feeding—beer was the suggested choice of beverageđồ uống in this old tale. For those of you who are beer lovers, unfortunately, it is just that—a myththần thoại. Several studies have fed infantstrẻ sơ sinh breast milk containing either a non-alcoholic flavorhương vị, such as vanillavanilla, or a controlled amount of alcohol (the equivalent of a mother having a drink or two). When babies consume alcohol-laced milk, their sleep is more fragmentedmiếng, they spend more time awakethức giấc, and they suffer a 20 to 30 percent suppression of REM sleep soon after.X Often, the babies will even try to get back some of that missing REM sleep once they have cleared it from their bloodstreamdòng máu, though it is not easy for their fledglingnon nớt systems to do so.
 What emergeshiện ra from all of these studies is that REM sleep is not optionalkhông bắt buộc during early human life, but obligatorybắt buộc. Every hour of REM sleep appears to count, as evidenced by the desperatetuyệt vọng attempt by a fetusthai nhi or newborntrẻ sơ sinh to regaingiành lại any REM sleep when it is lost.XI Sadly, we do not yet fully understand what the long-term effects are of fetalbào thai or neonatesơ sinh REM-sleep disruptiongián đoạn, alcohol-triggered or otherwise. Only that blocking or reducing REM sleep in newborntrẻ sơ sinh animals hinderscản trở and distortsxuyên tạc brain development, leadinghàng đầu to an adult that is socially abnormalbất thường.
 CHILDHOOD SLEEP
 Perhaps the most obviousrõ ràng and tormentingdày vò (for new parents) difference between the sleep of infantstrẻ sơ sinh and young children and that of adults is the number of slumbergiấc ngủ phases. In contrast to the single, monophasic sleep pattern observed in adults of industrializedcông nghiệp hóa nations, infantstrẻ sơ sinh and young kids display polyphasic sleep: many short snippetsđoạn trích of sleep through the day and night, punctuatedchấm câu by numerous awakeningsthức tỉnh, often vocalthanh nhạc.
 There is no better or more humoroushài hước affirmationkhẳng định of this fact than the short book of lullabiesbài hát ru, written by Adam Mansbach, entitledđược phép Go the F**k to Sleep. Obviously, it’s an adult book. At the time of writing, Mansbach was a new father. And like many a new parent, he was run raggedrách rưới by the constant awakeningsthức tỉnh of his child: the polyphasic profile of infanttrẻ sơ sinh sleep. The incessantkhông ngừng need to attend to his young daughter, helping her fall back to sleep time and time and time again, night after night after night, left him utterly exasperatedbực bội. It got to the point where Mansbach just had to ventlỗ thông hơi all the loving ragecơn thịnh nộ he had pentdồn nén up. What came spillingtràn out onto the page was a comedichài hước splashgiật gân of rhymesvần điệu he would fictitiouslyhư cấu read to his daughter, the themes of which will immediately resonatecộng hưởng with many new parents. “I’ll read you one very last book if you swear,/You’ll go the fuck to sleep.” (I implorecầu xin you to listen to the audiobook version of the work, narratedthuật lại to perfectionsự hoàn hảo by the sensationalgiật gân actor Samuel L. Jackson.)
 Fortunately, for all new parents (Mansbach included), the older a child gets, the fewer, longer, and more stable their sleep bouts become.XII Explaining this change is the circadiannhịp sinh học rhythmnhịp. While the brain areas that generate sleep are moldedđúc in place well before birth, the master twenty-four-hour clock that controls the circadiannhịp sinh học rhythm—the suprachiasmatic nucleus—takes considerable time to develop. Not until age three or four months will a newborntrẻ sơ sinh show modestkhiêm tốn signs of being governed by a daily rhythmnhịp. Slowly, the suprachiasmatic nucleusnhân tế bào begins to latchchốt cửa on to repeating signals, such as daylightban ngày, temperature change, and feedings (so long as those feedings are highly structured), establishing a stronger twenty-four-hour rhythmnhịp.
 By the one-year milestonecột mốc of development, the suprachiasmatic nucleusnhân tế bào clock of an infanttrẻ sơ sinh has grippednắm chặt the steeringHệ thống lái reinskiềm chế of the circadiannhịp sinh học rhythmnhịp. This means that the child now spends more of the day awakethức giấc, interspersedxen kẽ with several napsngủ trưa and, mercifullynhân từ, more of the night asleepngủ. Mostly gone are the indiscriminatebừa bãi bouts of sleep and wake that once pepperedhạt tiêu the day and night. By four years of age, the circadiannhịp sinh học rhythmnhịp is in dominanttrội command of a child’s sleep behavior, with a lengthydài dòng slabphiến of nighttimeban đêm sleep, usually supplemented by just a single daytimeban ngày napngủ trưa. At this stage, the child has transitionedchuyển tiếp from a polyphasic sleep pattern to a biphasic sleep pattern. Come late childhood, the modern, monophasic pattern of sleep is finally made real.
 What this progressivecấp tiến establishmentthành lập of stable rhythmicitynhịp nhàng hides, however, is a much more tumultuousxôn xao power struggle between NREM and REM sleep. Although the amount of total sleep graduallydần dần declines from birth onwards, all the while becoming more stable and consolidatedcủng cố, the ratio of time spent in NREM sleep and REM sleep does not decline in a similarly stable manner.
 During the fourteen hours of total shut-eye per day that a six-month-old infanttrẻ sơ sinh obtainsđạt được, there is a 50/50 timeshare between NREM and REM sleep. A five-year-old, however, will have a 70/30 split between NREM and REM sleep across the eleven hours of total daily slumbergiấc ngủ. In other words, the proportiontỷ lệ of REM sleep decreases in early childhood while the proportiontỷ lệ of NREM sleep actually increases, even though total sleep time decreases. The downgradinghạ cấp of the REM-sleep portion, and the upswingđi lên in NREM-sleep dominancethống trị, continues, throughout early and midchildhood. That balance will finally stabilizeổn định to an 80/20 NREM/REM sleep split by the late teenthiếu niên years, and remain so throughout early and midadulthood.
 SLEEP AND ADOLESCENCE
 Why do we spend so much time in REM sleep in the wombtử cung and early in life, yet switch to a heavier dominancethống trị of deep NREM sleep in late childhood and early adolescencethời niên thiếu? If we quantifyđịnh lượng the intensitycường độ of the deep-sleep brainwavessóng não, we see the very same pattern: a decline in REM-sleep intensitycường độ in the first year of life, yet an exponentialsố mũ rise in deep NREM sleep intensitycường độ in midgiữa- and late childhood, hitting a peak just before pubertytuổi dậy thì, and then dampingẩm ướt back down. What’s so special about this type of deep sleep at this transitionalchuyển tiếp time of life?
 Prior to birth, and soon after, the challenge for development was to build and add vast numbers of neuralthần kinh highwaysXa lộ and interconnectionskết nối với nhau that become a fledglingnon nớt brain. As we have discussed, REM sleep plays an essential role in this proliferationsinh sôi nảy nở process, helping to populatecư trú brain neighborhoods with neuralthần kinh connectivitykết nối, and then activatekích hoạt those pathwayscon đường with a healthy doseliều lượng of informationalthông tin bandwidthbăng thông.
 But since this first round of brain wiring is purposefully overzealousnhiệt tình thái quá, a second round of remodelingsửa sang lại must take place. It does so during late childhood and adolescencethời niên thiếu. Here, the architecturalkiến trúc goal is not to scale up, but to scale back for the goal of efficiency and effectivenesshiệu quả. The time of adding brain connections with the help of REM sleep is over. Instead, pruningcắt tỉa of connections becomes the order of the day or, should I say, night. Enter the sculptingđiêu khắc hand of deep NREM sleep.
 Our analogysự giống nhau of the Internet service providercác nhà cung cấp is a helpful one to return to. When first setting up the network, each home in the newly built neighborhood was given an equal amount of connectivitykết nối bandwidthbăng thông and thus potential for use. However, that’s an inefficientkhông hiệu quả solution for the long term, since some of these homes will become heavy bandwidthbăng thông users over time, while other homes will consume very little. Some homes may even remain vacantbỏ trống and never use any bandwidthbăng thông. To reliably estimate what pattern of demand exists, the Internet service providercác nhà cung cấp needs time to gather usagecách sử dụng statisticssố liệu thống kê. Only after a period of experience can the providercác nhà cung cấp make an informed decision on how to refinelọc the original network structure it put in place, dialingquay số back connectivitykết nối to low-use homes, while increasing connectivitykết nối to other homes with high bandwidthbăng thông demand. It is not a complete redolàm lại of the network, and much of the original structure will remain in place. After all, the Internet service providercác nhà cung cấp has done this many times before, and they have a reasonable estimate of how to build a first pass of the network. But a use-dependent reshapingđịnh hình lại and downsizinggiảm biên chế must still occur if maximum network efficiency is to be achieved.
 The human brain undergoes a similar, use-determined transformationchuyển đổi during late childhood and adolescencethời niên thiếu. Much of the original structure laid down early in life will persistkiên trì, since Mother Nature has, by now, learned to create a quite accurate first-pass wiring of a brain after billions of attempts over many thousands of years of evolutionsự tiến hóa. But she wisely leaves something on the table in her genericchung brain sculptuređiêu khắc, that of individualizedcá nhân hóa refinementsàng lọc. The uniqueđộc nhất experiences of a child during their formativehình thành years translate to a set of personal usagecách sử dụng statisticssố liệu thống kê. Those experiences, or those statisticssố liệu thống kê, provide the bespokeThiết kế riêng blueprintbản vẽ thiết kế for a last round of brain refinementsàng lọc,XIII capitalizingviết hoa on the opportunity left open by nature. A (somewhat) genericchung brain becomes ever more individualizedcá nhân hóa, based on the personalizedcá nhân hóa use of the owner.
 To help with the job of refinementsàng lọc and downscalingthu nhỏ of connectivitykết nối, the brain employs the services of deep NREM sleep. Of the many functions carried out by deep NREM sleep—the full rosterdanh sách of which we will discuss in the next chapter—it is that of synaptic pruningcắt tỉa that features prominently during adolescencethời niên thiếu. In a remarkable series of experiments, the pioneeringtiên phong sleep researcher Irwin Feinberg discovered something fascinatinglôi cuốn about how this operation of downscalingthu nhỏ takes place within the adolescentthanh niên brain. His findings help justify an opinion you may also hold: adolescentsthanh niên have a less rationalhợp lý version of an adult brain, one that takes more risks and has relatively poor decision-making skills.
 Using electrodesđiện cực placed all over the head—front and back, left side and right, Feinberg began recording the sleep of a large group of kids starting at age six to eight years old. Every six to twelve months, he would bring these individuals back to his laboratory and perform another sleep measurement. He didn’t stop for ten years. He amassedtích lũy more than 3,500 all-night assessmentsđánh giá: a scarcelyhầu như không believableđáng tin cậy 320,000 hours of sleep recordings! From these, Feinberg created a series of snapshotsảnh chụp nhanh, depictingmiêu tả how deep-sleep intensitycường độ changed with the stages of brain development as the children made their often awkwardvụng về transitionchuyển tiếp through adolescencethời niên thiếu into adulthoodtrưởng thành. It was the neurosciencekhoa học thần kinh equivalent of time-lapse photographynhiếp ảnh in nature: taking repeat pictures of a tree as it first comes into budnụ in the spring (babyhoodthời thơ ấu), then bursts into leaflá cây during the summer (late childhood), then matures in color come the fall (early adolescencethời niên thiếu), and finally shedstúp lều its leaves in the winter (late adolescencethời niên thiếu and early adulthoodtrưởng thành).
 During midgiữa- and late childhood, Feinberg observed moderatevừa phải deep-sleep amounts as the last neuralthần kinh growth spurtsbộc phát inside the brain were being completed, analogoustương tự to late spring and early summer. Then Feinberg began seeing a sharp rise in deep-sleep intensitycường độ in his electrical recordings, right at the time when the developmentalphát triển needs of brain connectivitykết nối switch from growing connections to sheddingrụng lông them; the tree’s equivalent of fall. Just as maturationaltrưởng thành fall was about to turn to winter, and the sheddingrụng lông was nearly complete, Feinberg’s recordings showed a clear rampingcon dốc back down in deep NREM-sleep intensitycường độ to lower intensitycường độ once more. The life cycle of childhood was over, and as the last leaves dropped, the onwardtrở đi neuralthần kinh passage of these teenagers had been secured. Deep NREM sleep had aided their transitionchuyển tiếp into early adulthoodtrưởng thành.
 Feinberg proposed that the rise and fall of deep-sleep intensitycường độ were helping lead the maturationaltrưởng thành journey through the precariousbấp bênh heights of adolescencethời niên thiếu, followed by safe onwardtrở đi passage into adulthoodtrưởng thành. Recent findings have supported his theory. As deep NREM sleep performs its final overhaulxem xét lại and refinementsàng lọc of the brain during adolescencethời niên thiếu, cognitivenhận thức skills, reasoning, and critical thinking start to improve, and do so in a proportionaltỷ lệ thuận manner with that NREM sleep change. Taking a closer look at the timing of this relationship, you see something even more interesting. The changes in deep NREM sleep always precedeđứng trước the cognitivenhận thức and developmentalphát triển milestonescột mốc within the brain by several weeks or months, implyingbao hàm, ngụ ý a direction of influence: deep sleep may be a driving force of brain maturationtrưởng thành, not the other way around.
 Feinberg made a second seminaltinh dịch discovery. When he examined the timelinemốc thời gian of changing deep-sleep intensitycường độ at each different electrodeđiện cực spot on the head, it was not the same. Instead, the rise-and-fall pattern of maturationtrưởng thành always began at the back of the brain, which performs the functions of visual and spatialkhông gian perceptionsự nhận thức, and then progressed steadily forward as adolescencethời niên thiếu progressed. Most striking, the very last stop on the maturationaltrưởng thành journey was the tip of the frontalphía trước lobethùy, which enables rationalhợp lý thinking and critical decision-making. Therefore, the back of the brain of an adolescentthanh niên was more adult-like, while the front of the brain remained more child-like at any one moment during this developmentalphát triển window of time.XIV
 His findings helped explain why rationalitysự hợp lý is one of the last things to flourishHưng thịnh in teenagers, as it is the last brain territorylãnh thổ to receive sleep’s maturationaltrưởng thành treatment. Certainly sleep is not the only factor in the ripening of the brain, but it appears to be a significant one that paveslát đá the way to mature thinking and reasoning ability. Feinberg’s study reminds me of a billboardbiển quảng cáo advertisement I once saw from a large insurance firmvững chãi, which read: “Why do most 16-year-olds drive like they’re missing part of their brain? Because they are.” It takes deep sleep, and developmentalphát triển time, to accomplishhoàn thành the neuralthần kinh maturationtrưởng thành that plugsphích cắm this brain “gap” within the frontalphía trước lobethùy. When your children finally reach their mid-twenties and your car insurance premiumphần thưởng drops, you can thank sleep for the savings.
 The relationship between deep-sleep intensitycường độ and brain maturationtrưởng thành that Feinberg described has now been observed in many different populations of children and adolescentsthanh niên around the world. But how can we be sure that deep sleep truly offers a neuralthần kinh pruningcắt tỉa service necessary for brain maturationtrưởng thành? Perhaps changes in sleep and brain maturationtrưởng thành simply occur at roughly the same time but are independent of each other?
 The answer is found in studies of juvenilevị thành niên rats and cats at the equivalent stage to human adolescencethời niên thiếu. Scientists deprivedtước đoạt these animals of deep sleep. In doing so, they haltedtạm dừng lại the maturationaltrưởng thành refinementsàng lọc of brain connectivitykết nối, demonstratingchứng minh a causalnguyên nhân role for deep NREM sleep in propellingđẩy the brain into healthy adulthoodtrưởng thành.XV Of concern is that administeringquản lý caffeinecafein to juvenilevị thành niên rats will also disruptlàm gián đoạn deep NREM sleep and, as a consequencekết quả, delay numerous measures of brain maturationtrưởng thành and the development of social activity, independent groomingchải chuốt, and the explorationthăm dò of the environment—measures of self-motivated learning.XVI
 Recognizing the importance of deep NREM sleep in teenagers has been instrumentalnhạc cụ to our understanding of healthy development, but it has also offered cluesđầu mối as to what happens when things go wrong in the contextbối cảnh of abnormalbất thường development. Many of the major psychiatrictâm thần disorders, such as schizophreniatâm thần phân liệt, bipolarlưỡng cực disorder, major depression, and ADHD are now considered disorders of abnormalbất thường development, since they commonly emergehiện ra during childhood and adolescencethời niên thiếu.
 We will return to the issue of sleep and psychiatrictâm thần illness several times in the course of this book, but schizophreniatâm thần phân liệt deserves special mention at this juncturechỗ nối. Several studies have tracked neuralthần kinh development using brain scans every couple of months in hundreds of young teenagers as they make their way through adolescencethời niên thiếu. A proportiontỷ lệ of these individuals went on to develop schizophreniatâm thần phân liệt in their late teenagethiếu niên years and early adulthoodtrưởng thành. Those individuals who developed schizophreniatâm thần phân liệt had an abnormalbất thường pattern of brain maturationtrưởng thành that was associated with synaptic pruningcắt tỉa, especially in the frontalphía trước lobethùy regions where rationalhợp lý, logicalhợp lý thoughts are controlled—the inabilitykhông có khả năng to do so being a major symptom of schizophreniatâm thần phân liệt. In a separate series of studies, we have also observed that in young individuals who are at high risk of developing schizophreniatâm thần phân liệt, and in teenagers and young adults with schizophreniatâm thần phân liệt, there is a two- to threefoldgấp ba lần reductionsự giảm bớt in deep NREM sleep.XVII Furthermore, the electrical brainwavessóng não of NREM sleep are not normal in their shape or number in the affected individuals. Faulty pruningcắt tỉa of brain connections in schizophreniatâm thần phân liệt caused by sleep abnormalitiesbất thường is now one of the most active and excitingthú vị areas of investigationcuộc điều tra in psychiatrictâm thần illness.XVIII
 Adolescents face two other harmfulcó hại challenges in their struggle to obtainđạt được sufficient sleep as their brains continue to develop. The first is a change in their circadiannhịp sinh học rhythmnhịp. The second is early school start times. I will address the harmfulcó hại and life-threatening effects of the lattersau này in a later chapter; however, the complicationssự phức tạp of early school start times are inextricablygắn bó chặt chẽ linked with the first issue—a shift in circadiannhịp sinh học rhythmnhịp. As young children, we often wished to stay up late so we could watch television, or engage with parents and older siblingsanh em ruột in whatever it was that they were doing at night. But when given that chance, sleep would usually get the better of us, on the couchđi văng, in a chair, or sometimes flat out on the floor. We’d be carried to bed, slumberinggiấc ngủ and unawarekhông biết, by those older siblingsanh em ruột or parents who could stay awakethức giấc. The reason is not simply that children need more sleep than their older siblingsanh em ruột or parents, but also that the circadiannhịp sinh học rhythmnhịp of a young child runs on an earlier schedule. Children therefore become sleepy earlier and wake up earlier than their adult parents.
 Adolescent teenagers, however, have a different circadiannhịp sinh học rhythmnhịp from their young siblingsanh em ruột. During pubertytuổi dậy thì, the timing of the suprachiasmatic nucleusnhân tế bào is shifted progressively forward: a change that is common across all adolescentsthanh niên, irrespectivekhông phân biệt of culture or geographyđịa lý. So far forward, in fact, it passes even the timing of their adult parents.
 As a nine-year-old, the circadiannhịp sinh học rhythmnhịp would have the child asleepngủ by around nine p.m., driven in part by the rising tidethủy triều of melatoninmelatonin at this time in children. By the time that same individual has reached sixteen years of age, their circadiannhịp sinh học rhythmnhịp has undergone a dramatickịch shift forward in its cycling phase. The rising tidethủy triều of melatoninmelatonin, and the instruction of darkness and sleep, is many hours away. As a consequencekết quả, the sixteen-year-old will usually have no interest in sleeping at nine p.m. Instead, peak wakefulness is usually still in play at that hour. By the time the parents are getting tired, as their circadiannhịp sinh học rhythmsnhịp take a downturnsuy thoái and melatoninmelatonin release instructsdạy sleep—perhaps around ten or eleven p.m., their teenager can still be wide awakethức giấc. A few more hours must pass before the circadiannhịp sinh học rhythmnhịp of a teenagethiếu niên brain begins to shut down alertnesssự tỉnh táo and allow for easy, sound sleep to begin.
 This, of course, leads to much angstsợ and frustrationthất vọng for all parties involved on the back end of sleep. Parents want their teenager to be awakethức giấc at a “reasonable” hour of the morning. Teenagers, on the other hand, having only been capable of initiatingbắt đầu sleep some hours after their parents, can still be in their troughmáng of the circadiannhịp sinh học downswingđi xuống. Like an animal prematurely wrenchedcờ lê out of hibernationngủ đông too early, the adolescentthanh niên brain still needs more sleep and more time to complete the circadiannhịp sinh học cycle before it can operate efficiently, without grogginesslảo đảo.
 If this remains perplexingbối rối to parents, a different way to frame and perhaps appreciate the mismatchkhông phù hợp is this: asking your teenagethiếu niên son or daughter to go to bed and fall asleepngủ at ten p.m. is the circadiannhịp sinh học equivalent of asking you, their parent, to go to sleep at seven or eight p.m. No matter how loud you enunciatetuyên bố the order, no matter how much that teenager truly wishes to obeytuân theo your instruction, and no matter what amount of willed effort is applied by either of the two parties, the circadiannhịp sinh học rhythmnhịp of a teenager will not be miraculouslykỳ diệu coaxeddỗ dành into a change. Furthermore, asking that same teenager to wake up at seven the next morning and function with intellecttrí tuệ, graceduyên dáng, and good mood is the equivalent of asking you, their parent, to do the same at four or five a.m.
 Sadly, neither society nor our parentalcha mẹ attitudes are well designed to appreciate or accept that teenagers need more sleep than adults, and that they are biologicallyvề mặt sinh học wired to obtainđạt được that sleep at a different time from their parents. It’s very understandablecó thể hiểu được for parents to feel frustratedbực bội in this way, since they believe that their teenager’s sleep patterns reflect a consciousbiết rõ choice and not a biologicalsinh học edictsắc lệnh. But non-volitional, non-negotiable, and strongly biologicalsinh học they are. We parents would be wise to accept this fact, and to embraceôm it, encourage it, and praise it, lestkẻo we wish our own children to suffer developmentalphát triển brain abnormalitiesbất thường or force a raised risk of mental illness upon them.
 It will not always be this way for the teenager. As they age into young and middle adulthoodtrưởng thành, their circadiannhịp sinh học schedule will graduallydần dần slide back in time. Not all the way back to the timing present in childhood, but back to an earlier schedule: one that, ironicallytrớ trêu thay, will lead those same (now) adults to have the same frustrationsthất vọng and annoyanceskhó chịu with their own sons or daughters. By that stage, those parents have forgotten (or have chosen to forget) that they, too, were once adolescentsthanh niên who desired a much later bedtimegiờ đi ngủ than their own parents.
 You may wonder why the adolescentthanh niên brain first overshootsvượt quá in their advancing circadiannhịp sinh học rhythmnhịp, staying up late and not wanting to wake up until late, yet will ultimatelycuối cùng return to an earlier timed rhythmnhịp of sleep and wake in later adulthoodtrưởng thành. Though we continue to examine this question, the explanation I propose is a socio-evolutionary one.
 Central to the goal of adolescentthanh niên development is the transitionchuyển tiếp from parentalcha mẹ dependencesự phụ thuộc to independence, all the while learning to navigateđiều hướng the complexities of peer-group relationships and interactions. One way in which Mother Nature has perhaps helped adolescentsthanh niên unbucklemở khóa themselves from their parents is to march their circadiannhịp sinh học rhythmsnhịp forward in time, past that of their adult mothers and fathers. This ingeniouskhéo léo biologicalsinh học solution selectively shifts teenagers to a later phase when they can, for several hours, operate independently—and do so as a peer-group collectivetập thể. It is not a permanent or full dislocationtrật khớp from parentalcha mẹ care, but as safe an attempt at partiallymột phần separating soon-to-be adults from the eyes of Mother and Father. There is risk, of course. But the transitionchuyển tiếp must happen. And the time of day when those independent adolescentthanh niên wings unfoldmở ra, and the first solođấu flights from the parentalcha mẹ nesttổ occur, is not a time of day at all, but rather a time of night, thanks to a forward-shifted circadiannhịp sinh học rhythmnhịp.
 We are still learning more about the role of sleep in development. However, a strong case can already be made for defending sleep time in our adolescentthanh niên youth, rather than denigratinggièm pha sleep as a sign of lazinesssự lười biếng. As parents, we are often too focused on what sleep is taking away from our teenagers, without stopping to think about what it may be adding. Caffeine also comes into question. There was once an education policy in the US known as “No child left behind.” Based on scientific evidence, a new policy has rightlyđúng đắn been suggested by my colleague Dr. Mary Carskadon: “No child needs caffeinecafein.”
 SLEEP IN MIDLIFE AND OLD AGE
 As you, the reader, may painfullyđau đớn know; sleep is more problematiccó vấn đề and disordered in older adults. The effects of certain medicationsthuốc more commonly taken by older adults, together with coexistingcùng tồn tại medical conditions, result in older adults being less able, on average, to obtainđạt được as much sleep, or as restorativephục hồi a sleep, as young adults.
 That older adults simply need less sleep is a myththần thoại. Older adults appear to need just as much sleep as they do in midlifetuổi trung niên, but are simply less able to generate that (still necessary) sleep. Affirming this, large surveys demonstratechứng minh that despite getting less sleep, older adults reported needing, and indeed trying, to obtainđạt được just as much sleep as younger adults.
 There are additional scientific findings supporting the fact that older adults still need a full night of sleep, just like young adults, and I will address those shortlytrong thời gian ngắn. Before I do, let me first explain the corecốt lõi impairmentssuy giảm of sleep that occur with aging, and why those findings help falsifygiả mạo the argument that older adults don’t need to sleep as much. These three key changes are: (1) reduced quantity/quality, (2) reduced sleep efficiency, and (3) disruptedbị gián đoạn timing of sleep.
 The postadolescent stabilization of deep-NREM sleep in your early twenties does not remain very stable for very long. Soon—sooner than you may imagine or wish—comes a great sleep recessionsuy thoái, with deep sleep being hit especially hard. In contrast to REM sleep, which remains largely stable in midlifetuổi trung niên, the decline of deep NREM sleep is already under way by your late twenties and early thirties.
 As you enter your fourth decadethập kỷ of life, there is a palpablecó thể sờ thấy reductionsự giảm bớt in the electrical quantity and quality of that deep NREM sleep. You obtainđạt được fewer hours of deep sleep, and those deep NREM brainwavessóng não become smaller, less powerful, and fewer in number. Passing into your midgiữa- and late forties, age will have stripped you of 60 to 70 percent of the deep sleep you were enjoying as a young teenager. By the time you reach seventy years old, you will have lost 80 to 90 percent of your youthfultrẻ trung deep sleep.
 Certainly, when we sleep at night, and even when we wake in the morning, most of us do not have a good sense of our electrical sleep quality. Frequently this means that many seniors progress through their later years not fully realizing how degradedGiảm sút chất lượng their deep-sleep quantity and quality have become. This is an important point: it means that elderly individuals fail to connect their deteriorationgiảm giá trị in health with their deteriorationgiảm giá trị in sleep, despite causalnguyên nhân links between the two having been known to scientists for many decadesthập kỷ. Seniors therefore complain about and seek treatment for their health issues when visiting their GP, but rarely ask for help with their equally problematiccó vấn đề sleep issues. As a result, GPs are rarely motivated to address the problematiccó vấn đề sleep in addition to the problematiccó vấn đề health concerns of the older adult.
 To be clear, not all medical problems of aging are attributablequy cho to poor sleep. But far more of our age-related physical and mental health ailmentsbệnh tật are related to sleep impairmentsuy giảm than either we, or many doctors, truly realize or treat seriously. Once again, I urge an elderly individual who may be concernedlo âu about their sleep not to seek a sleeping pillViên thuốc prescriptionđơn thuốc. Instead, I recommend you first explore the effective and scientifically proven non-pharmacological interventions that a doctor who is board certifiedchứng nhận in sleep medicine can provide.
 The second hallmarkdấu ấn of altered sleep as we age, and one that older adults are more consciousbiết rõ of, is fragmentation. The older we get, the more frequently we wake up throughout the night. There are many causes, including interactingtương tác medicationsthuốc and diseases, but chief among them is a weakenedsuy yếu bladderbọng đái. Older adults therefore visit the bathroom more frequently at night. Reducing fluiddịch intakeđầu vào in the midgiữa- and late evening can help, but it is not a cure-all.
 Due to sleep fragmentationsự phân mảnh, older individuals will suffer a reductionsự giảm bớt in sleep efficiency, defined as the percent of time you were asleepngủ while in bed. If you spent eight hours in bed, and slept for all eight of those hours, your sleep efficiency would be 100 percent. If you slept just four of those eight hours, your sleep efficiency would be 50 percent.
 As healthy teenagers, we enjoyed a sleep efficiency of about 95 percent. As a reference anchormỏ neo, most sleep doctors consider good-quality sleep to involve a sleep efficiency of 90 percent or above. By the time we reach our eighties, sleep efficiency has often dropped below 70 or 80 percent; 70 to 80 percent may sound reasonable until you realize that, within an eight-hour period in bed, it means you will spend as much as one to one and a half hours awakethức giấc.
 Inefficient sleep is no small thing, as studies assessingđánh giá tens of thousands of older adults show. Even when controlling for factors such as body mass index, gender, race, history of smoking, frequency of exercise, and medicationsthuốc, the lower an older individual’s sleep efficiency score, the higher their mortalitytỷ lệ tử vong risk, the worse their physical health, the more likely they are to suffer from depression, the less energy they report, and the lower their cognitivenhận thức function, typifiedtiêu biểu by forgetfulnesshay quên.XIX Any individual, no matter what age, will exhibittriển lãm physical ailmentsbệnh tật, mental health instabilitybất ổn, reduced alertnesssự tỉnh táo, and impairedkhiếm khuyết memory if their sleep is chronicallykinh niên disruptedbị gián đoạn. The problem in aging is that family members observe these daytimeban ngày features in older relatives and jump to a diagnosischẩn đoán of dementiamất trí nhớ, overlookingnhìn ra the possibility that bad sleep is an equally likely cause. Not all old adults with sleep issues have dementiamất trí nhớ. But I will describe evidence in chapter 7 that clearly shows how and why sleep disruptiongián đoạn is a causalnguyên nhân factor contributingđóng góp to dementiamất trí nhớ in midgiữa- and later life.
 A more immediate, though equally dangerous, consequencekết quả of fragmentedmiếng sleep in the elderly warrantsbảo đảm brief discussion: the nighttimeban đêm bathroom visits and associated risk of falls and thus fracturesgãy xương. We are often groggychệnh choạng when we wake up during the night. Add to this cognitivenhận thức hazesương mù the fact that it is dark. Furthermore, having been recumbentnằm nghiêng in bed means that when you stand and start moving, blood can race from your head, encouraged by gravityTrọng lực, down toward your legs. You feel light-headed and unsteadykhông vững vàng on your feet as a consequencekết quả. The lattersau này is especially true in older adults whose control of blood pressure is itself often impairedkhiếm khuyết. All of these issues mean that an older individual is at a far higher risk of stumblingtình cờ gặp, falling, and breaking bones during nighttimeban đêm visits to the bathroom. Falls and fracturesgãy xương markedlyrõ rệt increase morbiditybệnh tật and significantlyđáng kể hastenđẩy nhanh the end of life of an older adult. In the footnoteschú thích cuối trang, I offer a list of tips for safer nighttimeban đêm sleep in the elderly.XX
 The third sleep change with advanced age is that of circadian timing. In sharp contrast to adolescentsthanh niên, seniors commonly experience a regressionhồi quy in sleep timing, leadinghàng đầu to earlier and earlier bedtimesgiờ đi ngủ. The cause is an earlier evening release and peak of melatoninmelatonin as we get older, instructingdạy an earlier start time for sleep. Restaurants in retirement communities have long known of this age-related shift in bedtimegiờ đi ngủ preference, epitomizedđiển hình hóa (and accommodatedchứa) by the “early-bird special.”
 Changes in circadiannhịp sinh học rhythmsnhịp with advancing age may appear harmless, but they can be the cause of numerous sleep (and wake) problems in the elderly. Older adults often want to stay awakethức giấc later into the evening so that they can go to theater or the movies, socializexã hội hóa, read, or watch television. But in doing so, they find themselves waking up on the couchđi văng, in a movie theater seat, or in a recliningngả chair, having inadvertently fallen asleepngủ mid-evening. Their regressedthụt lùi circadiannhịp sinh học rhythmnhịp, instructeddạy by an earlier release of melatoninmelatonin, left them no choice.
 But what seems like an innocent dozengủ gật has a damaging consequencekết quả. The early-evening snoozegiấc ngủ ngắn will jettisonvứt bỏ preciousquý giá sleep pressure, clearing away the sleepinessbuồn ngủ power of adenosineadenosine that had been steadily building throughout the day. Several hours later, when that older individual gets into bed and tries to fall asleepngủ, they may not have enough sleep pressure to fall asleepngủ quickly, or stay asleepngủ as easily. An erroneoussai conclusion follows: “I have insomniamất ngủ.” Instead, dozingngủ gật off in the evening, which most older adults do not realize is classifiedđược phân loại as nappingngủ trưa, can be the source of sleep difficulty, not true insomniamất ngủ.
 A compoundingkết hợp problem arrives in the morning. Despite having had trouble falling asleepngủ that night and already running a sleep debt, the circadiannhịp sinh học rhythm—which, as you’ll remember from chapter 2, operates independently of the sleep-pressure system—will start to rise around four or five a.m. in many elderly individuals, enactingban hành its classic earlier schedule in seniors. Older adults are therefore pronedễ bị to wake up early in the morning as the alertingbáo động drumbeattiếng trống of the circadiannhịp sinh học rhythmnhịp grows louder, and corresponding hopes of returning back to sleep diminishgiảm bớt in tandemsong song.
 Making matters worse, the strengths of the circadiannhịp sinh học rhythmnhịp and amount of nighttimeban đêm melatoninmelatonin released also decrease the older we get. Add these things up, and a self-perpetuating cycle ensuesxảy ra sau đó whereintrong đó many seniors are battling a sleep debt, trying to stay awakethức giấc later in the evening, inadvertently dozingngủ gật off earlier, finding it hard to fall or stay asleepngủ at night, only to be woken up earlier than they wish because of a regressedthụt lùi circadiannhịp sinh học rhythmnhịp.
 There are methods that can help push the circadiannhịp sinh học rhythmnhịp in older adults somewhat later, and also strengthen the rhythmnhịp. Here again, they are not a complete or perfect solution, I’m sad to say. Later chapters will describe the damaging influence of artificialnhân tạo light on the circadiannhịp sinh học twenty-four-hour rhythmnhịp (bright light at night). Evening light suppresses the normal rise in melatoninmelatonin, pushing an average adult’s sleep onsetbắt đầu time into the early-morning hours, preventing sleep at a reasonable hour. However, this same sleep-delaying effect can be put to good use in older adults, if timed correctly. Having woken up early, many older adults are physicallythể chất active during the morning hours, and therefore obtainđạt được much of their bright-light exposurephơi bày in the first half of the day. This is not optimaltối ưu, as it reinforcescủng cố the early-to-rise, early-to-decline cycle of the twenty-four-hour internal clock. Instead, older adults who want to shift their bedtimesgiờ đi ngủ to a later hour should get bright-light exposurephơi bày in the late-afternoon hours.
 I am not, however, suggesting that older adults stop exercising in the morning. Exercise can help solidifyhóa rắn good sleep, especially in the elderly. Instead, I advise two modificationssửa đổi for seniors. First, wear sunglasseskính râm during morning exercise outdoorsngoài trời. This will reduce the influence of morning light being sent to your suprachiasmatic clock that would otherwise keep you on an early-to-rise schedule. Second, go back outside in the late afternoon for sunlight exposurephơi bày, but this time do not wear sunglasseskính râm. Make sure to wear sun protection of some sort, such as a hat, but leave the sunglasseskính râm at home. Plentiful later-afternoon daylightban ngày will help delay the evening release of melatoninmelatonin, helping push the timing of sleep to a later hour.
 Older adults may also wish to consult with their doctor about taking melatoninmelatonin in the evening. Unlike young or middle-age adults, where melatoninmelatonin has not proved efficacioushữu hiệu for helping sleep beyond the circumstance of jetmáy bay phản lực laglỗi, prescriptionđơn thuốc melatoninmelatonin has been shown to help boost the otherwise bluntedcùn circadiannhịp sinh học and associated melatoninmelatonin rhythmnhịp in the elderly, reducing the time taken to fall asleepngủ and improving self-reported sleep quality and morning alertnesssự tỉnh táo.XXI
 The change in circadiannhịp sinh học rhythmnhịp as we get older, together with more frequent trips to the bathroom, help to explain two of the three key nighttimeban đêm issues in the elderly: early sleep onset/offset and sleep fragmentationsự phân mảnh. They do not, however, explain the first key change in sleep with advancing age: the loss of deep-sleep quantity and quality. Although scientists have known about the perniciousnguy hiểm loss of deep sleep with advancing age for many decadesthập kỷ, the cause has remained elusivekhó nắm bắt: What is it about the aging process that so thoroughly robscướp the brain of this essential state of slumbergiấc ngủ? Beyond scientific curiositysự tò mò, it is also a pressing clinical issue for the elderly, considering the importance of deep sleep for learning and memory, not to mention all branches of bodilycơ thể health, from cardiovasculartim mạch and respiratoryhô hấp, to metabolictrao đổi chất, energy balance, and immunemiễn dịch function.
 Working with an incrediblyvô cùng gifted team of young researchers, I set out to try and answer this question several years ago. I wondered whether the cause of this sleep decline was to be found in the intricatephức tạp pattern of structural brain deteriorationgiảm giá trị that occurs as we age. You will recall from chapter 3 that the powerful brainwavessóng não of deep NREM sleep are generated in the middle-frontal regions of the brain, several inches above the bridge of your nose. We already knew that as individuals get older, their brains do not deterioratexấu đi uniformly. Instead, some parts of the brain start losing neuronstế bào thần kinh much earlier and far faster than other parts of the brain—a process called atrophyteo. After performing hundreds of brain scans, and amassingtích lũy almost a thousand hours of overnightqua đêm sleep recordings, we discovered a clear answer, unfoldingmở ra in a three-part story.
 First, the areas of the brain that suffer the most dramatickịch deteriorationgiảm giá trị with aging are, unfortunately, the very same deep-sleep-generating regions—the middle-frontal regions seated above the bridge of the nose. When we overlaidlớp phủ the map of brain degenerationthoái hóa hot spots in the elderly on the brain map that highlighted the deep-sleep-generating regions in young adults, there was a near-perfect match. Second, and unsurprisingly, older adults suffered a 70 percent loss of deep sleep, compared with matched young individuals. Third, and most critical, we discovered that these changes were not independent, but instead significantlyđáng kể connected with one another: the more severe the deteriorationgiảm giá trị that an older adult suffers within this specific mid-frontal region of their brain, the more dramatickịch their loss of deep NREM sleep. It was a saddeningbuồn bã confirmationxác nhận of my theory: the parts of our brain that igniteđánh lửa healthy deep sleep at night are the very same areas that degeneratethoái hóa, or atrophyteo, earliest and most severely as we age.
 In the years leadinghàng đầu up to these investigationscuộc điều tra, my research team and several others around the world had demonstratedchứng minh how critical deep sleep was for cementingxi măng new memories and retaining new facts in young adults. Knowing this, we had included a twist to our experiment in older adults. Several hours before going to sleep, all of these seniors learned a list of new facts (word associations), quickly followed by an immediate memory test to see how much information they had retained. The next morning, following the night of sleep recording, we tested them a second time. We could therefore determinequyết tâm the amount of memory savings that had occurred for any one individual across the night of sleep.
 The older adults forgot far more of the facts by the following morning than the young adults—a difference of almost 50 percent. Furthermore, those older adults with the greatest loss of deep sleep showed the most catastrophicthảm khốc overnightqua đêm forgetting. Poor memory and poor sleep in old age are therefore not coincidentaltình cờ, but rather significantlyđáng kể interrelatedliên quan đến nhau. The findings helped us shedtúp lều new light on the forgetfulnesshay quên that is all too common in the elderly, such as difficulty remembering people’s names or memorizingghi nhớ upcomingsắp tới hospital appointments.
 It is important to note that the extent of brain deteriorationgiảm giá trị in older adults explained 60 percent of their inabilitykhông có khả năng to generate deep sleep. This was a helpful finding. But the more important lesson to be gleanedlượm lặt from this discovery for me was that 40 percent of the explanation for the loss of deep sleep in the elderly remained unaccounted for by our discovery. We are now hard at work trying to discover what that is. Recently, we identified one factor—a stickydính, toxicđộc hại protein that builds up in the brain called beta-amyloid that is a key cause of Alzheimer’s disease: a discovery discussed in the next several chapters.
 More generally, these and similar studies have confirmed that poor sleep is one of the most underappreciatedđánh giá thấp factors contributingđóng góp to cognitive and medical ill health in the elderly, including issues of diabetesbệnh tiểu đường, depression, chronickinh niên pain, stroke, cardiovasculartim mạch disease, and Alzheimer’s disease.
 An urgentcấp bách need therefore exists for us to develop new methods that restore some quality of deep, stable sleep in the elderly. One promising example that we have been developing involves brain stimulationkích thích methods, including controlled electrical stimulationkích thích pulsedxung into the brain at night. Like a supporting choirhợp xướng to a flagging lead vocalistca sĩ, our goal is to electrically sing (stimulatekích thích) in time with the ailingốm yếu brainwavessóng não of older adults, amplifyingkhoa trương the quality of their deep brainwavessóng não and salvagingtrục vớt the health- and memory-promoting benefits of sleep.
 Our early results look cautiouslythận trọng promising, though much, much more work is required. With replicationnhân rộng, our findings can further debunkvạch trần the long-held belief that we touched on earlier: older adults need less sleep. This myththần thoại has stemmed from certain observations that, to some scientists, suggest that an eighty-year-old, say, simply needs less sleep than a fifty-year-old. Their arguments are as follows. First, if you deprivetước đoạt older adults of sleep, they do not show as dramatickịch an impairmentsuy giảm in performance on a basic response-time task as a younger adult. Therefore, older adults must need sleep less than younger adults. Second, older adults generate less sleep than young adults, so by inferencesự suy luận, older adults must simply need sleep less. Third, older adults do not show as strong a sleep rebounddội lại after a night of deprivationtước đoạt compared with young adults. The conclusion was that seniors therefore have less need for sleep if they have less of a recovery rebounddội lại.
 There are, however, alternative explanations. Using performance as a measure of sleep need is perilousnguy hiểm in older adults, since older adults are already impairedkhiếm khuyết in their reaction times to begin with. Said unkindly, older adults don’t have much further to fall in terms of getting worse, sometimes called a “floor effect,” making it difficult to estimate the real performance impactsự va chạm of sleep deprivationtước đoạt.
 Next, just because an older individual obtainsđạt được less sleep, or does not obtainđạt được as much recovery sleep after sleep deprivationtước đoạt, does not necessarily mean that their need for sleep is less. It may just as easily indicate that they cannot physiologically generate the sleep they still neverthelesstuy nhiên need. Take the alternative example of bone densityTỉ trọng, which is lower in older compared with younger adults. We do not assume that older individuals need weaker bones just because they have reduced bone densityTỉ trọng. Nor do we believe that older adults have bones that are weaker simply because they don’t recover bone densityTỉ trọng and healchữa lành as quickly as young adults after suffering a fracturegãy xương or break. Instead, we realize that their bones, like the centers of the brain that produce sleep, deterioratexấu đi with age, and we accept this degenerationthoái hóa as the cause of numerous health issues. We consequently provide dietarychế độ ăn kiêng supplements, physical therapy, and medicationsthuốc to try to offsetbù lại bone deficiencysự thiếu hụt. I believe we should recognize and treat sleep impairmentssuy giảm in the elderly with a similar regardvề and compassionlòng trắc ẩn, recognizing that they do, in fact, need just as much sleep as other adults.
 Finally, the preliminarysơ bộ results of our brain stimulationkích thích studies suggest that older adults, may, in fact, need more sleep than they themselves can naturally generate, since they benefit from an improvement in sleep quality, albeitmặc dù through artificialnhân tạo means. If older individuals did not need more deep sleep, then they should already be satiatedthỏa mãn, and not benefit from receiving more (artificially, in this case). Yet they do benefit from having their sleep enhancednâng cao, or perhaps worded correctly, restored. That is, older adults, and especially those with different forms of dementiamất trí nhớ, appear to suffer an unmetchưa được đáp ứng sleep need, which demands new treatment options: a topic that we shall soon return to.
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CHAPTER 6
 
 
 
 Your Mother and Shakespeare Knew
 The Benefits of Sleep for the Brain
  AMAZING BREAKTHROUGH!
 Scientists have discovered a revolutionarycách mạng new treatment that makes you live longer. It enhancesnâng cao your memory and makes you more creative. It makes you look more attractive. It keeps you slimmảnh khảnh and lowers food cravingsthèm muốn. It protects you from cancer and dementiamất trí nhớ. It wardsphường off colds and the flucúm. It lowers your risk of heart attacks and stroke, not to mention diabetesbệnh tiểu đường. You’ll even feel happier, less depressed, and less anxiouslo lắng. Are you interested?
 
 While it may sound hyperbolichypebol, nothing about this fictitioushư cấu advertisement would be inaccuratekhông chính xác. If it were for a new drug, many people would be disbelievingkhông tin tưởng. Those who were convinced would pay large sums of money for even the smallest doseliều lượng. Should clinical trials back up the claims, share prices of the pharmaceuticaldược phẩm company that invented the drug would skyrockettăng vọt.
 Of course, the ad is not describing some miraclephép màu new tincturecồn thuốc or a cure-all wonder drug, but rather the proven benefits of a full night of sleep. The evidence supporting these claims has been documented in more than 17,000 well-scrutinized scientific reports to date. As for the prescriptionđơn thuốc cost, well, there isn’t one. It’s free. Yet all too often, we shunxa lánh the nightlyhàng đêm invitation to receive our full doseliều lượng of this all-natural remedy—with terrible consequenceskết quả.
 Failed by the lack of public education, most of us do not realize how remarkable a panaceathuốc chữa bách bệnh sleep truly is. The following three chapters are designed to help rectifykhắc phục our ignorancethiếu hiểu biết bornsinh ra of this largely absent public health message. We will come to learn that sleep is the universal health care providercác nhà cung cấp: whatever the physical or mental ailmentbệnh tật, sleep has a prescriptionđơn thuốc it can dispensephân chia. Upon completionhoàn thành of these chapters, I hope even the most ardenthăng hái of short-sleepers will be swayedlắc lư, having a reformedcải cách deferencesự kính trọng.
 Earlier, I described the componentthành phần stages of sleep. Here, I reveal the attendanttiếp viên virtuesĐức hạnh of each. Ironically, most all of the “new,” twenty-first-century discoveries regarding sleep were delightfullythú vị summarized in 1611 in Macbeth, act two, scene two, where Shakespeare prophetically states that sleep is “the chief nourisher in life’s feasttiệc.”I Perhaps, with less highfalutincao falutin language, your mother offered similar advice, extolling the benefits of sleep in healingđang lành lại emotional wounds, helping you learn and remember, gifting you with solutions to challenging problems, and preventing sicknessbệnh tật and infection. Science, it seems, has simply been evidentialbằng chứng, providing proof of everything your mother, and apparentlyrõ ràng Shakespeare, knew about the wonders of sleep.
 SLEEP FOR THE BRAIN
 Sleep is not the absence of wakefulnesssự tỉnh táo. It is far more than that. Described earlier, our nighttimeban đêm sleep is an exquisitelytinh xảo complex, metabolicallytrao đổi chất active, and deliberatelythong thả ordered series of uniqueđộc nhất stages.
 Numerous functions of the brain are restored by, and depend upon, sleep. No one type of sleep accomplisheshoàn thành all. Each stage of sleep—light NREM sleep, deep NREM sleep, and REM sleep—offer different brain benefits at different times of night. Thus, no one type of sleep is more essential than another. Losing out on any one of these types of sleep will cause brain impairmentsuy giảm.
 Of the many advantages conferredtrao by sleep on the brain, that of memory is especially impressiveấn tượng, and particularly well understood. Sleep has proven itself time and again as a memory aid: both before learning, to prepare your brain for initially making new memories, and after learning, to cementxi măng those memories and prevent forgetting.
 SLEEP-THE-NIGHT-BEFORE LEARNING
 Sleep before learning refreshes our ability to initially make new memories. It does so each and every night. While we are awakethức giấc, the brain is constantly acquiring and absorbinghấp thụ novel information (intentionally or otherwise). Passing memory opportunities are captured by specific parts of the brain. For fact-based information—or what most of us think of as textbook-type learning, such as memorizingghi nhớ someone’s name, a new phone number, or where you parked your car—a region of the brain called the hippocampushà mã helps apprehendnắm bắt these passing experiences and binds their details together. A long, finger-shaped structure tuckedgài deep on either side of your brain, the hippocampushà mã offers a short-term reservoirHồ chứa, or temporary information store, for accumulatingtích trữ new memories. Unfortunately, the hippocampushà mã has a limited storage capacity, almost like a camera roll or, to use a more modern-day analogysự giống nhau, a USB memory stick. Exceed its capacity and you run the risk of not being able to add more information or, equally bad, overwritingghi đè lên one memory with another: a mishaprủi ro called interferencesự can thiệp forgetting.
 How, then, does the brain deal with this memory capacity challenge? Some years ago, my research team wondered if sleep helped solve this storage problem by way of a file-transfer mechanismcơ chế. We examined whether sleep shifted recently acquired memories to a more permanent, long-term storage location in the brain, therebybằng cách ấy freeing up our short-term memory stores so that we awakethức giấc with a refreshedlàm cho khỏe lại ability for new learning.
 We began testing this theory using daytimeban ngày napsngủ trưa. We recruited a group of healthy young adults and randomly divided them into a napngủ trưa group and a no-nap group. At noonbuổi trưa, all the participants underwent a rigorousnghiêm ngặt session of learning (one hundred face-name pairs) intended to tax the hippocampushà mã, their short-term memory storage site. As expected, both groups performed at comparablecó thể so sánh được levels. Soon after, the napngủ trưa group took a ninety-minute siestangủ trưa in the sleep laboratory with electrodesđiện cực placed on their heads to measure sleep. The no-nap group stayed awakethức giấc in the laboratory and performed menialtầm thường activities, such as browsingtrình duyệt the Internet or playing board games. Later that day, at six p.m., all participants performed another round of intensivecăng learning where they tried to cramnhồi nhét yet another set of new facts into their short-term storage reservoirsHồ chứa (another one hundred face-name pairs). Our question was simple: Does the learning capacity of the human brain decline with continued time awakethức giấc across the day and, if so, can sleep reverse this saturationbão hòa effect and thus restore learning ability?
 Those who were awakethức giấc throughout the day became progressively worse at learning, even though their ability to concentrate remained stable (determinedxác định by separate attention and response time tests). In contrast, those who nappedchợp mắt did markedlyrõ rệt better, and actually improved in their capacity to memorizeghi nhớ facts. The difference between the two groups at six p.m. was not small: a 20 percent learning advantage for those who slept.
 Having observed that sleep restores the brain’s capacity for learning, making room for new memories, we went in search of exactly what it was about sleep that transactedgiao dịch the restorationsự phục hồi benefit. Analyzing the electrical brainwavessóng não of those in the napngủ trưa group brought our answer. The memory refreshmentgiải khát was related to lighterbật lửa, stage 2 NREM sleep, and specifically the short, powerful bursts of electrical activity called sleep spindlescon quay, noted in chapter 3. The more sleep spindlescon quay an individual obtainedđạt được during the napngủ trưa, the greater the restorationsự phục hồi of their learning when they woke up. Importantly, sleep spindlescon quay did not predictdự đoán someone’s innatebẩm sinh learning aptitudenăng khiếu. That would be a less interesting result, as it would implybao hàm, ngụ ý that inherentvốn có learning ability and spindlescon quay simply go hand in hand. Instead, it was specifically the change in learning from before relative to after sleep, which is to say the replenishment of learning ability, that spindlescon quay predicteddự đoán.
 Perhaps more remarkable, as we analyzed the sleep-spindle bursts of activity, we observed a strikingly reliableđáng tin cậy loopvòng of electrical current pulsingnhịp đập throughout the brain that repeated every 100 to 200 millisecondsmột phần nghìn giây. The pulsesxung kept weavingdệt a path back and forthra between the hippocampushà mã, with its short-term, limited storage space, and the far larger, long-term storage site of the cortexvỏ não (analogoustương tự to a large-memory hard drive).II In that moment, we had just become privyriêng to an electrical transactiongiao dịch occurring in the quiet secrecybí mật of sleep: one that was shifting fact-based memories from the temporary storage depotkho chứa (the hippocampushà mã) to a long-term secure vaultkho tiền (the cortexvỏ não). In doing so, sleep had delightfullythú vị cleared out the hippocampushà mã, replenishingbổ sung this short-term information repositorykho with plentifuldồi dào free space. Participants awokethức giấc with a refreshedlàm cho khỏe lại capacity to absorbhấp thụ new information within the hippocampushà mã, having relocateddi dời yesterday’s imprinteddấu ấn experiences to a more permanent safe hold. The learning of new facts could begin again, anewmột lần nữa, the following day.
 We and other research groups have since repeated this study across a full night of sleep and replicatedsao chép the same finding: the more sleep spindlescon quay an individual has at night, the greater the restorationsự phục hồi of overnightqua đêm learning ability come the next morning.
 Our recent work on this topic has returned to the question of aging. We have found that seniors (aged sixty to eighty years old) are unable to generate sleep spindlescon quay to the same degree as young, healthy adults, suffering a 40 percent deficitthiếu hụt hoặc khuyết. This led to a predictionsự dự đoán: the fewer sleep spindlescon quay an older adult has on a particular night, the harder it should be for them to cramnhồi nhét new facts into their hippocampushà mã the next day, since they have not received as much overnightqua đêm refreshmentgiải khát of short-term memory capacity. We conducted the study, and that is precisely what we found: the fewer the number of spindlescon quay an elderly brain produced on a particular night, the lower the learning capacity of that older individual the next day, making it more difficult for them to memorizeghi nhớ the list of facts we presented. This sleep and learning link is yet one more reason for medicine to take more seriously the sleep complaints of the elderly, further compellingthuyết phục researchers such as myself to find new, non-pharmacological methods for improving sleep in aging populations worldwidetrên toàn thế giới.
 Of broader societalxã hội relevance, the concentration of NREM-sleep spindles is especially rich in the late-morning hours, sandwichedbánh mì sandwich between long periods of REM sleep. Sleep six hours or less and you are shortchangingsự đổi chác the brain of a learning restorationsự phục hồi benefit that is normally performed by sleep spindlescon quay. I will return to the broader educational ramificationsphân nhánh of these findings in a later chapter, addressing the question of whether early school start times, which throttlevan tiết lưu precisely this spindle-rich phase of sleep, are optimaltối ưu for the teaching of young minds.
 SLEEP-THE-NIGHT-AFTER LEARNING
 The second benefit of sleep for memory comes after learning, one that effectively clicksnhấp chuột the “save” button on those newly created files. In doing so, sleep protects newly acquired information, affording immunitykhả năng miễn dịch against forgetting: an operation called consolidationhợp nhất. That sleep sets in motioncử động the process of memory consolidationhợp nhất was recognized long ago, and may be one of the oldest proposed functions of sleep. The first such claim in the written human record appears to be by the prophetictiên tri Roman rhetoriciannhà hùng biện Quintilian (AD 35–100), who stated:
 It is a curious fact, of which the reason is not obviousrõ ràng, that the intervalkhoảng thời gian of a single night will greatly increase the strength of the memory. . . . Whatever the cause, things which could not be recalled on the spot are easily coordinatedphối hợp the next day, and time itself, which is generally accounted one of the causes of forgetfulnesshay quên, actually serves to strengthen the memory.III
 It was not until 1924 when two German researchers, John Jenkins and Karl Dallenbach, pittedđọ sức sleep and wake against each other to see which one won out for a memory-savings benefit—a memory researchers’ version of the classic Coke vs. Pepsi challenge. Their study participants first learned a list of verbalbằng lời nói facts. Thereafter, the researchers tracked how quickly the participants forgot those memories over an eight-hour time intervalkhoảng thời gian, either spent awakethức giấc or across a night of sleep. Time spent asleep helped cementxi măng the newly learned chunksđoạn of information, preventing them from fading away. In contrast, an equivalent time spent awakethức giấc was deeply hazardousnguy hiểm to recently acquired memories, resulting in an acceleratedtăng tốc trajectoryquỹ đạo of forgetting.IV
 The experimentalthực nghiệm results of Jenkins and Dallenbach have now been replicatedsao chép time and again, with a memory retentiongiữ lại benefit of between 20 and 40 percent being offered by sleep, compared to the same amount of time awakethức giấc. This is not a trivialkhông đáng kể concept when you consider the potential advantages in the contextbối cảnh of studying for an exam, for instance, or evolutionarilytiến hóa, in remembering survival-relevant information such as the sources of food and water and locations of mates and predatorsđộng vật ăn thịt.
 It was not until the 1950s, with the discovery of NREM and REM sleep, that we began to understand more about how, rather than simply if, sleep helps to solidifyhóa rắn new memories. Initial efforts focused on decipheringgiải mã what stage(s) of sleep made immemorialxưa that which we had imprinteddấu ấn onto the brain during the day, be it facts in the classroom, medical knowledge in a residencycư trú training program, or a business plan from a seminarhội thảo.
 You will recall from chapter 3 that we obtainđạt được most of our deep NREM sleep early in the night, and much of our REM sleep (and lighterbật lửa NREM sleep) late in the night. After having learned lists of facts, researchers allowed participants the opportunity to sleep only for the first half of the night or only for the second half of the night. In this way, both experimentalthực nghiệm groups obtainedđạt được the same total amount of sleep (albeitmặc dù short), yet the former group’s sleep was rich in deep NREM, and the lattersau này was dominated instead by REM. The stage was set for a battle royal between the two types of sleep. The question: Which sleep period would confertrao a greater memory savings benefit—that filled with deep NREM, or that packed with abundantdồi dào REM sleep? For fact-based, textbook-like memory, the result was clear. It was early-night sleep, rich in deep NREM, that won out in terms of providing superiorthượng đẳng memory retentiongiữ lại savings relative to late-night, REM-rich sleep.
 Investigations in the early 2000s arrived at a similar conclusion using a slightly different approach. Having learned a list of facts before bed, participants were allowed to sleep a full eight hours, recorded with electrodesđiện cực placed on the head. The next morning, participants performed a memory test. When researchers correlatedtương quan the interveningcan thiệp sleep stages with the number of facts retained the following morning, deep NREM sleep carried the vote: the more deep NREM sleep, the more information an individual remembered the next day. Indeed, if you were a participant in such a study, and the only information I had was the amount of deep NREM sleep you had obtainedđạt được that night, I could predictdự đoán with high accuracysự chính xác how much you would remember in the upcomingsắp tới memory test upon awakeningthức tỉnh, even before you took it. That’s how deterministicxác định the link between sleep and memory consolidationhợp nhất can be.
 Using MRI scans, we have since looked deep into the brains of participants to see where those memories are being retrievedlấy lại from before sleep relative to after sleep. It turns out that those information packetsgói were being recalled from very different geographicalđịa lý locations within the brain at the two different times. Before having slept, participants were fetchinglấy memories from the short-term storage site of the hippocampus—that temporary warehousekho, which is a vulnerabledễ bị tổn thương place to live for any long durationkhoảng thời gian of time if you are a new memory. But things looked very different by the next morning. The memories had moved. After the full night of sleep, participants were now retrievinglấy lại that same information from the neocortextân vỏ não, which sits at the top of the brain—a region that serves as the long-term storage site for fact-based memories, where they can now live safely, perhaps in perpetuitysự trường tồn.
 We had observed a real-estate transactiongiao dịch that takes place each night when we sleep. Fitting the notionkhái niệm of a long-wave radio signal that carries information across large geographicalđịa lý distances, the slow brainwavessóng não of deep NREM had served as a courierchuyển phát nhanh service, transporting memory packetsgói from a temporary storage hold (hippocampushà mã) to a more secure, permanent home (the cortexvỏ não). In doing so, sleep had helped future-proof those memories.
 Put these findings together with those I described earlier regarding initial memorizationghi nhớ, and you realize that the anatomical dialogue established during NREM sleep (using sleep spindlescon quay and slow waves) between the hippocampushà mã and cortexvỏ não is elegantlythanh lịch synergistichợp lực. By transferring memories of yesterday from the short-term repositorykho of the hippocampushà mã to the long-term home within the cortexvỏ não, you awakethức giấc with both yesterday’s experiences safely filed away and having regainedgiành lại your short-term storage capacity for new learning throughout that following day. The cycle repeats each day and night, clearing out the cachebộ đệm of short-term memory for the new imprintingdấu ấn of facts, while accumulatingtích trữ an ever-updated catalogmục lục of past memories. Sleep is constantly modifying the information architecturengành kiến trúc of the brain at night. Even daytimeban ngày napsngủ trưa as short as twenty minutes can offer a memory consolidationhợp nhất advantage, so long as they contain enough NREM sleep.V
 Study infantstrẻ sơ sinh, young kids, or adolescentsthanh niên and you see the very same overnightqua đêm memory benefit of NREM sleep, sometimes even more powerfully so. For those in midlifetuổi trung niên, forty- to sixty-year-olds, deep NREM sleep continues to help the brain retain new information in this way, with the decline in deep NREM sleep and the deteriorationgiảm giá trị in the ability to learn and retain memories in old age having already been discussed.
 At every stage of human life, the relationship between NREM sleep and memory solidificationhóa rắn is therefore observed. It’s not just humans, either. Studies in chimpanzeestinh tinh, bonobostinh tinh lùn, and orangutansđười ươi have demonstratedchứng minh that all three groups are better able to remember where food items have been placed in their environments by experimentersngười thí nghiệm after they sleep.VI Descend down the phylogeneticphát sinh loài chain to cats, rats, and even insectscôn trùng, and the memory-maintaining benefit of NREM sleep remains on powerful display.
 Though I still marvelkỳ quan at Quintilian’s foresighttầm nhìn xa and straightforwardthẳng thắn descriptionSự miêu tả of what scientists would, thousands of years later, prove true about sleep’s benefit to memory, I prefer the words of two equally accomplishedhoàn thành philosopherstriết gia of their time, Paul Simon and Art Garfunkel. In February of 1964, they penned a now famous set of lyricslời bài hát that encapsulateđóng gói the same nocturnalsống về đêm event in the song “The Sound of Silence.” Perhaps you know the song and lyricslời bài hát. Simon and Garfunkel describe greetingLời chào their old friend, darkness (sleep). They speak of relayingtiếp sức the day’s waking events to the sleeping brain at night in the form of a vision, softly creeping—a gentle information uploadtải lên, if you will. Insightfully, they illustrateMinh họa how those fragiledễ vỡ seeds of waking experience, sowngieo during the day, have now been embeddednhúng (“planted”) in the brain during sleep. As a result of that process, those experiences now remain upon awakeningthức tỉnh the next morning. Sleep’s future-proofing of memories, all packaged for us in perfect song lyricslời bài hát.
 A slightmảnh dẻ, but important, modificationsửa đổi to Simon and Garfunkel’s lyricslời bài hát is warrantedbảo đảm, based on very recent evidence. Not only does sleep maintain those memories you have successfully learned before bed (“the vision that was planted in my brain / Still remains”), but it will even salvagetrục vớt those that appeared to have been lost soon after learning. In other words, following a night of sleep you regaingiành lại access to memories that you could not retrievelấy lại before sleep. Like a computer hard drive where some files have become corruptedhỏng and inaccessiblekhông thể truy cập, sleep offers a recovery service at night. Having repaired those memory items, rescuing them from the clutchesly hợp of forgetting, you awakethức giấc the next morning able to locate and retrievelấy lại those once unavailablekhông có sẵn memory files with ease and precisionđộ chính xác. The “ah yes, now I remember” sensationcảm giác that you may have experienced after a good night of sleep.
 Having narrowed in on the type of sleep—NREM sleep—responsible for making fact-based memories permanent, and further recovering those that were in jeopardynguy cơ of being lost, we have begun exploring ways to experimentally boost the memory benefits of sleep. Success has come in two forms: sleep stimulationkích thích, and targeted memory reactivation. The clinical ramificationsphân nhánh of both will become clear when considered in the contextbối cảnh of psychiatrictâm thần illness and neurologicalthần kinh disorders, including dementiamất trí nhớ.
 Since sleep is expressed in patterns of electrical brainwavesóng não activity, sleep stimulationkích thích approaches began by trading in the same currency: electricity. In 2006, a research team in Germany recruited a group of healthy young adults for a pioneeringtiên phong study in which they applied electrodeđiện cực padstập giấy onto the head, front and back. Rather than recording the electrical brainwavessóng não being emittedphát ra from the brain during sleep, the scientists did the opposite: insertedchèn small amounts of electrical voltageVôn. They patiently waited until each participant had entered into the deepest stages of NREM sleep and, at that point, switched on the brain stimulator, pulsingnhịp đập in rhythmicnhịp nhàng time with the slow waves. The electrical pulsationsnhịp đập were so small that participants did not feel them, nor did they wake up.VII But they had a measurableđo lường được impactsự va chạm on sleep.
 Both the size of the slow brainwavessóng não and the number of sleep spindlescon quay riding on top of the deep brainwavessóng não were increased by the stimulationkích thích, relative to a control group of subjects who did not receive stimulationkích thích during sleep. Before being put to bed, all the participants had learned a list of new facts. They were tested the next morning after sleep. By boosting the electrical quality of deep-sleep brainwavesóng não activity, the researchers almost doubled the number of facts that individuals were able to recall the following day, relative to those participants who received no stimulationkích thích. Applying stimulationkích thích during REM sleep, or during wakefulnesssự tỉnh táo across the day, did not offer similar memory advantages. Only stimulationkích thích during NREM sleep, in synchronousđồng bộ time with the brain’s own slow mantrathần chú rhythmnhịp, leveragedtận dụng a memory improvement.
 Other methods for amplifyingkhoa trương the brainwavessóng não of sleep are fast being developed. One technology involves quiet auditorythính giác tones being played over speakers next to the sleeperngười ngủ. Like a metronomemáy đánh nhịp in rhythmicnhịp nhàng stridesải bước with the individual slow waves, the tick-tock tones are precisely synchronizedlàm cho đồng bộ with the individual’s sleeping brainwavessóng não to help entrain their rhythmnhịp and produce even deeper sleep. Relative to a control group that slept but had no synchronousđồng bộ auditorythính giác chimeskêu vang at night, the auditorythính giác stimulationkích thích increased the power of the slow brainwavessóng não and returned an impressiveấn tượng 40 percent memory enhancementsự nâng cao the next morning.
 Before you drop this book and start installingcài đặt speakers above your bed, or go shopping for an electrical brain stimulator, let me dissuadekhuyên can you. For both methods, the wisdomkhôn ngoan of “do not try this at home” applies. Some individuals have made their own brain-stimulating devices, or bought such devices online, which are not covered by safety regulations. Skin burns and temporary losses of vision have been reported by mistakes in construction or voltageVôn application. Playing loud tick-tock acousticâm học tones on repeat next to your bed sounds like a safer option, but you may be doing more harm than good. When researchers in the above studies timed the auditorythính giác tones to strike just off the natural peak of each slow brainwavesóng não, rather than in perfect time with each brainwavesóng não, they disruptedbị gián đoạn, rather than enhancednâng cao, sleep quality.
 If brain stimulationkích thích or auditorythính giác tones were not bizarrekỳ dị enough, a Swiss research team recently suspended a bedframekhung giường on ropesdây thừng from the ceilingtrần nhà of a sleep laboratory (stick with me here). Affixed to one side of the suspended bed was a rotatingquay pulleyròng rọc. It allowed the researchers to swaylắc lư the bed from side to side at controlled speeds. Volunteers then took a napngủ trưa in the bed as the researchers recorded their sleeping brainwavessóng não. In half of the participants, the researchers gently rocked the bed once they entered NREM sleep. In the other half of the subjects, the bed remained statictĩnh, offering a control condition. Slow rocking increased the depth of deep sleep, boosted the quality of slow brainwavessóng não, and more than doubled the number of sleep spindlescon quay. It is not yet known whether these sway-induced sleep changes enhancenâng cao memory, since the researchers did not perform any such tests with their participants. Nevertheless, the findings offer a scientific explanation for the ancient practice of rocking a child back and forthra in one’s arms, or in a cribgiường cũi, inducingxúi giục a deep sleep.
 Sleep stimulationkích thích methods are promising, but they do have a potential limitation: the memory benefit they provide is indiscriminatebừa bãi. That is, all things learned before sleep are generally enhancednâng cao the next day. Similar to a prix fixe menu at a restaurant in which there are no options, you are going to get served all dishes listed, like it or not. Most people do not enjoy this type of food service, which is why most restaurants offer you a large menu from which you can pick and choose, selecting only those items you would like to receive.
 What if a similar opportunity was possible with sleep and memory? Before going to bed, you would review the learning experiences of the day, selecting only those memories from the menu list that you would like improved. You place your order, then go to sleep, knowing that your order will be served to you overnightqua đêm. When you wake up in the morning, your brain will have been nourishednuôi dưỡng only by the specific items you ordered from the autobiographicaltự truyện cartecarte du jour. You have, as a consequencekết quả, selectively enhancednâng cao only those individual memories that you want to keep. It all sounds like the stuff of science fictionviễn tưởng, but it is now science fact: the method is called targeted memory reactivation. And as is so often the case, the true story turns out to be far more fascinatinglôi cuốn than the fictionalhư cấu one.
 Before going to sleep, we show participants individual pictures of objects at different spatialkhông gian locations on a computer screen, such as a cat in the lower right side, or a bell in the upper center, or a kettleấm đun nước near the top right of the screen. As a participant, you have to remember not only the individual items you have been shown, but also their spatialkhông gian location on the screen. You will be shown a hundred of these items. After sleep, picture objects will again appear on the screen, now in the center, some of which you have seen before, some you have not. You have to decide if you remember the picture object or not, and if you do, you must move that picture object to the spatialkhông gian location on the screen where it originally appeared, using a mouse. In this way, we can assessđánh giá whether you remember the object, and also how accuratelychính xác you can remember its location.
 But here is the intriguinghấp dẫn twist. As you were originally learning the images before sleep, each time an object was presented on the screen, a corresponding sound was played. For example, you would hear “meowmeo” when the cat picture was shown, or “ding-a-ling” when the bell was shown. All picture objects are paired, or “auditory-tagged,” with a semantically matching sound. When you are asleepngủ, and in NREM sleep specifically, an experimenterngười thí nghiệm will replayphát lại half of the previously taggedđược gắn thẻ sounds (fifty of the total hundred) to your sleeping brain at low volume using speakers on either side of the bed. As if helping guide the brain in a targeted search-and-retrieve effort, we can triggercò súng the selectivechọn lọc reactivation of corresponding individual memories, prioritizingưu tiên them for sleep-strengthening, relative to those that were not reactivatedkích hoạt lại during NREM sleep.
 When you are tested the following morning, you will have a quite remarkable biasThiên kiến in your recollectionhồi ức, remembering far more of the items that we reactivatedkích hoạt lại during sleep using the sound cuesgợi ý than those not reactivatedkích hoạt lại. Note that all one hundred of the original memory items passed through sleep. However, using sound cuinggợi ý, we avoid indiscriminatebừa bãi enhancementsự nâng cao of all that you learned. Analogous to loopingvòng lặp your favorite songs in a repeating playlistdanh sách phát at night, we cherry-pick specific slices of your autobiographicaltự truyện past, and preferentially strengthen them by using the individualizedcá nhân hóa sound cuesgợi ý during sleep.VIII
 I’m sure you can imagine innumerablevô số uses for such a method. That said, you may also feel ethicallyvề mặt đạo đức uncomfortablekhó chịu about the prospecttiềm năng, considering that you would have the power to write and rewriteviết lại your own remembered life narrativechuyện kể or, more concerning, that of someone else. This moral dilemmatình trạng khó xử is somewhat far in the future, but should such methods continue to be refinedtinh chế, it is one we may face.
 SLEEP TO FORGET?
 Up to this point, we have discussed the power of sleep after learning to enhancenâng cao remembering and avoid forgetting. However, the capacity to forget can, in certain contexts, be as important as the need for remembering, both in day-to-day life (e.g., forgetting last week’s parking spot in preference for today’s) and clinically (e.g., in excisingtiêu thụ đặc biệt painful, disablingvô hiệu hóa memories, or in extinguishingchữa cháy cravingthèm muốn in addictionnghiện disorders). Moreover, forgetting is not just beneficialcó lợi to deletexóa bỏ stored information we no longer need. It also lowers the brain resources required for retrievinglấy lại those memories we want to retain, similar to the ease of finding important documents on a neatly organized, clutter-free desk. In this way, sleep helps you retain everything you need and nothing that you don’t, improving the ease of memory recollectionhồi ức. Said another way, forgetting is the price we pay for remembering.
 In 1983, the Nobel Laureate Francis Crick, who discovered the helicalxoắn ốc structure of DNA, decided to turn his theoreticallý thuyết mind toward the topic of sleep. He suggested that the function of REM-sleep dreaming was to remove unwantedkhông mong muốn or overlappingqua nối chồng copies of information in the brain: what he termed “parasitický sinh memories.” It was a fascinatinglôi cuốn idea, but it remained just that—an idea—for almost thirty years, receiving no formal examination. In 2009, a young graduate student and I put the hypothesisgiả thuyết to the test. The results brought more than a few surprises.
 We designed an experiment that again used daytimeban ngày napsngủ trưa. At middaybuổi trưa, our research subjects studied a long list of words presented one at a time on a computer screen. After each word had been presented on the screen, however, a large green “R” or a large red “F” was displayed, indicating to the participant that they should remember the prior word (R) or forget the prior word (F). It is not dissimilarkhông giống nhau to being in a class and, after having been told a fact, the teacher impresses upon you that it is especially important to remember that information for the exam, or instead that they made an error and the fact was incorrectkhông đúng, or the fact will not be tested on the exam, so you don’t need to worry about remembering it for the test. We were effectively doing the same thing for each word right after learning, taggingnhãn it with the label “to be remembered” or “to be forgotten.”
 Half of the participants were then allowed a ninety-minute afternoon napngủ trưa, while the other half remained awakethức giấc. At six p.m. we tested everyone’s memory for all of the words. We told participants that regardlessbất kể of the tagnhãn previously associated with a word—to be remembered or to be forgotten—they should try to recall as many words as possible. Our question was this: Does sleep improve the retentiongiữ lại of all words equally, or does sleep obeytuân theo the waking command only to remember some items while forgetting others, based on the tagsnhãn we had connected to each?
 The results were clear. Sleep powerfully, yet very selectively, boosted the retentiongiữ lại of those words previously taggedđược gắn thẻ for “remembering,” yet actively avoided the strengthening of those memories taggedđược gắn thẻ for “forgetting.” Participants who did not sleep showed no such impressiveấn tượng parsingphân tích cú pháp and differentialsự khác biệt saving of the memories.IX
 We had learned a subtletế nhị, but important, lesson: sleep was far more intelligentthông minh than we had once imagined. Counter to earlier assumptionsgiả thiết in the twentieth and twenty-first centuries, sleep does not offer a general, nonspecifickhông đặc hiệu (and hence verbosedài dòng) preservationsự bảo tồn of all the information you learn during the day. Instead, sleep is able to offer a far more discerningsáng suốt hand in memory improvement: one that preferentially picks and chooses what information is, and is not, ultimatelycuối cùng strengthened. Sleep accomplisheshoàn thành this by using meaningfulcó ý nghĩa tagsnhãn that have been hung onto those memories during initial learning, or potentially identified during sleep itself. Numerous studies have shown a similarly intelligentthông minh form of sleep-dependent memory selection across both daytimeban ngày napsngủ trưa and a full night of sleep.
 When we analyzed the sleep records of those individuals who nappedchợp mắt, we gained another insightcái nhìn thấu suốt. Contrary to Francis Crick’s predictionsự dự đoán, it was not REM sleep that was siftingsàng lọc through the list of prior words, separating out those that should be retained and those that should be removed. Rather, it was NREM sleep, and especially the very quickest of the sleep spindlescon quay that helped bend apart the curves of remembering and forgetting. The more of those spindlescon quay a participant had during a napngủ trưa, the greater the efficiency with which they strengthened items taggedđược gắn thẻ for remembering and actively eliminated those designatedchỉ định for forgetting.
 Exactly how sleep spindlescon quay accomplishhoàn thành this cleverthông minh memory trick remains unclear. What we have at least discovered is a rather telling pattern of loopingvòng lặp activity in the brain that coincidestrùng hợp with these speedynhanh chóng sleep spindlescon quay. The activity circles between the memory storage site (the hippocampushà mã) and those regions that program the decision of intentionalitysự cố ý (in the frontalphía trước lobethùy), such as “This is important” or “This is irrelevantkhông liên quan.” The recursiveđệ quy cycle of activity between these two areas (memory and intentionalitysự cố ý), which happens ten to fifteen times per second during the spindlescon quay, may help explain NREM sleep’s discerningsáng suốt memory influence. Much like selecting intentionalcố ý filters on an Internet search or a shopping appứng dụng, spindlescon quay offer a refiningtinh chế benefit to memory by allowing the storage site of your hippocampushà mã to check in with the intentionalcố ý filters carried in your astutesắc sảo frontalphía trước lobesthùy, allowing selection only of that which you need to save, while discardingloại bỏ that which you do not.
 We are now exploring ways of harnessingkhai thác this remarkably intelligentthông minh service of selectivechọn lọc remembering and forgetting with painful or problematiccó vấn đề memories. The idea may invokegọi the premisetiền đề of the Oscar-winning movie Eternal Sunshine of the Spotless Mind, in which individuals can have unwantedkhông mong muốn memories deletedxóa bỏ by a special brain-scanning machine. In contrast, my real-world hope is to develop accurate methods for selectively weakeningsuy yếu or erasingtẩy xóa certain memories from an individual’s memory library when there is a confirmed clinical need, such as in traumatổn thương, drug addictionnghiện, or substance abuselạm dụng.
 SLEEP FOR OTHER TYPES OF MEMORY
 All of the studies I have described so far deal with one type of memory—that for facts, which we associate with textbookssách giáo khoa or remembering someone’s name. There are, however, many other types of memory within the brain, including skill memory. Take riding a bike, for example. As a child, your parents did not give you a textbooksách giáo khoa called How to Ride a Bike, ask you to study it, and then expect you to immediately begin riding your bike with skilled aplombtự tin. Nobody can tell you how to ride a bike. Well, they can try, but it will do them—and more importantly you—no good. You can only learn how to ride a bike by doing rather than reading. Which is to say by practicing. The same is true for all motor skills, whether you are learning a musical instrument, an athleticKhỏe mạnh sport, a surgicalngoại khoa procedure, or how to fly a plane.
 The term “muscle memory” is a misnomercách gọi sai. Muscles themselves have no such memory: a muscle that is not connected to a brain cannot perform any skilled actions, nor does a muscle store skilled routines. Muscle memory is, in fact, brain memory. Training and strengthening muscles can help you better execute a skilled memory routine. But the routine itself—the memory program—resides firmly and exclusivelyduy nhất within the brain.
 Years before I explored the effects of sleep on fact-based, textbook-like learning, I examined motor skill memory. Two experiences shaped my decision to perform these studies. The first was given to me as a young student at the Queen’s Medical Center—a large teaching hospital in Nottingham, England. Here, I performed research on the topic of movement disorders, specifically spinal-cord injury. I was trying to discover ways of reconnecting spinalcột sống cordsdây that had been severedcắt đứt, with the ultimatetối thượng goal of reunitingđoàn tụ the brain with the body. Sadly, my research was a failure. But during that time, I learned about patients with varied forms of motor disorders, including stroke. What struck me about so many of these patients was an iterativelặp đi lặp lại, step-by-step recovery of their motor function after the stroke, be it legs, arms, fingers, or speech. Rarely was the recovery complete, but day by day, month by month, they all showed some improvement.
 The second transformativebiến đổi experience happened some years later while I was obtainingđạt được my PhD. It was 2000, and the scientific community had proclaimedcông bố that the next ten years would be “The Decade of the Brain,” forecastingdự báo (accuratelychính xác, as it turned out) what would be remarkable progress within the neuroscienceskhoa học thần kinh. I had been asked to give a public lecture on the topic of sleep at a celebratory event. At the time, we still knew relatively little about the effects of sleep on memory, though I made brief mention of the embryonicphôi thai findings that were available.
 After my lecture, a distinguished-looking gentleman with a kindlytử tế affect, dressed in a tweedvải tuýt suit jacket with a subtletế nhị yellow-green huemàu sắc that I still vividly recall to this day, approached me. It was a brief conversation, but one of the most scientifically important of my life. He thanked me for the presentation, and told me that he was a pianistnghệ sĩ piano. He said he was intriguedâm mưu by my descriptionSự miêu tả of sleep as an active brain state, one in which we may review and even strengthen those things we have previously learned. Then came a comment that would leave me reelingcuộn, and triggercò súng a major focus of my research for years to come. “As a pianistnghệ sĩ piano,” he said, “I have an experience that seems far too frequent to be chance. I will be practicing a particular piece, even late into the evening, and I cannot seem to master it. Often, I make the same mistake at the same place in a particular movement. I go to bed frustratedbực bội. But when I wake up the next morning and sit back down at the piano, I can just play, perfectly.”
 “I can just play.” The words reverberateddội lại in my mind as I tried to compose a response. I told the gentleman that it was a fascinatinglôi cuốn idea, and it was certainly possible that sleep assisted musicianshipâm nhạc and led to error-free performance, but that I knew of no scientific evidence to support the claim. He smiled, seemingdường như unfazedkhông bối rối by the absence of empiricaltheo kinh nghiệm affirmationkhẳng định, thanked me again for my lecture, and walked toward the receptionthu nhận hall. I, on the other hand, remained in the auditoriumkhán phòng, realizing that this gentleman had just told me something that violatedxâm phạm the most repeated and entrustedgiao phó teaching edictsắc lệnh: practice makes perfect. Not so, it seemed. Perhaps it was practice, with sleep, that makes perfect?
 After three years of subsequenttiếp theo research, I publishedđược phát hành a paper with a similar title, and in the studies that followed gathered evidence that ultimatelycuối cùng confirmed all of the pianist’s wonderful intuitionstrực giác about sleep. The findings also shedtúp lều light on how the brain, after injury or damage by a stroke, graduallydần dần regainsgiành lại some ability to guide skill movements day by day—or should I say, night by night.
 By that time, I had taken a position at Harvard Medical School, and with Robert Stickgold, a mentorngười hướng dẫn and now a longtimethời gian dài collaboratorcộng tác viên and friend, we set about trying to determinequyết tâm if and how the brain continues to learn in the absence of any further practice. Time was clearly doing something. But it seemed that there were, in fact, three distinct possibilities to discriminatephân biệt among. Was it (1) time, (2) time awakethức giấc, or (3) time asleepngủ that incubatedủ skilled memory perfectionsự hoàn hảo?
 I took a large group of right-handed individuals and had them learn to type a number sequencesự liên tiếp on a keyboardbàn phím with their left hand, such as 4-1-3-2-4, as quickly and as accuratelychính xác as possible. Like learning a piano scale, subjects practiced the motor skill sequencesự liên tiếp over and over again, for a total of twelve minutes, taking short breaks throughout. Unsurprisingly, the participants improved in their performance across the training session; practice, after all, is supposed to make perfect. We then tested the participants twelve hours later. Half of the participants had learned the sequencesự liên tiếp in the morning and were tested later that evening after remaining awakethức giấc across the day. The other half of the subjects learned the sequencesự liên tiếp in the evening and we retested them the next morning after a similar twelve-hour delay, but one that contained a full eight-hour night of sleep.
 Those who remained awakethức giấc across the day showed no evidence of a significant improvement in performance. However, fitting with the pianist’s original descriptionSự miêu tả, those who were tested after the very same time delay of twelve hours, but that spannednhịp a night of sleep, showed a striking 20 percent jump in performance speed and a near 35 percent improvement in accuracysự chính xác. Importantly, those participants who learned the motor skill in the morning—and who showed no improvement that evening—did go on to show an identicalgiống hệt nhau bumpđâm sầm vào up in performance when retested after a further twelve hours, now after they, too, had had a full night’s sleep.
 In other words, your brain will continue to improve skill memories in the absence of any further practice. It is really quite magicalhuyền diệu. Yet, that delayed, “offline” learning occurs exclusivelyduy nhất across a period of sleep, and not across equivalent time periods spent awakethức giấc, regardlessbất kể of whether the time awakethức giấc or time asleepngủ comes first. Practice does not make perfect. It is practice, followed by a night of sleep, that leads to perfectionsự hoàn hảo. We went on to show that these memory-boosting benefits occur no matter whether you learn a short or a very long motor sequencesự liên tiếp (e.g., 4-3-1-2 versus 4-2-3-4-2-3-1-4-3-4-1-4), or when using one hand (unimanual) or both (bimanualhai tay, similar to a pianistnghệ sĩ piano).
 Analyzing the individual elements of the motor sequencesự liên tiếp, such as 4-1-3-2-4, allowed me to discover how, precisely, sleep was perfecting skill. Even after a long period of initial training, participants would consistentlynhất quán struggle with particular transitionschuyển tiếp within the sequencesự liên tiếp. These problem points stuck out like a soređau thumbngón cái when I looked at the speed of the keystrokesgõ phím. There would be a far longer pause, or consistent error, at specific transitionschuyển tiếp. For example, rather than seamlessly typing 4-1-3-2-4, 4-1-3-2-4, a participant would instead type: 4-1-3 [pause] 2-4, 4-1-3 [pause] 2-4. They were chunkingchia nhỏ the motor routine into pieces, as if attempting the sequencessự liên tiếp all in one go was just too much. Different people had different pause problems at different points in the routine, but almost all people had one or two of these difficulties. I assessedđánh giá so many participants that I could actually tell where their uniqueđộc nhất difficulties in the motor routine were just by listening to their typing during training.
 When I tested participants after a night of sleep, however, my ears heard something very different. I knew what was happening even before I analyzed the datadữ liệu: masterylàm chủ. Their typing, post-sleep, was now fluiddịch and unbrokennguyên vẹn. Gone was the staccatongắt âm performance, replaced by seamlessliền mạch automaticity, which is the ultimatetối thượng goal of motor learning: 4-1-3-2-4, 4-1-3-2-4, 4-1-3-2-4, rapid and nearly perfect. Sleep had systematically identified where the difficult transitionschuyển tiếp were in the motor memory and smoothed them out. This finding rekindlednhen nhóm lại the words of the pianistnghệ sĩ piano I’d met: “but when I wake up the next morning and sit back down at the piano, I can just play, perfectly.”
 I went on to test participants inside a brain scannermáy quét after they had slept, and could see how this delightfulthú vị skill benefit had been achieved. Sleep had again transferred the memories, but the results were different from that for textbook-like memory. Rather than a transfer from short- to long-term memory required for saving facts, the motor memories had been shifted over to brain circuitsmạch that operate below the level of consciousnessý thức. As a result, those skill actions were now instinctualbản năng habits. They flowed out of the body with ease, rather than feeling effortfulnỗ lực and deliberatecố ý. Which is to say that sleep helped the brain automatetự động hóa the movement routines, making them second nature—effortless—precisely the goal of many an Olympic coach when perfecting the skills of their eliteưu tú athletesvận động viên.
 My final discovery, in what spannednhịp almost a decadethập kỷ of research, identified the type of sleep responsible for the overnightqua đêm motor-skill enhancementsự nâng cao, carrying with it societalxã hội and medical lessons. The increases in speed and accuracysự chính xác, underpinned by efficient automaticity, were directly related to the amount of stage 2 NREM, especially in the last two hours of an eight-hour night of sleep (e.g., from five to seven a.m., should you have fallen asleepngủ at eleven p.m.). Indeed, it was the number of those wonderful sleep spindlescon quay in the last two hours of the late morning—the time of night with the richest spindlecon quay bursts of brainwavesóng não activity—that were linked with the offline memory boost.
 More striking was the fact that the increase of these spindlescon quay after learning was detected only in regions of the scalpda đầu that sit above the motor cortexvỏ não (just in front of the crownvương miện of your head), and not in other areas. The greater the local increase in sleep spindlescon quay over the part of the brain we had forced to learn the motor skill exhaustivelytriệt để, the better the performance upon awakeningthức tỉnh. Many other groups have found a similar “local-sleep”-and-learning effect. When it comes to motor-skill memories, the brainwavessóng não of sleep were acting like a good masseuse—you still get a full body massagemát xa, but they will place special focus on areas of the body that need the most help. In the same way, sleep spindlescon quay bathetắm all parts of the brain, but a disproportionatekhông cân xứng emphasisnhấn mạnh will be placed on those parts of the brain that have been worked hardest with learning during the day.
 Perhaps more relevant to the modern world is the time-of-night effect we discovered. Those last two hours of sleep are precisely the window that many of us feel it is okay to cut short to get a jump start on the day. As a result, we miss out on this feasttiệc of late-morning sleep spindlescon quay. It also brings to mind the prototypicalnguyên mẫu Olympic coach who stoically has her athletesvận động viên practicing late into the day, only to have them wake in the early hours of the morning and return to practice. In doing so, coaches may be innocentlyhồn nhiên but effectively denyingtừ chối an important phase of motor memory development within the brain—one that fine-tunes skilled athleticKhỏe mạnh performance. When you consider that very small performance differences often separate winning a gold medalhuy chương from a last-place finish in professional athleticsThế vận hội, then any competitive advantage you can gain, such as that naturally offered by sleep, can help determinequyết tâm whether or not you will hear your national anthemquốc ca echotiếng vang around the stadiumsân vận động. Not without putting too fine a point on it, if you don’t snoozegiấc ngủ ngắn, you lose.
 The 100-meter sprinttăng tốc superstarsiêu sao Usain Bolt has, on many occasions, taken napsngủ trưa in the hours before breaking the world record, and before Olympic finals in which he won gold. Our own studies support his wisdomkhôn ngoan: daytimeban ngày napsngủ trưa that contain sufficient numbers of sleep spindlescon quay also offer significant motor skill memory improvement, together with a restoring benefit on perceivednhận thức energy and reduced muscle fatigueMệt mỏi.
 In the years since our discovery, numerous studies have shown that sleep improves the motor skills of juniornhỏ, amateurnghiệp dư, and eliteưu tú athletesvận động viên across sports as diversephong phú as tennis, basketball, football, soccerbóng đá, and rowing. So much so that, in 2015, the International Olympic Committee publishedđược phát hành a consensusđoàn kết statement highlighting the critical importance of, and essential need for, sleep in athleticKhỏe mạnh development across all sports for men and women.X
 Professional sports teams are taking note, and for good reason. I have recently given presentations to a number of national basketball and football teams in the United States, and for the lattersau này, the United Kingdom. Standing in front of the manager, staff, and players, I tell them about one of the most sophisticatedcầu kì, potentmạnh mẽ, and powerful—not to mention legal—performance enhancerschất tăng cường that has real game-winning potential: sleep.
 I back up these claims with examples from the more than 750 scientific studies that have investigated the relationship between sleep and human performance, many of which have studied professional and eliteưu tú athletesvận động viên specifically. Obtain anything less than eight hours of sleep a night, and especially less than six hours a night, and the following happens: time to physical exhaustionkiệt sức drops by 10 to 30 percent, and aerobicthể dục nhịp điệu output is significantlyđáng kể reduced. Similar impairmentssuy giảm are observed in limbchân tay extension force and verticalthẳng đứng jump height, together with decreases in peak and sustainedduy trì muscle strength. Add to this marked impairmentssuy giảm in cardiovasculartim mạch, metabolictrao đổi chất, and respiratoryhô hấp capabilities that hampercản trở an underslept body, including faster rates of lacticvi khuẩn lactic acidaxit buildupxây dựng lên, reductionssự giảm bớt in blood oxygenôxy saturationbão hòa, and conversengược increases in blood carbon dioxidedioxit, due in part to a reductionsự giảm bớt in the amount of air that the lungsphổi can expirehết hạn. Even the ability of the body to cool itself during physical exertiongắng sức through sweating—a critical part of peak performance—is impairedkhiếm khuyết by sleep loss.
 And then there is injury risk. It is the greatest fear of all competitive athletesvận động viên and their coaches. Concern also comes from the general managers of professional teams, who consider their players as prized financial investments. In the contextbối cảnh of injury, there is no better risk-mitigating insurance policy for these investments than sleep. Described in a research study of competitive young athletesvận động viên in 2014,XI you can see that a chronickinh niên lack of sleep across the season predicteddự đoán a massivelyồ ạt higher risk of injury (figure 10).
  Figure 10: Sleep Loss and Sports Injury
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 Sports teams pay millions of dollars to hugely expensive players, lavishingxa hoa all manner of medical and nutritionaldinh dưỡng care on their human commoditieshàng hóa to augmenttăng their talent. Yet the professional advantage is dilutedpha loãng several-fold by the one ingredientnguyên liệu few teams fail to prioritizeưu tiên: their players’ sleep.
 Even teams that are aware of sleep’s importance before a game are surprised by my declarationtuyên ngôn of the equally, if not more, essential need for sleep in the days after a game. Post-performance sleep acceleratesThúc giục physical recovery from common inflammationviêm nhiễm, stimulateskích thích muscle repair, and helps restockbổ sung cellulardi động energy in the form of glucoseđường and glycogenglycogen.
 Prior to giving these teams a structured set of sleep recommendations that they can put in practice to help capitalizeviết hoa on the full potential of their athletesvận động viên, I provide proof-of-concept datadữ liệu from the National Basketball Association (NBA), using the measured sleep of Andre Iguodala, currently of my local team, the Golden State Warriors. Based on sleep-tracker datadữ liệu, figure 11 is the difference in Iguodala’s performance when he’s been sleeping more than eight hours a night, relative to less than eight hours a night:XII
  Figure 11: NBA Player Performance
 More than Eight Hours Sleep vs. Less than Eight Hours Sleep
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 Of course, most of us do not play for professional sports teams. But many of us are physicallythể chất active throughout life and constantly acquiring new skills. Motor learning and general physicalitythể chất remain part of our lives, from the banaltầm thường (learning to type on a slightly new laptop or text on a different-size smartphone) to the essential, such as experienced surgeonsbác sĩ phẫu thuật learning a new endoscopicNội soi procedure or pilots learning to fly different or new aircraft. And so, therefore, we continue to need and rely upon our NREM sleep for refiningtinh chế and maintaining those motor movements. Of interest to parents, the most dramatickịch time of skilled motor learning in any human’s life occurs in the first years after birth, as we start to stand and walk. It is of little surprise that we see a spikemũi nhọn in stage 2 NREM sleep, including sleep spindlescon quay, right around the infant’s time of transitionchuyển tiếp from crawlingbò to walking.
 Returning full circle to that which I had learned years ago at the Queen’s Medical Center regarding brain damage, we have now discovered that the slow, day-by-day return of motor function in stroke patients is due, in part, to the hard night-by-night work of sleep. Following a stroke, the brain begins to reconfigurecấu hình lại those neuralthần kinh connections that remain, and sproutnảy mầm new connections around the damaged zonevùng. This plastic reorganizationtổ chức lại and the genesisnguồn gốc of new connections underlienền tảng the return of some degree of motor function. We now have preliminarysơ bộ evidence that sleep is one critical ingredientnguyên liệu assisting in this neuralthần kinh recovery effort. Ongoing sleep quality predictsdự đoán the gradualdần dần return of motor function, and further determinesquyết tâm the relearning of numerous movement skills.XIII Should more such findings emergehiện ra, then a more concertedphối hợp effort to prioritizeưu tiên sleep as a therapeuticđiều trị aid in patients who have suffered brain damage may be warrantedbảo đảm, or even the implementationthực hiện of sleep-stimulation methods like those described earlier. There is much that sleep can do that we in medicine currently cannot. So long as the scientific evidence justifies it, we should make use of the powerful health tool that sleep represents in making our patients well.
 SLEEP FOR CREATIVITY
 A final benefit of sleep for memory is arguablyđược cho là the most remarkable of all: creativitysáng tạo. Sleep provides a nighttimeban đêm theater in which your brain tests out and builds connections between vast stores of information. This task is accomplishedhoàn thành using a bizarrekỳ dị algorithmthuật toán that is biasedthành kiến toward seeking out the most distantxa xôi, nonobvious associations, rather like a backward Google search. In ways your waking brain would never attempt, the sleeping brain fusescầu chì together disparatechênh lệch sets of knowledge that fosternuôi dưỡng impressiveấn tượng problem-solving abilities. If you pondersuy ngẫm the type of consciousbiết rõ experience such outlandishxa lạ memory blendingpha trộn would produce, you may not be surprised to learn that it happens during the dreaming state—REM sleep. We will fully explore all of the advantages of REM sleep in the later chapter on dreaming. For now, I will simply tell you that such informationalthông tin alchemythuật giả kim conjuredvan xin by REM-sleep dreaming has led to some of the greatest featschiến công of transformativebiến đổi thinking in the history of the human race.
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Too Extreme for the Guinness Book of World Records
 Sleep Deprivation and the Brain
 Struck by the weight of damningnguyền rủa scientific evidence, the Guinness Book of World Records has stopped recognizing attempts to break the sleep deprivationtước đoạt world record. Recall that Guinness deemscho là it acceptable for a man (Felix Baumgartner) to ascendlên 128,000 feet into the outerbên ngoài reaches of our atmosphere in a hot-air balloonbóng bay wearing a spacesuitbộ đồ không gian, open the door of his capsuleviên con nhộng, stand atoptrên a ladderthang suspended above the planet, and then free-fall back down to Earth at a top speed of 843 mphdặm/giờ (1,358 kmh), passing through the sound barrierrào chắn while creating a sonicâm thanh boombùng nổ with just his body. But the risks associated with sleep deprivationtước đoạt are considered to be far, far higher. Unacceptably high, in fact, based on the evidence.
 What is that compellingthuyết phục evidence? In the following two chapters, we will learn precisely why and how sleep loss inflictsgây thiệt such devastatingtàn phá effects on the brain, linking it to numerous neurologicalthần kinh and psychiatrictâm thần conditions (e.g., Alzheimer’s disease, anxietysự lo lắng, depression, bipolarlưỡng cực disorder, suicidetự tử, stroke, and chronickinh niên pain), and on every physiologicalsinh lý system of the body, further contributingđóng góp to countlessvô số disorders and disease (e.g., cancer, diabetesbệnh tiểu đường, heart attacks, infertilitykhô khan, weight gain, obesitybéo phì, and immunemiễn dịch deficiencysự thiếu hụt). No facetkhía cạnh of the human body is spared the cripplinglàm tê liệt, noxiousđộc hại harm of sleep loss. We are, as you will see, socially, organizationally, economicallykinh tế, physicallythể chất, behaviorally, nutritionally, linguisticallyvề mặt ngôn ngữ, cognitivelynhận thức, and emotionally dependent upon sleep.
 This chapter deals with the diretàn khốc and sometimes deadlychết người consequenceskết quả of inadequatekhông thỏa đáng sleep on the brain. The chapter that follows will recountkể lại the diverse—though equally ruinousphá hoại and similarly fatal—effects of short sleep on the body.
 PAY ATTENTION
 There are many ways in which a lack of sufficient sleep will kill you. Some take time; others are far more immediate. One brain function that buckleskhóa under even the smallest doseliều lượng of sleep deprivationtước đoạt is concentration. The deadlychết người societalxã hội consequenceskết quả of these concentration failures play out most obviously and fatallychết người in the form of drowsybuồn ngủ driving. Every hour, someone dies in a traffic accident in the US due to a fatigue-related error.
 There are two main culpritsthủ phạm of drowsy-driving accidents. The first is people completely falling asleepngủ at the wheel. This happens infrequently, however, and usually requires an individual to be acutelysâu sắc sleep-deprived (having gone without shut-eye for twenty-plus hours). The second, more common cause is a momentarynhất thời lapsetrôi đi in concentration, called a microsleep. These last for just a few seconds, during which time the eyelidmí mắt will either partiallymột phần or fully close. They are usually suffered by individuals who are chronicallykinh niên sleep restricted, defined as getting less than seven hours of sleep a night on a routine basis.
 During a microsleep, your brain becomes blind to the outside world for a brief moment—and not just the visual domainlãnh địa, but in all channelskênh truyền hình of perceptionsự nhận thức. Most of the time you have no awareness of the event. More problematiccó vấn đề is that your decisivequả quyết control of motor actions, such as those necessary for operating a steeringHệ thống lái wheel or a brakephanh pedalbàn đạp, will momentarilytrong chốc lát ceasengưng. As a result, you don’t need to fall asleepngủ for ten to fifteen seconds to die while driving. Two seconds will do it. A two-second microsleep at 30 mphdặm/giờ with a modestkhiêm tốn angle of drifttrôi dạt can result in your vehicle transitioningchuyển tiếp entirely from one lanelàn đường to the next. This includes into oncomingsắp tới traffic. Should this happen at 60 mphdặm/giờ, it may be the last microsleep you ever have.
 David Dinges at the University of Pennsylvania, a titanngười khổng lồ in the field of sleep research and personal hero of mine, has done more than any scientist in history to answer the following fundamentalcơ bản question: What is the recycletái chế rate of a human being? That is, how long can a human go without sleep before their performance is objectively impairedkhiếm khuyết? How much sleep can a human lose each night, and over how many nights, before critical processes of the brain fail? Is that individual even aware of how impairedkhiếm khuyết they are when sleep-deprived? How many nights of recovery sleep does it take to restore the stable performance of a human after sleep loss?
 Dinges’s research employs a disarmingly simple attention test to measure concentration. You must press a button in response to a light that appears on a button box or computer screen within a set period of time. Your response, and the reaction time of that response, are both measured. Thereafter, another light comes on, and you do the same thing. The lights appear in an unpredictablekhông thể đoán trước manner, sometimes in quick successionkế vị, other times randomly separated by a pause lasting several seconds.
 Sounds easy, right? Try doing it for ten minutes straight, every day, for fourteen days. That’s what Dinges and his research team did to a large number of subjects who were monitored under strict laboratory conditions. All of the subjects started off by getting a full eight-hour sleep opportunity the night before the test, allowing them to be assessedđánh giá when fully rested. Then, the participants were divided into four different experimentalthực nghiệm groups. Rather like a drug study, each group was given a different “doseliều lượng” of sleep deprivationtước đoạt. One group was kept up for seventy-two hours straight, going without sleep for three consecutiveliên tiếp nights. The second group was allowed four hours of sleep each night. The third group was given six hours of sleep each night. The lucky fourth group was allowed to keep sleeping eight hours each night.
 There were three key findings. First, although sleep deprivationtước đoạt of all these varied amounts caused a slowing in reaction time, there was something more telling: participants would, for brief moments, stop responding altogether. Slowness was not the most sensitive signaturechữ ký of sleepinessbuồn ngủ, entirely missed responses were. Dinges was capturing lapsestrôi đi, otherwise known as microsleeps: the real-life equivalent of which would be failing to react to a child who runs out in front of your car when chasing a ball.
 When describing the findings, Dinges will often have you think of the repeating beeptiếng kêu bíp from a heart monitor in a hospital: beeptiếng kêu bíp, beeptiếng kêu bíp, beeptiếng kêu bíp. Now picture the dramatickịch sound effect you hear in emergency room television dramas when a patient starts to slip away as doctors franticallyđiên cuồng try to save their life. At first, the heartbeatsnhịp tim are constant—beep, beeptiếng kêu bíp, beep—as are your responses on the visual attention task when you are well rested: stable, regular. Switch to your performance when sleep-deprived, and it is the auralthính giác equivalent of the patient in the hospital going into cardiactrái tim arrest: beeptiếng kêu bíp, beeptiếng kêu bíp, beeptiếng kêu bíp, beeeeeeeeeeeeeep. Your performance has flatlined. No consciousbiết rõ response, no motor response. A microsleep. And then the heartbeatnhịp tim comes back, as will your performance—beep, beeptiếng kêu bíp, beep—but only for a short while. Soon, you have another arrest: beeptiếng kêu bíp, beeptiếng kêu bíp, beeeeeeeeeeeeeep. More microsleeps.
 Comparing the number of lapsestrôi đi, or microsleeps, day after day across the four different experimentalthực nghiệm groups gave Dinges a second key finding. Those individuals who slept eight hours every night maintained a stable, near-perfect performance across the two weeks. Those in the three-night total sleep deprivationtước đoạt group suffered catastrophicthảm khốc impairmentsuy giảm, which was no real surprise. After the first night of no sleep at all, their lapsestrôi đi in concentration (missed responses) increased by over 400 percent. The surprise was that these impairmentssuy giảm continued to escalateleo thang at the same ballisticđạn đạo rate after a second and third night of total sleep deprivationtước đoạt, as if they would continue to escalateleo thang in severitymức độ nghiêm trọng if more nights of sleep were lost, showing no signs of flatteninglàm phẳng out.
 But it was the two partialmột phần sleep deprivationtước đoạt groups that brought the most concerning message of all. After four hours of sleep for six nights, participants’ performance was just as bad as those who had not slept for twenty-four hours straight—that is, a 400 percent increase in the number of microsleeps. By day 11 on this diet of four hours of sleep a night, participants’ performance had degradedGiảm sút chất lượng even further, matching that of someone who had pulled two back-to-back all-nighters, going without sleep for forty-eight hours.
 Most worrying from a societalxã hội perspectiveluật xa gần were the individuals in the group who obtainedđạt được six hours of sleep a night—something that may sound familiar to many of you. Ten days of six hours of sleep a night was all it took to become as impairedkhiếm khuyết in performance as going without sleep for twenty-four hours straight. And like the total sleep deprivationtước đoạt group, the accruingtích lũy performance impairmentsuy giảm in the four-hour and six-hour sleep groups showed no signs of leveling out. All signs suggested that if the experiment had continued, the performance deteriorationgiảm giá trị would continue to build up over weeks or months.
 Another research study, this one led by Dr. Gregory Belenky at Walter Reed Army Institute of Research, publishedđược phát hành almost identicalgiống hệt nhau results around the same time. They also tested four groups of participants, but they were given nine hours, seven hours, five hours, and three hours of sleep across seven days.
 YOU DO NOT KNOW HOW SLEEP-DEPRIVED YOU ARE WHEN YOU ARE SLEEP-DEPRIVED
 The third key finding, common to both of these studies, is the one I personally think is the most harmfulcó hại of all. When participants were asked about their subjectivechủ quan sense of how impairedkhiếm khuyết they were, they consistentlynhất quán underestimatedđánh giá quá thấp their degree of performance disabilitykhuyết tật. It was a miserablekhổ sở predictordự đoán of how bad their performance actually, objectively was. It is the equivalent of someone at a bar who has had far too many drinks picking up his car keys and confidently telling you, “I’m fine to drive home.”
 Similarly problematiccó vấn đề is baselineđường cơ sở resettingcài lại. With chronickinh niên sleep restriction over months or years, an individual will actually acclimatethích nghi to their impairedkhiếm khuyết performance, lower alertnesssự tỉnh táo, and reduced energy levels. That low-level exhaustionkiệt sức becomes their accepted normđịnh mức, or baselineđường cơ sở. Individuals fail to recognize how their perenniallâu năm state of sleep deficiencysự thiếu hụt has come to compromise their mental aptitudenăng khiếu and physical vitalitysức sống, including the slow accumulationsự tích lũy of ill health. A link between the former and lattersau này is rarely made in their mind. Based on epidemiological studies of average sleep time, millions of individuals unwittingly spend years of their life in a sub-optimal state of psychologicaltâm lý and physiologicalsinh lý functioning, never maximizingtối đa hóa their potential of mind or body due to their blind persistencekiên trì in sleeping too little. Sixty years of scientific research prevent me from accepting anyone who tells me that he or she can “get by on just four or five hours of sleep a night just fine.”
 Returning to Dinges’s study results, you may have predicteddự đoán that optimal performance would return to all of the participants after a good long night of recovery sleep, similar to many people’s notionkhái niệm of “sleeping it off” on the weekends to pay off their weeknighttối trong tuần sleep debt. However, even after three nights of ad liblib recovery sleep, performance did not return to that observed at the original baselineđường cơ sở assessmentđánh giá when those same individuals had been getting a full eight hours of sleep regularly. Nor did any group recover all the sleep hours they had lost in the days prior. As we have already learned, the brain is incapablekhông có khả năng of that.
 In a disturbing later study, researchers in Australia took two groups of healthy adults, one of whom they got drunksay rượu to the legal driving limit (.08 percent blood alcohol), the other of whom they sleep-deprived for a single night. Both groups performed the concentration test to assessđánh giá attention performance, specifically the number of lapsestrôi đi. After being awakethức giấc for nineteen hours, people who were sleep-deprived were as cognitivelynhận thức impairedkhiếm khuyết as those who were legally drunksay rượu. Said another way, if you wake up at seven a.m. and remain awakethức giấc throughout the day, then go out socializingxã hội hóa with friends until late that evening, yet drink no alcohol whatsoeverbất cứ điều gì, by the time you are driving home at two a.m. you are as cognitivelynhận thức impairedkhiếm khuyết in your ability to attend to the road and what is around you as a legally drunksay rượu driver. In fact, participants in the above study started their nosedivelao thẳng vào mũi in performance after just fifteen hours of being awakethức giấc (ten p.m. in the above scenariokịch bản).
 Car crashes rank among the leadinghàng đầu causes of death in most first-world nations. In 2016, the AAA Foundation in Washington, DC, released the results of an extensiverộng rãi study of over 7,000 drivers in the US, tracked in detail over a two-year period.I The key finding, shown in figure 12, reveals just how catastrophicthảm khốc drowsybuồn ngủ driving is when it comes to car crashes. Operating on less than five hours of sleep, your risk of a car crash increases threefoldgấp ba lần. Get behind the wheel of a car when having slept just four hours or less the night before and you are 11.5 times more likely to be involved in a car accident. Note how the relationship between decreasing hours of sleep and increasing mortalitytỷ lệ tử vong risk of an accident is not lineartuyến tính, but instead exponentiallynhanh chóng mushroomsnấm. Each hour of sleep lost vastly amplifies that crash likelihoodkhả năng, rather than incrementally nudginghuých it up.
  Figure 12: Sleep Loss and Car Crashes
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 Drunk driving and drowsybuồn ngủ driving are deadlychết người propositionsDự luật in their own right, but what happens when someone combines them? It is a relevant question, since most individuals are driving drunksay rượu in the early-morning hours rather than in the middle of the day, meaning that most drunksay rượu drivers are also sleep-deprived.
 We can now monitor driver error in a realisticthực tế but safe way using driving simulatorsgiả lập. With such a virtualảo machine, a group of researchers examined the number of complete off-road deviationsđộ lệch in participants placed under four different experimentalthực nghiệm conditions: (1) eight hours of sleep, (2) four hours of sleep, (3) eight hours of sleep plus alcohol to the point of being legally drunksay rượu, and (4) four hours of sleep plus alcohol to the point of being legally drunksay rượu.
 Those in the eight-hour sleep group had few, if any, off-road errors. Those in the four-hour sleep condition (the second group) had six times more off-road deviationsđộ lệch than the sobertỉnh táo, well-rested individuals. The same degree of driving impairmentsuy giảm was true of the third group, who had eight hours of sleep but were legally drunksay rượu. Driving drunksay rượu or driving drowsybuồn ngủ were both dangerous, and equally dangerous.
 A reasonable expectation was that performance in the fourth group of participants would reflect the additivephụ gia impactsự va chạm of these two groups: four hours of sleep plus the effect of alcohol (i.e., twelve times more off-road deviationsđộ lệch). It was far worse. This group of participants drove off the road almost thirty times more than the well-rested, sobertỉnh táo group. The headyxông lên cocktailcocktail of sleep loss and alcohol was not additive, but instead multiplicative. They magnifiedphóng đại each other, like two drugs whose effects are harmfulcó hại by themselves but, when taken together, interacttương tác to produce truly diretàn khốc consequenceskết quả.
 After thirty years of intensivecăng research, we can now answer many of the questions posed earlier. The recycletái chế rate of a human being is around sixteen hours. After sixteen hours of being awakethức giấc, the brain begins to fail. Humans need more than seven hours of sleep each night to maintain cognitivenhận thức performance. After ten days of just seven hours of sleep, the brain is as dysfunctionalrối loạn chức năng as it would be after going without sleep for twenty-four hours. Three full nights of recovery sleep (i.e., more nights than a weekend) are insufficientkhông đủ to restore performance back to normal levels after a week of short sleeping. Finally, the human mind cannot accuratelychính xác sense how sleep-deprived it is when sleep-deprived.
 We shall return to the ramificationsphân nhánh of these results in the remaining chapters, but the real-life consequenceskết quả of drowsybuồn ngủ driving deserve special mention. This coming week, more than 2 million people in the US will fall asleepngủ while driving their motor vehicle. That’s more than 250,000 every day, with more such events during the week than weekends for obviousrõ ràng reasons. More than 56 million Americans admit to struggling to stay awakethức giấc at the wheel of a car each month.
 As a result, 1.2 million accidents are caused by sleepinessbuồn ngủ each year in the United States. Said another way: for every thirty seconds you’ve been reading this book, there has been a car accident somewhere in the US caused by sleeplessnessmất ngủ. It is more than probablecó thể xảy ra that someone has lost their life in a fatigue-related car accident during the time you have been reading this chapter.
 You may find it surprising to learn that vehicle accidents caused by drowsybuồn ngủ driving exceed those caused by alcohol and drugs combined. Drowsy driving alone is worse than driving drunksay rượu. That may seem like a controversialgây tranh cãi or irresponsiblethiếu trách nhiệm thing to say, and I do not wish to trivializetầm thường hóa the lamentableđáng tiếc act of drunksay rượu driving by any means. Yet my statement is true for the following simple reason: drunksay rượu drivers are often late in brakingphanh, and late in making evasivelảng tránh maneuverscơ động. But when you fall asleepngủ, or have a microsleep, you stop reacting altogether. A person who experiences a microsleep or who has fallen asleepngủ at the wheel does not brakephanh at all, nor do they make any attempt to avoid the accident. As a result, car crashes caused by drowsinessbuồn ngủ tend to be far more deadlychết người than those caused by alcohol or drugs. Said crassly, when you fall asleepngủ at the wheel of your car on a freewayđường cao tốc, there is now a one-ton missilehỏa tiễn traveling at 65 miles per hour, and no one is in control.
 Drivers of cars are not the only threats. More dangerous are drowsybuồn ngủ truckersngười lái xe tải. Approximately 80 percent of truck drivers in the US are overweightthừa cân, and 50 percent are clinically obeseBéo phì. This places truck drivers at a far, far higher risk of a disorder called sleep apneangưng thở, commonly associated with heavy snoringngáy, which causes chronickinh niên, severe sleep deprivationtước đoạt. As a result, these truck drivers are 200 to 500 percent more likely to be involved in a traffic accident. And when a truck driver loses his or her life in a drowsy-driving crash, they will, on average, take 4.5 other lives with them.
 In actual fact, I would like to argue that there are no accidents caused by fatigueMệt mỏi, microsleeps, or falling asleepngủ. None whatsoeverbất cứ điều gì. They are crashes. The Oxford English Dictionary defines accidents as unexpectedkhông ngờ tới events that happen by chance or without apparentrõ ràng cause. Drowsy-driving deaths are neither chance, nor without cause. They are predictableđoán trước được and the direct result of not obtainingđạt được sufficient sleep. As such, they are unnecessarykhông cần thiết and preventablengăn ngừa được. Shamefully, governments of most developed countries spend less than 1 percent of their budget educating the public on the dangers of drowsybuồn ngủ driving relative to what they invest in combatingchiến đấu drunksay rượu driving.
 Even well-meaning public health messages can get lost in a barrageđập phá of statisticssố liệu thống kê. It often takes the tragicbi thảm recountingthuật lại of personal stories to make the message real. There are thousands of such events that I could describe. Let me offer just one in the hopes of saving you from the harms of driving drowsybuồn ngủ.
 Union County, Florida, January 2006: a school bus transporting nine children came to a halttạm dừng lại at a stop sign. A Pontiac Bonneville car carrying seven occupantsngười cư ngụ pulled up behind the bus and also came to a stop. At this moment, an eighteen-wheel truck came barrelingthùng down the road behind both vehicles. It didn’t stop. The truck struck the Pontiac, riding up over it and, with the car concertinaed underneath, then hit the bus. All three vehicles traveled through a ditchđào mương and continued moving, at which point the implodednổ tung Pontiac became engulfednhấn chìm in flamesngọn lửa. The school bus rotatedquay counterclockwisengược chiều kim đồng hồ and kept traveling, now on the opposite side of the road, back-to-front. It did so for 328 feet until it went off the road and collidedva chạm with a thick grovelùm cây of trees. Three of the nine children in the bus were ejectedđẩy ra through the windows upon impactsự va chạm. All seven passengers in the Pontiac were killed, as was the bus driver. The truck driver and all nine children in the bus sustainedduy trì serious injuries.
 The truckerngười lái xe tải was a qualified and legally licensed driver. All toxicologyđộc chất học tests performed on his blood were negative. However, it later emergedhiện ra that he had been awakethức giấc for thirty-four hours straight and had fallen asleepngủ at the wheel. All of the Pontiac’s seven occupantsngười cư ngụ who died were children or adolescentsthanh niên. Five of the seven were children in the Pontiac car were from a single family. The oldest occupantngười cư ngụ was a teenager, who had been legally driving the car. The youngest occupantngười cư ngụ was a baby of just twenty months old.
 There are many things that I hope readers take away from this book. This is one of the most important: if you are drowsybuồn ngủ while driving, please, please stop. It is lethalgây chết người. To carry the burden of another’s death on your shoulders is a terrible thing. Don’t be misledđánh lạc hướng by the many ineffectivekhông hiệu quả tacticschiến thuật people will tell you can battle back against drowsinessbuồn ngủ while driving.II Many of us think we can overcome drowsinessbuồn ngủ through sheertuyệt đối force of will, but, sadlythật đáng buồn, this is not true. To assume otherwise can jeopardizegây nguy hiểm your life, the lives of your family or friends in the car with you, and the lives of other road users. Some people only get one chance to fall asleepngủ at the wheel before losing their life.
 If you notice yourself feeling drowsybuồn ngủ while driving, or actually falling asleepngủ at the wheel, stop for the night. If you really must keep going—and you have made that judgment in the life-threatening contextbối cảnh it genuinelychân thật poses—then pull off the road into a safe laybylayby for a short time. Take a brief napngủ trưa (twenty to thirty minutes). When you wake up, do not start driving. You will be suffering from sleep inertia—the carryoverchuyển giao effects of sleep into wakefulnesssự tỉnh táo. Wait for another twenty to thirty minutes, perhaps after having a cup of coffee if you really must, and only then start driving again. This, however, will only get you so far down the road before you need another such rechargenạp điện, and the returns are diminishinggiảm dần. Ultimately, it is just not worth the (life) cost.
 CAN NAPS HELP?
 In the 1980s and ’90s, David Dinges, together with his astutesắc sảo collaboratorcộng tác viên (and recent administratorngười quản lý of the National Highway Traffic Safety Administration) Dr. Mark Rosekind, conducted another series of groundbreakingđột phá studies, this time examining the upsideslộn ngược and downsidesnhược điểm of nappingngủ trưa in the face of unavoidablekhông thể tránh khỏi sleep deprivationtước đoạt. They coined the term “power naps”—or, should I say, cedednhượng lại to it. Much of their work was with the aviationhàng không industry, examining pilots on long-haul travel.
 The most dangerous time of flight is landing, which arrives at the end of a journey, when the greatest amount of sleep deprivationtước đoạt has often accruedtích lũy. Recall how tired and sleepy you are at the end of an overnightqua đêm, transatlanticxuyên đại tây dương flight, having been on the go for more than twenty-four hours. Would you feel at peak performance, ready to land a Boeing 747 with 467 passengers on board, should you have the skill to do so? It is during this end phase of flight, known in the aviationhàng không industry as “top of descenthạ xuống to landing,” that 68 percent of all hullthân tàu losses—a euphemismuyển ngữ for a catastrophicthảm khốc plane crash—occur.
 The researchers set to work answering the following question, posed by the US Federal Aviation Authority (FAA): If a pilot can only obtainđạt được a short napngủ trưa opportunity (40–120 minutes) within a thirty-six-hour period, when should it occur so as to minimizegiảm thiểu cognitivenhận thức fatigueMệt mỏi and attention lapsestrôi đi: at the start of the first evening, in the middle of the night, or late the following morning?
 It first appeared to be counterintuitivephản trực giác, but Dinges and Rosekind made a cleverthông minh, biology-based predictionsự dự đoán. They believed that by insertingchèn a napngủ trưa at the front end of an incomingmới đến bout of sleep deprivationtước đoạt, you could insertchèn a bufferđệm, albeitmặc dù temporary and partialmột phần, that would protect the brain from suffering catastrophicthảm khốc lapsestrôi đi in concentration. They were right. Pilots suffered fewer microsleeps at the end stages of the flight if the napsngủ trưa were taken early that prior evening, versus if those same napngủ trưa periods were taken in the middle of the night or later that next morning, when the attack of sleep deprivationtước đoạt was already well under way.
 They had discovered the sleep equivalent of the medical paradigmmô hình of preventionPhòng ngừa versus treatment. The former tries to avertngăn chặn an issue prior to occurrencetần suất xảy ra, the lattersau này tries to remedybiện pháp khắc phục the issue after it has happened. And so it was with napsngủ trưa. Indeed, these short sleep bouts, taken early, also reduced the number of times the pilots driftedtrôi dạt into light sleep during the critical, final ninety minutes of flight. There were fewer of these sleep intrusionsxâm nhập, measured with EEG electrodesđiện cực on the head.
 When Dinges and Rosekind reported their findings to the FAA, they recommended that “prophylacticdự phòng naps”—naps taken early during long-haul flights—should be institutedhọc viện as policy among pilots, as many other aviationhàng không authoritieschính quyền around the world now permit. The FAA, while believing the findings, was not convinced by the nomenclaturedanh pháp. They believed the term “prophylacticdự phòng” was ripechín muồi for many a snidetiếng ngáy joke among pilots. Dinges suggested the alternative of “planned nappingngủ trưa.” The FAA didn’t like this, either, feeling it to be too “management-like.” Their suggestion was “power nappingngủ trưa,” which they believed was more fitting with leadership- or dominance-based job positions, others being CEOs or military executives. And so the “power napngủ trưa” was bornsinh ra.
 The problem, however, is that people, especially those in such positions, came to erroneouslynhầm lẫn believe that a twenty-minute power napngủ trưa was all you needed to survive and function with perfect, or even acceptable, acumensự nhạy bén. Brief power napsngủ trưa have become synonymousđồng nghĩa with the inaccuratekhông chính xác assumptiongiả thiết that they allow an individual to forgotừ bỏ sufficient sleep, night after night, especially when combined with the liberaltự do use of caffeinecafein.
 No matter what you may have heard or read in the popular mediaphương tiện truyền thông, there is no scientific evidence we have suggesting that a drug, a device, or any amount of psychologicaltâm lý willpowerý chí can replace sleep. Power napsngủ trưa may momentarilytrong chốc lát increase basic concentration under conditions of sleep deprivationtước đoạt, as can caffeinecafein up to a certain doseliều lượng. But in the subsequenttiếp theo studies that Dinges and many other researchers (myself included) have performed, neither napsngủ trưa nor caffeinecafein can salvagetrục vớt more complex functions of the brain, including learning, memory, emotional stabilitysự ổn định, complex reasoning, or decision-making.
 One day we may discover such a counteractivephản tác dụng method. Currently, however, there is no drug that has the proven ability to replace those benefits that a full night of sleep infusestruyền into the brain and body. David Dinges has extended an open invitation to anyone suggesting that they can survive on short sleep to come to his labphòng thí nghiệm for a ten-day stay. He will place that individual on their proclaimedcông bố regimenttrung đoàn of short sleep and measure their cognitivenhận thức function. Dinges is rightlyđúng đắn confident he’ll show, categoricallyphân loại, a degradationsuy thoái of brain and body function. To date, no volunteers have matched up to their claim.
 We have, however, discovered a very rare collection of individuals who appear to be able to survive on six hours of sleep, and show minimaltối thiểu impairment—a sleeplesschứng mất ngủ eliteưu tú, as it were. Give them hours and hours of sleep opportunity in the laboratory, with no alarms or wake-up calls, and still they naturally sleep this short amount and no more. Part of the explanation appears to lie in their geneticsdi truyền học, specifically a sub-variant of a genegien called BHLHE41.III Scientists are now trying to understand what this genegien does, and how it conferstrao resiliencekhả năng phục hồi to such little sleep.
 Having learned this, I imagine that some readers now believe that they are one of these individuals. That is very, very unlikely. The genegien is remarkably rare, with but a soupçon of individuals in the world estimated to carry this anomalynghĩa bóng. To impress this fact further, I quotetrích dẫn one of my research colleagues, Dr. Thomas Roth at the Henry Ford Hospital in Detroit, who once said, “The number of people who can survive on five hours of sleep or less without any impairmentsuy giảm, expressed as a percent of the population, and rounded to a whole number, is zero.”
 There is but a fractionphân số of 1 percent of the population who are truly resilientđàn hồi to the effects of chronickinh niên sleep restriction at all levels of brain function. It is far, far more likely that you will be struck by lightningtia chớp (the lifetime oddstỷ lệ cược being 1 in 12,000) than being truly capable of surviving on insufficientkhông đủ sleep thanks to a rare genegien.
 EMOTIONAL IRRATIONALITY
 “I just snapped, and . . .” Those words are often part of an unfoldingmở ra tragedybi kịch as a soldier irrationallymột cách phi lý responds to a provocativetrêu chọc civilianthường dân, a physicianbác sĩ to an entitledđược phép patient, or a parent to a misbehavingcư xử không đúng mực child. All of these situations are ones in which inappropriatekhông phù hợp anger and hostilitysự thù địch are dealt out by tired, sleep-deprived individuals.
 Many of us know that inadequatekhông thỏa đáng sleep plays havocsự tàn phá with our emotions. We even recognize it in others. Consider another common scenariokịch bản of a parent holding a young child who is screaming or crying and, in the midstgiữa of the turmoilhỗn loạn, turns to you and says, “Well, Steven just didn’t get enough sleep last night.” Universal parentalcha mẹ wisdomkhôn ngoan knows that bad sleep the night before leads to a bad mood and emotional reactivityphản ứng the next day.
 While the phenomenonhiện tượng of emotional irrationalitysự phi lý following sleep loss is subjectively and anecdotally common, until recently we did not know how sleep deprivationtước đoạt influenced the emotional brain at a neuralthần kinh level, despite the professional, psychiatrictâm thần, and societalxã hội ramificationsphân nhánh. Several years ago, my team and I conducted a study using MRI brain scanning to address the question.
 We studied two groups of healthy young adults. One group stayed awakethức giấc all night, monitored under full supervisiongiám sát in my laboratory, while the other group slept normally that night. During the brain scanning session the next day, participants in both groups were shown the same one hundred pictures that ranged from neutraltrung lập in emotional content (e.g., a basketrổ, a piece of driftwoodlũa) to emotionally negative (e.g., a burning house, a venomousnọc độc snake about to strike). Using this emotional gradientdốc of pictures, we were able to compare the increase in brain response to the increasingly negative emotional triggerscò súng.
 Analysis of the brain scans revealed the largest effects I have measured in my research to date. A structure located in the left and right sides of the brain, called the amygdala—a key hot spot for triggeringcò súng strong emotions such as anger and ragecơn thịnh nộ, and linked to the fight-or-flight response—showed well over a 60 percent amplificationkhuếch đại in emotional reactivityphản ứng in the participants who were sleep-deprived. In contrast, the brain scans of those individuals who were given a full night’s sleep evincedchứng minh a controlled, modestkhiêm tốn degree of reactivityphản ứng in the amygdalahạch hạnh nhân, despite viewing the very same images. It was as though, without sleep, our brain reverts to a primitivenguyên thủy pattern of uncontrolledkhông kiểm soát reactivityphản ứng. We produce unmetered, inappropriatekhông phù hợp emotional reactions, and are unable to place events into a broader or considered contextbối cảnh.
 This answer raised another question: Why were the emotion centers of the brain so excessivelythái quá reactivehồi đáp nhanh without sleep? Further MRI studies using more refinedtinh chế analyses allowed us to identify the root cause. After a full night of sleep, the prefrontaltrán trước cortex—the region of the brain that sits just above your eyeballsnhãn cầu; is most developed in humans, relative to other primateslinh trưởng; and is associated with rationalhợp lý, logicalhợp lý thought and decision-making—was strongly coupled to the amygdalahạch hạnh nhân, regulatingquy định this deep emotional brain center with inhibitoryức chế control. With a full night of plentifuldồi dào sleep, we have a balanced mix between our emotional gas pedalbàn đạp (amygdalahạch hạnh nhân) and brakephanh (prefrontaltrán trước cortexvỏ não). Without sleep, however, the strong coupling between these two brain regions is lost. We cannot reinkiềm chế in our atavistictàn bạo impulses—too much emotional gas pedalbàn đạp (amygdalahạch hạnh nhân) and not enough regulatoryquy định brakephanh (prefrontaltrán trước cortexvỏ não). Without the rationalhợp lý control given to us each night by sleep, we’re not on a neurological—and hence emotional—even keelsống tàu.
 Recent studies by a research team in Japan have now replicatedsao chép our findings, but they’ve done so by restricting participants’ sleep to five hours for five nights. No matter how you take sleep from the brain—acutely, across an entire night, or chronicallykinh niên, by short sleeping for a handfulmột nắm đầy tay of nights—the emotional brain consequenceskết quả are the same.
 When we conducted our original experiments, I was struck by the pendulum-like swings in the mood and emotions of our participants. In a flash, sleep-deprived subjects would go from being irritabledễ cáu bẳn and antsyphản cảm to punch-drunk giddyham chơi, only to then swing right back to a state of viciousluẩn quẩn negativitytiêu cực. They were traversingđi qua enormouslớn lao emotional distances, from negative to neutraltrung lập to positive, and all the way back again, within a remarkably short period of time. It was clear that I had missed something. I needed to conduct a sister study to the one I described above, but now explore how the sleep-deprived brain responds to increasingly positive and rewarding experiences, such as excitingthú vị images of extreme sports, or the chance of winning increasing amounts of money in fulfilling tasks.
 We discovered that different deep emotional centers in the brain just above and behind the amygdalahạch hạnh nhân, called the striatum—associated with impulsivity and reward, and bathedtắm by the chemical dopamine—had become hyperactivehiếu động in sleep-deprived individuals in response to the rewarding, pleasurabledễ chịu experiences. As with the amygdalahạch hạnh nhân, the heightenednâng cao sensitivitynhạy cảm of these hedonickhoái lạc regions was linked to a loss of the rationalhợp lý control from the prefrontaltrán trước cortexvỏ não.
 Insufficient sleep does not, therefore, push the brain into a negative mood state and hold it there. Rather, the under-slept brain swings excessivelythái quá to both extremes of emotional valencehóa trị, positive and negative.
 You may think that the former counter-balances the lattersau này, therebybằng cách ấy neutralizingvô hiệu hóa the problem. Sadly, emotions, and their guiding of optimaltối ưu decision and actions, do not work this way. Extremity is often dangerous. Depression and extreme negative mood can, for example, infusetruyền an individual with a sense of worthlessnessvô giá trị, together with ideas of questioning life’s value. There is now clearer evidence of this concern. Studies of adolescentsthanh niên have identified a link between sleep disruptiongián đoạn and suicidaltự sát thoughts, suicidetự tử attempts, and, tragically, suicidetự tử completionhoàn thành in the days after. One more reason for society and parents to value plentifuldồi dào sleep in teensthiếu niên rather than chastisetrừng phạt it, especially considering that suicidetự tử is the second-leading cause of death in young adults in developed nations after car accidents.
 Insufficient sleep has also been linked to aggressionHiếu chiến, bullyingbắt nạt, and behavioral problems in children across a range of ages. A similar relationship between a lack of sleep and violence has been observed in adult prison populations; places that, I should add, are woefully poor at enabling good sleep that could reduce aggressionHiếu chiến, violence, psychiatrictâm thần disturbancexáo trộn, and suicidetự tử, which, beyond the humanitariannhân đạo concern, increases costs to the taxpayerngười nộp thuế.
 Equally problematiccó vấn đề issues arise from extreme swings in positive mood, though the consequenceskết quả are different. Hypersensitivity to pleasurabledễ chịu experiences can lead to sensation-seeking, risk-taking, and addictionnghiện. Sleep disturbancexáo trộn is a recognized hallmarkdấu ấn associated with addictivegây nghiện substance use.IV Insufficient sleep also determinesquyết tâm relapsetái phát rates in numerous addictionnghiện disorders, associated with reward cravingsthèm muốn that are unmetered, lacking control from the rationalhợp lý head office of the brain’s prefrontaltrán trước cortexvỏ não.V Relevant from a preventionPhòng ngừa standpointquan điểm, insufficientkhông đủ sleep during childhood significantlyđáng kể predictsdự đoán early onsetbắt đầu of drug and alcohol use in that same child during their later adolescentthanh niên years, even when controlling for other high-risk traitsđặc điểm, such as anxietysự lo lắng, attention deficitsthiếu hụt hoặc khuyết, and parentalcha mẹ history of drug use.VI You can now appreciate why the bidirectionalhai chiều, pendulum-like emotional liabilitytrách nhiệm pháp lý caused by sleep deprivationtước đoạt is so concerning, rather than counter-balancing.
 Our brain scanning experiments in healthy individuals offered reflections on the relationship between sleep and psychiatrictâm thần illnesses. There is no major psychiatrictâm thần condition in which sleep is normal. This is true of depression, anxietysự lo lắng, post-traumatic stress disorder (PTSD), schizophreniatâm thần phân liệt, and bipolarlưỡng cực disorder (once known as manicphấn khích depression).
 Psychiatry has long been aware of the coincidencetrùng hợp ngẫu nhiên between sleep disturbancexáo trộn and mental illness. However, a prevailingThịnh hành view in psychiatrytâm thần học has been that mental disorders cause sleep disruption—a one-way street of influence. Instead, we have demonstratedchứng minh that otherwise healthy people can experience a neurologicalthần kinh pattern of brain activity similar to that observed in many of these psychiatrictâm thần conditions simply by having their sleep disruptedbị gián đoạn or blocked. Indeed, many of the brain regions commonly impacted by psychiatrictâm thần mood disorders are the same regions that are involved in sleep regulation and impactedbị ảnh hưởng by sleep loss. Further, many of the genesgien that show abnormalitiesbất thường in psychiatrictâm thần illnesses are the same genesgien that help control sleep and our circadiannhịp sinh học rhythmsnhịp.
 Had psychiatrytâm thần học got the causalnguyên nhân direction wrong, and it was sleep disruptiongián đoạn instigatingxúi giục mental illness, not the other way around? No, I believe that is equally inaccuratekhông chính xác and reductionistngười theo chủ nghĩa giản lược to suggest. Instead, I firmly believe that sleep loss and mental illness is best described as a two-way street of interaction, with the flow of traffic being stronger in one direction or the other, depending on the disorder.
 I am not suggesting that all psychiatrictâm thần conditions are caused by absent sleep. However, I am suggesting that sleep disruptiongián đoạn remains a neglected factor contributingđóng góp to the instigationxúi giục and/or maintenance of numerous psychiatrictâm thần illnesses, and has powerful diagnosticchẩn đoán and therapeuticđiều trị potential that we are yet to fully understand or make use of.
 Preliminary (but compellingthuyết phục) evidence is beginning to support this claim. One example involves bipolarlưỡng cực disorder, which most people will recognize by the former name of manicphấn khích depression. Bipolar disorder should not be confused with major depression, in which individuals slide exclusivelyduy nhất down into the negative end of the mood spectrumquang phổ. Instead, patients with bipolarlưỡng cực depression vacillatelung lay between both ends of the emotion spectrumquang phổ, experiencing dangerous periods of maniahưng cảm (excessivequá đáng, reward-driven emotional behavior) and also periods of deep depression (negative moods and emotions). These extremes are often separated by a time when the patients are in a stable emotional state, neither manicphấn khích nor depressed.
 A research team in Italy examined bipolarlưỡng cực patients during the time when they were in this stable, inter-episode phase. Next, under careful clinical supervisiongiám sát, they sleep-deprived these individuals for one night. Almost immediately, a large proportiontỷ lệ of the individuals either spiraledxoắn ốc into a manicphấn khích episode or became seriously depressed. I find it to be an ethicallyvề mặt đạo đức difficult experiment to appreciate, but the scientists had importantly demonstratedchứng minh that a lack of sleep is a causalnguyên nhân triggercò súng of a psychiatrictâm thần episode of maniahưng cảm or depression. The result supports a mechanismcơ chế in which the sleep disruption—which almost always precedesđứng trước the shift from a stable to an unstablekhông ổn định manicphấn khích or depressivetrầm cảm state in bipolarlưỡng cực patients—may well be a (the) triggercò súng in the disorder, and not simply epiphenomenal.
 Thankfully, the opposite is also true. Should you improve sleep quality in patients suffering from several psychiatrictâm thần conditions using a technique we will discuss later, called cognitivenhận thức behavioral therapy for insomniamất ngủ (CBT-I), you can improve symptom severitymức độ nghiêm trọng and remissionthuyên giảm rates. My colleague at the University of California, Berkeley, Dr. Allison Harvey has been a pioneertiên phong in this regardvề.
 By improving sleep quantity, quality, and regularityđều đặn, Harvey and her team have systematically demonstratedchứng minh the healingđang lành lại abilities of sleep for the minds of numerous psychiatrictâm thần populations. She has intervenedcan thiệp with the therapeuticđiều trị tool of sleep in conditions as diversephong phú as depression, bipolarlưỡng cực disorder, anxietysự lo lắng, and suicidetự tử, all to great effect. By regularizingchính quy hóa and enhancingnâng cao sleep, Harvey has stepped these patients back from the edge of cripplinglàm tê liệt mental illness. That, in my opinion, is a truly remarkable service to humanitynhân loại.
 The swings in emotional brain activity that we observed in healthy individuals who were sleep-deprived may also explain a finding that has perplexedlúng túng psychiatrytâm thần học for decadesthập kỷ. Patients suffering from major depression, in which they become exclusivelyduy nhất locked into the negative end of the mood spectrumquang phổ, show what at first appears to be a counterintuitivephản trực giác response to one night of sleep deprivationtước đoạt. Approximately 30 to 40 percent of these patients will feel better after a night without sleep. Their lack of slumbergiấc ngủ appears to be an antidepressantthuốc chống trầm cảm.
 The reason sleep deprivationtước đoạt is not a commonly used treatment, however, is twofoldgấp đôi. First, as soon as these individuals do sleep, the antidepressantthuốc chống trầm cảm benefit goes away. Second, the 60 to 70 percent of patients who do not respond to the sleep deprivationtước đoạt will actually feel worse, deepeningđào sâu their depression. As a result, sleep deprivationtước đoạt is not a realisticthực tế or comprehensivetoàn diện therapy option. Still, it has posed an interesting question: How could sleep deprivationtước đoạt prove helpful for some of these individuals, yet detrimentalbất lợi to others?
 I believe that the explanation residescư trú tại in the bidirectionalhai chiều changes in emotional brain activity that we observed. Depression is not, as you may think, just about the excess presence of negative feelings. Major depression has as much to do with absence of positive emotions, a feature described as anhedoniaanhedonia: the inabilitykhông có khả năng to gain pleasure from normally pleasurabledễ chịu experiences, such as food, socializingxã hội hóa, or sex.
 The one-third of depressed individuals who respond to sleep deprivationtước đoạt may therefore be those who experience the greater amplificationkhuếch đại within reward circuitsmạch of the brain that I described earlier, resulting in far stronger sensitivitynhạy cảm to, and experiencing of, positive rewarding triggerscò súng following sleep deprivationtước đoạt. Their anhedoniaanhedonia is therefore lessenedgiảm bớt, and now they can begin to experience a greater degree of pleasure from pleasurabledễ chịu life experiences. In contrast, the other two-thirds of depressed patients may suffer the opposite negative emotional consequenceskết quả of sleep deprivationtước đoạt more dominantly: a worseningxấu đi, rather than alleviationgiảm nhẹ, of their depression. If we can identify what determinesquyết tâm those who will be respondersngười trả lời and those who will not, my hope is that we can create better, more tailoredphù hợp sleep-intervention methods for combatingchiến đấu depression.
 We will revisitthăm lại the effects of sleep loss on emotional stabilitysự ổn định and other brain functions in later chapters when we discuss the real-life consequenceskết quả of sleep loss in society, education, and the workplacenơi làm việc. The findings justify our questioning of whether or not sleep-deprived doctors can make emotionally rationalhợp lý decisions and judgments; under-slept military personnelnhân viên should have their fingers on the triggerscò súng of weaponryvũ khí; overworkedlàm việc quá sức bankerschủ ngân hàng and stockCổ phần tradersthương nhân can make rationalhợp lý, non-risky financial decisions when investing the public’s hard-earned retirement funds; and if teenagers should be battling against impossiblykhông thể early start times during a developmentalphát triển phase of life when they are most vulnerabledễ bị tổn thương to developing psychiatrictâm thần disorders. For now, however, I will summarize this section by offering a discerningsáng suốt quotetrích dẫn on the topic of sleep and emotion by the American entrepreneurdoanh nhân E. Joseph Cossman: “The best bridge between despairtuyệt vọng and hope is a good night’s sleep.”VII
 TIRED AND FORGETFUL?
 Have you ever pulled an “all-nighter,” deliberatelythong thả staying awakethức giấc all night? One of my true loves is teaching a large undergraduateđại học class on the science of sleep at the University of California, Berkeley. I taught a similar sleep course while I was at Harvard University. At the start of the course, I conduct a sleep survey, inquiringthắc mắc about my students’ sleep habits, such as the times they go to bed and wake up during the week and weekend, how much sleep they get, if they think their academichọc thuật performance is related to their sleep.
 Inasmuch as they are telling me the truth (they fill the survey out anonymously online, not in class), the answer I routinely get is saddeningbuồn bã. More than 85 percent of them pull all-nighters. Especially concerning is the fact that of those who said “yes” to pulling all-nighters, almost a third will do so monthly, weekly, or even several times a week. As the course continues throughout the semesterhọc kỳ, I return to the results of their sleep survey and link their own sleep habits with the science we are learning about. In this way, I try to point out the very personal dangers they face to their psychologicaltâm lý and physical health due to their insufficientkhông đủ sleep, and the danger they themselves pose to society as a consequencekết quả.
 The most common reason my students give for pulling all-nighters is to cramnhồi nhét for an exam. In 2006, I decided to conduct an MRI study to investigate whether they were right or wrong to do so. Was pulling an all-nighter a wise idea for learning? We took a large group of individuals and assigned them to either a sleep group or a sleep deprivationtước đoạt group. Both groups remained awakethức giấc normally across the first day. Across the following night, those in the sleep group obtainedđạt được a full night of shut-eye, while those in the sleep deprivationtước đoạt group were kept awakethức giấc all night under the watchfulthận trọng eye of trained staff in my labphòng thí nghiệm. Both groups were then awakethức giấc across the following morning. Around middaybuổi trưa, we placed participants inside an MRI scannermáy quét and had them try to learn a list of facts, one at a time, as we took snapshotsảnh chụp nhanh of their brain activity. Then we tested them to see how effective that learning had been. However, instead of testing them immediately after learning, we waited until they had had two nights of recovery sleep. We did this to make sure that any impairmentssuy giảm we observed in the sleep-deprived group were not confoundedbối rối by them being too sleepy or inattentivekhông chú ý to recollectnhớ lại what they may very well have learned. Therefore, the sleep-deprivation manipulationthao tác was only in effect during the act of learning, and not during the later act of recall.
 When we compared the effectivenesshiệu quả of learning between the two groups, the result was clear: there was a 40 percent deficitthiếu hụt hoặc khuyết in the ability of the sleep-deprived group to cramnhồi nhét new facts into the brain (i.e., to make new memories), relative to the group that obtainedđạt được a full night of sleep. To put that in contextbối cảnh, it would be the difference between acing an exam and failing it miserablymột cách khốn khổ!
 What was going wrong within the brain to produce these deficitsthiếu hụt hoặc khuyết? We compared the patterns of brain activity during attempted learning between the two groups, and focused our analysis on the brain region that we spoke about in chapter 6, the hippocampus—the information “in-box” of the brain that acquires new facts. There was lots of healthy, learning-related activity in the hippocampushà mã in the participants who had slept the night before. However, when we looked at this same brain structure in the sleep-deprived participants, we could not find any significant learning activity whatsoeverbất cứ điều gì. It was as though sleep deprivationtước đoạt had shut down their memory in-box, and any new incomingmới đến information was simply being bouncednảy. You don’t even need the bluntcùn force of a whole night of sleep deprivationtước đoạt. Simply disruptinglàm gián đoạn the depth of an individual’s NREM sleep with infrequentkhông thường xuyên sounds, preventing deep sleep and keeping the brain in shallownông sleep, without waking the individual up will produce similar brain deficitsthiếu hụt hoặc khuyết and learning impairmentssuy giảm.
 You may have seen a movie called Memento, in which the lead character suffers brain damage and, from that point forward, can no longer make any new memories. In neurologythần kinh học, he is what we call “densely amnesicmất trí nhớ.” The part of his brain that was damaged was the hippocampushà mã. It is the very same structure that sleep deprivationtước đoạt will attack, blocking your brain’s capacity for new learning.
 I cannot tell you how many of my students have come up to me at the end of the lecture in which I describe these studies and said, “I know that exact feeling. It seems as though I’m staring at the page of the textbooksách giáo khoa but nothing is going in. I may be able to hold on to some facts the following day for the exam, but if you were to ask me to take that same test a month later, I think I’d hardly remember a thing.”
 The lattersau này descriptionSự miêu tả has scientific backing. Those few memories you are able to learn while sleep-deprived are forgotten far more quickly in the hours and days thereaftersau đó. Memories formed without sleep are weaker memories, evaporatingbay hơi rapidly. Studies in rats have found that it is almost impossible to strengthen the synaptic connections between individual neuronstế bào thần kinh that normally forgelàm giả a new memory circuitmạch in the animals that have been sleep-deprived. Imprinting lasting memories into the architecturengành kiến trúc of the brain becomes nearly impossible. This is true whether the researchers sleep-deprived the rats for a full twenty-four hours, or just a little, for two or three hours. Even the most elementalnguyên tố units of the learning process—the production of proteins that form the building blocks of memories within these synapses—are stuntedcòi cọc by the state of sleep loss.
 The very latest work in this area has revealed that sleep deprivationtước đoạt even impactssự va chạm the DNA and the learning-related genesgien in the brain cells of the hippocampushà mã itself. A lack of sleep therefore is a deeply penetratingthâm nhập and corrosiveăn mòn force that enfeebles the memory-making apparatusbộ máy within your brain, preventing you from constructing lasting memory traces. It is rather like building a sand castlelâu đài too close to the tidethủy triều line—the consequenceskết quả are inevitablekhông thể tránh khỏi.
 While at Harvard University, I was invited to write my first op-ed piece for their newspaper, the Crimson. The topic was sleep loss, learning, and memory. It was also the last piece I was invited to write.
 In the article, I described the above studies and their relevance, returning time and again to the pandemicdịch bệnh of sleep deprivationtước đoạt that was sweeping through the student body. However, rather than lambastethịt cừu the students for these practices, I pointed a scoldingtrách mắng finger directly at the facultykhoa, myself included. I suggested that if we, as teachers, strivephấn đấu to accomplishhoàn thành just that purpose—to teach—then end-loading exams in the final days of the semesterhọc kỳ was an asininengu si decision. It forced a behavior in our students—that of short sleeping or pulling all-nighters leadinghàng đầu up to the exam—that was in direct opposition to the goals of nurturingdưỡng dục young scholarlybác học minds. I argued that logic, backed by scientific fact, must prevailChiếm ưu thế, and that it was long past the time for us to rethinksuy nghĩ lại our evaluationsự đánh giá methods, their contra-educational impactsự va chạm, and the unhealthykhông khỏe mạnh behavior it coercedép buộc from our students.
 To suggest that the reaction from the facultykhoa was icybăng giá would be a thermalnhiệt complimentlời khen. “It was the students’ choice,” I was told in adamantkiên quyết response emails. “A lack of planned study by irresponsiblethiếu trách nhiệm undergraduates” was another common rebuttalbác bỏ from facultykhoa and administratorsngười quản lý attempting to sidesteptránh né responsibility. In truth, I never believed that one op-ed column would triggercò súng a U-turn in poor educational examination methods at that or any other higher institutehọc viện of learning. As many have said about such stoicKiên nhẫn institutionstổ chức: theories, beliefs, and practices die one generation at a time. But the conversation and battle must start somewhere.
 You may ask whether I have changed my own educational practice and assessmentđánh giá. I have. There are no “final” exams at the end of the semesterhọc kỳ in my classes. Instead, I split my courses up into thirds so that students only have to study a handfulmột nắm đầy tay of lectures at a time. Furthermore, none of the exams are cumulativetích lũy. It’s a tried-and-true effect in the psychologytâm lý of memory, described as mass versus spaced learning. As with a fine-dining experience, it is far more preferablethích hợp hơn to separate the educational meal into smaller courses, with breaks in between to allow for digestiontiêu hóa, rather than attempt to cramnhồi nhét all of those informationalthông tin caloriescalo down in one go.
 In chapter 6 I described the crucialchủ yếu role for sleep after learning in the offline cementingxi măng, or consolidatingcủng cố, of recently learned memories. My friend and longtimethời gian dài collaboratorcộng tác viên at Harvard Medical School, Dr. Robert Stickgold, conducted a cleverthông minh study with wide-reaching implicationsngụ ý. He had a total of 133 undergraduatesđại học learn a visual memory task through repetitionlặp đi lặp lại. Participants then returned to his laboratory and were tested to see how much they had retained. Some subjects returned the next day after a full night of sleep. Others returned two days later after two full nights of sleep, and still others after three days with three nights of sleep in between.
 As you would predictdự đoán by now, a night of sleep strengthened the newly learned memories, boosting their retentiongiữ lại. Additionally, the more nights of sleep participants had before they were tested, the better their memory was. All except another sub-group of participants. Like the subjects in the third group, these participants learned the task on the first day, and learned it just as well. They were then tested three nights later, just like the third group above. The difference was that they were deprivedtước đoạt of sleep the first night after learning and were not tested the following day. Instead, Stickgold gave them two full recovery nights of sleep before testing them. They showed absolutely no evidence of a memory consolidationhợp nhất improvement. In other words, if you don’t sleep the very first night after learning, you lose the chance to consolidatecủng cố those memories, even if you get lots of “catch-up” sleep thereaftersau đó. In terms of memory, then, sleep is not like the bank. You cannot accumulatetích trữ a debt and hope to pay it off at a later point in time. Sleep for memory consolidationhợp nhất is an all-or-nothing event. It is a concerning result in our 24/7, hurry-up, don’t-wait society. I feel another op-ed coming on . . .
 SLEEP AND ALZHEIMER’S DISEASE
 The two most feared diseases throughout developed nations are dementiamất trí nhớ and cancer. Both are related to inadequatekhông thỏa đáng sleep. We will address the lattersau này in the next chapter regarding sleep deprivationtước đoạt and the body. Regarding the former, which centers on the brain, a lack of sleep is fast becoming recognized as a key lifestylecách sống factor determiningxác định whether or not you will develop Alzheimer’s disease.
 The condition, originally identified in 1901 by German physicianbác sĩ Dr. Aloysius Alzheimer, has become one of the largest public health and economic challenges of the twenty-first century. More than 40 million people suffer from the debilitatingsuy nhược disease. That number has acceleratedtăng tốc as the human life spannhịp has stretched, but also, importantly, as total sleep time has decreased. One in ten adults over the age of sixty-five now suffers from Alzheimer’s disease. Without advances in diagnosischẩn đoán, preventionPhòng ngừa, and therapeuticstrị liệu, the escalationleo thang will continue.
 Sleep represents a new candidateứng viên for hope on all three of these fronts: diagnosischẩn đoán, preventionPhòng ngừa, and therapeuticstrị liệu. Before discussing why, let me first describe how sleep disruptiongián đoạn and Alzheimer’s disease are causallynhân quả linked.
 As we learned in chapter 5, sleep quality—especially that of deep NREM sleep—deteriorates as we age. This is linked to a decline in memory. However, if you assessđánh giá a patient with Alzheimer’s disease, the disruptiongián đoạn of deep sleep is far more exaggeratedphóng đại. More telling, perhaps, is the fact that sleep disturbancexáo trộn precedesđứng trước the onsetbắt đầu of Alzheimer’s disease by several years, suggesting that it may be an early-warning sign of the condition, or even a contributorngười đóng góp to it. Following diagnosischẩn đoán, the magnitude of sleep disruptiongián đoạn will then progress in unison with the symptom severitymức độ nghiêm trọng of the Alzheimer’s patient, further suggesting a link between the two. Making matters worse, over 60 percent of patients with Alzheimer’s disease have at least one clinical sleep disorder. Insomnia is especially common, as caregiversngười chăm sóc of a loved one with Alzheimer’s disease will know all too well.
 It was not until relatively recently, however, that the association between disturbed sleep and Alzheimer’s disease was realized to be more than just an association. While much remains to be understood, we now recognize that sleep disruptiongián đoạn and Alzheimer’s disease interacttương tác in a self-fulfilling, negative spiralxoắn ốc that can initiatebắt đầu and/or accelerateThúc giục the condition.
 Alzheimer’s disease is associated with the buildupxây dựng lên of a toxicđộc hại form of protein called beta-amyloid, which aggregatestổng hợp in stickydính clumpscục, or plaquesmảng bám, within the brain. Amyloid plaquesmảng bám are poisonousđộc to neuronstế bào thần kinh, killing the surrounding brain cells. What is strange, however, is that amyloidamyloid plaquesmảng bám only affect some parts of the brain and not others, the reasons for which remain unclear.
 What struck me about this unexplainedkhông giải thích được pattern was the location in the brain where amyloidamyloid accumulatestích trữ early in the course of Alzheimer’s disease, and most severely in the late stages of the condition. That area is the middle part of the frontalphía trước lobe—which, as you will remember, is the same brain region essential for the electrical generation of deep NREM sleep in healthy young individuals. At that time, we did not understand if or why Alzheimer’s disease caused sleep disruptiongián đoạn, but simply knew that they always co-occurred. I wondered whether the reason patients with Alzheimer’s disease have such impairedkhiếm khuyết deep NREM sleep was, in part, because the disease erodesxói mòn the very region of the brain that normally generates this key stage of slumbergiấc ngủ.
 I joined forces with Dr. William Jagust, a leadinghàng đầu authoritythẩm quyền on Alzheimer’s disease, at the University of California, Berkeley. Together, our research teams set about testing this hypothesisgiả thuyết. Several years later, having assessedđánh giá the sleep of many older adults with varying degrees of amyloidamyloid buildupxây dựng lên in the brain that we quantifiedđịnh lượng with a special type of PET scan, we arrived at the answer. The more amyloidamyloid deposits there were in the middle regions of the frontalphía trước lobethùy, the more impairedkhiếm khuyết the deep-sleep quality was in that older individual. And it was not just a general loss of deep sleep, which is common as we get older, but the very deepest of the powerful slow brainwavessóng não of NREM sleep that the disease was ruthlessly erodingxói mòn. This distinctionphân biệt was important, since it meant that the sleep impairmentsuy giảm caused by amyloidamyloid buildupxây dựng lên in the brain was more than just “normal aging.” It was unique—a departuresự khởi hành from what is otherwise the signaturechữ ký of sleep decline as we get older.
 We are now examining whether this very particular “dentsứt mẻ” in sleeping brainwavesóng não activity represents an early identifierđịnh danh of those who are at greatest risk of developing Alzheimer’s disease, years in advance. If sleep does prove to be an early diagnosticchẩn đoán measure—especially one that is relatively cheap, noninvasivekhông xâm lấn, and can be easily obtainedđạt được in a large number of individuals, unlike costlytốn kém MRI or PET scans—then early interventionsự can thiệp becomes possible.
 Building on these findings, our recent work has added a key piece in the jigsawghép hình puzzlecâu đố of Alzheimer’s disease. We have discovered a new pathwaycon đường through which amyloidamyloid plaquesmảng bám may contributeđóng góp to memory decline later in life: something that has been largely missing in our understanding of how Alzheimer’s disease works. I mentioned that the toxicđộc hại amyloidamyloid deposits only accumulatetích trữ in some parts of the brain and not others. Despite Alzheimer’s disease being typifiedtiêu biểu by memory loss, the hippocampus—that key memory reservoirHồ chứa in the brain—is mysteriouslymột cách bí ẩn unaffectedkhông bị ảnh hưởng by amyloidamyloid protein. This question has so far baffledvách ngăn scientists: How does amyloidamyloid cause memory loss in Alzheimer’s disease patients when amyloidamyloid itself does not affect memory areas of the brain? While other aspectsdiện mạo of the disease may be at play, it seemed plausiblecó vẻ hợp lý to me that there was a missing intermediaryngười Trung gian factor—one that was transactinggiao dịch the influence of amyloidamyloid in one part of the brain on memory, which depended on a different region of the brain. Was sleep disruptiongián đoạn the missing factor?
 To test this theory, we had elderly patients with varying levels of amyloid—low to high—in their brains learn a list of new facts in the evening. The next morning, after recording their sleep in the laboratory that night, we tested them to see how effective their sleep had been at cementingxi măng and thus holding on to those new memories. We discovered a chain-reaction effect. Those individuals with the highest levels of amyloid deposits in the frontalphía trước regions of the brain had the most severe loss of deep sleep and, as a knock-on consequencekết quả, failed to successfully consolidatecủng cố those new memories. Overnight forgetting, rather than remembering, had taken place. The disruptiongián đoạn of deep NREM sleep was therefore a hidden middlemanngười trung gian brokeringmôi giới the bad deal between amyloidamyloid and memory impairmentsuy giảm in Alzheimer’s disease. A missing link.
 These findings, however, were only half of the story, and admittedly the less important half. Our work had shown that the amyloidamyloid plaquesmảng bám of Alzheimer’s disease may be associated with the loss of deep sleep, but does it work both ways? Can a lack of sleep actually cause amyloidamyloid to build up in your brain to begin with? If so, insufficientkhông đủ sleep across an individual’s life would significantlyđáng kể raise their risk of developing Alzheimer’s disease.
 Around the same time that we were conducting our studies, Dr. Maiken Nedergaard at the University of Rochester made one of the most spectacularhùng vĩ discoveries in the field of sleep research in recent decadesthập kỷ. Working with mice, Nedergaard found that a kind of sewagenước thải network called the glymphatic system exists within the brain. Its name is derivednguồn gốc from the body’s equivalent lymphatichệ bạch huyết system, but it’s composed of cells called gliathần kinh đệm (from the Greek root word for “gluekeo dán”).
 Glial cells are distributed throughout your entire brain, situated side by side with the neuronstế bào thần kinh that generate the electrical impulsesthúc đẩy of your brain. Just as the lymphatichệ bạch huyết system drainslàm khô hạn contaminantschất gây ô nhiễm from your body, the glymphatic system collects and removes dangerous metabolictrao đổi chất contaminantschất gây ô nhiễm generated by the hard work performed by neuronstế bào thần kinh in your brain, rather like a support team surrounding an eliteưu tú athletevận động viên.
 Although the glymphatic system—the support team—is somewhat active during the day, Nedergaard and her team discovered that it is during sleep that this neuralthần kinh sanitizationvệ sinh work kicks into high gear. Associated with the pulsingnhịp đập rhythmnhịp of deep NREM sleep comes a ten- to twentyfold increase in effluentnước thải expulsiontrục xuất from the brain. In what can be described as a nighttimeban đêm power cleanselàm sạch, the purifyingthanh tẩy work of the glymphatic system is accomplishedhoàn thành by cerebrospinalnão tủy fluiddịch that bathestắm the brain.
 Nedergaard made a second astonishingkinh ngạc discovery, which explained why the cerebrospinalnão tủy fluiddịch is so effective in flushingtuôn ra out metabolictrao đổi chất debris at night. The glialthần kinh đệm cells of the brain were shrinkingco lại in size by up to 60 percent during NREM sleep, enlargingphóng to the space around the neuronstế bào thần kinh and allowing the cerebrospinalnão tủy fluiddịch to proficiently clean out the metabolictrao đổi chất refuse left by the day’s neuralthần kinh activity. Think of the buildings of a large metropolitanđô thị city physicallythể chất shrinkingco lại at night, allowing municipalđô thị cleaning crews easy access to pick up garbagerác strewnvương vãi in the streets, followed by a good pressure-jet treatment of every nookngóc ngách and crannycái hố. When we wake each morning, our brains can once again function efficiently thanks to this deep cleansinglàm sạch.
 So what does this have to do with Alzheimer’s disease? One piece of toxicđộc hại debrismảnh vụn evacuatedsơ tán by the glymphatic system during sleep is amyloidamyloid protein—the poisonousđộc element associated with Alzheimer’s disease. Other dangerous metabolictrao đổi chất waste elements that have links to Alzheimer’s disease are also removed by the cleaning process during sleep, including a protein called tau, as well as stress moleculesphân tử produced by neuronstế bào thần kinh when they combustđốt cháy energy and oxygenôxy during the day. Should you experimentally prevent a mouse from getting NREM sleep, keeping it awakethức giấc instead, there is an immediate increase in amyloidamyloid deposits within the brain. Without sleep, an escalationleo thang of poisonousđộc Alzheimer’s-related protein accumulatedtích lũy in the brains of the mice, together with several other toxicđộc hại metaboliteschất chuyển hóa. Phrased differently, and perhaps more simply, wakefulnesssự tỉnh táo is low-level brain damage, while sleep is neurologicalthần kinh sanitationvệ sinh.
 Nedergaard’s findings completed the circle of knowledge that our findings had left unansweredchưa được trả lời. Inadequate sleep and the pathologybệnh học of Alzheimer’s disease interacttương tác in a viciousluẩn quẩn cycle. Without sufficient sleep, amyloidamyloid plaquesmảng bám build up in the brain, especially in deep-sleep-generating regions, attacking and degradingxuống cấp them. The loss of deep NREM sleep caused by this assaulttấn công therefore lessensgiảm bớt the ability to remove amyloidamyloid from the brain at night, resulting in greater amyloidamyloid depositionlắng đọng. More amyloidamyloid, less deep sleep, less deep sleep, more amyloidamyloid, and so on and so forthra.
 From this cascadethác comes a predictionsự dự đoán: getting too little sleep across the adult life spannhịp will significantlyđáng kể raise your risk of developing Alzheimer’s disease. Precisely this relationship has now been reported in numerous epidemiological studies, including those individuals suffering from sleep disorders such as insomniamất ngủ and sleep apneangưng thở.VIII Parenthetically, and unscientifically, I have always found it curious that Margaret Thatcher and Ronald Reagan—two heads of state that were very vocalthanh nhạc, if not proud, about sleeping only four to five hours a night—both went on to develop the ruthlesstàn nhẫn disease. The current US president, Donald Trump—also a vociferousồn ào proclaimer of sleeping just a few hours each night—may want to take note.
 A more radicalcăn bản and conversengược predictionsự dự đoán that emergeshiện ra from these findings is that, by improving someone’s sleep, we should be able to reduce their risk of developing Alzheimer’s disease—or at least delay its onsetbắt đầu. Tentative support has emergedhiện ra from clinical studies in which middle- and older-age adults have had their sleep disorders successfully treated. As a consequencekết quả, their rate of cognitivenhận thức decline slowed significantlyđáng kể, and further delayed the onsetbắt đầu of Alzheimer’s disease by five to ten years.IX
 My own research group is now trying to develop a number of viablekhả thi methods for artificially increasing deep NREM sleep that could restore some degree of the memory consolidationhợp nhất function that is absent in older individuals with high amounts of amyloidamyloid in the brain. If we can find a method that is cost effective and can be scaled up to the population level for repeat use, my goal is preventionPhòng ngừa. Can we begin supplementing the declining deep sleep of vulnerabledễ bị tổn thương members of society during midlifetuổi trung niên, many decadesthập kỷ before the tipping point of Alzheimer’s disease is reached, aiming to avertngăn chặn dementiamất trí nhớ risk later in life? It is an admittedly loftycao ambitiontham vọng, and some would argue a moon shot research goal. But it is worth recalling that we already use this conceptualkhái niệm approach in medicine in the form of prescribing statinsstatin to higher-risk individuals in their forties and fifties to help prevent cardiovasculartim mạch disease, rather than having to treat it decadesthập kỷ later.
 Insufficient sleep is only one among several risk factors associated with Alzheimer’s disease. Sleep alone will not be the magic bulletđạn that eradicatesdiệt trừ dementiamất trí nhớ. Nevertheless, prioritizingưu tiên sleep across the life spannhịp is clearly becoming a significant factor for lowering Alzheimer’s disease risk.
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CHAPTER 8
 
 
 
 Cancer, Heart Attacks, and a Shorter Life
 Sleep Deprivation and the Body
 I was once fondngây thơ of saying, “Sleep is the third pillarcây cột of good health, alongsidebên cạnh diet and exercise.” I have changed my tune. Sleep is more than a pillarcây cột; it is the foundation on which the other two health bastionspháo đài sit. Take away the bedrocknền tảng of sleep, or weakensuy yếu it just a little, and careful eating or physical exercise become less than effective, as we shall see.
 Yet the insidiousxảo quyệt impactsự va chạm of sleep loss on health runs much deeper. Every major system, tissue, and organđàn organ of your body suffers when sleep becomes short. No aspectdiện mạo of your health can retreatrút lui at the sign of sleep loss and escape unharmedkhông hề hấn gì. Like water from a burst pipe in your home, the effects of sleep deprivationtước đoạt will seepthấm into every nookngóc ngách and crannycái hố of biologysinh vật học, down into your cells, even altering your most fundamentalcơ bản self—your DNA.
 Widening the lensthấu kính of focus, there are more than twenty large-scale epidemiological studies that have tracked millions of people over many decadesthập kỷ, all of which report the same clear relationship: the shorter your sleep, the shorter your life. The leadinghàng đầu causes of disease and death in developed nations—diseases that are cripplinglàm tê liệt health-care systems, such as heart disease, obesitybéo phì, dementiamất trí nhớ, diabetesbệnh tiểu đường, and cancer—all have recognized causalnguyên nhân links to a lack of sleep.
 This chapter describes, uncomfortably, the many and varied ways in which insufficientkhông đủ sleep proves ruinousphá hoại to all the major physiologicalsinh lý systems of the human body: cardiovasculartim mạch, metabolictrao đổi chất, immunemiễn dịch, reproductivesinh sản.
 SLEEP LOSS AND THE CARDIOVASCULAR SYSTEM
 Unhealthy sleep, unhealthykhông khỏe mạnh heart. Simple and true. Take the results of a 2011 study that tracked more than half a million men and women of varied ages, races, and ethnicitiesdân tộc across eight different countries. Progressively shorter sleep was associated with a 45 percent increased risk of developing and/or dying from coronaryhình vành heart disease within seven to twenty-five years from the start of the study. A similar relationship was observed in a Japanese study of over 4,000 male workers. Over a fourteen-year period, those sleeping six hours or less were 400 to 500 percent more likely to suffer one or more cardiactrái tim arrests than those sleeping more than six hours. I should note that in many of these studies, the relationship between short sleep and heart failure remains strong even after controlling for other known cardiactrái tim risk factors, such as smoking, physical activity, and body mass. A lack of sleep more than accomplisheshoàn thành its own, independent attack on the heart.
 As we approach midlifetuổi trung niên, and our body begins to deterioratexấu đi and health resiliencekhả năng phục hồi starts its decline, the impactsự va chạm of insufficientkhông đủ sleep on the cardiovasculartim mạch system escalatesleo thang. Adults forty-five years or older who sleep fewer than six hours a night are 200 percent more likely to have a heart attack or stroke during their lifetimecả đời, as compared with those sleeping seven to eight hours a night. This finding impresses how important it is to prioritizeưu tiên sleep in midlife—which is unfortunately the time when family and professional circumstances encourage us to do the exact opposite.
 Part of the reason the heart suffers so dramatically under the weight of sleep deprivationtước đoạt concerns blood pressure. Have a quick look at your right forearmcánh tay and pick out some veinstĩnh mạch. If you wrap your left hand around that forearmcánh tay, just below the elbowkhuỷu tay, and gripnắm chặt it, like a tourniquetgarô, you will see those vessels start to balloonbóng bay. A little alarming, isn’t it? The ease with which just a little sleep loss can pump up pressure in the veinstĩnh mạch of your entire body, stretching and distressingđau khổ the vessel walls, is equally alarming. High blood pressure is so common nowadays that we forget the deathlychết người tollthu phí it inflictsgây thiệt. This year alone, hypertensiontăng huyết áp will steal more than 7 million people’s lives by way of cardiactrái tim failure, ischemicthiếu máu cục bộ heart disease, stroke, or kidneyquả thận failure. Deficient sleep is responsible for many of these lost fathers, mothers, grandparents, and belovedngười yêu dấu friends.
 As with other consequenceskết quả of sleep loss we’ve encountered, you don’t need a full night of total sleep deprivationtước đoạt to inflictgây thiệt a measurableđo lường được impactsự va chạm on your cardiovasculartim mạch system. One night of modestkhiêm tốn sleep reduction—even just one or two hours—will promptlykịp thời speed the contracting rate of a person’s heart, hour upon hour, and significantlyđáng kể increase the systolic blood pressure within their vasculature.I You will find no solaceniềm an ủi in the fact that these experiments were conducted in young, fit individuals, all of whom started out with an otherwise healthy cardiovasculartim mạch system just hours before. Such physical fitnesssự thích hợp proves no match for a short night of sleep; it affords no resistancesức chống cự.
 Beyond acceleratingThúc giục your heart rate and increasing your blood pressure, a lack of sleep further erodesxói mòn the fabricvải vóc of those strained blood vessels, especially those that feed the heart itself, called the coronaryhình vành arteriesđộng mạch. These corridorshành lang of life need to be clean and open wide to supply your heart with blood at all times. Narrow or block those passagewayshành lang, and your heart can suffer a comprehensivetoàn diện and often fatalgây tử vong attack caused by blood oxygenôxy starvationchết đói, colloquiallythông tục known as a “massiveto lớn coronaryhình vành.”
 One cause of a coronaryhình vành arteryđộng mạch blockagetắc nghẽn is atherosclerosisxơ vữa động mạch, or the furringlàm lông thú up of those heart corridorshành lang with hardenedcứng lại plaquesmảng bám that contain calciumcanxi deposits. Researchers at the University of Chicago studied almost five hundred healthy midlifetuổi trung niên adults, none of whom had any existing heart disease or signs of atherosclerosisxơ vữa động mạch. They tracked the health of the coronaryhình vành arteriesđộng mạch of these participants for a number of years, all the while assessingđánh giá their sleep. If you were one of the individuals who were obtainingđạt được just five to six hours each night or less, you were 200 to 300 percent more likely to suffer calcificationvôi hóa of your coronaryhình vành arteriesđộng mạch over the next five years, relative to those individuals sleeping seven to eight hours. The deficientthiếu sleep of those individuals was associated with a closing off of the critical passagewayshành lang that should otherwise be wide open and feeding the heart with blood, starvingchết đói it and significantlyđáng kể increasing the risk of a coronaryhình vành heart attack.
 Although the mechanismscơ chế by which sleep deprivationtước đoạt degradesxuống cấp cardiovasculartim mạch health are numerous, they all appear to clustercụm around a common culpritthủ phạm, called the sympatheticthông cảm nervous system. Abandon any thoughts of love or serenethanh thản compassionlòng trắc ẩn based on the misguidinglầm lạc name. The sympatheticthông cảm nervous system is resolutely activatingkích hoạt, incitingxúi giục, even agitatingkích động. If needed, it will mobilizehuy động the evolutionarilytiến hóa ancient fight-or-flight stress response within the body, comprehensivelytoàn diện and in a matter of seconds. Like an accomplishedhoàn thành general in command of a vast military, the sympatheticthông cảm nervous system can musterTập hợp activity in a vast assortmentphân loại of the body’s physiologicalsinh lý divisions—from respirationhô hấp, immunemiễn dịch function, and stress chemicals to blood pressure and heart rate.
 An acutenhọn stress response from the sympatheticthông cảm nervous system, which is normally only deployedtriển khai for short periods of time lasting minutes to hours, can be highly adaptivethích nghi under conditions of credibleđáng tin cậy threat, such as the potential of real physical attack. Survival is the goal, and these responses promote immediate action to accomplishhoàn thành just that. But leave that system stuck in the “on” position for long durationskhoảng thời gian of time, and sympatheticthông cảm activationkích hoạt becomes deeply maladaptivekhông thích nghi. In fact, it is a killersát thủ.
 With few exceptions over the past half century, every experiment that has investigated the impactsự va chạm of deficientthiếu sleep on the human body has observed an overactivehoạt động quá mức sympatheticthông cảm nervous system. For as long as the state of insufficientkhông đủ sleep lasts, and for some time thereaftersau đó, the body remains stuck in some degree of a fight-or-flight state. It can last for years in those with an untreatedkhông được điều trị sleep disorder, excessivequá đáng work hours that limit sleep or its quality, or the simple neglect of sleep by an individual. Like a car engine that is revvedvòng quay to a shriekingla hét extreme for sustainedduy trì periods of time, your sympatheticthông cảm nervous system is floored into perpetualvĩnh viễn overdrivechạy quá tốc độ by a lack of sleep. The consequentialhậu quả strain that is placed on your body by the persistentkiên trì force of sympatheticthông cảm activationkích hoạt will leakhở out in all manner of health issues, just like the failed pistonspít tông, gasketsmiếng đệm, seals, and gnashingnghiến răng gears of an abusedlạm dụng car engine.
 Through this central pathwaycon đường of an overactivehoạt động quá mức sympatheticthông cảm nervous system, sleep deprivationtước đoạt triggerscò súng a dominodomino effect that will spread like a wave of health damage throughout your body. It starts with removing a defaultmặc định resting brakephanh that normally prevents your heart from accelerating in its rate of contractionsự co lại. Once this brakephanh is released, you will experience sustainedduy trì speeds of cardiactrái tim beating.
 As your sleep-deprived heart beats faster, the volumetricthể tích rate of blood pumped through your vasculature increases, and with that comes the hypertensivetăng huyết áp state of your blood pressure. Occurring at the same time is a chronickinh niên increase in a stress hormonenội tiết tố called cortisolcortisol, which is triggeredcò súng by the overactivehoạt động quá mức sympatheticthông cảm nervous system. One undesirablekhông mong muốn consequencekết quả of the sustainedduy trì delugetrận lụt lớn of cortisolcortisol is the constrictionco thắt of those blood vessels, triggeringcò súng an even greater increase in blood pressure.
 Making matters worse, growth hormone—a great healerthầy thuốc of the body—which normally surgesdâng trào at night, is shut off by the state of sleep deprivationtước đoạt. Without growth hormonenội tiết tố to replenishbổ sung the lining of your blood vessels, called the endotheliumnội mô, they will be slowly shorncắt ngắn and stripped of their integritychính trực. Adding insultsự sỉ nhục to real injury, the hypertensivetăng huyết áp strain that sleep deprivationtước đoạt places on your vasculature means that you can no longer repair those fracturinggãy xương vessels effectively. The damaged and weakenedsuy yếu state of vascularmạch máu plumbinghệ thống ống nước throughout your body now becomes systemically more pronedễ bị to atherosclerosisxơ vữa động mạch (arteriesđộng mạch furringlàm lông thú up). Vessels will rupturevỡ. It is a powderbột kegcái thùng of factors, with heart attack and stroke being the most common casualtiesnạn nhân in the explosivethuốc nổ aftermathhậu quả.
 Compare this cascadethác of harm to the healingđang lành lại benefits that a full night of sleep normally lavishes on the cardiovasculartim mạch system. During deep NREM sleep specifically, the brain communicates a calming signal to the fight-or-flight sympatheticthông cảm branch of the body’s nervous system, and does so for long durationskhoảng thời gian of the night. As a result, deep sleep prevents an escalationleo thang of this physiologicalsinh lý stress that is synonymousđồng nghĩa with increased blood pressure, heart attack, heart failure, and stroke. This includes a calming effect on the contracting speed of your heart. Think of your deep NREM sleep as a natural form of nighttimeban đêm blood-pressure management—one that avertsngăn chặn hypertensiontăng huyết áp and stroke.
 When communicating science to the general public in lectures or writing, I’m always warythận trọng of bombardingbắn phá an audience with never-ending mortalitytỷ lệ tử vong and morbiditybệnh tật statisticssố liệu thống kê, lestkẻo they themselves lose the will to live in front of me. It is hard not to do so with such compellingthuyết phục massestập thể dục of studies in the field of sleep deprivationtước đoạt. Often, however, a single astonishingkinh ngạc result is all that people need to apprehendnắm bắt the point. For cardiovascular health, I believe that finding comes from a “global experiment” in which 1.5 billion people are forced to reduce their sleep by one hour or less for a single night each year. It is very likely that you have been part of this experiment, otherwise known as daylightban ngày savings time.
 In the Northern Hemisphere, the switch to daylightban ngày savings time in March results in most people losing an hour of sleep opportunity. Should you tabulatelập bảng millions of daily hospital records, as researchers have done, you discover that this seemingly trivialkhông đáng kể sleep reductionsự giảm bớt comes with a frighteningđáng sợ spikemũi nhọn in heart attacks the following day. Impressively, it works both ways. In the autumn within the Northern Hemisphere, when the clocks move forward and we gain an hour of sleep opportunity time, rates of heart attacks plummetdây chì the day after. A similar rise-and-fall relationship can be seen with the number of traffic accidents, proving that the brain, by way of attention lapsestrôi đi and microsleeps, is just as sensitive as the heart to very small perturbationsnhiễu loạn of sleep. Most people think nothing of losing an hour of sleep for a single night, believing it to be trivialkhông đáng kể and inconsequentialkhông đáng kể. It is anything but.
 SLEEP LOSS AND METABOLISM: DIABETES AND WEIGHT GAIN
 The less you sleep, the more you are likely to eat. In addition, your body becomes unable to manage those caloriescalo effectively, especially the concentrations of sugar in your blood. In these two ways, sleeping less than seven or eight hours a night will increase your probabilityxác suất of gaining weight, being overweightthừa cân, or being obeseBéo phì, and significantlyđáng kể increases your likelihoodkhả năng of developing type 2 diabetesbệnh tiểu đường.
 The global health cost of diabetesbệnh tiểu đường is $375 billion a year. That of obesitybéo phì is more than $2 trillionnghìn tỷ. Yet for the under-slept individual, the cost to health, quality of life, and a hastenedđẩy nhanh arrival of death are more meaningfulcó ý nghĩa. Precisely how a lack of sleep sets you on a path toward diabetesbệnh tiểu đường and leads to obesitybéo phì is now well understood and incontrovertiblekhông thể thay đổi.
 DIABETES
 Sugar is a dangerous thing. In your diet, yes, but here I’m referring to that which is currently circulatinglưu hành in your bloodstreamdòng máu. Excessively high levels of blood sugar, or glucoseđường, over weeks or years inflictsgây thiệt a surprising harm to the tissues and organsNội tạng of your body, worsensxấu đi your health, and shortensrút ngắn your life spannhịp. Eye disease that can end in blindnessmù lòa, nerve disease that commonly results in amputationscắt cụt chi, and kidneyquả thận failure necessitatingbắt buộc dialysislọc máu or transplantcấy are all consequenceskết quả of prolongedkéo dài high blood sugar, as are hypertensiontăng huyết áp and heart disease. But it is the condition of type 2 diabetesbệnh tiểu đường that is most commonly and immediately related to unregulatedkhông được kiểm soát blood sugar.
 In a healthy individual, the hormonenội tiết tố insulininsulin will triggercò súng the cells of your body to swiftly absorbhấp thụ glucoseđường from the bloodstreamdòng máu should it increase, as happens after eating a meal. Instructed by insulininsulin, the cells of your body will open special channelskênh truyền hình on their surface that operate like wonderfully efficient roadsidelề đường drainslàm khô hạn at the height of a downpourmưa rào. They have no problem dealing with the delugetrận lụt lớn of glucoseđường coursing down the transitquá cảnh arteriesđộng mạch, avertingngăn chặn what could otherwise be a dangerous flood of sugar in the bloodstreamdòng máu.
 If the cells of your body stop responding to insulininsulin, however, they cannot efficiently absorbhấp thụ glucoseđường from the blood. Similar to roadsidelề đường drainslàm khô hạn that become blocked or erroneouslynhầm lẫn closed shut, the rising swellsưng lên of blood sugar cannot be brought back down to safe levels. At this point, the body has transitionedchuyển tiếp into a hyperglycemic state. Should this condition persistkiên trì, and the cells of your body remain intolerantcố chấp to dealing with the high levels of glucoseđường, you will transitionchuyển tiếp into a pre-diabetic state and, ultimatelycuối cùng, develop full-blown type 2 diabetesbệnh tiểu đường.
 Early-warning signs of a link between sleep loss and abnormalbất thường blood sugar emergedhiện ra in a series of large epidemiological studies spanningnhịp several continentslục địa. Independent of one another, the research groups found far higher rates of type 2 diabetesbệnh tiểu đường among individuals that reported sleeping less than six hours a night routinely. The association remained significant even when adjusting for other contributingđóng góp factors, such as body weight, alcohol, smoking, age, gender, race, and caffeinecafein use. Powerful as these studies are, though, they do not inform the direction of causalitynhân quả. Does the state of diabetesbệnh tiểu đường impairlàm suy yếu your sleep, or does short sleep impairlàm suy yếu your body’s ability to regulatequy định blood sugar, therebybằng cách ấy causing diabetesbệnh tiểu đường?
 To answer this question, scientists had to conduct carefully controlled experiments with healthy adults who had no existing signs of diabetesbệnh tiểu đường or issues with blood sugar. In the first of these studies, participants were limited to sleeping four hours a night for just six nights. By the end of that week, these (formerlytrước kia healthy) participants were 40 percent less effective at absorbinghấp thụ a standard doseliều lượng of glucoseđường, compared to when they were fully rested.
 To give you a sense of what that means, if the researchers showed those blood sugar readings to an unwittingvô tình family doctor, the GP would immediately classifyphân loại that individual as being pre-diabetic. They would start a rapid interventionsự can thiệp program to prevent the development of irreversiblekhông thể đảo ngược type 2 diabetesbệnh tiểu đường. Numerous scientific laboratories around the world have replicatedsao chép this alarming effect of short sleep, some with even less aggressivehung dữ reductionssự giảm bớt in sleep amount.
 How does a lack of sleep hijackkhông tặc the body’s effective control of blood sugar? Was it a blockadephong tỏa of insulininsulin release, removing the essential instruction for cells to absorbhấp thụ glucoseđường? Or had the cells themselves become unresponsivekhông phản hồi to an otherwise normal and present message of insulininsulin?
 As we have discovered, both are true, though the most compellingthuyết phục evidence indicates the lattersau này. By taking small tissue samples, or biopsiessinh thiết, from participants at the end of the above experiments, we can examine how the cells of the body are operating. After participants had been restricted to four to five hours of sleep for a week, the cells of these tired individuals had become far less receptivetiếp thu to insulininsulin. In this sleep-deprived state, the cells were stubbornly resisting the message from insulininsulin and refusing to open up their surface channelskênh truyền hình. The cells were repellingxua đuổi rather than absorbinghấp thụ the dangerously high levels of glucoseđường. The roadsidelề đường drainslàm khô hạn were effectively closed shut, leadinghàng đầu to a rising tidethủy triều of blood sugar and a pre-diabetic state of hyperglycemiatăng đường huyết.
 While many in the general public understand that diabetesbệnh tiểu đường is serious, they may not appreciate the true burden. Beyond the average treatment cost of more than $85,000 per patient (which contributesđóng góp to higher medical insurance premiumsphần thưởng), diabetesbệnh tiểu đường lopstrượt ten years off an individual’s life expectancykỳ vọng. Chronic sleep deprivationtước đoạt is now recognized as one of the major contributorsngười đóng góp to the escalationleo thang of type 2 diabetesbệnh tiểu đường throughout first-world countries. It’s a preventablengăn ngừa được contribution.
 WEIGHT GAIN AND OBESITY
 When your sleep becomes short, you will gain weight. Multiple forces conspireâm mưu to expand your waistlinevòng eo. The first concerns two hormonesnội tiết tố controlling appetitethèm ăn: leptin and ghrelinghê tởm.II Leptin signals a sense of feeling full. When circulatinglưu hành levels of leptin are high, your appetitethèm ăn is bluntedcùn and you don’t feel like eating. Ghrelin, in contrast, triggerscò súng a strong sensationcảm giác of hunger. When ghrelinghê tởm levels increase, so, too, does your desire to eat. An imbalancemất cân bằng of either one of these hormonesnội tiết tố can triggercò súng increased eating and thus body weight. Perturb both in the wrong direction, and weight gain is more than probablecó thể xảy ra.
 Over the past thirty years, my colleague Dr. Eve Van Cauter at the University of Chicago has tirelessly conducted research on the link between sleep and appetitethèm ăn that is as brilliant as it is impactful. Rather than deprivingtước đoạt individuals of a full night of sleep, Van Cauter has taken a more relevant approach. She recognized that more than a third of individuals in industrializedcông nghiệp hóa societies sleep less than five to six hours a night during the week. So in a first series of studies of healthy young adults of perfectly normal weight, she began to investigate whether one week of this societally typicalđặc trưng short sleep was enough to disruptlàm gián đoạn levels of either leptin or ghrelinghê tởm or both.
 If you are a participant in one of Van Cauter’s studies, it feels rather more like a one-week stay at a hotel. You will get your own room, bed, clean sheets, a television, Internet access, etc.—everything except free tea and coffee, since no caffeinecafein is allowed. In one arm of the experiment, you will be given an eight-and-a-half-hour sleep opportunity each night for five nights, recorded with electrodesđiện cực placed on your head. In the other arm of the study, you are only allowed four to five hours of sleep for five nights, also measured with electrodeđiện cực recordings. In both study arms, you will receive exactly the same amount and type of food, and your degree of physical activity is also held constant. Each day, your sense of hunger and food intakeđầu vào are monitored, as are your circulatinglưu hành levels of leptin and ghrelinghê tởm.
 Using precisely this experimentalthực nghiệm design in a group of healthy, lean participants, Van Cauter discovered that individuals were far more ravenousđói cồn cào when sleeping four to five hours a night. This despite being given the same amount of food and being similarly active, which kept the hunger levels of these same individuals under calm control when they were getting eight or more hours of sleep. The strong rise of hunger pangsđau đớn and increased reported appetitethèm ăn occurred rapidly, by just the second day of short sleeping.
 At fault were the two characters, leptin and ghrelinghê tởm. Inadequate sleep decreased concentrations of the satiety-signaling hormonenội tiết tố leptin and increased levels of the hunger-instigating hormonenội tiết tố ghrelinghê tởm. It was a classic case of physiologicalsinh lý double jeopardynguy cơ: participants were being punishedtrừng phạt twice for the same offense of short sleeping: once by having the “I’m full” signal removed from their system, and once by gaining the “I’m still hungryđói bụng” feeling being amplifiedkhoa trương. As a result, participants just didn’t feel satisfied by food when they were short sleeping.
 From a metabolictrao đổi chất perspectiveluật xa gần, the sleep-restricted participants had lost their hunger control. By limiting these individuals to what some in our society would think of as a “sufficient” amount of sleep (five hours a night), Van Cauter had caused a profoundthâm thúy imbalancemất cân bằng in the scales of hormonalnội tiết tố food desire. By mutingtắt tiếng the chemical message that says “stop eating” (leptin), yet increasing the hormonalnội tiết tố voice that shouts “please, keep eating” (ghrelinghê tởm), your appetitethèm ăn remains unsatisfiedkhông hài lòng when your sleep is anything less than plentifuldồi dào, even after a kinglyvương giả meal. As Van Cauter has elegantlythanh lịch described to me, a sleep-deprived body will cry faminenạn đói in the midstgiữa of plenty.
 But feeling hungryđói bụng and actually eating more are not the same thing. Do you actually eat more when sleeping less? Does your waistlinevòng eo really swellsưng lên as a consequencekết quả of that rise in appetitethèm ăn?
 With another landmarkphong cảnh study, Van Cauter proved this to be the case. Participants in this experiment again underwent two different conditions, acting as their own baselineđường cơ sở control: four nights of eight and a half hours’ time in bed, and four nights of four and a half hours’ time in bed. Each day, participants were limited to the same level of physical activity under both conditions. Each day, they were given free access to food, and the researchers meticulouslytỉ mỉ counted the difference in caloriecalo consumptionsự tiêu thụ between the two experimentalthực nghiệm manipulationsthao tác.
 When short sleeping, the very same individuals ate 300 caloriescalo more each day—or well over 1,000 caloriescalo before the end of the experiment—compared to when they were routinely getting a full night of sleep. Similar changes occur if you give people five to six hours of sleep over a ten-day period. Scale that up to a working year, and assuming one month of vacationkì nghỉ in which sleep miraculouslykỳ diệu becomes abundantdồi dào, and you will still have consumed more than 70,000 extra caloriescalo. Based on caloricnhiệt lượng estimates, that would cause 10 to 15 pounds of weight gain a year, each and every year (which may sound painfullyđau đớn familiar to many of us).
 Van Cauter’s next experiment was the most surprising (and devilishquỷ quyệt) of all. Fit, healthy individuals went through the same two different conditions as before: four nights of eight and a half hours’ time in bed, and four nights of four and a half hours’ time in bed. However, on the last day if each of the experimentalthực nghiệm conditions, something different happened. Participants were offered an additional food buffettiệc đứng stretched across a four-hour period. Set out in front of them was an assortmentphân loại of foods, from meats, vegetables, bread, potatoes, and saladxa lát to fruit and ice cream. Set to one side, however, was access to a bonusthưởng snackđồ ăn vặt bar filled with cookiesbánh quy, chocolate bars, chips, and pretzelsbánh quy xoắn. Participants could eat as much as they wanted in the four-hour period, with the buffettiệc đứng even being replenishedbổ sung halfwaylưng chừng through. Importantly, the subjects ate alone, limiting social or stigmatizingbêu xấu influences that could alter their natural eating urges.
 Following the buffettiệc đứng, Van Cauter and her team once again quantifiedđịnh lượng what participants ate, and how much they ate. Despite eating almost 2,000 caloriescalo during the buffettiệc đứng lunch, sleep-deprived participants dovebồ câu into the snackđồ ăn vặt bar. They consumed an additional 330 caloriescalo of snackđồ ăn vặt foods after the full meal, compared to when they were getting plenty of sleep each night.
 Of relevance to this behavior is a recent discovery that sleep loss increases levels of circulatinglưu hành endocannabinoids, which, as you may have guessed from the name, are chemicals produced by the body that are very similar to the drug cannabiscần sa. Like marijuanacần sa use, these chemicals stimulatekích thích appetitethèm ăn and increase your desire to snackđồ ăn vặt, otherwise known as having the munchieskẹo dẻo.
 Combine this increase in endocannabinoids with alterationsthay đổi in leptin and ghrelinghê tởm caused by sleep deprivationtước đoạt and you have a potentmạnh mẽ brewủ rượu of chemical messages all driving you in one direction: overeatingăn quá nhiều.
 Some argue that we eat more when we are sleep-deprived because we burn extra caloriescalo when we stay awakethức giấc. Sadly, this is not true. In the sleep-restriction experiments described above, there are no differences in caloricnhiệt lượng expenditurechi phí between the two conditions. Take it to the extreme by sleep-depriving an individual for twenty-four hours straight and they will only burn an extra 147 caloriescalo, relative to a twenty-four-hour period containing a full eight hours of sleep. Sleep, it turns out, is an intenselymãnh liệt metabolicallytrao đổi chất active state for brain and body alikenhư nhau. For this reason, theories proposing that we sleep to conservebảo tồn large amounts of energy are no longer entertained. The paltrykhông đáng kể caloricnhiệt lượng savings are insufficientkhông đủ to outweighlớn hơn the survival dangers and disadvantagesđiều bất lợi associated with falling asleepngủ.
 More importantly, the extra caloriescalo that you eat when sleep-deprived far outweighlớn hơn any nominaltrên danh nghĩa extra energy you burn while remaining awakethức giấc. Making matters worse, the less an individual sleeps, the less energy he or she feels they have, and the more sedentaryít vận động and less willing to exercise they are in real-world settings. Inadequate sleep is the perfect recipecông thức for obesitybéo phì: greater caloriecalo intakeđầu vào, lower caloriecalo expenditurechi phí.
 Weight gain caused by short sleep is not just a matter of eating more, but also a change in what you bingechè chén say sưa eat. Looking across the different studies, Van Cauter noticed that cravingsthèm muốn for sweets (e.g., cookiesbánh quy, chocolate, and ice cream), heavy-hitting carbohydrate-rich foods (e.g., bread and pastamỳ ống), and saltymặn snacksđồ ăn vặt (e.g., potato chips and pretzelsbánh quy xoắn) all increased by 30 to 40 percent when sleep was reduced by several hours each night. Less affected were protein-rich foods (e.g., meat and fish), dairysản phẩm bơ sữa items (such as yogurtSữa chua and cheese), and fattybéo foods, showing a 10 to 15 percent increase in preference by the sleepy participants.
 Why is it that we lustham muốn after quick-fix sugars and complex carbohydrateschất bột đường when sleep-deprived? My research team and I decided to conduct a study in which we scanned people’s brains while they were viewing and choosing food items, and then rated how much they desired each one. We hypothesizedđưa ra giả thuyết that changes within the brain may help explain this unhealthykhông khỏe mạnh shift in food preference caused by a lack of sleep. Was there a breakdownphá vỡ in impulse-control regions that normally keep our basic hedonickhoái lạc food desires in check, making us reach for doughnutsbánh vòng or pizza rather than whole grainsngũ cốc and leafynhiều lá greens?
 Healthy, average-weight participants performed the experiment twice: once when they had had a full night of sleep, and once after they had been sleep-deprived for a night. In each of the two conditions they viewed eighty similar food images, ranging from fruits and vegetables, such as strawberriesquả dâu, apples, and carrotscà rốt, to high-calorie items, such as ice cream, pastamỳ ống, and doughnutsbánh vòng. To ensure that participants were making choices that reflected their true cravingsthèm muốn rather than simply choosing items that they thought would be the right or most appropriatephù hợp choice, we forced an incentivekhích lệ: after they came out of the MRI machine, we gave them a serving of the food they told us they most cravedthèm during the task, and politely asked them to eat it!
 Comparing the patterns of brain activity between the two conditions within the same individual, we discovered that supervisory regions in the prefrontaltrán trước cortexvỏ não required for thoughtfulchu đáo judgments and controlled decisions had been silenced in their activity by a lack of sleep. In contrast, the more primalban sơ deep-brain structures that drive motivations and desire were amplifiedkhoa trương in response to the food images. This shift to a more primitivenguyên thủy pattern of brain activity without deliberativethảo luận control came with a change in the participants’ food choices. High-calorie foods became significantlyđáng kể more desirablemong muốn in the eyes of the participants when sleep-deprived. When we talliedkiếm điểm up the extra food items that participants wanted when they were sleep-deprived, it amounted to an extra 600 caloriescalo.
 The encouraging news is that getting enough sleep will help you control body weight. We found that a full night of sleep repairs the communication pathwaycon đường between deep-brain areas that unleashgiải phóng hedonickhoái lạc desires and higher-order brain regions whose job it is to reinkiềm chế in these cravingsthèm muốn. Ample sleep can therefore restore a system of impulsethúc đẩy control within your brain, putting the appropriatephù hợp brakesphanh on potentially excessivequá đáng eating.
 South of the brain, we are also discovering that plentifuldồi dào sleep makes your gutruột happier. Sleep’s role in redressingbồi thường the balance of the body’s nervous system, especially its calming of the fight-or-flight sympatheticthông cảm branch, improves the bacterialvi khuẩn community known as your microbiome, which is located in your gutruột (also known as the entericruột nervous system). As we learned about earlier, when you do not get enough sleep, and the body’s stress-related, fight-or-flight nervous system is revvedvòng quay up, this triggerscò súng an excess of circulatinglưu hành cortisolcortisol that cultivatescày cấy “bad bacteriavi khuẩn” to festermưng mủ throughout your microbiome. As a result, insufficientkhông đủ sleep will prevent the meaningfulcó ý nghĩa absorptionsự hấp thụ of all food nutrientsdinh dưỡng and cause gastrointestinalđường tiêu hóa problems.III
 Of course, the obesitybéo phì epidemicbệnh dịch that has engulfednhấn chìm large portions of the world is not caused by lack of sleep alone. The rise in consumptionsự tiêu thụ of processed foods, an increase in serving sizes, and the more sedentaryít vận động nature of human beings are all triggerscò súng. However, these changes are insufficientkhông đủ to explain the dramatickịch escalationleo thang of obesitybéo phì. Other factors must be at play.
 Based on evidence gathered over the past three decadesthập kỷ, the epidemicbệnh dịch of insufficientkhông đủ sleep is very likely a key contributorngười đóng góp to the epidemicbệnh dịch of obesitybéo phì. Epidemiological studies have established that people who sleep less are the same individuals who are more likely to be overweightthừa cân or obeseBéo phì. Indeed, if you simply plot the reductionsự giảm bớt in sleep time (dottedsay mê line) over the past fifty years on the same graphđồ thị as the rise in obesitybéo phì rates across the same time period (solid line), shown in Figure 13, the datadữ liệu infersuy luận this relationship clearly.
  Figure 13: Sleep Loss and Obesity
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 We are now observing these effects very early in life. Three-year-olds sleeping just ten and a half hours or less have a 45 percent increased risk of being obeseBéo phì by age seven than those who get twelve hours of sleep a night. To set our children on a pathwaycon đường of ill health this early in life by way of sleep neglect is a travestytrò hề.
 A final comment on trying to lose weight: let’s say that you choose to go on a strict, low-calorie diet for two weeks in the hopes of losing fat and looking more trimcắt tỉa and toned as a consequencekết quả. That’s precisely what researchers did to a group of overweightthừa cân men and women who stayed in a medical center for an entire fortnighthai tuần. However, one group of individuals were given just five and a half hours’ time in bed, while the other group were offered eight and a half hours’ time in bed.
 Although weight loss occurred under both conditions, the type of weight loss came from very different sources. When given just five and a half hours of sleep oppurtunity, more than 70 percent of the pounds lost came from lean body mass—muscle, not fat. Switch to the group offered eight and a half hours’ time in bed each night and a far more desirablemong muốn outcome was observed, with well over 50 percent of weight loss coming from fat while preservingbảo tồn muscle. When you are not getting enough sleep, the body becomes especially stingykeo kiệt about giving up fat. Instead, muscle mass is depletedcạn kiệt while fat is retained. Lean and toned is unlikely to be the outcome of dieting when you are cutting sleep short. The lattersau này is counterproductivephản tác dụng of the former.
 The upshotkết quả cuối cùng of all this work can be summarized as follows: short sleep (of the type that many adults in first-world countries commonly and routinely report) will increase hunger and appetitethèm ăn, compromise impulsethúc đẩy control within the brain, increase food consumptionsự tiêu thụ (especially of high-calorie foods), decrease feelings of food satisfaction after eating, and prevent effective weight loss when dieting.
 SLEEP LOSS AND THE REPRODUCTIVE SYSTEM
 If you have hopes of reproductivesinh sản success, fitnesssự thích hợp, or prowessnăng lực, you would do well to get a full night’s sleep every night. Charles Darwin would, I’m sure, cleavetách ra easily to this advice, had he reviewed the evidence I now present.
 Take a group of lean, healthy young males in their mid-twenties and limit them to five hours of sleep for one week, as a research group did at the University of Chicago. Sample the hormonenội tiết tố levels circulatinglưu hành in the blood of these tired participants and you will find a marked drop in testosteronenội tiết tố nam relative to their own baselineđường cơ sở levels of testosteronenội tiết tố nam when fully rested. The size of the hormonalnội tiết tố bluntingcùn effect is so large that it effectively “ages” a man by ten to fifteen years in terms of testosteronenội tiết tố nam virility. The experimentalthực nghiệm results support the finding that men suffering from sleep disorders, especially sleep apneangưng thở associated with snoringngáy, have significantlyđáng kể lower levels of testosteronenội tiết tố nam than those of similar age and backgrounds but who do not suffer from a sleep condition.
 Uttering the results of such studies will often quelldập tắt any vocalthanh nhạc (alphachữ cái) males that I occasionally come across when giving public lectures. As you may imagine, their ardenthăng hái, antisleep stancelập trường becomes a little wobblylung lay upon receiving such information. With a genuinethành thật lack of maliceác tâm, I proceed to inform them that men who report sleeping too little—or having poor-quality sleep—have a 29 percent lower spermtinh trùng count than those obtainingđạt được a full and restfulyên tĩnh night of sleep, and the spermtinh trùng themselves have more deformitiesdị dạng. I usually conclude my response with a parentheticaldấu ngoặc đơn low blow, noting that these under-slept men also have significantlyđáng kể smaller testiclestinh hoàn than well-rested counterpartsđối tác.
 Rare podiumbục giảng fracases aside, low testosteronenội tiết tố nam is a clinically concerning and life-impacting matter. Males with low testosteronenội tiết tố nam often feel tired and fatiguedmệt mỏi throughout the day. They find it difficult to concentrate on work tasks, as testosteronenội tiết tố nam has a sharpeninglàm sắc nét effect on the brain’s ability to focus. And of course, they have a dulledđần độn libidoham muốn tình dục, making an active, fulfilling, and healthy sex life more challenging. Indeed, the self-reported mood and vigorsinh lực of the young men described in the above study progressively decreased in lockstepbước khóa with their increasing state of sleep deprivationtước đoạt and their declining levels of testosteronenội tiết tố nam. Add to this the fact that testosteronenội tiết tố nam maintains bone densityTỉ trọng, and plays a causalnguyên nhân role in building muscle mass and therefore strength, and you can begin to get a sense of why a full night of sleep—and the natural hormonalnội tiết tố replacementthay thế therapy it provides—is so essential to this aspectdiện mạo of health and an active life for men of all ages.
 Men are not the only ones who become reproductively compromised by a lack of sleep. Routinely sleeping less than six hours a night results in a 20 percent drop in follicular-releasing hormonenội tiết tố in women—a critical female reproductivesinh sản element that peaks just prior to ovulationrụng trứng and is necessary for conceptionquan niệm. In a report that brought together findings from studies over the past forty years of more than 100,000 employed women, those working irregularkhông thường xuyên nighttimeban đêm hours resulting in poor-quality sleep, such as nurses who performed shift work (a profession occupied almost exclusivelyduy nhất by women at the time of these earlier studies), had a 33 percent higher rate of abnormalbất thường menstrualkinh nguyệt cycles than those working regular daytimeban ngày hours. Moreover, the women working erraticthất thường hours were 80 percent more likely to suffer from issues of sub-fertility that reduced the ability to get pregnant. Women who do become pregnant and routinely sleep less than eight hours a night are also significantlyđáng kể more likely to suffer a miscarriagesẩy thai in the first trimesterkhoảng ba tháng, relative to those consistentlynhất quán sleeping eight hours or more a night.
 Combine these deleteriouscó hại effects on reproductivesinh sản health in a couple where both parties are lacking in sleep, and it’s easy to appreciate why the epidemicbệnh dịch of sleep deprivationtước đoạt is linked to infertilitykhô khan or sub-fertility, and why Darwin would find these results so meaningfulcó ý nghĩa in the contextbối cảnh of future evolutionarytiến hóa success.
 Incidentally, should you ask Dr. Tina Sundelin, my friend and colleague at Stockholm University, how attractive you look when sleep-deprived—a physical expression of underlyingcơ bản biologysinh vật học that alters your chances of pair bonding and thus reproduction—she will inform you of an ugly truth. Sundelin isn’t the one doing the judging in this scientific beauty contest. Rather, she conducted an elegantthanh lịch experiment in which members of the public did that for her.
 Sundelin took a group of healthy men and women ranging from eighteen to thirty-one years old. They were all photographed twice under identicalgiống hệt nhau indoortrong nhà lighting conditions, same time of day (2:30 p.m.), hair down, no makeuptrang điểm for the women, clean-shaven for the men. What differed, however, was the amount of sleep these individuals were allowed to get before each of the photo shoots. In one of the sessions, the participants were given just five hours of sleep before being put in front of the camera, while in the other session, these same individuals got a full eight hours of sleep. The order of these two conditions was randomizedngẫu nhiên as either first or second across the unwittingvô tình models.
 She brought another group of participants into the laboratory to act as independent judges. These individuals were naïve to the true purpose of the experiment, knowing nothing about the two different sleep manipulationsthao tác that had been imposedáp đặt on the people featured in the photographs. The judges viewed both sets of the pictures in a jumbledlộn xộn order and were asked to give ratings on three features: perceivednhận thức health, tiredness, and attractivenesssự hấp dẫn.
 Despite knowing nothing about the underlyingcơ bản premisetiền đề of the study, thus operating blind to the different sleep conditions, the judges’ scores were unambiguousrõ ràng. The faces pictured after one night of short sleep were rated as looking more fatiguedmệt mỏi, less healthy, and significantlyđáng kể less attractive, compared with the appealinghấp dẫn image of that same individual after they had slept a full eight hours. Sundelin had revealed the true face of sleep loss, and with it, ratifiedphê chuẩn the long-held concept of “beauty sleep.”
 What we can learn from this still burgeoningphát triển area of research is that key aspectsdiện mạo of the human reproductivesinh sản system are affected by sleep in both men and women. Reproductive hormonesnội tiết tố, reproductivesinh sản organsNội tạng, and the very nature of physical attractivenesssự hấp dẫn that has a say in reproductivesinh sản opportunities: all are degradedGiảm sút chất lượng by short sleeping. One can only imagine Narcissus being a solid eight- to nine-hour sleeperngười ngủ on the basis of the lattersau này association, perhaps with an afternoon napngủ trưa for good measure, taken beside the reflection pool.
 SLEEP LOSS AND THE IMMUNE SYSTEM
 Recall the last time you had the flucúm. Miserable, wasn’t it? Runny nose, achingđau nhức bones, soređau throat, heavy cough, and a total lack of energy. You probably just wanted to curlXoăn up in bed and sleep. As well you should. Your body is trying to sleep itself well. An intimatethân mật and bidirectionalhai chiều association exists between your sleep and your immunemiễn dịch system.
 Sleep fights against infection and sicknessbệnh tật by deployingtriển khai all manner of weaponryvũ khí within your immunemiễn dịch arsenalkho vũ khí, claddingốp you with protection. When you do fall ill, the immunemiễn dịch system actively stimulateskích thích the sleep system, demanding more bed rest to help reinforcecủng cố the war effort. Reduce sleep even for a single night, and that invisiblevô hình suit of immunemiễn dịch resiliencekhả năng phục hồi is rudely stripped from your body.
 Short of insertingchèn rectaltrực tràng probesđầu dò to measure corecốt lõi body temperature in certain sleep research studies, my good colleague Dr. Aric Prather at the University of California, San Francisco, has performed one of the most fetidhôi thối sleep experiments that I am aware of. He measured the sleep of more than 150 healthy men and women for a week using a wristwatchđồng hồ đeo tay device. Then he quarantinedcách ly them, and proceeded to squirttia nước a good doseliều lượng of rhinovirusvirut mũi, or a live culture of the common cold virus, straight up their noses. I should note that all participants knew about this ahead of time, and had surprisingly given full consentbằng lòng to this snoutmõm abuselạm dụng.
 Once the flucúm virus had been satisfactorily boosted up the nostrilslỗ mũi of the participants, Prather then kept them in the laboratory for the following week, monitoring them intenselymãnh liệt. He not only assessedđánh giá the extent of immunemiễn dịch reaction by taking frequent samples of blood and salivanước bọt, but he also gathered nearly every globquả địa cầu of nasalmũi mucuschất nhầy that the participants produced. Prather had the participants regimentally blowing their noses, and every drop of the product was bagged, taggedđược gắn thẻ, weighed, and analyticallyphân tích poredham mê over by his research team. Using these measures—blood and salivanước bọt immunemiễn dịch antibodies, together with the average amount of snotnước mũi evacuatedsơ tán by the participants—Prather could determinequyết tâm whether someone had objectively caught a cold.
 Prather retrospectively separated the participants into four sub-groups on the basis of how much sleep they had obtainedđạt được in the week before being exposed to the common cold virus: less than five hours of sleep, five to six hours of sleep, six to seven hours of sleep, and seven or more hours of sleep. There was a clear, lineartuyến tính relationship with infection rate. The less sleep an individual was getting in the week before facing the active common cold virus, the more likely it was that they would be infectedbị lây nhiễm and catch a cold. In those sleeping five hours on average, the infection rate was almost 50 percent. In those sleeping seven hours or more a night in the week prior, the infection rate was just 18 percent.
 Considering that infectioustruyền nhiễm illnesses, such as the common cold, influenzacúm, and pneumoniaviêm phổi, are among the leadinghàng đầu causes of death in developed countries, doctors and governments would do well to stress the critical importance of sufficient sleep during the flucúm season.
 Perhaps you are one of the responsible individuals who will get a flucúm shot each year, boosting your own resiliencekhả năng phục hồi while adding strength to the immunitykhả năng miễn dịch of the herd—your community. However, that flucúm shot is only effective if your body actually reacts to it by generating antibodies.
 A remarkable discovery in 2002 demonstratedchứng minh that sleep profoundly impactssự va chạm your response to a standard flucúm vaccinevắc xin. In the study, healthy young adults were separated into two groups: one had their sleep restricted to four hours a night for six nights, and the other group was allowed seven and a half to eight and a half hours of time in bed each night. At the end of the six days, everyone was given a flucúm shot. In the days afterwardsau đó, researchers took blood samples to determinequyết tâm how effective these individuals were in generating an antibodykháng thể response, determiningxác định whether or not the vaccinationtiêm chủng was a success.
 Those participants who obtainedđạt được seven to nine hours’ sleep in the week before getting the flucúm shot generated a powerful antibodykháng thể reaction, reflecting a robustcường tráng, healthy immunemiễn dịch system. In contrast, those in the sleep-restricted group musteredTập hợp a paltrykhông đáng kể response, producing less than 50 percent of the immunemiễn dịch reaction their well-slept counterpartsđối tác were able to mobilizehuy động. Similar consequenceskết quả of too little sleep have since been reported for the hepatitisviêm gan A and B vaccinesvắc xin.
 Perhaps the sleep-deprived individuals could still go on to produce a more robustcường tráng immunemiễn dịch reaction if only they were given enough recovery sleep time? It’s a nice idea, but a false one. Even if an individual is allowed two or even three weeks of recovery sleep to get over the assaulttấn công of one week of short sleeping, they never go on to develop a full immunemiễn dịch reaction to the flucúm shot. In fact, a diminutionsự suy giảm in certain immunemiễn dịch cells could still be observed a year later in the participants after just a minor, short doseliều lượng of sleep restriction. As with the effects of sleep deprivationtước đoạt on memory, once you miss out on the benefit of sleep in the moment—here, regarding an immunemiễn dịch response to this season’s flu—you cannot regaingiành lại the benefit simply by trying to catch up on lost sleep. The damage is done, and some of that harm can still be measured a year later.
 No matter what immunologicalmiễn dịch học circumstance you find yourself in—be it preparation for receiving a vaccinevắc xin to help boost immunitykhả năng miễn dịch, or mobilizinghuy động a mightyhùng mạnh adaptivethích nghi immunemiễn dịch response to defeat a viralnổi tiếng attack—sleep, and a full night of it, is inviolablebất khả xâm phạm.
 It doesn’t require many nights of short sleeping before the body is renderedkết xuất immunologicallymiễn dịch học weak, and here the issue of cancer becomes relevant. Natural killersát thủ cells are an eliteưu tú and powerful squadronphi đội within the ranks of your immunemiễn dịch system. Think of natural killersát thủ cells like the secret service agents of your body, whose job it is to identify dangerous foreign elements and eliminate them—007 types, if you will.
 One such foreign entitythực thể that natural killersát thủ cells will target are malignantác tính (cancerousung thư) tumorkhối u cells. Natural killersát thủ cells will effectively punchcú đấm a hole in the outerbên ngoài surface of these cancerousung thư cells and injecttiêm a protein that can destroy the malignancybệnh ác tính. What you want, therefore, is a virilenam tính set of these James Bond–like immunemiễn dịch cells at all times. That is precisely what you don’t have when sleeping too little.
 Dr. Michael Irwin at the University of California, Los Angeles, has performed landmarkphong cảnh studies revealing just how quickly and comprehensivelytoàn diện a brief doseliều lượng of short sleep can affect your cancer-fighting immunemiễn dịch cells. Examining healthy young men, Irwin demonstratedchứng minh that a single night of four hours of sleep—such as going to bed at three a.m. and waking up at seven a.m.—swept away 70 percent of the natural killersát thủ cells circulatinglưu hành in the immunemiễn dịch system, relative to a full eight-hour night of sleep. That is a dramatickịch state of immunemiễn dịch deficiencysự thiếu hụt to find yourself facing, and it happens quickly, after essentiallyThiết yếu one “bad night” of sleep. You could well imagine the enfeebledyếu đuối state of your cancer-fighting immunemiễn dịch armorykho vũ khí after a week of short sleep, let alone months or even years.
 We don’t have to imagine. A number of prominentnổi bật epidemiological studies have reported that nighttimeban đêm shift work, and the disruptiongián đoạn to circadiannhịp sinh học rhythmsnhịp and sleep that it causes, up your oddstỷ lệ cược of developing numerous different forms of cancer considerably. To date, these include associations with cancer of the breast, cancer of the prostatetuyến tiền liệt, cancer of the uterustử cung wall or the endometriumnội mạc tử cung, and cancer of the colonĐại tràng.
 Stirred by the strength of accumulatingtích trữ evidence, Denmark recently became the first country to pay worker compensationđền bù to women who had developed breast cancer after years of night-shift work in government-sponsored jobs, such as nurses and air cabincabin crew. Other governments—Britain, for example—have so far resisted similar legal claims, refusing payoutxuất chi compensationđền bù despite the science.
 With each passing year of research, more forms of malignantác tính tumorskhối u are being linked to insufficientkhông đủ sleep. A large European study of almost 25,000 individuals demonstratedchứng minh that sleeping six hours or less was associated with a 40 percent increased risk of developing cancer, relative to those sleeping seven hours a night or more. Similar associations were found in a study tracking more than 75,000 women across an eleven-year period.
 Exactly how and why short sleep causes cancer is also becoming clear. Part of the problem relates back to the agitatingkích động influence of the sympatheticthông cảm nervous system as it is forced into overdrivechạy quá tốc độ by a lack of sleep. Ramping up the body’s level of sympatheticthông cảm nervous activity will provokekhiêu khích an unnecessarykhông cần thiết and sustainedduy trì inflammationviêm nhiễm response from the immunemiễn dịch system. When faced with a real threat, a brief spikemũi nhọn of sympatheticthông cảm nervous system activity will often triggercò súng a similarly transienttạm thời response from inflammatoryviêm nhiễm activity—one that is useful in anticipationdự đoán of potential bodilycơ thể harm (think of a physical tussleđánh nhau with a wild animal or rivalđối thủ hominidgiống người tribebộ lạc). However, inflammationviêm nhiễm has a dark side. Left switched on without a natural return to peacefulhoà bình quiescencesự im lặng, a nonspecifickhông đặc hiệu state of chronickinh niên inflammationviêm nhiễm causes manifoldnhiều thứ khác nhau health problems, including those relevant to cancer.
 Cancers are known to use the inflammationviêm nhiễm response to their advantage. For example, some cancer cells will lurethu hút inflammatoryviêm nhiễm factors into the tumorkhối u mass to help initiatebắt đầu the growth of blood vessels that feed it with more nutrientsdinh dưỡng and oxygenôxy. Tumors can also use inflammatoryviêm nhiễm factors to help further damage and mutateđột biến the DNA of their cancer cells, increasing the tumor’s potencyhiệu lực. Inflammatory factors associated with sleep deprivationtước đoạt may also be used to help physicallythể chất shearxén some of the tumorkhối u from its local mooringsneo đậu, allowing the cancer to up-anchor and spread to other territorieslãnh thổ of the body. It is a state called metastasisdi căn, the medical term for the moment when cancer breachessự vi phạm the original tissue boundaries of origin (here, the injectionmũi tiêm site) and begins to appear in other regions of the body.
 It is these cancer-amplifying and -spreading processes that we now know a lack of sleep will encourage, as recent studies by Dr. David Gozal at the University of Chicago have shown. In his study mice were first injectedtiêm with malignantác tính cells, and tumorkhối u progressionsự tiến triển was then tracked across a four-week period. Half of the mice were allowed to sleep normally during this time; the other half had their sleep partiallymột phần disruptedbị gián đoạn, reducing overall sleep quality.
 The sleep-deprived mice suffered a 200 percent increase in the speed and size of cancer growth, relative to the well-rested group. Painful as it is for me personally to view, I will often show comparison pictures of the size of these mouse tumorskhối u in the two experimentalthực nghiệm groups—sleep vs. sleep restriction—during my public talks. Without fail, these images elicitgợi ra audiblenghe được gaspsthở hổn hển, hands reflexively covering mouths, and some people turning away from the images of mountainousmiền núi tumorskhối u growing from the sleep-restricted mice.
 I then have to describe the only news that could be worse in any story of cancer. When Gozal performed postmortemskhám nghiệm tử thi of the mice, he discovered that the tumorskhối u were far more aggressivehung dữ in the sleep-deficient animals. Their cancer had metastasized, spreading to surrounding organsNội tạng, tissue, and bone. Modern medicine is increasingly adeptlão luyện in its treatment of cancer when it stays put, but when cancer metastasizes—as was powerfully encouraged by the state of sleep deprivation—medical interventionsự can thiệp often becomes helplesslybất lực ineffectivekhông hiệu quả, and death rates escalateleo thang.
 In the years since that experiment, Gozel has further drawn back the curtains of sleep deprivationtước đoạt to reveal the mechanismscơ chế responsible for this malignantác tính state of affairs. In a number of studies, Gozal has shown that immunemiễn dịch cells, called tumor-associated macrophagesđại thực bào, are one root cause of the cancerousung thư influence of sleep loss. He found that sleep deprivationtước đoạt will diminishgiảm bớt one form of these macrophagesđại thực bào, called M1 cells, that otherwise help combatchiến đấu cancer. Yet sleep deprivationtước đoạt converselyngược lại boosts levels of an alternative form of macrophagesđại thực bào, called M2 cells, which promote cancer growth. This combination helped explain the devastatingtàn phá carcinogenicgây ung thư effects seen in the mice when their sleep was disturbed.
 Poor sleep quality therefore increases the risk of cancer development and, if cancer is established, provides a virulentđộc hại fertilizerphân bón for its rapid and more rampanthung hăng growth. Not getting sufficient sleep when fighting a battle against cancer can be likenedso sánh to pouring gasolinexăng on an already aggressivehung dữ fire. That may sound alarmistngười báo động, but the scientific evidence linking sleep disruptiongián đoạn and cancer is now so damningnguyền rủa that the World Health Organization has officially classifiedđược phân loại nighttimeban đêm shift work as a “probablecó thể xảy ra carcinogenchất gây ung thư.”
 SLEEP LOSS, GENES, AND DNA
 If increasing your risk for developing Alzheimer’s disease, cancer, diabetesbệnh tiểu đường, depression, obesitybéo phì, hypertensiontăng huyết áp, and cardiovasculartim mạch disease weren’t sufficiently disquietingkhông yên, chronickinh niên sleep loss will erodexói mòn the very essencenước hoa of biologicalsinh học life itself: your geneticdi truyền code and the structures that encapsulateđóng gói it.
 Each cell in your body has an inner corecốt lõi, or nucleusnhân tế bào. Within that nucleusnhân tế bào residescư trú tại most of your geneticdi truyền material in the form of deoxyribonucleic acidaxit (DNA) moleculesphân tử. DNA moleculesphân tử form beautiful helicalxoắn ốc strandsmắc cạn, like tall spiralxoắn ốc staircasescầu thang in an opulentsang trọng home. Segments of these spiralsxoắn ốc provide specific engineering blueprintsbản vẽ thiết kế that instructdạy your cells to perform particular functions. These distinct segments are called genesgien. Rather like double-clicking open a Word file on your computer and then sending it to your printer, when genesgien are activatedkích hoạt and read by the cell, a biologicalsinh học product is printed out, such as the creation of an enzymeenzym that helps with digestiontiêu hóa, or a protein that helps strengthen a memory circuitmạch within the brain.
 Anything that causes a shimmylung linh or wobblelung lay in genegien stabilitysự ổn định can have consequenceskết quả. Erroneously over- or under-expressing particular genesgien can cause biologicallyvề mặt sinh học printed products that raise your risk of disease, such as dementiamất trí nhớ, cancer, cardiovasculartim mạch ill health, and immunemiễn dịch dysfunctionrối loạn chức năng. Enter the destabilizing force of sleep deprivationtước đoạt.
 Thousands of genesgien within the brain depend upon consistent and sufficient sleep for their stable regulation. Deprive a mouse of sleep for just a day, as researchers have done, and the activity of these genesgien will drop by well over 200 percent. Like a stubbornbướng bỉnh file that refuses to be transcribedphiên âm by a printer, when you do not lavishxa hoa these DNA segments with enough sleep, they will not translate their instructionalhướng dẫn code into printed action and give the brain and body what they need.
 Dr. Derk-Jan Dijk, who directs the Surrey Sleep Research Center in England, has shown that the effects of insufficientkhông đủ sleep on geneticdi truyền activity are just as striking in humans as they are in mice. Dijk and his prolificphong phú team examined genegien expression in a group of healthy young men and women after having restricted them to six hours of sleep a night for one week, all monitored under strict laboratory conditions. After one week of subtly reduced sleep, the activity of a heftykhổng lồ 711 genesgien was distortedbóp méo, relative to the geneticdi truyền activity profile of these very same individuals when they were obtainingđạt được eight and a half hours of sleep for a week.
 Interestingly, the effect went in both directions: about half of those 711 genesgien had been abnormallybất thường revvedvòng quay up in their expression by the loss of sleep, while the other half had been diminishedgiảm bớt in their expression, or shut down entirely. The genesgien that were increased included those linked to chronickinh niên inflammationviêm nhiễm, cellulardi động stress, and various factors that cause cardiovasculartim mạch disease. Among those turned down were genesgien that help maintain stable metabolismsự trao đổi chất and optimaltối ưu immunemiễn dịch responses. Subsequent studies have found that short sleep durationkhoảng thời gian will also disruptlàm gián đoạn the activity of genesgien regulatingquy định cholesterolcholesterol. In particular, a lack of sleep will cause a drop in high-density lipoproteinslipoprotein (HDLs)—a directionalđịnh hướng profile that has consistentlynhất quán been linked to cardiovasculartim mạch disease.IV
 Insufficient sleep does more than alter the activity and readoutđọc to of your genesgien; it attacks the very physical structure of your geneticdi truyền material itself. The spiralxoắn ốc strandsmắc cạn of DNA in your cells float around in the nucleusnhân tế bào, but are tightly wound together into structures called chromosomesnhiễm sắc thể, rather like weavingdệt individual threadschủ đề together to make a sturdychắc chắn shoelacedây giày. And just like a shoelacedây giày, the ends of your chromosomesnhiễm sắc thể need to be protected by a cap or binding tip. For chromosomesnhiễm sắc thể, that protectivebảo vệ cap is called a telomere. If the telomeres at the end of your chromosomesnhiễm sắc thể become damaged, your DNA spiralsxoắn ốc become exposed and your now vulnerabledễ bị tổn thương geneticdi truyền code cannot operate properly, like a frayingxích mích shoelacedây giày without a tip.
 The less sleep an individual obtainsđạt được, or the worse the quality of sleep, the more damaged the capstonethành tựu cao nhất telomeres of that individual’s chromosomesnhiễm sắc thể. These are the findings of a collection of studies that have recently been reported in thousands of adults in their forties, fifties, and sixties by numerous independent research teams around the world.V
 Whether this association is causalnguyên nhân remains to be determinedxác định. But the particular nature of the telomere damage caused by short sleeping is now becoming clear. It appears to mimicbắt chước that seen in aging or advanced decrepitudesuy tàn. That is, two individuals of the same chronologicaltheo niên đại age would not appear to be of the same biologicalsinh học age on the basis of their telomere health if one was routinely sleeping five hours a night while the other was sleeping seven hours a night. The lattersau này would appear “younger,” while the former would artificially have aged far beyond their calendarlịch years.
 Genetic engineering of animals and genetically modified food are fraughtđầy topics, layered thick with strong emotions. DNA occupies a transcendentsiêu việt, near-divine position in the minds of many individuals, liberaltự do and conservativethận trọng alikenhư nhau. On this basis, we should feel just as averseác cảm and uncomfortablekhó chịu about our own lack of sleep. Not sleeping enough, which for a portion of the population is a voluntary choice, significantlyđáng kể modifies your genegien transcriptome—that is, the very essencenước hoa of you, or at least you as defined biologicallyvề mặt sinh học by your DNA. Neglect sleep, and you are deciding to perform a geneticdi truyền engineering manipulationthao tác on yourself each night, tamperinggiả mạo with the nucleic alphabetbảng chữ cái that spells out your daily health story. Permit the same in your children and teenagers, and you are imposingáp đặt a similar geneticdi truyền engineering experiment on them as well.
 
 I. O. Tochikubo, A. Ikeda, E. Miyajima, and M. Ishii, “Effects of insufficientkhông đủ sleep on blood pressure monitored by a new multibiomedical recordermáy ghi âm,” Hypertension 27, no. 6 (1996): 1318–24.
 II. While leptin and ghrelinghê tởm may sound like the names of two hobbitshobbit, the former is derivednguồn gốc from the Greek term leptos, meaning slendermảnh khảnh, while the lattersau này comes from ghre, the Proto-Indo-European term for growth.
 III. I suspect we’ll discover a two-way relationship whereintrong đó sleep not only affects the microbiome, but the microbiome can communicate with and alter sleep through numerous different biologicalsinh học channelskênh truyền hình.
 IV. Beyond a simple lack of sleep, Dijk’s research team has further shown that inappropriatelykhông thích hợp timed sleep, such as that imposedáp đặt by jetmáy bay phản lực laglỗi or shift work, can have equally large effects on the expression of human genesgien as inadequatekhông thỏa đáng sleep. By pushing forward an individual’s sleep-wake cycle by a few hours each day for three days, Dijk disruptedbị gián đoạn a massiveto lớn one-third of the transcribingphiên âm activity of the genesgien in a group of young, healthy adults. Once again, the genesgien that were impactedbị ảnh hưởng controlled elementalnguyên tố life processes, such as the timing of metabolictrao đổi chất, thermoregulatory, and immunemiễn dịch activity, as well as cardiactrái tim health.
 V. The significant relationship between short sleep and short or damaged telomeres is observed even when accounting for other factors that are known to harm telomeres, such as age, weight, depression, and smoking.
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 Routinely Psychotic
 REM-Sleep Dreaming
 Last night, you became flagrantlytrắng trợn psychotictâm thần. It will happen again tonight. Before you reject this diagnosischẩn đoán, allow me to offer five justifying reasons. First, when you were dreaming last night, you started to see things that were not there—you were hallucinating. Second, you believed things that could not possibly be true—you were delusional. Third, you became confused about time, place, and person—you were disoriented. Fourth, you had extreme swings in your emotions—something psychiatristsbác sĩ tâm lý call being affectively labilekhông bền. Fifth (and how delightfulthú vị!), you woke up this morning and forgot most, if not all, of this bizarrekỳ dị dream experience—you were suffering from amnesia. If you were to experience any of these symptoms while awakethức giấc, you’d be seeking immediate psychologicaltâm lý treatment. Yet for reasons that are only now becoming clear, the brain state called REM sleep and the mental experience that goes along with it, dreaming, are normal biologicalsinh học and psychologicaltâm lý processes, and truly essential ones, as we shall learn.
 REM sleep is not the only time during sleep when we dream. Indeed, if you use a liberaltự do definition of dreaming as any mental activity reported upon awakeningthức tỉnh from sleep, such as “I was thinking about rain,” then you technicallykỹ thuật dream in all stages of sleep. If I wake you from the deepest stage of NREM sleep, there is a 0 to 20 percent chance you will report some type of blanddịu dàng thought like this. As you are falling asleepngủ or exitinglối ra sleep, the dream-like experiences you have tend to be visually or movement based. But dreams as most of us think of them—those hallucinogenicgây ảo giác, motoric, emotional, and bizarrekỳ dị experiences with a rich narrative—come from REM sleep, and many sleep researchers limit their definition of true dreaming to that which occurs in REM sleep. As a result, this chapter will mainly focus on REM sleep and the dreams that emergehiện ra from this state. We will, however, still explore dreaming at these other moments of sleep, as those dreams, too, offer important insightscái nhìn thấu suốt into the process itself.
 YOUR BRAIN ON DREAMS
 In the 1950s and 1960s, recordings using electrodesđiện cực placed on the scalpda đầu gave scientists a general sense of the type of brainwavesóng não activity underpinninglàm nền tảng REM sleep. But we had to wait until the adventsự ra đời of brain-imaging machines in the early 2000s before we could reconstructxây dựng lại glorioushuy hoàng, three-dimensional visualizationshình dung of brain activity during REM sleep. It was worth the wait.
 Among other breakthroughsđột phá, the method and the results underminedhủy hoại the postulatesđịnh đề of Sigmund Freud and his nonscientificphi khoa học theory of dreams as wish fulfillmenthoàn thành, which had dominated psychiatrytâm thần học and psychologytâm lý for an entire century. There were important virtuesĐức hạnh of Freud’s theory, and we will discuss them below. But there were deep and systemiccó hệ thống flawslỗ hổng that led to a rejectionsự từ chối of the theory by modern-day science. Our more informed, neuroscientific view of REM sleep has since given rise to scientifically testable theories of how it is that we dream (e.g., logical/illogical, visual/non-visual, emotional/non-emotional) and what it is that we dream about (e.g., experiences from our recent waking lives/de novo experiences), and even gives the chance to nibblenhấm nháp away at surely the most fascinatinglôi cuốn question in all of sleep science—and arguablyđược cho là science writlệnh large—why it is that we dream, that is, the function(s) of REM-sleep dreaming.
 To appreciate the advance that brain scannersmáy quét made to our understanding of REM sleep and dreaming beyond simple EEG recordings, we can return to our sports stadiumsân vận động analogysự giống nhau from chapter 3. Dangling a microphonecái mic cờ rô over the stadiumsân vận động can measure the summed activity of the entire crowd. But it is geographicallyvề mặt địa lý nonspecifickhông đặc hiệu in this regardvề. You cannot determinequyết tâm whether one segment of the crowd in the stadiumsân vận động is chantingtụng kinh loudly while the segment directly next door is relatively less vocalthanh nhạc, or even completely silent.
 The same nonspecificity is true when measuring brain activity with an electrodeđiện cực placed on the scalpda đầu. However, magnetictừ tính resonancecộng hưởng imaging (MRI) scans do not suffer this same spatialkhông gian smearingbôi nhọ effect in quantifyingđịnh lượng brain activity. MRI scannersmáy quét effectively carvekhắc chạm up the stadiumsân vận động (the brain) into thousands of small, discreetkín đáo boxes, rather like individual pixelsđiểm ảnh on a screen, and then measure the local activity of the crowd (brain cells) within that specific pixelđiểm ảnh, distinct from other pixelsđiểm ảnh in other parts of the stadiumsân vận động. Furthermore, MRI scannersmáy quét map this activity in three dimensionskích thước, covering all levels of the stadiumsân vận động brain—lower, middle, upper.
 By placing individuals inside brain scanning machines, I and many other scientists have been able to observe the startlingsửng sốt changes in brain activity that occur when people enter into REM sleep and begin dreaming. For the first time, we could see how even the very deepest structures previously hidden from view came alive as REM sleep and dreaming got under way.
 During dreamlesskhông mộng mị, deep NREM sleep, overall metabolictrao đổi chất activity shows a modestkhiêm tốn decrease relative to that measured from an individual while they are resting but awakethức giấc. However, something very different happens as the individual transitionschuyển tiếp into REM sleep and begins to dream. Numerous parts of the brain “light up” on the MRI scan as REM sleep takes hold, indicating a sharp increase in underlyingcơ bản activity. In fact, there are four main clusterscụm of the brain that spikemũi nhọn in activity when someone starts dreaming in REM sleep: (1) the visuospatial regions at the back of the brain, which enable complex visual perceptionsự nhận thức; (2) the motor cortexvỏ não, which instigatesxúi giục movement; (3) the hippocampushà mã and surrounding regions that we have spoken about before, which support your autobiographicaltự truyện memory; and (4) the deep emotional centers of the brain—the amygdalahạch hạnh nhân and the cingulate cortexvỏ não, a ribbonruy-băng of tissue that sits above the amygdalahạch hạnh nhân and lines the inner surface of your brain—both of which help generate and process emotions. Indeed, these emotional regions of the brain are up to 30 percent more active in REM sleep compared to when we are awakethức giấc!
 Since REM sleep is associated with the active, consciousbiết rõ experience of dreaming, it was perhaps predictableđoán trước được that REM sleep would involve a similarly enthusiasticnhiệt tình pattern of increased brain activity. What came as a surprise, however, was a pronouncedphát âm deactivation of other brain regions—specifically, circumscribedgiới hạn regions of the far left and right sides of the prefrontaltrán trước cortexvỏ não. To find this area, take your hands and place them at the side corners of the front of your head, about two inches above the corners of your eyes (think of the crowd’s universal hand placementvị trí when a player just misses scoring a goal during overtimetăng ca in a World Cup soccerbóng đá game). These are the regions that became icybăng giá blue color schemecơ chế blobsbãi on the brain scans, informing us that these neuralthần kinh territorieslãnh thổ had become markedlyrõ rệt suppressedkìm nén in activity during the otherwise highly active state of REM sleep.
 Discussed in chapter 7, the prefrontaltrán trước cortexvỏ não acts like the CEO of the brain. This region, especially the left and right sides, manages rationalhợp lý thought and logicalhợp lý decision-making, sending “top-down” instructions to your more primitivenguyên thủy deep-brain centers, such as those instigatingxúi giục emotions. And it is this CEO region of your brain, which otherwise maintains your cognitivenhận thức capacity for ordered, logicalhợp lý thought, that is temporarily oustedtrục xuất each time you enter into the dreaming state of REM sleep.
 REM sleep can therefore be considered as a state characterized by strong activationkích hoạt in visual, motor, emotional, and autobiographicaltự truyện memory regions of the brain, yet a relative deactivationchấm dứt hoạt in regions that control rationalhợp lý thought. Finally, thanks to MRI, we had our first scientifically grounded, whole-brain visualizationhình dung of the brain in REM sleep. Coarse and rudimentarythô sơ as the method was, we entered a new erakỷ nguyên of understanding the why and the how of REM-sleep dreaming, without relying on idiosyncraticđặc trưng rules or opaquemờ mịt explanations of past dream theories, such as Freud’s.
 We could make simple, scientific predictionssự dự đoán that could be falsifiedgiả mạo or supported. For example, after having measured the pattern of brain activity of an individual in REM sleep, we could wake them up and obtainđạt được a dream report. But even without that dream report, we should be able to read the brain scans and accuratelychính xác predictdự đoán the nature of that person’s dream before they report it to us. If there was minimaltối thiểu motor activity, but a lot of visual and emotional brain activity, then the particular dream should have little movement but be filled with visual objects and scenes and contain strong emotions—and vice versa. We have conducted just such an experiment, and the findings were so: we could predictdự đoán with confidence the form of someone’s dream—would it be visual, would it be motoric, would it be awashtràn ngập with emotion, would it be completely irrationalkhông hợp lý and bizarre?—before the dreamersngười mơ mộng themselves reported their dream experience to the research assistant.
 As revolutionarycách mạng as it was to predictdự đoán the general form of someone’s dream (emotional, visual, motoric, etc.), it left a more fundamentalcơ bản question unansweredchưa được trả lời: Can we predictdự đoán the content of someone’s dream—that is, can we predictdự đoán what an individual is dreaming about (e.g., a car, a woman, food), rather than just the nature of the dream (e.g., is it visual)?
 In 2013, a research team in Japan, led by Dr. Yukiyasu Kamitani at the Advanced Telecommunications Research Institute International in Kyoto, found an ingeniouskhéo léo way to address the question. They essentiallyThiết yếu cracked the code of an individual’s dream for the very first time and, in doing so, led us to an ethicallyvề mặt đạo đức uncomfortablekhó chịu place.
 Individuals in the experiment consentedbằng lòng to the study—an important fact, as we shall see. The results remain preliminarysơ bộ, since they were obtainedđạt được in just three individuals. But they were highly significant. Also, the researchers focused on the short dreams we all frequently have just at the moment when we are falling asleepngủ, rather than the dreams of REM sleep, though the method will soon be applied to REM sleep.
 The scientists placed each participant into an MRI scannermáy quét numerous times over the course of several days. Every time the participant fell asleepngủ, the researchers would wait for a short while as they recorded the brain activity, and then wake the person up and obtainđạt được a dream report. Then they would let the person fall back to sleep, and repeat the procedure. The researchers continued to do this until they had gathered hundreds of dream reports and corresponding snapshotsảnh chụp nhanh of brain activity from their participants. An example of one of the dream reports was: “I saw a big bronzeđồng statuebức tượng . . . on a small hill, and below the hill there were houses, streets, and trees.”
 Kamitani and his team then distilled all of the dream reports down into twenty corecốt lõi content categories that were most frequent in the dreams of these individuals, such as books, cars, furniture, computers, men, women, and food. To obtainđạt được some kind of ground truth of what participants’ brain activity looked like when they actually perceivednhận thức these types of visual images while awakethức giấc, the researchers selected real photographs that represented each category (relevant pictures of cars, men, women, furniture, etc.). Participants were then placed back inside the MRI scannermáy quét and shown these images while awakethức giấc as the researchers measured their brain activity again. Then, using these patterns of waking brain activity as a truth templatebản mẫu of sorts, Kamitani went pattern-matching in the sea of sleeping brain activity. The concept is somewhat like DNA matching at a crime scene: the forensicspháp y team obtainsđạt được a sample of the victim’s DNA that they use as a templatebản mẫu, then go in search of a specific match from among the myriadvô số possible samples.
 The scientists were able to predictdự đoán with significant accuracysự chính xác the content of participants’ dreams at any one moment in time using just the MRI scans, operating completely blind to the dream reports of the participants. Using the templatebản mẫu datadữ liệu from the MRI images, they could tell if you were dreaming of a man or a woman, a dog or a bed, flowers or a knife. They were, in effect, mind reading, or should I say, dream reading. The scientists had turned the MRI machine into a very expensive version of the beautiful handmadethủ công dream-catchers that some Native American cultures will hang above their beds in the hopes of ensnaringgài bẫy the dream—and they had succeeded.
 The method is far from perfect. It cannot currently determinequyết tâm exactly what man, woman, or car the dreamerngười mơ mộng is seeing. For example, a recent dream of my own shamelessly featured a stunningkinh ngạc 1960s vintagecổ điển Aston Martin DB4, though you’d never be able to determinequyết tâm that degree of specificityđặc thù from MRI scans, should I have been a participant in the experiment. You would simply know that I was dreaming of a car rather than, say, a computer or piece of furniture, but not which car it was. Nevertheless, it is a remarkable advance that will only improve to the point of scientists having the clear ability to decodegiải mã and visualizehình dung dreams. We can now begin to learn more about the construction of dreams, and that knowledge may help disorders of the mind in which dreams are deeply problematiccó vấn đề, such as traumatổn thương nightmarescơn ác mộng in PTSD patients.
 As an individual, rather than a scientist, I must admit to having some vaguemơ hồ uneasekhó chịu with the idea. Once, our dreams were our own. We got to decide whether or not to share them with others and, if we did, which parts to include and which parts to withholdgiữ lại. Participants in these studies always give their consentbằng lòng. But will the method somedaymột ngày nào đó reach beyond science and into the philosophicaltriết học and ethicalđạo đức realmvương quốc? There may well be a time in the not-too-distant future where we can accuratelychính xác “read out” and thus take ownership of a process that few people have volitional control over—the dream.I When this finally happens, and I’m sure it will, do we hold the dreamerngười mơ mộng responsible for what they dream? Is it fair to judge what it is they are dreaming, since they were not the consciousbiết rõ architectkiến trúc sư of their dream? But if they were not, then who is? It is a perplexingbối rối and uncomfortablekhó chịu issue to face.
 THE MEANING AND CONTENT OF DREAMS
 MRI studies helped scientists better understand the nature of dreaming, and allowed low-level decodinggiải mã of dreams. Results of these brain scanning experiments have also led to a predictionsự dự đoán about one of the oldest questions in all of humanitynhân loại, and certainly of sleep: Where do dreams come from?
 Before the new science of dreaming, and before Freud’s unsystematic treatment of the topic, dreams came from all manner of sources. The ancient Egyptians believed dreams were sent down from the gods on high. The Greeks shared a similar contentionsự tranh chấp, regarding dreams as visitationsthăm viếng from the gods, offering information divinethiêng liêng. Aristotle, however, was a notableđáng chú ý exception in this regardvề. Three of the seven topics in his Parva Naturalia (Short Treatises on Nature) addressed the state of slumbergiấc ngủ: De Somno et Vigilia (On Sleep), De Insomniis (On Dreams), and De Divinatione per Somnum (On Divination in Sleep). Levelheaded as always, Aristotle dismissed the idea of dreams as being heavenlytrên trời directed, and instead he cleavedtách ra strongly to the more self-experienced belief that dreams have their origins in recent waking events.
 But it was actually Freud who, in my opinion, made the most remarkable scientific contribution to the field of dream research, one that I feel modern-day neurosciencekhoa học thần kinh does not give him sufficient credit for. In his seminaltinh dịch book The Interpretation of Dreams (1899), Freud situated the dream unquestionablychắc chắn within the brain (that is, the mind, as there is arguablyđược cho là no ontologicalbản thể học difference between the two) of an individual. That may seem obviousrõ ràng now, even inconsequentialkhông đáng kể, but at the time it was anything but, especially considering the aforementionednói trên past. Freud had single-handedly wrestedđấu vật dreams from the ownership of celestialthiên thể beings, and from the anatomicallyvề mặt giải phẫu unclear location of the soul. In doing so, Freud made dreams a clear domainlãnh địa of what would become neuroscience—that is, the terra firma of the brain. True and inspired was his proposal that dreams emergehiện ra from the brain, as it impliedbao hàm, ngụ ý that answers could only be found by way of a systematiccó hệ thống interrogationthẩm vấn of the brain. We must thank Freud for this paradigmatickhuôn mẫu shift in thinking.
 Yet Freud was 50 percent right and 100 percent wrong. Things quickly went downhillxuống dốc from this point, as the theory plungedlao xuống into a quagmirevũng lầy of unprovability. Simply put, Freud believed that dreams came from unconsciousbất tỉnh wishes that had not been fulfilled. According to his theory, repressedkìm nén desires, which he termed the “latentngầm content,” were so powerful and shocking that if they appeared in the dream undisguisedkhông ngụy trang, they would wake the dreamerngười mơ mộng up. To protect the dreamerngười mơ mộng and his sleep, Freud believed there was a censorkiểm duyệt, or a filter, within the mind. Repressed wishes would pass through the censorkiểm duyệt and emergehiện ra disguisedcải trang on the other side. The camouflagedngụy trang wishes and desires, which Freud described as the “manifestrõ ràng content,” would therefore be unrecognizablekhông thể nhận ra to the dreamerngười mơ mộng, carrying no risk of joltinggiật mình the sleeping individual awakethức giấc.
 Freud believed that he understood how the censorkiểm duyệt worked and that, as a result, he could decryptgiải mã the disguisedcải trang dream (manifestrõ ràng content) and reverse-engineer it to reveal the true meaning (latentngầm content, rather like email encryptionmã hóa whereintrong đó the message is cloakedche đậy with a code). Without the decryptiongiải mã key, the content of the email cannot be read. Freud felt that he had discovered the decryptiongiải mã key to everyone’s dreams, and for many of his affluentsung túc Viennese patients, he offered the paid service of removing this disguisecải trang and revealing to them the original message content of their dreams.
 The problem, however, was the lack of any clear predictionssự dự đoán from Freud’s theory. Scientists could not design an experiment that would test any tenetsnguyên lý of his theory in order to help support or falsifygiả mạo it. It was Freud’s geniusthiên tài, and his simultaneousđồng thời downfallsuy sụp. Science could never prove him wrong, which is why Freud continues to cast a long shadow on dream research to this day. But by the very same tokenmã thông báo, we could never prove the theory right. A theory that cannot be discernedphân biệt true or false in this way will always be abandonedbị bỏ rơi by science, and that is precisely what happened to Freud and his psychoanalytic practices.
 As a concrete example, consider the scientific method of carbon dating, used to determinequyết tâm the age of an organichữu cơ object like a fossilhóa thạch. To validatexác thực the method, scientists would have the same fossilhóa thạch analyzed by several different carbon-dating machines that operated on the same underlyingcơ bản principle. If the method was scientifically robustcường tráng, these independent machines should all return the same value of the fossil’s age. If they do not, the method must be flawedthiếu sót, as the datadữ liệu is inaccuratekhông chính xác and cannot be replicatedsao chép.
 The method of carbon dating was shown by this process to be legitimatehợp pháp. Not so for the Freudian psychoanalytic method of dream interpretationdiễn dịch. Researchers have had different Freudian psychoanalystsnhà phân tâm học interpretthông dịch the same dream of an individual. If the method was scientifically reliableđáng tin cậy, with clear structured rules and metricschỉ số that the therapistsnhà trị liệu could apply, then their respectivetương ứng interpretationsdiễn dịch of this dream should be the same—or at least have some degree of similaritysự giống nhau in the extracted meaning they return. Instead, the psychoanalystsnhà phân tâm học all gave remarkably different interpretationsdiễn dịch of this same dream, without any statistically significant similaritysự giống nhau between them. There was no consistencyTính nhất quán. You cannot place a “QC”—quality control—sticker on Freudian psychoanalysisphân tâm học.
 A cynicalHoài nghi criticismsự chỉ trích of the Freudian psychoanalytic method is therefore one of “the disease of generic-ness.” Rather like horoscopeslá số tử vi, the interpretationsdiễn dịch offered are generalizable, seemingly providing an explanatorygiải thích fit to any and all things. For example, before describing the criticismssự chỉ trích of Freudian theory in my university lectures, I often do the following with my students as a (perhaps crueltàn nhẫn) demonstrationtrình diễn. I start by asking anyone in the lecture auditoriumkhán phòng if they would be willing to share a dream that I will interpretthông dịch prochuyên nghiệp bono, on the spot. A few hands will go up. I point to one of the respondentsngười trả lời and ask them their name—let’s call this one Kyle. I ask Kyle to tell me his dream. He says:
 I was running through an undergroundbí mật parking lot trying to find my car. I don’t know why I was running, but I felt like I really needed to get to my car. I found the car, um, but it wasn’t actually the car I owned but I thought it was my car in the dream. I tried to start the car, but each time I turned the key, nothing happened. Then my cell phone went off loudly and I woke up.
 In response, I look intenselymãnh liệt and knowinglycố ý at Kyle, having been noddinggật đầu my head throughout his descriptionSự miêu tả. I pause, and then say, “I know exactly what your dream is about, Kyle.” Amazed, he (and the rest of the lecture hall) awaitschờ đợi, my answer as though time has ground to a halttạm dừng lại. After another long pause, I confidently enunciatetuyên bố the following: “Your dream, Kyle, is about time, and more specifically, about not having enough time to do the things you really want to do in life.” A wave of recognition, almost relief, washes over Kyle’s face, and the rest of the class appear equally convinced.
 Then I come clean. “Kyle—I have a confessionlời thú tội. No matter what dream anyone ever tells me, I always give them that very same genericchung response, and it always seems to fit.” Thankfully, Kyle is a good sport and takes this with no ill graceduyên dáng, laughing with the rest of the class. I apologizexin lỗi once again to him. The exercise, however, importantly reveals the dangers of genericchung interpretationsdiễn dịch that feel very personal and uniquely individual, yet scientifically hold no specificityđặc thù whatsoeverbất cứ điều gì.
 I want to be clear, as this all seems dismissivebác bỏ. I am in no way suggesting that reviewing your dreams yourself, or sharing them with someone else, is a waste of time. On the contrarytrái ngược, I think it is a very helpful thing to do, as dreams do have a function, as we will read about in the next chapter. Indeed, journaling your waking thoughts, feelings, and concerns has a proven mental health benefit, and the same appears true of your dreams. A meaningfulcó ý nghĩa, psychologically healthy life is an examined one, as Socrates so often declared. Nevertheless, the psychoanalytic method built on Freudian theory is nonscientificphi khoa học and holds no repeatablecó thể lặp lại, reliableđáng tin cậy, or systematiccó hệ thống power for decodinggiải mã dreams. This, people must be made aware of.
 In actual fact, Freud knew of this limitation. He had the prophetictiên tri sensibilitysự nhạy cảm to recognize that a day of scientific reckoningtính toán would come. The sentimenttình cảm is neatly encapsulatedđóng gói in his own words when discussing the origin of dreams in The Interpretation of Dreams, where he states: “deeper research will one day trace the path further and discover an organichữu cơ basis for the mental event.” He knew that an organichữu cơ (brain) explanation would ultimatelycuối cùng reveal the truth of dreams—a truth that his theory lacked.
 Indeed, four years before he descendedđi xuống into a nonscientificphi khoa học, psychoanalytic theory of dreaming in 1895, Freud initially tried to construct a scientifically informed, neurobiologicalsinh học thần kinh explanation of the mind in a work called the Project for a Scientific Psychology. In it are beautiful drawings of neuralthần kinh circuitsmạch with connecting synapses that Freud mapped out, trying to understand the workings of the mind while awakethức giấc and asleepngủ. Unfortunately, the field of neurosciencekhoa học thần kinh was still in its infancythời thơ ấu at the time. Science was simply not up to the task of deconstructinggiải cấu trúc dreams, and so unscientificphản khoa học postulatesđịnh đề such as Freud’s were inevitablekhông thể tránh khỏi. We should not blame him for that, but we should also not accept an unscientificphản khoa học explanation of dreams because of that.
 Brain scanning methods have offered the first inklingspha mực of just this organichữu cơ truth about the source of dreams. Since autobiographicaltự truyện memory regions of the brain, including the hippocampushà mã, are so active during REM sleep, we should expect dreaming to contain elements of the individual’s recent experience and perhaps give cluesđầu mối as to the meaning, if any, of dreams: something that Freud elegantlythanh lịch described as “day residuephần còn lại.” It was a clear-cut, testable predictionsự dự đoán, which my longtimethời gian dài friend and colleague Robert Stickgold at Harvard University elegantlythanh lịch proved was, in fact, utterly untruesai sự thật . . . with an important caveatbáo trước.
 Stickgold designed an experiment that would determinequyết tâm the extent to which dreams were a precisechính xác replayphát lại of our recent waking autobiographicaltự truyện experiences. For two weeks straight, he had twenty-nine healthy young adults keep a detailed log of daytimeban ngày activities, the events they were engaged in (going to work, meeting specific friends, meals they ate, sports they played, etc.), and their current emotional concerns. In addition, he had them keep dream journals, asking them to write down any recalled dreams that they had when they woke up each morning. He then had external judges systematically compare the reports of the participants’ waking activities with their dream reports, focusing on the degree of similaritysự giống nhau of well-defined features, such as locations, actions, objects, characters, themes, and emotions.
 Of a total of 299 dream reports that Stickgold collected from these individuals across the fourteen days, a clear rerunchạy lại of prior waking life events—day residue—was found in just 1 to 2 percent. Dreams are not, therefore, a wholesalebán sỉ replayphát lại of our waking lives. We do not simply rewindtua lại the video of the day’s recorded experience and relivesống lại it at night, projected on the big screen of our cortexvỏ não. If there is such a thing as “day residuephần còn lại,” there are but a few drops of the stuff in our otherwise aridkhô khan dreams.
 But Stickgold did find a strong and predictivetiên đoán daytimeban ngày signal in the statictĩnh of nighttimeban đêm dream reports: emotions. Between 35 and 55 percent of emotional themes and concerns that participants were having while they were awakethức giấc during the day powerfully and unambiguously resurfacednổi lên in the dreams they were having at night. The commonalitiesđiểm chung were just as clear to the participants themselves, who gave similarly confident judgments when asked to compare their own dream reports with their waking reports.
 If there is a red-thread narrativechuyện kể that runs from our waking lives into our dreaming lives, it is that of emotional concerns. Counter to Freudian assumptionsgiả thiết, Stickgold had shown that there is no censorkiểm duyệt, no veilmạng che mặt, no disguisecải trang. Dream sources are transparent—clear enough for anyone to identify and recognize without the need for an interpreterthông dịch viên.
 DO DREAMS HAVE A FUNCTION?
 Through a combination of brain activity measures and rigorousnghiêm ngặt experimentalthực nghiệm testing, we have finally begun to develop a scientific understanding of human dreams: their form, content, and the waking source(s). There is, however, something missing here. None of the studies that I have described so far proves that dreams have any function. REM sleep, from which principalhiệu trưởng dreams emergehiện ra, certainly has many functions, as we have discussed and will continue to discuss. But do dreams themselves, above and beyond REM sleep, actually do anything for us? As a matter of scientific fact, yes, they do.
 
 I. I say few, since there are some individuals who can not only become aware that they are dreaming, but even control how and what they dream. It is called lucidminh mẫn dreaming, and we shall read much more about it in a later chapter.
 
  



 

CHAPTER 10
 
 
 
 Dreaming as Overnight Therapy
 It was long thought that dreams were simply epiphenomena of the stage of sleep (REM) from which they emergehiện ra. To illustrateMinh họa the concept of epiphenomena, let’s consider the lightbulbbóng đèn.
 The reason we construct the physical elements of a lightbulb—the glass spherequả cầu, the coiledcuộn lại wire element that sits inside, the screw-in electrical contact at the base—is to create light. That is the function of the lightbulbbóng đèn, and the reason we designed the apparatusbộ máy to begin with. However, a lightbulbbóng đèn also produces heat. Heat is not the function of the lightbulbbóng đèn, nor is it the reason we originally fashioned it. Instead, heat is simply what happens when light is generated in this way. It is an unintendedngoài ý muốn by-product of the operation, not the true function. Heat is an epiphenomenonhiện tượng phụ in this case.
 Similarly, evolutionsự tiến hóa may have gone to great lengths to construct the neuralthần kinh circuitsmạch in the brain that produce REM sleep and the functions that REM sleep supports. However, when the (human) brain produces REM sleep in this specific way, it may also produce this thing we call dreaming. Dreams, like heat from a lightbulbbóng đèn, may serve no function. Dreams may simply be epiphenomena of no use or consequencekết quả. They are merelyđơn thuần an unintendedngoài ý muốn by-product of REM sleep.
 Rather a depressing thought, isn’t it? I’m sure many of us feel that our dreams have meaning and some useful purpose.
 To address this stalematebế tắc, exploring whether dreaming, beyond the stage of sleep it emergeshiện ra from, has true purpose, scientists began by defining the functions of REM sleep. Once those functions were known, we could then examine whether the dreams that accompany REM sleep—and the very specific content of those dreams—were crucialchủ yếu determinantsbản ngã of those adaptivethích nghi benefits. If what you dream about offers no predictivetiên đoán power in determiningxác định the benefits of that REM sleep, it would suggest that dreams are epiphenomenal, and REM sleep alone is sufficient. If, however, you need both REM sleep and to be dreaming about specific things to accomplishhoàn thành such functions, it would suggest that REM sleep alone, although necessary, is not sufficient. Rather, a uniqueđộc nhất combination of REM sleep plus dreaming, and dreaming of very particular experiences, is needed to transactgiao dịch these nighttimeban đêm benefits. If this was proven, dreams could not be dismissed as an epiphenomenal by-product of REM sleep. Rather, science would have to recognize dreaming as an essential part of sleep and the adaptivethích nghi advantages it supports, above and beyond REM sleep itself.
 Using this frameworkkhuôn khổ, we have found two corecốt lõi benefits of REM sleep. Both functional benefits require not just that you have REM sleep, but that you dream, and dream about specific things. REM sleep is necessary, but REM sleep alone is not sufficient. Dreams are not the heat of the lightbulb—they are no by-product.
 The first function involves nursing our emotional and mental health, and is the focus of this chapter. The second is problem solving and creativitysáng tạo, the power of which some individuals try to harnesskhai thác more fully by controlling their dreams, which we treat in the next chapter.
 DREAMING—THE SOOTHING BALM
 It is said that time healschữa lành all wounds. Several years ago I decided to scientifically test this age-old wisdomkhôn ngoan, as I wondered whether an amendmentsửa đổi was in order. Perhaps it was not time that healschữa lành all wounds, but rather time spent in dream sleep. I had been developing a theory based on the combined patterns of brain activity and brain neurochemistry of REM sleep, and from this theory came a specific predictionsự dự đoán: REM-sleep dreaming offers a form of overnightqua đêm therapy. That is, REM-sleep dreaming takes the painful stingchích out of difficult, even traumaticchấn thương, emotional episodes you have experienced during the day, offering emotional resolutionnghị quyết when you awakethức giấc the next morning.
 At the heart of the theory was an astonishingkinh ngạc change in the chemical cocktail of your brain that takes place during REM sleep. Concentrations of a key stress-related chemical called noradrenalinenoradrenaline are completely shut off within your brain when you enter this dreaming sleep state. In fact, REM sleep is the only time during the twenty-four-hour period when your brain is completely devoidkhông có of this anxiety-triggering moleculephân tử. Noradrenaline, also known as norepinephrinenorepinephrine, is the brain equivalent to a body chemical you already know and have felt the effects of: adrenalineadrenaline (epinephrineepinephrin).
 Previous MRI studies established that key emotion- and memory-related structures of the brain are all reactivatedkích hoạt lại during REM sleep, as we dream: the amygdalahạch hạnh nhân and emotion-related regions of the cortexvỏ não, and the key mnemonictrí nhớ center, the hippocampushà mã. Not only did this suggest the possibility that emotion-specific memory processing was possible, if not probablecó thể xảy ra, during the dreaming state, but now we understood that this emotional memory reactivation was occurring in a brain free of a key stress chemical. I therefore wondered whether the brain during REM sleep was reprocessing upsetting memory experiences and themes in this neurochemically calm (low noradrenalinenoradrenaline), “safe” dreaming brain environment. Is the REM-sleep dreaming state a perfectly designed nocturnalsống về đêm soothingxoa dịu balm—one that removes the emotional sharp edges of our daily lives? It seemed so from everything neurobiologysinh học thần kinh and neurophysiologysinh lý thần kinh was telling us (me). If so, we should awakethức giấc feeling better about distressingđau khổ events of the day(s) prior.
 This was the theory of overnightqua đêm therapy. It postulatedđịnh đề that the process of REM-sleep dreaming accomplisheshoàn thành two critical goals: (1) sleeping to remember the details of those valuable, salientQuan trọng experiences, integratingtích hợp them with existing knowledge and putting them into autobiographicaltự truyện perspectiveluật xa gần, yet (2) sleeping to forget, or dissolvehòa tan, the visceralnội tạng, painful emotional charge that had previously been wrapped around those memories. If true, it would suggest that the dream state supports a form of introspectivenội tâm life review, to therapeuticđiều trị ends.
 Think back to your childhood and try to recall some of the strongest memories you have. What you will notice is that almost all of them will be memories of an emotional nature: perhaps a particularly frighteningđáng sợ experience of being separated from your parents, or almost being hit by a car on the street. Also notice, however, that your recall of these detailed memories is no longer accompanied by the same degree of emotion that was present at the time of the experience. You have not forgotten the memory, but you have cast off the emotional charge, or at least a significant amount of it. You can accuratelychính xác relivesống lại the memory, but you do not regurgitatenôn ra the same visceralnội tạng reaction that was present and imprinteddấu ấn at the time of the episode.I The theory argued that we have REM-sleep dreaming to thank for this palliativexoa dịu dissolvinghòa tan of emotion from experience. Through its therapeuticđiều trị work at night, REM sleep performed the elegantthanh lịch trick of divorcing the bittervị đắng emotional rindvỏ from the information-rich fruit. We can therefore learn and usefully recall salientQuan trọng life events without being crippledquè quặt by the emotional baggagehành lý that those painful experiences originally carried.
 Indeed, I argued that if REM sleep did not perform this operation, we’d all be left with a state of chronickinh niên anxietysự lo lắng in our autobiographicaltự truyện memory networks; every time we recalled something salientQuan trọng, not only would we recall the details of the memory, but we would relivesống lại the same stressfulcăng thẳng emotional charge all over again. Based on its uniqueđộc nhất brain activity and neurochemicalhóa học thần kinh composition, the dream stage of REM sleep helps us avoid this circumstance.
 That was the theory, those were the predictionssự dự đoán; next came the experimentalthực nghiệm test, the results of which would take a first step toward falsifyinggiả mạo or supporting both.
 We recruited a collection of healthy young adults and randomly assigned them to two groups. Each group viewed a set of emotional images while inside an MRI scannermáy quét as we measured their emotional brain reactivityphản ứng. Then, twelve hours later, the participants were placed back inside the MRI scannermáy quét and we again presented those same emotional images, cuinggợi ý their recollectionhồi ức while again measuring emotional brain reactivityphản ứng. During these two exposurephơi bày sessions, separated by twelve hours, participants also rated how emotional they felt in response to each image.
 Importantly, however, half of the participants viewed the images in the morning and again in the evening, being awakethức giấc between the two viewings. The other half of the participants viewed the images in the evening and again the next morning after a full night of sleep. In this way, we could measure what their brains were objectively telling us using the MRI scans, and in addition, what participants themselves were subjectively feeling about the relivedsống lại experiences, having had a night of sleep in between, or not.
 Those who slept in between the two sessions reported a significant decrease in how emotional they were feeling in response to seeing those images again. In addition, results of the MRI scans showed a large and significant reductionsự giảm bớt in reactivityphản ứng in the amygdalahạch hạnh nhân, that emotional center of the brain that creates painful feelings. Moreover, there was a reengagement of the rationalhợp lý prefrontaltrán trước cortexvỏ não of the brain after sleep that was helping maintain a dampeninggiảm chấn brakephanh influence on emotional reactions. In contrast, those who remained awakethức giấc across the day without the chance to sleep and digesttiêu those experiences showed no such dissolvinghòa tan of emotional reactivityphản ứng over time. Their deep emotional brain reactions were just as strong and negative, if not more so, at the second viewing compared with the first, and they reported a similarly powerful reexperiencing of painful feelings to boot.
 Since we had recorded the sleep of each participant during the interveningcan thiệp night between the two test sessions, we could answer a follow-up question: Is there something about the type or quality of sleep that an individual experiences that predictsdự đoán how successful sleep is at accomplishinghoàn thành next-day emotional resolutionnghị quyết?
 As the theory predicteddự đoán, it was the dreaming state of REM sleep—and specific patterns of electrical activity that reflected the drop in stress-related brain chemistryhoá học during the dream state—that determinedxác định the success of overnightqua đêm therapy from one individual to the next. It was not, therefore, time per se that healedchữa lành all wounds, but instead it was time spent in dream sleep that was providing emotional convalescencedưỡng bệnh. To sleep, perchancetình cờ to healchữa lành.
 Sleep, and specifically REM sleep, was clearly needed in order for us to healchữa lành emotional wounds. But was the act of dreaming during REM sleep, and even dreaming of those emotional events themselves, necessary to achieve resolutionnghị quyết and keep our minds safe from the clutchesly hợp of anxietysự lo lắng and reactivehồi đáp nhanh depression? This was the question that Dr. Rosalind Cartwright at Rush University in Chicago elegantlythanh lịch dismantledtháo dỡ in a collection of work with her clinical patients.
 Cartwright, who I contendtranh luận is as much a pioneertiên phong in dream research as Sigmund Freud, decided to study the dream content of people who were showing signs of depression as a consequencekết quả of incrediblyvô cùng difficult emotional experiences, such as devastatingtàn phá breakupschia tay and bittervị đắng divorces. Right around the time of the emotional traumatổn thương, she started collecting their nightlyhàng đêm dream reports and siftedsàng lọc through them, hunting for clear signs of the same emotional themes emergingmới nổi in their dream lives relative to their waking lives. Cartwright then performed follow-up assessmentsđánh giá up to one year later, determiningxác định whether the patients’ depression and anxietysự lo lắng caused by the emotional traumatổn thương were resolved or continued to persistkiên trì.
 In a series of publicationssự xuất bản that I still revisitthăm lại with admirationsự khâm phục to this day, Cartwright demonstratedchứng minh that it was only those patients who were expressly dreaming about the painful experiences around the time of the events who went on to gain clinical resolutionnghị quyết from their despairtuyệt vọng, mentally recovering a year later as clinically determinedxác định by having no identifiablecó thể nhận dạng được depression. Those who were dreaming, but not dreaming of the painful experience itself, could not get past the event, still being dragged down by a strong undercurrentdòng chảy ngầm of depression that remained.
 Cartwright had shown that it was not enough to have REM sleep, or even genericchung dreaming, when it comes to resolving our emotional past. Her patients required REM sleep with dreaming, but dreaming of a very specific kind: that which expressly involved dreaming about the emotional themes and sentimentstình cảm of the waking traumatổn thương. It was only that content-specific form of dreaming that was able to accomplishhoàn thành clinical remissionthuyên giảm and offer emotional closureKhép kín in these patients, allowing them to move forward into a new emotional future, and not be enslavedlàm nô lệ by a traumaticchấn thương past.
 Cartwright’s datadữ liệu offered further psychologicaltâm lý affirmationkhẳng định of our biologicalsinh học overnightqua đêm therapy theory, but it took a chance meeting at a conferencehội nghị one inclementkhắc nghiệt Saturday in Seattle before my own basic research and theory would be translated from benchBăng ghế to bedsideđầu giường, helping to resolve the cripplinglàm tê liệt psychiatrictâm thần condition of post-traumatic stress disorder (PTSD).
 Patients with PTSD, who are so often war veteranscựu chiến binh, have a difficult time recovering from horrifickhủng khiếp traumatổn thương experiences. They are frequently plaguedtai họa by daytimeban ngày flashbackshồi tưởng of these intrusivexâm phạm memories and suffer reoccurring nightmarescơn ác mộng. I wondered whether the REM-sleep overnightqua đêm therapy mechanismcơ chế we had discovered in healthy individuals had broken down in people suffering from PTSD, therebybằng cách ấy failing to help them deal with their traumatổn thương memories effectively.
 When a veterancựu chiến binh soldier suffers a flashbackhồi tưởng triggeredcò súng by, say, a car backfiringphản tác dụng, they can relivesống lại the whole visceralnội tạng traumaticchấn thương experience again. It suggested to me that the emotion had not been properly stripped away from the traumaticchấn thương memory during sleep. If you interview PTSD patients in the clinicphòng khám, they will often tell you that they just cannot “get over” the experience. In part, they are describing a brain that has not detoxedgiải độc the emotion from the traumatổn thương memory, such that every time the memory is relivedsống lại (the flashbackhồi tưởng), so, too, is the emotion, which has not been effectively removed.
 Already, we knew that the sleep, especially the REM sleep, of patients suffering from PTSD was disruptedbị gián đoạn. There was also evidence suggesting that PTSD patients had higher-than-normal levels of noradrenalinenoradrenaline released by their nervous system. Building on our overnightqua đêm therapy theory of REM-sleep dreaming and the emergingmới nổi datadữ liệu that supported it, I wrote a follow-up theory, applying the model to PTSD. The theory proposed that a contributingđóng góp mechanismcơ chế underlyingcơ bản the PTSD is the excessivelythái quá high levels of noradrenalinenoradrenaline within the brain that blocks the ability of these patients from entering and maintaining normal REM-sleep dreaming. As a consequencekết quả, their brain at night cannot strip away the emotion from the traumatổn thương memory, since the stress chemical environment is too high.
 Most compellingthuyết phục to me, however, were the repetitivelặp đi lặp lại nightmarescơn ác mộng reported in PTSD patients—a symptom so reliableđáng tin cậy that it forms part of the list of features required for a diagnosischẩn đoán of the condition. If the brain cannot divorce the emotion from memory across the first night following a traumatổn thương experience, the theory suggests that a repeat attempt of emotional memory stripping will occur on the second night, as the strength of the “emotional tagnhãn” associated with the memory remains too high. If the process fails a second time, the same attempt will continue to repeat the next night, and the next night, like a broken record. This was precisely what appeared to be happening with the recurringtái diễn nightmarescơn ác mộng of the traumatổn thương experience in PTSD patients.
 A testable predictionsự dự đoán emergedhiện ra: if I could lower the levels of noradrenalinenoradrenaline in the brains of PTSD patients during sleep, therebybằng cách ấy reinstatingphục hồi the right chemical conditions for sleep to do its traumatổn thương therapy work, then I should be able to restore healthier quality REM sleep. With that restored REM-sleep quality should come an improvement in the clinical symptoms of PTSD, and further, a decrease in the frequency of painful repetitivelặp đi lặp lại nightmarescơn ác mộng. It was a scientific theory in search of clinical evidence. Then came the wonderful stroke of serendipitysự tình cờ.
 Soon after my theoreticallý thuyết paper was publishedđược phát hành, I met Dr. Murray Raskind, a remarkable physicianbác sĩ who worked at a US Department of Veterans Affairs hospital in the Seattle area. We were both presenting our own research findings at a conferencehội nghị in Seattle and, at the time, we were each unawarekhông biết of the other’s emergingmới nổi new research datadữ liệu. Raskind—a tall man with kindlytử tế eyes whose disarmingly relaxed, jocularnói đùa demeanorthái độ beliestin tưởng a clinical acumensự nhạy bén that is not to be underestimated—is a prominentnổi bật research figure in both the PTSD and Alzheimer’s disease fields. At the conferencehội nghị, Raskind presented recent findings that were perplexingbối rối to him. In his PTSD clinicphòng khám, Raskind had been treating his war veterancựu chiến binh patients with a genericchung drug called prazosinthảo dược to manage their high blood pressure. While the drug was somewhat effective for lowering blood pressure in the body, Raskind found it had a far more powerful yet entirely unexpectedkhông ngờ tới benefit within the brain: it alleviatedgiảm nhẹ the reoccurring nightmarescơn ác mộng in his PTSD patients. After only a few weeks of treatment, his patients would return to the clinicphòng khám and, with puzzledbối rối amazementkinh ngạc, say things like, “Doc, it’s the strangest thing, my dreams don’t have those flashbackhồi tưởng nightmarescơn ác mộng anymore. I feel better, less scared to fall asleepngủ at night.”
 It turns out that the drug prazosinthảo dược, which Raskind was prescribing simply to lower blood pressure, also has the fortuitoustình cờ side effect of suppressingkìm nén noradrenalinenoradrenaline in the brain. Raskind had delightfullythú vị and inadvertently conducted the experiment I was trying to conceivetưởng tượng of myself. He had created precisely the neurochemicalhóa học thần kinh condition—a lowering of the abnormallybất thường high concentrations of stress-related noradrenaline—within the brain during REM sleep that had been absent for so long in these PTSD patients. Prazosin was graduallydần dần lowering the harmfulcó hại high tide of noradrenalinenoradrenaline within the brain, giving these patients healthier REM-sleep quality. With healthy REM sleep came a reductionsự giảm bớt in the patients’ clinical symptoms and, most critically, a decrease in the frequency of their repetitivelặp đi lặp lại nightmarescơn ác mộng.
 Raskind and I continued our communications and scientific discussions throughout that conferencehội nghị. He subsequently visited my labphòng thí nghiệm at UC Berkeley in the months that followed, and we talked nonstopkhông ngừng throughout the day and into the evening over dinner about my neurobiologicalsinh học thần kinh model of overnightqua đêm emotional therapy, and how it seemed to perfectly explain his clinical findings with prazosinthảo dược. These were hairs-on-the-back-of-your-neck-standing-up conversations, perhaps the most excitingthú vị I have ever experienced in my career. The basic scientific theory was no longer in search of clinical confirmationxác nhận. The two had found each other one sky-leaking day in Seattle.
 Mutually informed by each other’s work, and based on the strength of Raskind’s studies and now several large-scale independent clinical trials, prazosinthảo dược has become the officially approved drug by the VA for the treatment of repetitivelặp đi lặp lại traumatổn thương nightmarescơn ác mộng, and has since received approval by the US Food and Drug Administration for the same benefit.
 Many questions remain to be addressed, including more independent replicationnhân rộng of the findings in other types of traumatổn thương, such as sexual abuselạm dụng or violence. It is also not a perfect medicationthuốc due to side effects at higher dosesliều lượng, and not every individual responds to the treatment with the same success. But it is a start. We now have a scientifically informed explanation of one function of REM sleep and the dreaming process inherentvốn có in it, and from that knowledge we have taken the first steps toward treating the distressingđau khổ and disablingvô hiệu hóa clinical condition of PTSD. It may also unlockmở khóa new treatment avenuesđại lộ regarding sleep and other mental illness, including depression.
 DREAMING TO DECODE WAKING EXPERIENCES
 Just when I thought REM sleep had revealed all it could offer to our mental health, a second emotional brain advantage gifted by REM sleep came to light—one that is arguablyđược cho là more survival-relevant.
 Accurately reading expressions and emotions of faces is a prerequisiteđiều kiện tiên quyết of being a functional human being, and indeed, a functional higher primatelinh trưởng of most kinds. Facial expressions represent one of the most important signals in our environment. They communicate the emotional state and intentý định of an individual and, if we interpretthông dịch them correctly, influence our behavior in return. There are regions of your brain whose job it is to read and decodegiải mã the value and meaning of emotional signals, especially faces. And it is that very same essential set of brain regions, or network, that REM sleep recalibrates at night.
 In this different and additional role, we can think of REM sleep like a master piano tunerbộ chỉnh âm, one that readjustsđiều chỉnh lại the brain’s emotional instrumentationthiết bị đo đạc at night to pitch-perfect precisionđộ chính xác, so that when you wake up the next morning, you can discernphân biệt overtcông khai and subtly covertche giấu micro-expressions with exactitudeđộ chính xác. Deprive an individual of their REM-sleep dreaming state, and the emotional tuning curve of the brain loses its razor-sharp precisionđộ chính xác. Like viewing an image through frostedbăng giá glass, or looking at an out-of-focus picture, a dream-starved brain cannot accuratelychính xác decodegiải mã facialtrên khuôn mặt expressions, which become distortedbóp méo. You begin to mistake friends for foeskẻ thù.
 We made this discovery by doing the following. Participants came into my laboratory and had a full night of sleep. The following morning, we showed them many pictures of a specific individual’s face. However, no two pictures were the same. Instead, the facialtrên khuôn mặt expression of that one individual varied across the images in a gradientdốc, shifting from friendly (with a slightmảnh dẻ smile, calming eye aperturemiệng vỏ, and approachabledễ gần look) to increasingly sternnghiêm khắc and threatening (pursedcái ví lips, a furrowednhíu lại browlông mày, and a menacingđe dọa look in the eyes). Each image of this individual was subtly different from those on either side of it on the emotional gradientdốc, and across tens of pictures, the full range of intentý định was expressed, from very prosocial (friendly) to strongly antisocialchống đối xã hội (unfriendly).
 Participants viewed the faces in a random fashion while we scanned their brains in an MRI machine, and they rated how approachabledễ gần or threatening the images were. The MRI scans allowed us to measure how their brains were interpretingphiên dịch and accuratelychính xác parsingphân tích cú pháp the threatening facialtrên khuôn mặt expressions from the friendly ones after having had a full night of sleep. All the participants repeated the same experiment, but this time we deprivedtước đoạt them of sleep, including the critical stage of REM. Half of the participants went through the sleep deprivationtước đoạt session first, followed by the sleep session second, and vice versa. In each session, a different individual was featured in the pictures, so there was no memory or repetitionlặp đi lặp lại effects.
 Having had a full night of sleep, which contained REM sleep, participants demonstratedchứng minh a beautifully precisechính xác tuning curve of emotional face recognition, rather like a stretched out V shape. When navigatingđiều hướng the cornucopiadồi dào of facialtrên khuôn mặt expressions we showed them inside the MRI scannermáy quét, their brains had no problem deftlykhéo léo separating one emotion from another across the delicatelytế nhị changing gradientdốc, and the accuracysự chính xác of their own ratings proved this to be similarly true. It was effortlessdễ dàng to disambiguateđịnh hướng friendly and approachabledễ gần signals from those intimatingthân mật even minor threat as the emotional tidethủy triều changed toward the forebodingđiềm báo.
 Confirming the importance of the dream state, the better the quality of REM sleep from one individual to the next across that rested night, the more precisechính xác the tuning within the emotional decodinggiải mã networks of the brain the next day. Through this platinum-grade nocturnalsống về đêm service, better REM-sleep quality at night provided superiorthượng đẳng comprehensionbao quát of the social world the next day.
 But when those same participants were deprivedtước đoạt of sleep, including the essential influence of REM sleep, they could no longer distinguishphân biệt one emotion from another with accuracysự chính xác. The tuning V of the brain had been changed, rudely pulled all the way up from the base and flattenedlàm phẳng into a horizontalnằm ngang line, as if the brain was in a state of generalizedkhái quát hypersensitivityquá mẫn cảm without the ability to map gradationschuyển màu of emotional signals from the outside world. Gone was the precisechính xác ability to read giveawayphát phần thưởng cluesđầu mối in another’s face. The brain’s emotional navigationdẫn đường system had lost its true magnetictừ tính north of directionalitysự định hướng and sensitivitynhạy cảm: a compassla bàn that otherwise guides us toward numerous evolutionarytiến hóa advantages.
 With the absence of such emotional acuitysự nhạy bén, normally gifted by the re-tuning skills of REM sleep at night, the sleep-deprived participants slipped into a defaultmặc định of fear biasThiên kiến, believing even gentle- or somewhat friendly looking faces were menacingđe dọa. The outside world had become a more threatening and aversiveác cảm place when the brain lacked REM sleep—untruthfully so. Reality and perceivednhận thức reality were no longer the same in the “eyes” of the sleeplesschứng mất ngủ brain. By removing REM sleep, we had, quite literallytheo đúng nghĩa đen, removed participants’ levelheadedđiềm đạm ability to read the social world around them.
 Now think of occupationsnghề nghiệp that require individuals to be sleep-deprived, such as law enforcementthực thi and military personnelnhân viên, doctors, nurses, and those in the emergency services—not to mention the ultimatetối thượng caretaking job: new parents. Every one of these roles demands the accurate ability to read the emotions of others in order to make critical, even life-dependent, decisions, such as detecting a true threat that requires the use of weapons, assessingđánh giá emotional discomfortkhó chịu or anguishđau khổ that can change a diagnosischẩn đoán, the extent of palliativexoa dịu pain medicationthuốc prescribedquy định, or deciding when to express compassionlòng trắc ẩn or dispensephân chia an assertivequả quyết parenting lesson. Without REM sleep and its ability to resetcài lại the brain’s emotional compassla bàn, those same individuals will be inaccuratekhông chính xác in their social and emotional comprehensionbao quát of the world around them, leadinghàng đầu to inappropriatekhông phù hợp decisions and actions that may have gravephần mộ consequenceskết quả.
 Looking across the life spannhịp, we have discovered that this REM-sleep recalibration service comes into its own just prior to the transitionchuyển tiếp into adolescencethời niên thiếu. Before that, when children are still under close watch from their parents, and many salientQuan trọng assessmentsđánh giá and decisions are made by Mom and/or Dad, REM sleep provides less of a re-tuning benefit to a child’s brain. But come the early teenagethiếu niên years and the inflectionuốn cong point of parentalcha mẹ independence whereintrong đó an adolescentthanh niên must navigateđiều hướng the socioemotional world for himself, now we see the young brain feastingyến tiệc on this emotional recalibration benefit of REM sleep. That is not to suggest that REM sleep is unnecessarykhông cần thiết for children or infants—it very much is, as it supports other functions we have discussed (brain development) and will next discuss (creativitysáng tạo). Rather, it is that this particular function of REM sleep, which takes hold at a particular developmentalphát triển milestonecột mốc, allows the burgeoningphát triển pre-adult brain to steerchỉ đạo itself through the turbulentsóng gió waters of a complex emotional world with autonomyquyền tự trị.
 We shall return to this topic in the penultimateáp chót chapter when we discuss the damage that early school start times are having on our teenagers. Most significant is the issue of sunrise school bus schedules that selectively deprivetước đoạt our teenagers of that early-morning slumbergiấc ngủ, just at the moment in their sleep cycle when their developing brains are about to drink in most of their much-needed REM sleep. We are bankruptingphá sản their dreams, in so many different ways.
 
 I. An exception is the condition of post-traumatic stress disorder (PTSD), which we will discuss later in this chapter.
 
  



 

CHAPTER 11
 
 
 
 Dream Creativity and Dream Control
 Aside from being a stoicKiên nhẫn sentinellính gác that guards your sanitysự tỉnh táo and emotional well-being, REM sleep and the act of dreaming have another distinct benefit: intelligentthông minh information processing that inspires creativitysáng tạo and promotes problem solving. So much so, that some individuals try controlling this normally non-volitional process and direct their own dream experiences while dreaming.
 DREAMING: THE CREATIVE INCUBATOR
 Deep NREM sleep strengthens individual memories, as we now know. But it is REM sleep that offers the masterfultinh thông and complementarybổ túc benefit of fusingcầu chì and blendingpha trộn those elementalnguyên tố ingredientsnguyên liệu together, in abstract and highly novel ways. During the dreaming sleep state, your brain will cogitatesuy nghĩ vast swathsdải băng of acquired knowledge,I and then extract overarchingbao quát rules and commonalities—“the gistý chính.” We awakethức giấc with a revised “Mind Wide Web” that is capable of diviningthiêng liêng solutions to previously impenetrablekhông thể xuyên thủng problems. In this way, REM-sleep dreaming is informationalthông tin alchemythuật giả kim.
 From this dreaming process, which I would describe as ideasthesia, have come some of the most revolutionarycách mạng leaps forward in human progress. There is perhaps no better illustrationhình minh họa highlighting the smarts of REM-sleep dreaming than the elegantthanh lịch solution to everything we know of, and how it fits together. I am not trying to be obtuseu mê. Rather, I am describing the dream of Dmitri Mendeleev on February 17, 1869, which led to the periodicđịnh kỳ table of elements: the sublimesiêu phàm ordering of all known constituentthành phần building blocks of nature.
 Mendeleev, a Russian chemistnhà hóa học of renownednổi tiếng ingenuityKhéo léo, had an obsessionnỗi ám ảnh. He felt there might be an organizationaltổ chức logic to the known elements in the universe, euphemisticallyuyển ngữ described by some as the search for God’s abacusbàn tính. As proof of his obsessionnỗi ám ảnh, Mendeleev made his own set of playing cards, with each card representing one of the universal elements and its uniqueđộc nhất chemical and physical properties. He would sit in his office, at home, or on long train rides, and maniacallyđiên cuồng deal the shuffledxáo trộn deckboong tàu down onto a table, one card at a time, trying to deducesuy ra the rule of all rules that would explain how this ecumenicalđại kết jigsawghép hình puzzlecâu đố fit together. For years he ponderedsuy ngẫm the riddleCâu đố of nature. For years he failed.
 After allegedlybị cáo buộc having not slept for three days and three nights, he’d reached a crescendocao trào of frustrationthất vọng with the challenge. While the extent of sleep deprivationtước đoạt seems unlikely, a clear truth was Mendeleev’s continued failure to crack the code. Succumbing to exhaustionkiệt sức, and with the elements still swirlingxoáy in his mind and refusing organized logic, Mendeleev lay down to sleep. As he slept, he dreamed, and his dreaming brain accomplishedhoàn thành what his waking brain was incapablekhông có khả năng of. The dream took hold of the swirlingxoáy ingredientsnguyên liệu in his mind and, in a moment of creative brilliancesáng chói, snapped them together in a divinethiêng liêng gridlưới, with each row (period) and each column (group) having a logicalhợp lý progressionsự tiến triển of atomicnguyên tử and orbitingquỹ đạo electronđiện tử characteristicsđặc trưng, respectively. In Mendeleev’s own words:II
 I saw in a dream a table where all the elements fell into place as required. Awakening, I immediately wrote it down on a piece of paper. Only in one place did a correctionđiều chỉnh later seem necessary.
 While some contest how complete the dream solution was, no one challenged the evidence that Mendeleev was provided a dream-inspired formulation of the periodicđịnh kỳ table. It was his dreaming brain, not his waking brain, that was able to perceivenhận thức an organized arrangement of all known chemical elements. Leave it to REM-sleep dreaming to solve the bafflingbối rối puzzlecâu đố of how all constituentsthành phần of the known universe fit together—an inspired revelationmặc khải of cosmicrộng mênh mông magnitudekích cỡ.
 My own field of neurosciencekhoa học thần kinh has been the beneficiaryngười thụ hưởng of similar dream-fueled revelationsmặc khải. The most impactful is that of neuroscientistnhà thần kinh học Otto Loewi. Loewi dreamed of a cleverthông minh experiment on two frogscon ếch’ hearts that would ultimatelycuối cùng reveal how nerve cells communicate with each other using chemicals (neurotransmittersdẫn truyền thần kinh) released across tiny gaps that separate them (synapses), rather than direct electrical signaling that could only happen if they were physicallythể chất touching each other. So profoundthâm thúy was this dream-implanted discovery that it won Loewi a Nobel Prize.
 We also know of preciousquý giá artisticthuộc về nghệ thuật gifts that have arisen from dreams. Consider Paul McCartney’s originationnguồn gốc of the songs “Yesterday” and “Let It Be.” Both came to McCartney in his sleep. In the case of “Yesterday,” McCartney recountskể lại the following dream-inspired awakeningthức tỉnh while he was staying in a small atticgác xép room of his family’s house on Wimpole Street, London, during the filming of the delightfulthú vị movie Help:
 I woke up with a lovely tune in my head. I thought, “That’s great, I wonder what that is?” There was an uprightngay thẳng piano next to me, to the right of the bed by the window. I got out of bed, sat at the piano, found G, found F sharp minor 7th—and that leads you through then to B to E minor, and finally back to E. It all leads forward logicallymột cách hợp lý. I liked the melodygiai điệu a lot, but because I’d dreamed it, I couldn’t believe I’d written it. I thought, “No, I’ve never written anything like this before.” But I had, which was the most magic thing!
 Having been bornsinh ra and raised in Liverpool, I am admittedly biasedthành kiến toward emphasizingnhấn mạnh the dreaming brilliancesáng chói of the Beatles. Not to be outdone, however, Keith Richards of the Rolling Stones has arguablyđược cho là the best sleep-inspired story, which gave rise to the opening riffriff of their song “Satisfaction.” Richards would routinely keep a guitar and tape recordermáy ghi âm at his bedsideđầu giường to record ideas that would come to him in the night. He describes the following experience on May 7, 1965, after having returned to his hotel room in Clearwater, Florida, following a performance that evening:
 I go to bed as usual with my guitar, and I wake up the next morning, and I see that the tape is run to the very end. And I think, “Well, I didn’t do anything. Maybe I hit a button when I was asleepngủ.” So I put it back to the beginning and pushed play and there, in some sort of ghostlyma quái version, is [the opening lines to “Satisfaction”]. It was a whole versethơ of it. And after that, there’s 40 minutes of me snoringngáy. But there’s the song in its embryophôi thai, and I actually dreamt the damned thing.
 The creative musengân nga of dreaming has also sparkedtia lửa countlessvô số literaryvăn chương ideas and epicssử thi. Take the author Mary Shelley, who passed through a most frighteningđáng sợ dream scene one summer night in 1816 while staying in one of Lord Byron’s estates near Lake Geneva—a dream she almost took to be waking reality. That dreamscape gave Shelley the vision and narrativechuyện kể for the spectacularhùng vĩ gothic novel Frankenstein. Then there is the French surrealist poet St. Paul Boux, who well understood the fertilephì nhiêu talents of dreaming. Before retiring each night, he is said to have hung a sign on his bedroom door that read: “Do Not Disturb: Poet at Work.”III
 Anecdotes such as these are enjoyablethú vị stories to tell, but they do not serve as experimentalthực nghiệm datadữ liệu. What, then, is the scientific evidence establishing that sleep, and specifically REM sleep and dreaming, provides a form of associativekết hợp memory processing—one that fostersnuôi dưỡng problem solving? And what is so special about the neurophysiologysinh lý thần kinh of REM sleep that would explain these creative benefits, and the dreaming obligatebắt buộc to them?
 REM-SLEEP FUZZY LOGIC
 An obviousrõ ràng challenge to testing the brain when it is asleepngủ is that . . . it is asleepngủ. Sleeping individuals cannot engage in computerizedvi tính hóa tests nor provide useful responses—the typicalđặc trưng way that cognitivenhận thức scientists assessđánh giá the workings of the brain. Short of lucidminh mẫn dreaming, which we will address at the end of this chapter, sleep scientists have been left wanting in this regardvề. We have frequently been resigned to passively observing brain activity during sleep, without ever being able to have participants perform tests while they are sleeping. Rather, we measure waking performance before and after sleep and determinequyết tâm if the sleep stages or dreaming that occurred in between explains any observed benefit the next day.
 I and my colleague at Harvard Medical School Robert Stickgold designed a solution to this problem, albeitmặc dù an indirectgián tiếp and imperfectkhông hoàn hảo one. In chapter 7 I described the phenomenonhiện tượng of sleep inertia—the carryoverchuyển giao of the prior sleeping brain state into wakefulnesssự tỉnh táo in the minutes after waking up. We wondered whether we could turn this brief window of sleep inertiaquán tính to our experimentalthực nghiệm advantage—not by waking subjects up in the morning and testing them, but rather by waking individuals up from different stages of NREM sleep and REM sleep throughout the night.
 The dramatickịch alterationsthay đổi in brain activity during NREM and REM sleep, and their tidalthủy triều shifts in neurochemicalhóa học thần kinh concentrations, do not reverse instantaneously when you awakenđánh thức. Instead, the neuralthần kinh and chemical properties of that particular sleep stage will lingernán lại, creating the inertiaquán tính period that separates true wakefulnesssự tỉnh táo from sleep, and last some minutes. Upon enforcedthi hành awakeningthức tỉnh, the brain’s neurophysiologysinh lý thần kinh starts out far more sleep-like than wake-like and, with each passing minute, the concentration of the prior sleep stage from which an individual has been woken will graduallydần dần fade from the brain as true wakefulnesssự tỉnh táo rises to the surface.
 By restricting the length of whatever cognitivenhận thức test we performed to just ninety seconds, we felt we could wake individuals up and very quickly test them in this transitionalchuyển tiếp sleep phase. In doing so, we could perhaps capture some of the functional properties of the sleep stage from which the participant was woken, like capturing the vaporshơi nước of an evaporatingbay hơi substance and analyzing those vaporshơi nước to draw conclusions about the properties of the substance itself.
 It worked. We developed an anagramđảo ngữ task in which the letters of real words were scrambledtranh giành. Each word was composed of five letters, and the anagramđảo ngữ puzzlescâu đố only had one correct solution (e.g., “OSEOG” = “GOOSE”). Participants would see the scrambledtranh giành words one at a time on the screen for just a few seconds, and they were asked to speak the solution, if they had one, before the time ran out and the next anagramđảo ngữ word puzzlecâu đố appeared on the screen. Each test session lasted only ninety seconds, and we recorded how many problems the participants correctly solved within this brief inertiaquán tính period. We would then let the participants fall back asleepngủ.
 The subjects had the task described to them before going to bed in the sleep laboratory with electrodesđiện cực placed on the head and face so that I could measure their sleep unfoldingmở ra in real time on a monitor next door. The participants also performed a number of trials before getting into bed, allowing them to get familiar with the task and how it worked. After falling asleepngủ, I then woke subjects up four times throughout the night, twice from NREM sleep early and late in the night, and twice from REM sleep, also early and late in the night.
 Upon awakeningsthức tỉnh from NREM sleep, participants did not appear to be especially creative, solving few of the anagramđảo ngữ puzzlescâu đố. But it was a different story when I woke them up out of REM sleep, from the dreaming phase. Overall, problem-solving abilities rocketedtên lửa up, with participants solving 15 to 35 percent more puzzlescâu đố when emergingmới nổi from REM sleep compared with awakeningsthức tỉnh from NREM sleep or during daytimeban ngày waking performance!
 Moreover, the way in which the participants were solving the problems after exitinglối ra REM sleep was different from how they solved the problems both when emergingmới nổi from NREM sleep and while awakethức giấc during the day. The solutions simply “popped out” following awakeningsthức tỉnh from REM sleep, one subject told me, though at the time, they did not know they had been in REM sleep just prior. Solutions seemed more effortlessdễ dàng when the brain was being bathedtắm by the afterglowhào quang of dream sleep. Based on response times, solutions arrived more instantaneously following an REM sleep awakeningthức tỉnh, relative to the slower, deliberativethảo luận solutions that came when that same individual was exitinglối ra NREM sleep or when they were awakethức giấc during the day. The lingeringkéo dài vaporshơi nước of REM sleep were providing a more fluiddịch, divergentkhác nhau, “open-minded” state of information processing.
 Using the same type of experimentalthực nghiệm awakeningthức tỉnh method, Stickgold performed another cleverthông minh test that reaffirmedkhẳng định lại how radically different the REM-sleep dreaming brain operates when it comes to creative memory processing. He examined the way in which our stores of related concepts, also known as semanticngữ nghĩa knowledge, function at night. It’s this semanticngữ nghĩa knowledge like a pyramidalkim tự tháp family tree of relatednesssự liên quan that fans out from top to bottom in order of relatednesssự liên quan strength. Figure 14 is an example of one such associativekết hợp web pluckednhổ from my own mind regarding UC Berkeley, where I am a professor:
  Figure 14: Example of a Memory Association Network
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 Using a standard computer test, Stickgold measured how these associativekết hợp networks of information operated following NREM-sleep and REM-sleep awakeningsthức tỉnh, and during standard performance during the waking day. When you wake the brain from NREM or measure performance during the day, the operating principles of the brain are closely and logicallymột cách hợp lý connected, just as pictured in figure 14. However, wake the brain up from REM sleep and the operating algorithmthuật toán was completely different. Gone is the hierarchyhệ thống cấp bậc of logicalhợp lý associativekết hợp connection. The REM-sleep dreaming brain was utterly uninterestedkhông quan tâm in blanddịu dàng, commonsenselương tri links—the one-step-to-the-next associations. Instead, the REM-sleep brain was shortcutting the obviousrõ ràng links and favoring very distantly related concepts. The logic guards had left the REM-sleep dreaming brain. Wonderfully eclecticchiết trung lunaticsngười mất trí were now running the associativekết hợp memory asylumtị nạn. From the REM-sleep dreaming state, almost anything goes—and the more bizarrekỳ dị the better, the results suggested.
 The two experiments of anagramđảo ngữ solving and semanticngữ nghĩa priming revealed how radically different the operating principles of the dreaming brain were, relative to those of NREM sleep and wakefulnesssự tỉnh táo. As we enter REM sleep and dreaming takes hold, an inspired form of memory mixologypha chế begins to occur. No longer are we constrainedhạn chế to see the most typicalđặc trưng and plainly obviousrõ ràng connections between memory units. On the contrarytrái ngược, the brain becomes actively biasedthành kiến toward seeking out the most distantxa xôi, nonobvious links between sets of information.
 This wideningmở rộng of our memory aperturemiệng vỏ is akingiống to peering through a telescopekính thiên văn from the opposing end. When we are awakethức giấc we are looking through the wrong end of the telescopekính thiên văn if transformational creativitysáng tạo is our goal. We take a myopiccận thị, hyperfocused, and narrow view that cannot capture the full informationalthông tin cosmosvũ trụ on offer in the cerebrumđại não. When awakethức giấc, we see only a narrow set of all possible memory interrelationships. The opposite is true, however, when we enter the dream state and start looking through the other (correct) end of the memory-surveying telescopekính thiên văn. Using that wide-angle dream lensthấu kính, we can apprehendnắm bắt the full constellationchòm sao of stored information and their diversephong phú combinatorialtổ hợp possibilities, all in creative servitudenô lệ.
 MEMORY MELDING IN THE FURNACE OF DREAMS
 Overlay these two experimentalthực nghiệm findings onto the dream-inspired-problem-solving claims, such as those of Dmitri Mendeleev, and two clear, scientifically testable hypothesesgiả thuyết emergehiện ra.
 First, if we feed a waking brain with the individual ingredientsnguyên liệu of a problem, novel connections and problem solutions should preferentially—if not exclusively—emerge after time spent in the REM dreaming state, relative to an equivalent amount of deliberativethảo luận time spent awakethức giấc. Second, the content of people’s dreams, above and beyond simply having REM sleep, should determinequyết tâm the success of those hyper-associative problem-solving benefits. As with the effects of REM sleep on our emotional and mental well-being explored in the previous chapter, the lattersau này would prove that REM sleep is necessary but not sufficient. It is both the act of dreaming and the associated content of those dreams that determinequyết tâm creative success.
 That is precisely what we and others have found time and again. As an example, let’s say that I teach you a simple relationship between two objects, A and B, such that A should be chosen over object B (A>B). Then I teach you another relationship, which is that object B should be chosen over object C (B>C). Two separate, isolatedbị cô lập premisestiền đề. If I then show you A and C together, and ask you which you would choose, you would very likely pick A over C because your brain made an inferentialsuy luận leap. You took two preexistingtồn tại từ trước memories (A>B and B>C) and, by flexiblylinh hoạt interrelating them (A>B>C), came up with a completely novel answer to a previously unaskedkhông được hỏi question (A>C). This is the power of relationalquan hệ memory processing, and it is one that receives an acceleratedtăng tốc boost from REM sleep.
 In a study conducted with my Harvard colleague Dr. Jeffrey Ellenbogen, we taught participants lots of these individual premisestiền đề that were nestedtổ in a large chain of interconnectednesssự liên kết với nhau. Then we gave them tests that assessedđánh giá not just their knowledge of these individual pairs, but also assessedđánh giá whether they knew how these items connected together in the associativekết hợp chain. Only those who had slept and obtainedđạt được late-morning REM sleep, rich in dreaming, showed evidence of linking the memory elements together (A>B>C>D>E>F, etc.), making them capable of the most distantxa xôi associativekết hợp leaps (e.g., B>E). The very same benefit was found after daytimeban ngày napsngủ trưa of sixty to ninety minutes that also included REM sleep.
 It is sleep that builds connections between distantly related informationalthông tin elements that are not obviousrõ ràng in the light of the waking day. Our participants went to bed with disparatechênh lệch pieces of the jigsawghép hình and woke up with the puzzlecâu đố complete. It is the difference between knowledge (retentiongiữ lại of individual facts) and wisdomkhôn ngoan (knowing what they all mean when you fit them together). Or, said more simply, learning versus comprehensionbao quát. REM sleep allows your brain to move beyond the former and truly graspsự hiểu biết the lattersau này.
 Some may consider this informationalthông tin daisy-chaining to be trivialkhông đáng kể, but it is one of the key operations differentiatingphân biệt your brain from your computer. Computers can store thousands of individual files with precisionđộ chính xác. But standard computers do not intelligentlymột cách thông minh interlinkliên kết với nhau those files in numerous and creative combinations. Instead, computer files sit like isolatedbị cô lập islands. Our human memories are, on the other hand, richlyphong phú interconnectedkết nối với nhau in webs of associations that lead to flexiblelinh hoạt, predictivetiên đoán powers. We have REM sleep, and the act of dreaming, to thank for much of that inventivephát minh hard work.
 CODE CRACKING AND PROBLEM SOLVING
 More than simply meldingpha trộn information together in creative ways, REM-sleep dreaming can take things a step further. REM sleep is capable of creating abstract overarchingbao quát knowledge and super-ordinate concepts out of sets of information. Think of an experienced physicianbác sĩ who is able to seemingly intuittrực giác a diagnosischẩn đoán from the many tens of varied, subtletế nhị symptoms she observes in a patient. While this kind of abstractivetrừu tượng skill can come after years of hard-earned experience, it is also the very same accurate gistý chính extractionkhai thác that we have observed REM sleep accomplishinghoàn thành within just one night.
 A delightfulthú vị example is observed in infantstrẻ sơ sinh abstracting complex grammaticalngữ pháp rules in a language they must learn. Even eighteen-month-old babies have been shown to deducesuy ra high-level grammaticalngữ pháp structure from novel languages they hear, but only after they have slept following the initial exposurephơi bày. As you will recall, REM sleep is especially dominanttrội during this early-life window, and it is that REM sleep that plays a critical role in the development of language, we believe. But that benefit extends beyond infancy—very similar results have been reported in adults who are required to learn new language and grammar structures.
 Perhaps the most striking proof of sleep-inspired insightcái nhìn thấu suốt, and one I most frequently describe when giving talks to start-up, techcông nghệ, or innovativeđổi mới business companies to help them prioritizeưu tiên employee sleep, comes from a study conducted by Dr. Ullrich Wagner at the University of Lübeck, Germany. Trust me when I say you’d really rather not be a participant in these experiments. Not because you have to suffer extreme sleep deprivationtước đoạt for days, but because you have to work through hundreds of miserablymột cách khốn khổ laborioussiêng năng number-string problems, almost like having to do long division for an hour or more. Actually “laborioussiêng năng” is far too generoushào phóng a descriptionSự miêu tả. It’s possible some people have lost the will to live while trying to sit and solve hundreds of these number problems! I know, I’ve taken the test myself.
 You will be told that you can work through these problems using specific rules that are provided at the start of the experiment. Sneakily, what the researchers do not tell you about is the existence of a hidden rule, or shortcutđường tắt, common across all the problems. If you figure out this embeddednhúng cheatgian lận, you can solve many more problems in a far shorter time. I’ll return to this shortcutđường tắt in just a minute. After having had participants perform hundreds of these problems, they were to return twelve hours later and once again work through hundreds more of these mind-numbing problems. However, at the end of this second test session, the researchers asked whether the subjects had cottonedbông on to the hidden rule. Some of the participants spent that twelve-hour time delay awakethức giấc across the day, while for others, that time window included a full eight-hour night of sleep.
 After time spent awakethức giấc across the day, despite the chance to consciously deliberatecố ý on the problem as much as they desired, a rather paltrykhông đáng kể 20 percent of participants were able to extract the embeddednhúng shortcutđường tắt. Things were very different for those participants who had obtainedđạt được a full night of sleep—one dressed with late-morning, REM-rich slumbergiấc ngủ. Almost 60 percent returned and had the “ah-ha!” moment of spotting the hidden cheat—which is a threefoldgấp ba lần difference in creative solution insightcái nhìn thấu suốt afforded by sleep!
 Little wonder, then, that you have never been told to “stay awakethức giấc on a problem.” Instead, you are instructeddạy to “sleep on it.” Interestingly, this phrasecụm từ, or something close to it, exists in most languages (from the French dormir sur un problem, to the Swahili kulala juu ya tatizo), indicating that the problem-solving benefit of dream sleep is universal, common across the globekhối cầu.
 FUNCTION FOLLOWS FORM—DREAM CONTENT MATTERS
 The author John Steinbeck wrote, “A problem difficult at night is resolved in the morning after the committeeủy ban of sleep has worked on it.” Should he have prefacedlời nói đầu “committeeủy ban” with the word “dream”? It appears so. The content of one’s dreams, more than simply dreaming per se, or even sleeping, determinesquyết tâm problem-solving success. Though such a claim has long been made, it took the adventsự ra đời of virtualảo reality for us to prove as much—and in the process, shore up the claims of Mendeleev, Loewi, and many other nocturnalsống về đêm troubleshooterstrình khắc phục sự cố.
 Enter my collaboratorcộng tác viên Robert Stickgold, who designed a cleverthông minh experiment in which participants explored a computerizedvi tính hóa virtualảo reality mazemê cung. During an initial learning session, he would start participants off from different random locations within the virtualảo mazemê cung and ask them to navigateđiều hướng their way out through exploratorythám hiểm trial and error. To aid their learning, Stickgold placed uniqueđộc nhất objects, such as a Christmas tree, to act as orientationđịnh hướng or anchormỏ neo points at specific locations within the virtualảo mazemê cung.
 Almost a hundred research participants explored the mazemê cung during the first learning session. Thereafter, half of them took a ninety-minute napngủ trưa, while the other half remained awakethức giấc and watched a video, all monitored with electrodesđiện cực placed on the head and face. Throughout the ninety-minute epochkỷ nguyên, Stickgold would occasionally wake the nappingngủ trưa individuals and ask them about the content of any dreams they were having, or for the group that remained awakethức giấc, ask them to report any particular thoughts that were going through their minds at the time. Following the ninety-minute period, and after another hour or so to overcome sleep inertiaquán tính in those who nappedchợp mắt, everyone was dropped back into the virtualảo mazemê cung and tested once more to see if their performance was any better than during initial learning.
 It should come as no surprise by now that those participants who took a napngủ trưa showed superiorthượng đẳng memory performance on the mazemê cung task. They could locate the navigationdẫn đường cluesđầu mối with ease, finding their way around and out of the mazemê cung faster than those who had not slept. The novel result, however, was the difference that dreaming made. Participants who slept and reported dreaming of elements of the mazemê cung, and themes around experiences clearly related to it, showed almost ten times more improvement in their task performance upon awakeningthức tỉnh than those who slept just as much, and also dreamed, but did not dream of maze-related experiences.
 As in his earlier studies, Stickgold found that the dreams of these super-navigators were not a precisechính xác replayphát lại of the initial learning experience while awakethức giấc. For example, one participant’s dream report stated: “I was thinking about the mazemê cung and kinda having people as checkpointstrạm kiểm soát, I guess, and then that led me to think about when I went on this trip a few years ago and we went to see these batcon dơi caveshang, and they’re kind of like, maze-like.” There were no batscon dơi in Stickgold’s virtualảo mazemê cung, nor were there any other people or checkpointstrạm kiểm soát. Clearly, the dreaming brain was not simply recapitulatingtóm tắt lại or re-creating exactly what happened to them in the mazemê cung. Rather, the dream algorithmthuật toán was cherry-picking salientQuan trọng fragmentsmiếng of the prior learning experience, and then attempting to place those new experiences within the back catalogmục lục of preexistingtồn tại từ trước knowledge.
 Like an insightfulsâu sắc interviewerngười phỏng vấn, dreaming takes the approach of interrogatingthẩm vấn our recent autobiographicaltự truyện experience and skillfully positioning it within the contextbối cảnh of past experiences and accomplishmentsthành tích, building a rich tapestrytấm thảm of meaning. “How can I understand and connect that which I have recently learned with that I already know, and in doing so, discover insightfulsâu sắc new links and revelationsmặc khải?” Moreover, “What have I done in the past that might be useful in potentially solving this newly experienced problem in the future?” Different from solidifyinghóa rắn memories, which we now realize to be the job of NREM sleep, REM sleep, and the act of dreaming, takes that which we have learned in one experience setting and seeks to apply it to others stored in memory.
 When I have discussed these scientific discoveries in public lectures, some individuals will question their validityhiệu lực on the grounds of historicallịch sử legendshuyền thoại who were acclaimedhoan hô short-sleepers, yet still demonstratedchứng minh remarkable creative prowessnăng lực. One common name that I frequently encounter in such rebuttalsbác bỏ is the inventorngười phát minh Thomas Edison. We will never truly know if Edison was the short-sleeper that some, including himself, claim. What we do know, however, is that Edison was a habitual daytimeban ngày napper. He understood the creative brilliancesáng chói of dreaming, and used it ruthlessly as a tool, describing it as “the geniusthiên tài gap.”
 Edison would allegedlybị cáo buộc position a chair with armreststay vịn at the side of his study desk, on top of which he would place a padtập giấy of paper and a pen. Then he would take a metal saucepanxoong chảo and turn it upsidelộn ngược down, carefully positioning it on the floor directly below the right-side armresttay vịn of the chair. If that were not strange enough, he would pick up two or three steel ball bearings in his right hand. Finally, Edison would settle himself down into the chair, right hand supported by the armresttay vịn, graspingnắm bắt the ball bearings. Only then would Edison ease back and allow sleep to consume him whole. At the moment he began to dream, his muscle tone would relax and he would release the ball bearings, which would crash on the metal saucepanxoong chảo below, waking him up. He would then write down all of the creative ideas that were flooding his dreaming mind. Genius, wouldn’t you agree?
 CONTROLLING YOUR DREAMS—LUCIDITY
 No chapter on dreaming can go unfinished without mention of luciditysự sáng suốt. Lucid dreaming occurs at the moment when an individual becomes aware that he or she is dreaming. However, the term is more colloquiallythông tục used to describe gaining volitional control of what an individual is dreaming, and the ability to manipulatevận dụng that experience, such as deciding to fly, or perhaps even the functions of it, such as problem solving.
 The concept of lucidminh mẫn dreaming was once considered a shamgiả tạo. Scientists debatedtranh luận its very existence. You can understand the skepticismchủ nghĩa hoài nghi. First, the assertionquả quyết of consciousbiết rõ control over a normally non-volitional process injectstiêm a heavy doseliều lượng of ludicrouslố bịch into the already preposterouslố bịch experience we call dreaming. Second, how can you objectively prove a subjectivechủ quan claim, especially when the individual is fast asleepngủ during the act?
 Four years ago, an ingeniouskhéo léo experiment removed all such doubt. Scientists placed lucidminh mẫn dreamersngười mơ mộng inside an MRI scannermáy quét. While awakethức giấc, these participants first clenchednắm chặt their left and then right hand, over and over. Researchers took snapshotsảnh chụp nhanh of brain activity, allowing them to define the precisechính xác brain areas controlling each hand of each individual.
 The participants were allowed to fall asleepngủ in the MRI scannermáy quét, entering REM sleep where they could dream. During REM sleep, however, all voluntary muscles are paralyzedtê liệt, preventing the dreamerngười mơ mộng from acting out ongoingđang diễn ra mental experience. Yet, the muscles that control the eyes are spared from this paralysisbại liệt, and give this stage of sleep its freneticđiên cuồng name. Lucid dreamersngười mơ mộng were able to take advantage of this ocularbằng mắt freedom, communicating with the researchers through eye movements. Pre-defined eye movements would therefore inform the researchers of the nature of the lucidminh mẫn dream (e.g., the participant made three deliberatecố ý leftwardtrái eye movements when they gained lucidminh mẫn dream control, two rightwardsang phải eye movements before clenchingnắm chặt their right hand, etc.). Non-lucid dreamersngười mơ mộng find it difficult to believe that such deliberatecố ý eye movements are possible while someone is asleepngủ, but watch a lucidminh mẫn dreamerngười mơ mộng do it a number of times, and it is impossible to denytừ chối.
 When participants signaled the beginning of the lucidminh mẫn dream state, the scientists began taking MRI pictures of brain activity. Soon after, the sleeping participants signaled their intentý định to dream about moving their left hand, then their right hand, alternatingxen kẽ over and over again, just as they did when awakethức giấc. Their hands were not physicallythể chất moving—they could not, due to the REM-sleep paralysisbại liệt. But they were moving in the dream.
 At least, that was the subjectivechủ quan claim from the participants upon awakeningthức tỉnh. The results of the MRI scans objectively proved they were not lying. The same regions of the brain that were active during physical right and left voluntary hand movements observed while the individuals were awakethức giấc similarly lit up in corresponding ways during times when the lucidminh mẫn participants signaled that they were clenchingnắm chặt their hands while dreaming!
 There could be no question. Scientists had gained objective, brain-based proof that lucidminh mẫn dreamersngười mơ mộng can control when and what they dream while they are dreaming. Other studies using similar eye movement communication designs have further shown that individuals can deliberatelythong thả bring themselves to timed orgasmcực khoái during lucidminh mẫn dreaming, an outcome that, especially in males, can be objectively verifiedxác minh using physiologicalsinh lý measures by (bravecan đảm) scientists.
 It remains unclear whether lucidminh mẫn dreaming is beneficialcó lợi or detrimentalbất lợi, since well over 80 percent of the general populacequần chúng are not natural lucidminh mẫn dreamersngười mơ mộng. If gaining voluntary dream control were so useful, surely Mother Nature would have imbuedthấm nhuần the massestập thể dục with such a skill.
 However, this argument makes the erroneoussai assumptiongiả thiết that we have stopped evolvingphát triển. It is possible that lucidminh mẫn dreamersngười mơ mộng represent the next iterationsự lặp đi lặp lại in Homo sapiensngười tinh khôn’ evolutionsự tiến hóa. Will these individuals be preferentially selected for in the future, in part on the basis of this unusual dreaming ability—one that may allow them to turn the creative problem-solving spotlightđiểm sáng of dreaming on the waking challenges faced by themselves or the human race, and advantageouslythuận lợi harnesskhai thác its power more deliberatelythong thả?
 
 I. One example is language learning, and the extractionkhai thác of new grammaticalngữ pháp rules. Children exemplifynêu gương, lam mâu mực this. They will start using the laws of grammar (e.g., conjunctionssự liên kết, tensescăng thẳng, pronounsđại từ, etc.) long before they understand what these things are. It is during sleep that their brains implicitlymặc nhiên extract these rules, based on waking experience, despite the child lacking explicitrõ ràng awareness of the rules.
 II. Quoted by B. M. Kedrov in his text, “On the question of the psychologytâm lý of scientific creativitysáng tạo (on the occassion of the discovery by D. I. Mendeleev of the periodicđịnh kỳ law).” Soviet Psychology, 1957, 3:91–113.
 III. This odeca ngợi to the creative juicesnước ép of dream sleep is sometimes also attributedthuộc tính to the French Symbolist poet Paul-Pierre Roux.
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CHAPTER 12
 
 
 
 Things That Go Bump in the Night
 Sleep Disorders and Death Caused by No Sleep
 Few other areas of medicine offer a more disturbing or astonishingkinh ngạc arraymảng of disorders than those concerning sleep. Considering how tragicbi thảm and remarkable disorders in those other fields can be, this is quite a claim. Yet when you consider that odditiessự kỳ lạ of slumbergiấc ngủ include daytimeban ngày sleep attacks and body paralysisbại liệt, homicidalgiết người sleepwalkingmộng du, dream enactmentban hành, and perceivednhận thức alienngười ngoài hành tinh abductionsbắt cóc, the assertionquả quyết starts to sound more validcó hiệu lực. Most astonishingkinh ngạc of all, perhaps, is a rare form of insomniamất ngủ that will kill you within months, supported by the life-extinguishing upshotkết quả cuối cùng of extreme total sleep deprivationtước đoạt in animal studies.
 This chapter is by no means a comprehensivetoàn diện review of all sleep disorders, of which there are now over one hundred known. Nor is it meant to serve as a medical guide to any one disorder, since I am not a board certifiedchứng nhận doctor of sleep medicine, but rather a sleep scientist. For those seeking advice on sleep disorders, I recommend visiting the National Sleep Foundation website,I and there you will find resources on sleep centers near you.
 Rather than attempting a quick-fire laundrygiặt ủi list of the many tens of sleep disorders that exist, I have chosen to focus on a select few—namely somnambulismmộng du, insomniamất ngủ, narcolepsychứng ngủ rũ, and fatalgây tử vong familialgia đình insomnia—from the vantage point of science, and what the science of these disorders can meaningfullycó ý nghĩa teach us about the mysteriesbí ẩn of sleeping and dreaming.
 SOMNAMBULISM
 The term “somnambulismmộng du” refers to sleep (somnus) disorders that involve some form of movement (ambulation). It encompassesbao gồm conditions such as sleepwalkingmộng du, sleep talking, sleep eating, sleep texting, sleep sex, and, very rarely, sleep homicidetội giết người.
 Understandably, most people believe these events happen during REM sleep as an individual is dreaming, and specifically acting out ongoingđang diễn ra dreams. However, all these events arise from the deepest stage of non-dreaming (NREM) sleep, and not dream (REM) sleep. If you rouseđánh thức an individual from a sleepwalkingmộng du event and ask what was going through their mind, rarely will they report a thing—no dream scenariokịch bản, no mental experience.
 While we do not yet fully understand the cause of somnambulismmộng du episodes, the existing evidence suggests that an unexpectedkhông ngờ tới spikemũi nhọn in nervous system activity during deep sleep is one triggercò súng. This electrical joltgiật mình compelsbắt buộc the brain to rockettên lửa from the basementtầng hầm of deep NREM sleep all the way to the penthousecăn hộ áp mái of wakefulnesssự tỉnh táo, but it gets stuck somewhere in between (the thirteenth floor, if you will). Trapped between the two worlds of deep sleep and wakefulnesssự tỉnh táo, the individual is confinedhạn chế to a state of mixed consciousness—neither awakethức giấc nor asleepngủ. In this confused condition, the brain performs basic but well-rehearsed actions, such as walking over to a closetbuồng nhỏ and opening it, placing a glass of water to the lips, or utteringthốt ra a few words or sentences.
 A full diagnosischẩn đoán of somnambulismmộng du can require the patient to spend a night or two in a clinical sleep laboratory. Electrodes are placed on the head and body to measure the stages of sleep, and an infraredtia hồng ngoại video camera on the ceilingtrần nhà records the nighttimeban đêm events, like a single night-vision gogglekính bảo hộ. At the moment when a sleepwalkingmộng du event occurs, the video camera footageđoạn phim and the electrical brainwavesóng não readoutsđọc to stop agreeing. One suggests that the other is lying. Watching the video, the patient is clearly “awakethức giấc” and behaving. They may sit up on the edge of the bed and begin talking. Others may attempt to put on clothesquần áo and walk out of the room. But look at the brainwavesóng não activity and you realize that the patient, or at least their brain, is sound asleepngủ. There are the clear and unmistakable slow electrical waves of deep NREM sleep, with no sign of fast, freneticđiên cuồng waking brainwavesóng não activity.
 For the most part, there is nothing pathologicalbệnh lý about sleepwalkingmộng du or sleep talking. They are common in the adult population, and even more common in children. It is not clear why children experience somnambulismmộng du more than adults, nor is it clear why some children grow out of having these nighttimeban đêm events, while others will continue to do so throughout their lives. One explanation of the former is simply the fact that we have greater amounts of deep NREM sleep when we are young, and therefore the statisticalthống kê likelihoodkhả năng of sleepwalkingmộng du and sleep talking episodes occurring is higher.
 Most episodes of the condition are harmlessvô hại. Occasionally, however, adult somnambulismmộng du can result in a much more extreme set of behaviors, such as those performed by Kenneth Parks in 1987. Parks, who was twenty-three years old at the time, lived with his wife and five-month-old daughter in Toronto. He had been suffering from severe insomniamất ngủ caused by the stress of joblessness and gamblingbài bạc debts. By all accounts, Parks was a nonviolentbất bạo động man. His mother-in-law—with whom he had a good relationship—called him a “gentle giant” on the basis of his placidđiềm tĩnh nature yet considerable height and broad-shouldered form (he stood six foot four, and weighed 225 pounds). Then came May 23.
 After falling asleepngủ on the couchđi văng around 1:30 a.m. while watching television, Parks arose and got in his car, barefootchân trần. Depending on the route, it is estimated that Parks drove approximately fourteen miles to his in-laws’ home. Upon entering the house, Parks made his way upstairstầng trên, stabbedcú đâm his mother-in-law to death with a knife he had taken from their kitchen, and strangledbóp cổ his father-in-law unconsciousbất tỉnh after similarly attacking him with a cleaverdao phay (his father-in-law survived). Parks then got back in his car and, upon regaininggiành lại full waking consciousnessý thức at some point, drove to a police station and said, “I think I have killed some people . . . my hands.” Only then did he realize the blood flowing down his arms as a result of severingcắt đứt his own flexoruốn cong tendonsgân with the knife.
 Since he could remember only vaguemơ hồ fragmentsmiếng of the murder (e.g., flashes of his mother-in-law’s face with a “help me” look on it), had no motiveđộng cơ, and had a long history of sleepwalkingmộng du (as did other members of his family), a team of defense experts concluded that Ken Parks was asleepngủ when he committed the crime, suffering a severe episode of sleepwalkingmộng du. They argued that he was unawarekhông biết of his actions, and thus not culpablecó tội. On May 25, 1988, a jurybồi thẩm đoàn renderedkết xuất a verdictbản án of not guilty. This defense has been attempted in a number of subsequenttiếp theo cases, most of which have been unsuccessfulthất bại.
 The story of Ken Parks is of the most tragicbi thảm kind, and to this day Parks struggles with a guilttội lỗi one suspects may never leave him. I offer the account not to scare the reader, nor to try to sensationalizegiật gân the diretàn khốc events of that late May night in 1987. Rather, I offer it to illustrateMinh họa how non-volitional acts arising from sleep and its disorders can have very real legal, personal, and societalxã hội consequenceskết quả, and demand the contribution of scientists and doctors in arriving at the appropriatephù hợp legal justice.
 I also want to note, for the concernedlo âu sleepwalkersngười mộng du reading this chapter, that most somnambulismmộng du episodes (e.g., sleep walking, talking) are considered benignnhẹ and do not require interventionsự can thiệp. Medicine will usually step in with treatment solutions only if the afflictedđau khổ patient or his caretakergiữ nhà, partner, or parent (in the case of children) feels that the condition is compromising health or poses a risk. There are effective treatments, and it is a shamenỗi tủi nhục one never arrived in time for Ken Parks prior to that ill-fated evening in May.
 INSOMNIA
 For many individuals these days, shudderrùng mình quotestrích dẫn have come home to roostchỗ ngủ around the phrasecụm từ “a good night’s sleep,” as the writer Will Self has lamentedthan thở. Insomnia, to which his grumblingscàu nhàu owenợ their origin, is the most common sleep disorder. Many individuals suffer from insomniamất ngủ, yet some believe they have the disorder when they do not. Before describing the features and causes of insomniamất ngủ (and in the next chapter, potential treatment options), let me first describe what insomniamất ngủ is not—and in doing so, reveal what it is.
 Being sleep deprivedtước đoạt is not insomniamất ngủ. In the field of medicine, sleep deprivationtước đoạt is considered as (i) having the adequate ability to sleep; yet (ii) giving oneself an inadequate opportunity to sleep—that is, sleep-deprived individuals can sleep, if only they would take the appropriatephù hợp time to do so. Insomnia is the opposite: (i) suffering from an inadequate ability to generate sleep, despite (ii) allowing oneself the adequate opportunity to get sleep. People suffering from insomniamất ngủ therefore cannot produce sufficient sleep quantity/quality, even though they give themselves enough time to do so (seven to nine hours).
 Before moving on, it is worth noting the condition of sleep-state misperception, also known as paradoxicalnghịch lý insomniamất ngủ. Here, patients will report having slept poorlykém throughout the night, or even not sleeping at all. However, when these individuals have their sleep monitored objectively using electrodesđiện cực or other accurate sleep monitoring devices, there is a mismatchkhông phù hợp. The sleep recordings indicate that the patient has slept far better than they themselves believe, and sometimes indicate that a completely full and healthy night of sleep occurred. Patients suffering from paradoxicalnghịch lý insomniamất ngủ therefore have an illusionảo giác, or misperception, of poor sleep that is not actually poor. As a result, such patients are treated as hypochondriacalchứng đạo đức giả. Though the term may seem dismissivebác bỏ or condescendingcoi thường, it is taken very seriously by sleep medicine doctors, and there are psychologicaltâm lý interventionssự can thiệp that help after the diagnosischẩn đoán is made.
 Returning to the condition of true insomniamất ngủ, there are several different sub-types, in the same way that there are numerous different forms of cancer, for example. One distinctionphân biệt separates insomniamất ngủ into two kinds. The first is sleep onset insomniamất ngủ, which is difficulty falling asleepngủ. The second is sleep maintenance insomniamất ngủ, or difficulty staying asleepngủ. As the actor and comediandiễn viên hài Billy Crystal has said when describing his own battles with insomniamất ngủ, “I sleep like a baby—I wake up every hour.” Sleep onsetbắt đầu and sleep maintenance insomniamất ngủ are not mutuallyhỗ trợ exclusiveloại trừ: you can have one or the other, or both. No matter which of these kinds of sleep problems is occurring, sleep medicine has very specific clinical boxes that must be checked for a patient to receive a diagnosischẩn đoán of insomniamất ngủ. For now, these are:
 [image: Image] Dissatisfaction with sleep quantity or quality (e.g., difficulty falling asleepngủ, staying sleep, early-morning awakeningthức tỉnh)
 [image: Image] Suffering significant distressphiền muộn or daytimeban ngày impairmentsuy giảm
 [image: Image] Has insomniamất ngủ at least three nights each week for more than three months
 [image: Image] Does not have any coexistingcùng tồn tại mental disorders or medical conditions that could otherwise cause what appears to be insomniamất ngủ
 What this really means in terms of boots-on-the-ground patient descriptionsSự miêu tả is the following chronickinh niên situation: difficulty falling asleepngủ, waking up in the middle of the night, waking up too early in the morning, difficulty falling back to sleep after waking up, and feeling unrefreshed throughout the waking day. If any of the characteristicsđặc trưng of insomniamất ngủ feel familiar to you, and have been present for several months, I suggest you consider seeking out a sleep medicine doctor. I emphasizenhấn mạnh a sleep medicine doctor and not necessarily your GP, since GPs—superb as they often are—have surprisingly minimaltối thiểu sleep training during the entiretytoàn bộ of medical school and residencycư trú. Some GPs are understandably aptđúng cách to prescribekê toa a sleeping pillViên thuốc, which is rarely the right answer, as we will see in the next chapter.
 The emphasisnhấn mạnh on durationkhoảng thời gian of the sleep problem (more than three nights a week, for more than three months) is important. All of us will experience difficulty sleeping every now and then, which may last just one night or several. That is normal. There is usually an obviousrõ ràng cause, such as work stress or a flare-up in a social or romantic relationship. Once these things subsidelắng xuống, though, the sleep difficulty usually goes away. Such acutenhọn sleep problems are generally not recognized as chronickinh niên insomniamất ngủ, since clinical insomniamất ngủ requires an ongoingđang diễn ra durationkhoảng thời gian of sleep difficulty, week after week after week.
 Even with this strict definition, chronickinh niên insomniamất ngủ is disarmingly common. Approximately one out of every nine people you pass on the street will meet the strict clinical criteriatiêu chuẩn for insomniamất ngủ, which translates to more than 40 million Americans struggling to make it through their waking days due to wide-eyed nights. While the reasons remain unclear, insomniamất ngủ is almost twice as common in women than in men, and it is unlikely that a simple unwillingnesskhông muốn of men to admit sleep problems explains this very sizablekhá lớn difference between the two sexes. Race and ethnicitydân tộc also make a significant difference, with African Americans and Hispanic Americans suffering higher rates of insomniamất ngủ than Caucasian Americans—findings that have important implicationsngụ ý for well-recognized health disparitieskhác biệt in these communities, such as diabetesbệnh tiểu đường, obesitybéo phì, and cardiovasculartim mạch disease, which have known links to a lack of sleep.
 In truth, insomniamất ngủ is likely to be a more widespreadphổ biến rộng rãi and serious problem than even these sizablekhá lớn numbers suggest. Should you relax the stringentnghiêm khắc clinical criteriatiêu chuẩn and just use epidemiological datadữ liệu as a guide, it is probablecó thể xảy ra that two out of every three people reading this book will regularly have difficulty falling or staying asleepngủ at least one night a week, every week.
 Without belaboringtin tưởng the point, insomniamất ngủ is one of the most pressing and prevalentthịnh hành medical issues facing modern society, yet few speak of it this way, recognize the burden, or feel there is a need to act. That the “sleep aid” industry, encompassingbao trùm prescriptionđơn thuốc sleeping medicationsthuốc and over-the-counter sleep remediesbiện pháp khắc phục, is worth an astonishingkinh ngạc $30 billion a year in the US is perhaps the only statisticthống kê one needs in order to realize how truly gravephần mộ the problem is. Desperate millions of us are willing to pay a lot of money for a good night’s sleep.
 But dollar values do not address the more important issue of what’s causing insomniamất ngủ. Genetics plays a role, though it is not the full answer. Insomnia shows some degree of geneticdi truyền heritability, with estimates of 28 to 45 percent transmissionquá trình lây truyền rates from parent to child. However, this still leaves the majority of insomniamất ngủ being associated with non-genetic causes, or gene-environment (nature-nurture) interactions.
 To date, we have discovered numerous triggerscò súng that cause sleep difficulties, including psychologicaltâm lý, physical, medical, and environmentalthuộc về môi trường factors (with aging being another, as we have previously discussed). External factors that cause poor sleep, such as too much bright light at night, the wrong ambientxung quanh room temperature, caffeinecafein, tobaccothuốc lá, and alcohol consumption—all of which we’ll visit in more detail in the next chapter—can masqueradehóa trang as insomniamất ngủ. However, their origins are not from within you, and therefore not a disorder of you. Rather, they are influences from outside and, once they are addressed, individuals will get better sleep, without changing anything about themselves.
 Other factors, however, come from within a person, and are innatebẩm sinh biologicalsinh học causes of insomniamất ngủ. Noted in the clinical criteriatiêu chuẩn described above, these factors cannot be a symptom of a disease (e.g., Parkinson’s disease) or a side effect of a medicationthuốc (e.g., asthmahen suyễn medicationthuốc). Rather, the cause(s) of the sleep problem must stand alone in order for you to be primarily suffering from true insomniamất ngủ.
 The two most common triggerscò súng of chronickinh niên insomniamất ngủ are psychologicaltâm lý: (1) emotional concerns, or worry, and (2) emotional distressphiền muộn, or anxietysự lo lắng. In this fast-paced, information-overloaded modern world, one of the few times that we stop our persistentkiên trì informationalthông tin consumptionsự tiêu thụ and inwardlyhướng nội reflect is when our heads hit the pillowcái gối. There is no worse time to consciously do this. Little wonder that sleep becomes nearly impossible to initiatebắt đầu or maintain when the spinning cogsrăng cưa of our emotional minds start churningkhuấy động, anxiouslylo lắng worrying about things we did today, things that we forgot to do, things that we must face in the coming days, and even those far in the future. That is no kind of invitation for beckoningra hiệu the calm brainwavessóng não of sleep into your brain, peacefully allowing you to drifttrôi dạt off into a full night of restfulyên tĩnh slumbergiấc ngủ.
 Since psychologicaltâm lý distressphiền muộn is a principalhiệu trưởng instigatorkẻ xúi giục of insomniamất ngủ, researchers have focused on examining the biologicalsinh học causes that underlienền tảng emotional turmoilhỗn loạn. One common culpritthủ phạm has become clear: an overactivehoạt động quá mức sympatheticthông cảm nervous system, which, as we have discussed in previous chapters, is the body’s aggravatingtrầm trọng thêm fight-or-flight mechanismcơ chế. The sympatheticthông cảm nervous system switches on in response to threat and acutenhọn stress that, in our evolutionarytiến hóa past, was required to mobilizehuy động a legitimatehợp pháp fight-or-flight response. The physiologicalsinh lý consequenceskết quả are increased heart rate, blood flow, metabolictrao đổi chất rate, the release of stress-negotiating chemicals such as cortisolcortisol, and increased brain activationkích hoạt, all of which are beneficialcó lợi in the acutenhọn moment of true threat or danger. However, the fight-or-flight response is not meant to be left in the “on” position for any prolongedkéo dài period of time. As we have already touched upon in earlier chapters, chronickinh niên activationkích hoạt of the flight-or-flight nervous system causes myriadvô số health problems, one of which is now recognized to be insomniamất ngủ.
 Why an overactivehoạt động quá mức fight-or-flight nervous system prevents good sleep can be explained by several of the topics we have discussed so far, and some we have not. First, the raised metabolictrao đổi chất rate triggeredcò súng by fight-or-flight nervous system activity, which is common in insomniamất ngủ patients, results in a higher corecốt lõi body temperature. You may remember from chapter 2 that we must drop corecốt lõi body temperature by a few degrees to initiatebắt đầu sleep, which becomes more difficult in insomniamất ngủ patients suffering a raised metabolictrao đổi chất rate and higher operating internal temperature, including in the brain.
 Second are higher levels of the alertness-promoting hormonenội tiết tố cortisolcortisol, and sister neurochemicalshóa học thần kinh adrenalineadrenaline and noradrenalinenoradrenaline. All three of these chemicals raise heart rate. Normally, our cardiovasculartim mạch system calms down as we make the transitionchuyển tiếp into light and then deep sleep. Elevated cardiactrái tim activity makes that transitionchuyển tiếp more difficult. All three of these chemicals increase metabolictrao đổi chất rate, additionallyNgoài ra increasing corecốt lõi body temperature, which further compoundshợp chất the first problem outlined above.
 Third, and related to these chemicals, are altered patterns of brain activity linked with the body’s sympatheticthông cảm nervous system. Researchers have placed healthy sleepersngười ngủ and insomniamất ngủ patients in a brain scannermáy quét and measured the changing patterns of activity as both groups try to fall asleepngủ. In the good sleepersngười ngủ, the parts of the brain related to incitingxúi giục emotions (the amygdalahạch hạnh nhân) and those linked to memory retrospectionnhìn lại (the hippocampushà mã) quickly rampedcon dốc down in their levels of activity as they transitionedchuyển tiếp toward sleep, as did basic alertnesssự tỉnh táo regions in the brain stem. This was not the case for the insomniamất ngủ patients. Their emotion-generating regions and memory-recollection centers all remained active. This was similarly true of the basic vigilancecảnh giác centers in the brain stem that stubbornly continued their wakefultỉnh táo watch. All the while the thalamus—the sensorygiác quan gate of the brain that needs to close shut to allow sleep—remained active and open for business in insomniamất ngủ patients.
 Simply put, the insomniamất ngủ patients could not disengagebuông tha from a pattern of altering, worrisomeđáng lo ngại, ruminativenhai lại brain activity. Think of a time when you closed the lidNắp of a laptop to put it to sleep, but came back later to find that the screen was still on, the cooling fans were still running, and the computer was still active, despite the closed lidNắp. Normally this is because programs and routines are still running, and the computer cannot make the transitionchuyển tiếp into sleep mode.
 Based on the results of brain-imaging studies, an analogoustương tự problem is occurring in insomniamất ngủ patients. Recursive loopsvòng of emotional programs, together with retrospectivehồi tưởng and prospectivetriển vọng memory loopsvòng, keep playing in the mind, preventing the brain from shutting down and switching into sleep mode. It is telling that a direct and causalnguyên nhân connection exists between the fight-or-flight branch of the nervous system and all of these emotion-, memory-, and alertness-related regions of the brain. The bidirectionalhai chiều line of communication between the body and brain amounts to a viciousluẩn quẩn, recurringtái diễn cycle that fuels their thwartingcản trở of sleep.
 The fourth and final set of identified changes has been observed in the quality of sleep of insomniamất ngủ patients when they do finally drifttrôi dạt off. Once again, these appear to have their origins in an overactivehoạt động quá mức fight-or-flight nervous system. Patients with insomniamất ngủ have a lower quality of sleep, reflected in shallower, less powerful electrical brainwavessóng não during deep NREM. They also have more fragmentedmiếng REM sleep, pepperedhạt tiêu by brief awakeningsthức tỉnh that they are not always aware of, yet still cause a degradedGiảm sút chất lượng quality of dream sleep. All of which means that insomniamất ngủ patients wake up not feeling refreshedlàm cho khỏe lại. Consequentially, patients are unable to function well during the day, cognitivelynhận thức and/or emotionally. In this way, insomniamất ngủ is really a 24/7 disorder: as much a disorder of the day as of the night.
 You can now understand how physiologically complex the underlyingcơ bản condition is. No wonder the bluntcùn instruments of sleeping pillsViên thuốc, which simply and primitively sedatenghiêm trang your higher brain, or cortexvỏ não, are no longer recommended as the first-line treatment approach for insomniamất ngủ by the American Medical Association. Fortunately, a non-pharmacological therapy, which we will discuss in detail in the next chapter, has been developed. It is more powerful in restoring naturalistictheo chủ nghĩa tự nhiên sleep in insomniamất ngủ sufferersngười đau khổ, and it elegantlythanh lịch targets each of the physiologicalsinh lý componentsthành phần of insomniamất ngủ described above. Real optimismlạc quan is to be found in these new, non-drug therapies that I urge you to explore should you suffer from true insomniamất ngủ.
 NARCOLEPSY
 I suspect that you cannot recall any truly significant action in your life that wasn’t governed by two very simple rules: staying away from something that would feel bad, or trying to accomplishhoàn thành something that would feel good. This law of approach and avoidancetránh né dictatesra lệnh most of human and animal behavior from a very early age.
 The forces that implementthực hiện this law are positive and negative emotions. Emotions make us do things, as the name suggests (remove the first letter from the word). They motivate our remarkable achievements, incitexúi giục us to try again when we fail, keep us safe from potential harm, urge us to accomplishhoàn thành rewarding and beneficialcó lợi outcomes, and compelbắt buộc us to cultivatecày cấy social and romantic relationships. In short, emotions in appropriatephù hợp amounts make life worth living. They offer a healthy and vitalthiết yếu existence, psychologically and biologicallyvề mặt sinh học speaking. Take them away, and you face a sterilevô trùng existence with no highs or lows to speak of. Emotionless, you will simply exist, rather than live. Tragically, this is the very kind of reality many narcolepticthuốc mê patients are forced to adopt for reasons we will now explore.
 Medically, narcolepsychứng ngủ rũ is considered to be a neurologicalthần kinh disorder, meaning that its origins are within the central nervous system, specifically the brain. The condition usually emergeshiện ra between ages ten and twenty years. There is some geneticdi truyền basis to narcolepsychứng ngủ rũ, but it is not inheritedthừa hưởng. Instead, the geneticdi truyền cause appears to be a mutationđột biến, so the disorder is not passed from parent to child. However, genegien mutationsđột biến, at least as we currently understand them in the contextbối cảnh of this disorder, do not explain all incidencestỷ lệ mắc bệnh of narcolepsychứng ngủ rũ. Other triggerscò súng remain to be identified. Narcolepsy is also not uniqueđộc nhất to humans, with numerous other mammalsđộng vật có vú expressing the disorder.
 There are at least three corecốt lõi symptoms that make up the disorder: (1) excessivequá đáng daytimeban ngày sleepinessbuồn ngủ, (2) sleep paralysisbại liệt, and (3) cataplexy.
 The first symptom of excessivequá đáng daytimeban ngày sleepinessbuồn ngủ is often the most disruptivegây rối and problematiccó vấn đề to the quality of day-to-day life for narcolepticthuốc mê patients. It involves daytimeban ngày sleep attacks: overwhelmingáp đảo, utterly irresistiblekhông thể cưỡng lại urges to sleep at times when you want to be awakethức giấc, such as working at your desk, driving, or eating a meal with family or friends.
 Having read that sentence, I suspect many of you are thinking, “Oh my goodnesslòng tốt, I have narcolepsychứng ngủ rũ!” That is unlikely. It is far more probablecó thể xảy ra that you are suffering from chronickinh niên sleep deprivationtước đoạt. About one in every 2,000 people suffers from narcolepsychứng ngủ rũ, making it about as common as multiple sclerosischứng xơ cứng. The sleep attacks that typifytiêu biểu excessivequá đáng daytimeban ngày sleepinessbuồn ngủ are usually the first symptom to appear. Just to give you a sense of what that feeling is, relative to what you may be considering, it would be the sleepinessbuồn ngủ equivalent of staying awakethức giấc for three to four days straight.
 The second symptom of narcolepsychứng ngủ rũ is sleep paralysisbại liệt: the frighteningđáng sợ loss of ability to talk or move when waking up from sleep. In essencenước hoa, you become temporarily locked in your body.
 Most of these events occur in REM sleep. You will remember that during REM sleep, the brain paralyzeslàm tê liệt the body to keep you from acting out your dreams. Normally, when we wake out of a dream, the brain releases the body from the paralysisbại liệt in perfect synchronyđồng bộ, right at the moment when waking consciousnessý thức returns. However, there can be rare occasions when the paralysisbại liệt of the REM state lingersnán lại on despite the brain having terminatedchấm dứt sleep, rather like that last guest at a party who seems unwillingkhông muốn to recognize the event is over and it is time to leave the premisestiền đề. As a result, you begin to wake up, but you are unable to lift your eyelidsmí mắt, turn over, cry out, or move any of the muscles that control your limbschân tay. Gradually, the paralysisbại liệt of REM sleep does wear off, and you regaingiành lại control of your body, including your eyelidsmí mắt, arms, legs, and mouth.
 Don’t worry if you have had an episode of sleep paralysisbại liệt at some point in your life. It is not uniqueđộc nhất to narcolepsychứng ngủ rũ. Around one in four healthy individuals will experience sleep paralysisbại liệt, which is to say that it is as common as hiccupsnấc cụt. I myself have experienced sleep paralysisbại liệt several times, and I do not suffer from narcolepsychứng ngủ rũ. Narcoleptic patients will, however, experience sleep paralysisbại liệt far more frequently and severely than healthy individuals. This neverthelesstuy nhiên means that sleep paralysisbại liệt is a symptom associated with narcolepsychứng ngủ rũ, but it is not uniqueđộc nhất to narcolepsychứng ngủ rũ.
 A brief detourđường vòng of an otherworldlythế giới khác kind is in order at this moment. When individuals undergo a sleep paralysisbại liệt episode, it is often associated with feelings of dreadkinh sợ and a sense of an intruderkẻ đột nhập being present in the room. The fear comes from an inabilitykhông có khả năng to act in response to the perceivednhận thức threat, such as not being able to shout out, stand up and leave the room, or prepare to defend oneself. It is this set of features of sleep paralysis that we now believe explains a large majority of alienngười ngoài hành tinh abductionbắt cóc claims. Rarely do you hear of aliensngười ngoài hành tinh accostingđi lại an individual in the middle of the day with testimoniallời chứng thực witnesses standing in plain sight, dumbstruckchết lặng by the extraterrestrialngười ngoài hành tinh kidnappingbắt cóc in progress. Instead, most allegedcáo buộc alienngười ngoài hành tinh abductionsbắt cóc take place at night; most classic alienngười ngoài hành tinh visitationsthăm viếng in Hollywood movies like Close Encounters of the Third Kind or E.T. also occur at night. Moreover, victims of claimed alienngười ngoài hành tinh abductionsbắt cóc frequently report the sense of, or real presence of, a being in the room (the alienngười ngoài hành tinh). Finally—and this is the key giveaway—the allegedcáo buộc victim frequently describes having been injectedtiêm with a “paralyzinglàm tê liệt agent.” Consequently, the victim will describe wanting to fight back, run away, or call out for help but being unable to do so. The offendingxúc phạm force is, of course, not aliensngười ngoài hành tinh, but the persistencekiên trì of REM-sleep paralysisbại liệt upon awakeningthức tỉnh.
 The third and most astonishingkinh ngạc corecốt lõi symptom of narcolepsychứng ngủ rũ is called cataplexy. The word comes from the Greek kata, meaning down, and plexis, meaning a stroke or seizure—that is, a falling-down seizureco giật. However, a cataplectic attack is not a seizureco giật at all, but rather a sudden loss of muscle control. This can range from slightmảnh dẻ weakness whereintrong đó the head droopsrủ xuống, the face sagschùng xuống, the jawquai hàm drops, and speech becomes slurrednói ngọng to a bucklingkhóa of knees or a sudden and immediate loss of all muscle tone, resulting in total collapse on the spot.
 You may be old enough to remember a child’s toy that involved an animal, often a donkey, standing on a small, palm-sized pedestalbệ đỡ with a button underneath. It was similar to a puppetcon rối on strings, except that the strings were not attached to the outside limbschân tay, but rather wovendệt through the limbschân tay on the inside, and connected to the button underneath. Depressing the button relaxed the inner string tension, and the donkey would collapse into a heapđống. Release the button, pulling the inner strings tautcăng ra, and the donkey would snap back uprightngay thẳng to firmvững chãi attention. The demolitionphá dỡ of muscle tone that occurs during a full-blown cataplectic attack, resulting in total body collapse, is very much like this toy, but the consequenceskết quả are no laughing matter.
 If this were not wickedđộc ác enough, there is an extra layer of malevolenceác tâm to the condition that truly devastatestàn phá the patient’s quality of life. Cataplectic attacks are not random, but are triggeredcò súng by moderatevừa phải or strong emotions, positive or negative. Tell a funny joke to a narcolepticthuốc mê patient, and they may literallytheo đúng nghĩa đen collapse in front of you. Walk into a room and surprise a patient, perhaps while they are choppingchặt food with a sharp knife, and they will collapse perilously. Even standing in a nice warm shower can be enough of a pleasurabledễ chịu experience to cause a patient’s legs to bucklekhóa and have a potentially dangerous fall caused by the cataplectic muscle loss.
 Now extrapolatengoại suy this, and consider the dangers of driving a car and being startledgiật mình by a loud hornsừng. Or playing an enjoyablethú vị game with your children, or having them jump on you and ticklethọc cù lét you, or feeling strong, tear-welling joy at one of their musical school recitalsđộc tấu. In a narcolepticthuốc mê patient with cataplexy, any one of these may cause the suffererngười đau khổ to collapse into the immobilizedcố định prison of his or her own body. Consider, then, how difficult it is to have a loving, pleasurabledễ chịu sexual relationship with a narcolepticthuốc mê partner. The list becomes endlessbất tận, with predictableđoán trước được and heart-wrenching outcomes.
 Unless patients are willing to accept these crumplingnhàu nát attacks, which is really no option of any kind, all hope of living an emotionally fulfilling life must be abandonedbị bỏ rơi. A narcolepticthuốc mê patient is banishedđày ải to a monotonicđơn điệu existence of emotional neutralitysự trung lập. They must forfeittịch thu any semblancebề ngoài of succulentngon emotions that we are all nourishednuôi dưỡng by on a moment-to-moment basis. It is the dietarychế độ ăn kiêng equivalent of eating the same tepidấm áp bowl of unflavorful porridgecháo day after day. You can well imagine the loss of appetitethèm ăn for such a life.
 If you saw a patient collapse under the influence of cataplexy, you would be convinced that they had fallen completely unconsciousbất tỉnh or into a powerful sleep. This is untruesai sự thật. Patients are awakethức giấc and continue to perceivenhận thức the outside world around them. Instead, what the strong emotion has triggeredcò súng is the total (or sometimes partialmột phần) body paralysisbại liệt of REM sleep without the sleep of the REM state itself. Cataplexy is therefore an abnormalbất thường functioning of the REM-sleep circuitrymạch điện within the brain, whereintrong đó one of its features—muscle atonia—is inappropriatelykhông thích hợp deployedtriển khai while the individual is awakethức giấc and behaving, rather than asleepngủ and dreaming.
 We can of course explain this to an adult patient, lowering their anxietysự lo lắng during the event through comprehensionbao quát of what is happening, and help them reinkiềm chế in or avoid emotional highs and lows to reduce cataplectic occurrencestần suất xảy ra. However, this is much more difficult in a ten-year-old youngsterthanh niên. How can you explain such a villainoushung ác symptom and disorder to a child with narcolepsychứng ngủ rũ? And how do you prevent a child from enjoying the normal rollerTrục lăn coastertàu lượn of emotional existence that is a natural and integraltích phân part of a growing life and developing brain? Which is to say, how do you prevent a child from being a child? There are no easy answers to these questions.
 We are, however, beginning to discover the neurologicalthần kinh basis of narcolepsychứng ngủ rũ and, in conjunctionsự liên kết, more about healthy sleep itself. In chapter 3, I described the parts of the brain involved in the maintenance of normal wakefulnesssự tỉnh táo: the alertingbáo động, activatingkích hoạt regions of the brain stem and the sensorygiác quan gate of the thalamus that sits on top, a setupcài đặt that looks almost like a scoopmuỗng, xúc of ice cream (thalamus) on a conehình nón (brain stem). As the brain stem powers down at night, it removes its stimulatingkích thích influence to the sensorygiác quan gate of the thalamus. With the closing of the sensorygiác quan gate, we stop perceivingnhận thức the outside world, and thus we fall asleepngủ.
 What I did not tell you, however, was how the brain stem knows that it’s time to turn off the lights, so to speak, and power down wakefulnesssự tỉnh táo to begin sleep. Something has to switch the activatingkích hoạt influence of the brain stem off, and in doing so, allow sleep to be switched on. That switch—the sleep-wake switch—is located just below the thalamus in the center of the brain, in a region called the hypothalamusvùng dưới đồi. It is the same neighborhood that houses the twenty-four-hour master biologicalsinh học clock, perhaps unsurprisingly.
 The sleep-wake switch within the hypothalamusvùng dưới đồi has a direct line of communication to the power station regions of the brain stem. Like an electrical light switch, it can fliplật the power on (wake) or off (sleep). To do this, the sleep-wake switch in the hypothalamusvùng dưới đồi releases a neurotransmitterdẫn truyền thần kinh called orexin. You can think of orexin as the chemical finger that flipslật the switch to the “on,” wakefulnesssự tỉnh táo, position. When orexin is released down onto your brain stem, the switch has been unambiguously flippedlật, powering up the wakefulness-generating centers of the brain stem. Once activatedkích hoạt by the switch, the brain stem pushes open the sensorygiác quan gate of the thalamus, allowing the perceptualnhận thức world to flood into your brain, transitioningchuyển tiếp you to full, stable wakefulnesssự tỉnh táo.
 At night, the opposite happens. The sleep-wake switch stops releasing orexin onto the brain stem. The chemical finger has now flippedlật the switch to the “off” position, shutting down the rousingkhuấy động influence from the power station of the brain stem. The sensorygiác quan business being conducted within the thalamus is closed down by a sealing of the sensorygiác quan gate. We lose perceptualnhận thức contact with the outside world, and now sleep. Lights off, lights on, lights off, lights on—this is the neurobiologicalsinh học thần kinh job of the sleep-wake switch in the hypothalamusvùng dưới đồi, controlled by orexin.
 Ask an engineer what the essential properties of a basic electrical switch are, and they will inform you of an imperativemệnh lệnh: the switch must be definitivedứt khoát. It must either be fully on or fully off—a binarynhị phân state. It must not float in a wishy-washy manner between the “on” and “off” positions. Otherwise, the electrical system will not be stable or predictableđoán trước được. Unfortunately, this is exactly what happens to the sleep-wake switch in the disorder of narcolepsychứng ngủ rũ, caused by marked abnormalitiesbất thường of orexin.
 Scientists have examined the brains of narcolepticthuốc mê patients in painstakingsiêng năng detail after they have passed away. During these postmortemkhám nghiệm tử thi investigationscuộc điều tra, they discovered a loss of almost 90 percent of all the cells that produce orexin. Worse still, the welcome sites, or receptorsthụ, of orexin that cover the surface of the power station of the brain stem were significantlyđáng kể reduced in number in narcolepticthuốc mê patients, relative to normal individuals.
 Because of this lack of orexin, made worse by the reduced number of receptorthụ sites to receive what little orexin does dripnhỏ giọt down, the sleep-wake state of the narcolepticthuốc mê brain is unstablekhông ổn định, like a faultybị lỗi flip-flop switch. Never definitively on or off, the brain of a narcolepticthuốc mê patient wobbleslung lay precariously around a middle point, teeter-tottering between sleep and wakefulnesssự tỉnh táo.
 The orexin-deficient state of this sleep-wake system is the main cause of the first and primary symptom of narcolepsychứng ngủ rũ, which is excessivequá đáng daytimeban ngày sleepinessbuồn ngủ and the surprise attacks of sleep that can happen at any moment. Without the strong finger of orexin pushing the sleep-wake switch all the way over into a definitivedứt khoát “on” position, narcolepticthuốc mê patients cannot sustainduy trì resolutekiên quyết wakefulnesssự tỉnh táo throughout the day. For the same reasons, narcolepticthuốc mê patients have terrible sleep at night, dippingnhúng into and out of slumbergiấc ngủ in choppybấp bênh fashion. Like a faultybị lỗi light switch that endlesslyvô tận flickersnhấp nháy on and off, day and night, so goes the erraticthất thường sleep and wake experience suffered by a narcolepticthuốc mê patient across each and every twenty-four-hour period.
 Despite wonderful work by many of my colleagues, narcolepsychứng ngủ rũ currently represents a failure of sleep research at the level of effective treatments. While we have effective interventionssự can thiệp for other sleep disorders, such as insomniamất ngủ and sleep apneangưng thở, we laglỗi far behind the curve for treating narcolepsychứng ngủ rũ. This is in part due to the rarityviệc hiếm có of the condition, making it unprofitablekhông có lợi for drug companies to invest their research effort, which is often a driver of fast treatment progress in medicine.
 For the first symptom of narcolepsy—daytime sleep attacks—the only treatment used to be high dosesliều lượng of the wake-promoting drug amphetamineamphetamine. But amphetamineamphetamine is powerfully addictivegây nghiện. It is also a “dirty” drug, meaning that it is promiscuouslăng nhăng and affects many different chemical systems in the brain and body, leadinghàng đầu to terrible side effects. A newer, “cleanersạch hơn” drug, called Provigil, is now used to help narcolepticthuốc mê patients stay more stably awakethức giấc during the day and has fewer downsidesnhược điểm. Yet it is marginallygiới hạn effective.
 Antidepressants are often prescribedquy định to help with the second and third symptoms of narcolepsy—sleep paralysisbại liệt and cataplexy—as they suppresskìm nén REM sleep, and it is REM-sleep paralysisbại liệt that is integraltích phân to these two symptoms. Nevertheless, antidepressantsthuốc chống trầm cảm simply lower the incidencetỷ lệ mắc bệnh of both; they do not eradicatediệt trừ them.
 Overall, the treatment outlookquan điểm for narcolepticthuốc mê patients is bleakảm đạm at present, and there is no curesự chữa bệnh in sight. Much of the treatment fateđịnh mệnh of narcolepsychứng ngủ rũ sufferersngười đau khổ and their families residescư trú tại in the slower-progressing hands of academichọc thuật research, rather than the more rapid progressionsự tiến triển of big pharmaceuticaldược phẩm companies. For now, patients simply must try to manage life with the disorder, living as best they can.
 Some of you may have had the same realizationhiện thực hóa that several drug companies did when we learned about the role of orexin and the sleep-wake switch in narcolepsychứng ngủ rũ: could we reverse-engineer the knowledge and, rather than enhancenâng cao orexin to give narcolepticthuốc mê patients more stable wakefulnesssự tỉnh táo during the day, try and shut it off at night, therebybằng cách ấy offering a novel way of inducingxúi giục sleep in insomniamất ngủ patients? Pharmaceutical companies are indeed trying to develop compoundshợp chất that can block orexin at night, forcing it to fliplật the switch to the “off” position, potentially inducingxúi giục more naturalistictheo chủ nghĩa tự nhiên sleep than the problematiccó vấn đề and sedatingnghiêm trang sleep drugs we currently have.
 Unfortunately, the first of these drugs, suvorexant (brand name Belsomra), has not proved to be the magic bulletđạn many hoped. Patients in the FDA-mandated clinical trials fell asleepngủ just six minutes faster than those taking a placebogiả dược. While future formulationscông thức may prove more efficacioushữu hiệu, non-pharmacological methods for the treatment of insomniamất ngủ, outlined in the next chapter, remain a far superiorthượng đẳng option for insomniamất ngủ sufferersngười đau khổ.
 FATAL FAMILIAL INSOMNIA
 Michael Corke became the man who could not sleep—and paid for it with his life. Before the insomniamất ngủ took hold, Corke was a high-functioning, active individual, a devoted husband, and a teacher of music at a high school in New Lexon, just south of Chicago. At age forty he began having trouble sleeping. At first, Corke felt that his wife’s snoringngáy was to blame. In response to this suggestion, Penny Corke decided to sleep on the couchđi văng for the next ten nights. Corke’s insomniamất ngủ did not abatebớt đi, and only became worse. After months of poor sleep, and realizing the cause lay elsewhere, Corke decided to seek medical help. None of the doctors who first examined Corke could identify the triggercò súng of his insomniamất ngủ, and some diagnosedchẩn đoán him with sleep-unrelated disorders, such as multiple sclerosischứng xơ cứng.
 Corke’s insomniamất ngủ eventually progressed to the point where he was completely unable to sleep. Not a winknháy mắt. No mildnhẹ sleep medicationsthuốc or even heavy sedativesthuốc an thần could wrestleđấu vật his brain from the gripnắm chặt of permanent wakefulnesssự tỉnh táo. Should you have observed Corke at this time, it would be clear how desperatetuyệt vọng he was for sleep. His eyes would make your own feel tired. His blinkschớp mắt were achingly slow, as if the eyelidsmí mắt wanted to stay shut, mid-blink, and not reopenmở lại for days. They telegraphedđiện báo the most despairingtuyệt vọng hunger for sleep you could imagine.
 After eight straight weeks of no sleep, Corke’s mental facultieskhoa were quickly fading. This cognitivenhận thức decline was matched in speed by the rapid deteriorationgiảm giá trị of his body. So compromised were his motor skills that even coordinatedphối hợp walking became difficult. One evening Corke was to conduct a school orchestraldàn nhạc giao hưởng performance. It took several painful (though heroicanh hùng) minutes for him to complete the short walk through the orchestradàn nhạc and climb atoptrên the conductor’s rostrumdiễn đàn, all cane-assisted.
 As Corke approached the six-month mark of no sleep, he was bedriddenliệt giường and approaching death. Despite his young age, Corke’s neurologicalthần kinh condition resembledgiống that of an elderly individual in the end stages of dementiamất trí nhớ. He could not bathetắm or clothequần áo himself. Hallucinations and delusionsảo tưởng were rifeđầy rẫy. His ability to generate language was all but gone, and he was resigned to communicating through rudimentarythô sơ head movements and rare inarticulatecâm utterancesphát biểu whenever he could musterTập hợp the energy. Several more months of no sleep and Corke’s body and mental facultieskhoa shut down completely. Soon after turning forty-two years old, Michael Corke died of a rare, genetically inheritedthừa hưởng disorder called fatalgây tử vong familialgia đình insomniamất ngủ (FFI). There are no treatments for this disorder, and there are no curessự chữa bệnh. Every patient diagnosedchẩn đoán with the disorder has died within ten months, some sooner. It is one of the most mysterioushuyền bí conditions in the annalsbiên niên sử of medicine, and it has taught us a shocking lesson: a lack of sleep will kill a human being.
 The underlyingcơ bản cause of FFI is increasingly well understood, and builds on much of what we have discussed regarding the normal mechanismscơ chế of sleep generation. The culpritthủ phạm is an anomalynghĩa bóng of a genegien called PrNP, which stands for prionprion protein. All of us have prionprion proteins in our brain, and they perform useful functions. However, a roguegiả mạo version of the protein is triggeredcò súng by this geneticdi truyền defectkhuyết điểm, resulting in a mutatedđột biến version that spreads like a virus.II In this genetically crookedquanh co form, the protein begins targeting and destroying certain parts of the brain, resulting in a rapidly acceleratingThúc giục form of brain degenerationthoái hóa as the protein spreads.
 One region that this malfeasantkẻ gian ác protein attacks, and attacks comprehensivelytoàn diện, is the thalamus—that sensorygiác quan gate within the brain that must close shut for wakefulnesssự tỉnh táo to end and sleep to begin. When scientists performed postmortemkhám nghiệm tử thi examinations of the brains of early sufferers of FFI, they discovered a thalamus that was pepperedhạt tiêu with holes, almost like a block of Swiss cheese. The prionprion proteins had burrowedcái hang throughout the thalamus, utterly degradingxuống cấp its structural integritychính trực. This was especially true of the outerbên ngoài layers of the thalamus, which form the sensorygiác quan doors that should close shut each night.
 Due to this puncturingđâm thủng attack by the prionprion proteins, the sensorygiác quan gate of the thalamus was effectively stuck in a permanent “open” position. Patients could never switch off their consciousbiết rõ perceptionsự nhận thức of the outside world and, as a result, could never drifttrôi dạt off into the mercifulthương xót sleep that they so desperatelytuyệt vọng needed. No amount of sleeping pillsViên thuốc or other drugs could push the sensorygiác quan gate closed. In addition, the signals sent from the brain down into the body that prepare us for sleep—the reductionsự giảm bớt of heart rate, blood pressure, and metabolismsự trao đổi chất, and the lowering of corecốt lõi body temperature—all must pass through the thalamus on their way down the spinalcột sống corddây, and are then mailed out to the different tissues and organsNội tạng of the body. But those signals were thwartedcản trở by the damage to the thalamus, adding to the impossibilitykhông thể of sleep in the patients.
 Current treatment prospectstiềm năng are few. There has been some interest in an antibiotickháng sinh called doxycyclinedoxycyclin, which seems to slow the rate of the roguegiả mạo protein accumulationsự tích lũy in other prionprion disorders, such as Creutzfeldt-Jakob disease, or so-called mad cow disease. Clinical trials for this potential therapy are now getting under way.
 Beyond the race for a treatment and curesự chữa bệnh, an ethicalđạo đức issue emergeshiện ra in the contextbối cảnh of the disease. Since FFI is genetically inheritedthừa hưởng, we have been able to retrospectively trace some of its legacydi sản through generations. That geneticdi truyền lineagedòng dõi runs all the way back into Europe, and specifically Italy, where a number of afflictedđau khổ families live. Careful detectivethám tử work has rolled the geneticdi truyền timelinemốc thời gian back further, to a Venetian doctor in the late eighteenth century who appeared to have a clear case of the disorder. Undoubtedly, the genegien goes back even further than this individual. More important than tracing the disease’s past, however, is predictingdự đoán its future. The geneticdi truyền certaintychắc chắn raises a eugenically fraughtđầy question: If your family’s genesgien mean that you could one day be struck down by the fatalgây tử vong inabilitykhông có khả năng to sleep, would you want to be told your fateđịnh mệnh? Furthermore, if you know that fateđịnh mệnh and have not yet had children, would that change your decision to do so, knowing you are a genegien carriervận chuyển and that you have the potential to prevent a next-step transmissionquá trình lây truyền of the disease? There are no simple answers, certainly none that science can (or perhaps should) offer—an additionallyNgoài ra crueltàn nhẫn tendriltua cuốn of an already heinousghê tởm condition.
 SLEEP DEPRIVATION VS. FOOD DEPRIVATION
 FFI is still the strongest evidence we have that a lack of sleep will kill a human being. Scientifically, however, it remains arguablyđược cho là inconclusivebất phân thắng bại, as there may be other disease-related processes that could contributeđóng góp to death, and they are hard to distinguishphân biệt from those of a lack of sleep. There have been individual case reports of humans dying as a result of prolongedkéo dài total sleep deprivationtước đoạt, such as Jiang Xiaoshan. He was allegedcáo buộc to have stayed awakethức giấc for eleven days straight to watch all the games of the 2012 European soccerbóng đá championshipschức vô địch, all the while working at his job each day. On day 12, Xiaoshan was found dead in his apartment by his mother from an apparentrõ ràng lack of sleep. Then there was the tragicbi thảm death of a Bank of America internthực tập sinh, Moritz Erhardt, who suffered a life-ending epilepticđộng kinh seizureco giật after acutenhọn sleep deprivationtước đoạt from the work overloadquá tải that is so endemicđặc hữu and expected in that profession, especially from the juniorsnhỏ in such organizations. Nevertheless, these are simply case studies, and they are hard to validatexác thực and scientifically verifyxác minh after the fact.
 Research studies in animals have, however, provided definitivedứt khoát evidence of the deadlychết người nature of total sleep deprivationtước đoạt, free of any comorbid disease. The most dramatickịch, disturbing, and ethicallyvề mặt đạo đức provokingkhiêu khích of these studies was publishedđược phát hành in 1983 by a research team at the University of Chicago. Their experimentalthực nghiệm question was simple: Is sleep necessary for life? By preventing rats from sleeping for weeks on end in a gruesomekhủng khiếp ordealthử thách, they came up with an unequivocalrõ ràng answer: rats will die after fifteen days without sleep, on average.
 Two additional results quickly followed. First, death ensuedxảy ra sau đó as quickly from total sleep deprivationtước đoạt as it did from total food deprivationtước đoạt. Second, rats lost their lives almost as quickly from selectivechọn lọc REM-sleep deprivationtước đoạt as they did following total sleep deprivationtước đoạt. A total absence of NREM sleep still proved fatalgây tử vong, it just took longer to inflictgây thiệt the same mortalngười chết consequence—forty-five days, on average.
 There was, however, an issue. Unlike starvationchết đói, where the cause of death is easily identified, the researchers could not determinequyết tâm why the rats had died following sleep’s absence, despite how quickly death had arrived. Some hints emergedhiện ra from assessmentsđánh giá made during the experiment, as well as the later postmortemskhám nghiệm tử thi.
 First, despite eating far more than their sleep-rested counterpartsđối tác, the sleep-deprived rats rapidly began losing body mass during the study. Second, they could no longer regulatequy định their corecốt lõi body temperature. The more sleep-deprived the rats were, the colder they became, regressingthụt lùi toward ambientxung quanh room temperature. This was a perilousnguy hiểm state to be in. All mammalsđộng vật có vú, humans included, live on the edge of a thermalnhiệt cliffvách đá. Physiological processes within the mammalianđộng vật có vú body can only operate within a remarkably narrow temperature range. Dropping below or above these life-defining thermalnhiệt thresholdsngưỡng is a fast track to death.
 It was no coincidencetrùng hợp ngẫu nhiên that these metabolictrao đổi chất and thermalnhiệt consequenceskết quả were jointlycùng nhau occurring. When corecốt lõi body temperature drops, mammalsđộng vật có vú respond by increasing their metabolictrao đổi chất rate. Burning energy releases heat to warm the brain and body to get them back above the critical thermalnhiệt thresholdngưỡng so as to avertngăn chặn death. But it was a futilevô tích sự effort in the rats lacking sleep. Like an old wood-burning stovecái lò whose top ventlỗ thông hơi has been left open, no matter how much fuel was being added to the fire, the heat simply flew out the top. The rats were effectively metabolizingtrao đổi chất themselves from the inside out in response to hypothermiahạ thân nhiệt.
 The third, and perhaps most telling, consequencekết quả of sleep loss was skin deep. The privationthiếu thốn of sleep had left these rats literallytheo đúng nghĩa đen threadbarexơ xác. Sores had appeared across the rats’ skin, together with wounds on their pawsmóng vuốt and tails. Not only was the metabolictrao đổi chất system of the rats starting to implodenổ tung, but so, too, was their immunemiễn dịch system.III They could not fendchống đỡ off even the most basic of infections at their epidermis—or below it, as we shall see.
 If these outwardbề ngoài signs of degradingxuống cấp health were not shocking enough, the internal damage revealed by the final postmortemkhám nghiệm tử thi was equally ghastlykinh khủng. A landscape of utterthốt ra physiologicalsinh lý distressphiền muộn awaitedchờ đợi the pathologistnhà nghiên cứu bệnh học. Complications ranged from fluiddịch in the lungsphổi and internal hemorrhagingxuất huyết to ulcersloét puncturingđâm thủng the stomach lining. Some organsNội tạng, such as the livergan, spleenlách, and kidneysquả thận, had physicallythể chất decreased in size and weight. Others, like the adrenaltuyến thượng thận glandsốc lắp cáp that respond to infection and stress, were markedlyrõ rệt enlargedmở rộng. Circulating levels of the anxiety-related hormonenội tiết tố corticosteronecorticosteron, released by the adrenaltuyến thượng thận glandsốc lắp cáp, had spikedthêm vào in the sleeplesschứng mất ngủ rats.
 What, then, was the cause of death? Therein lay the issue: the scientists had no idea. Not all the rats suffered the same pathologicalbệnh lý signaturechữ ký of demisecái chết của. The only commonalityđiểm chung across the rats was death itself (or the high likelihoodkhả năng of it, at which point the researchers euthanized the animals).
 In the years that followed, further experiments—the last of their kind, as scientists felt (rightlyđúng đắn, in my personal view) uneasykhó chịu about the ethicsđạo đức of such experiments based on the outcome—finally resolved the mysterybí ẩn. The fatalgây tử vong final strawRơm rạ turned out to be septicemia—a toxicđộc hại and systemiccó hệ thống (whole organismsinh vật) bacterialvi khuẩn infection that coursed through the rats’ bloodstreamdòng máu and ravagedtàn phá the entire body until death. Far from a viciousluẩn quẩn infection that came from the outside, however, it was simple bacteriavi khuẩn from the rats’ very own gutruột that inflictedgây thiệt the mortalngười chết blow—one that an otherwise healthy immunemiễn dịch system would have easily quelleddập tắt when fortifiedkiên cố by sleep.
 The Russian scientist Marie de Manacéïne had in fact reported the same mortalngười chết consequenceskết quả of continuous sleep deprivationtước đoạt in the medical literaturevăn học a century earlier. She noted that young dogs died within several days if prevented from sleeping (which are difficult studies for me to read, I must confessxưng). Several years after de Manacéïne’s studies, Italian researchers described equally lethalgây chết người effects of total sleep deprivationtước đoạt in dogs, adding the observation of neuralthần kinh degenerationthoái hóa in the brain and spinalcột sống corddây at postmortemkhám nghiệm tử thi.
 It took another hundred years after the experiments of de Manacéïne, and the advancementsthăng tiến in precisechính xác experimentalthực nghiệm laboratory assessmentsđánh giá, before the scientists at the University of Chicago finally uncoveredphát hiện ra why life ends so quickly in the absence of sleep. Perhaps you have seen that small plastic red box on the walls of extremely hazardousnguy hiểm work environments that has the following words written on the front: “Break glass in case of emergency.” If you imposeáp đặt a total absence of sleep on an organismsinh vật, rat or human, it indeed becomes an emergency, and you will find the biologicalsinh học equivalent of this shatteredvỡ tan glass strewnvương vãi throughout the brain and the body, to fatalgây tử vong effect. This we finally understand.
 NO, WAIT—YOU ONLY NEED 6.75 HOURS OF SLEEP!
 Reflecting on these deathlychết người consequenceskết quả of long-term/chronic and short-term/acute sleep deprivationtước đoạt allows us to address a recent controversytranh cãi in the field of sleep research—one that many a newspaper, not to mention some scientists, apprehendedbị bắt incorrectlykhông chính xác. The study in question was conducted by researchers at the University of California, Los Angeles, on the sleep habits of specific pre-industrial tribesbộ lạc. Using wristwatchđồng hồ đeo tay activity devices, the researchers tracked the sleep of three hunter-gatherer tribesbộ lạc that are largely untouchedhoang sơ by the ways of industrial modernityhiện đại: the Tsimané people in South America, and the San and Hadza tribesbộ lạc in Africa, which we have previously discussed. Assessing sleep and wake times day after day across many months, the findings were thus: tribespeoplebộ lạc averaged just 6 hours of sleep in the summer, and about 7.2 hours of sleep in the winter.
 Well-respected mediaphương tiện truyền thông outletschỗ thoát toutedchào hàng the findings as proof that human beings do not, after all, need a full eight hours of sleep, some suggesting we can survive just fine on six hours or less. For example, the headlinetiêu đề of one prominentnổi bật US newspaper read:
 “Sleep Study on Modern-Day Hunter-Gatherers Dispels Notion That We’re Wired to Need 8 Hours a Day.”
 Others started out with the already incorrectkhông đúng assumptiongiả thiết that modern societies need only seven hours of sleep, and then questioned whether we even need that much: “Do We Really Need to Sleep 7 Hours a Night?”
 How can such prestigiousuy tín and well-respected entitiesthực thể reach these conclusions, especially after the science that I have presented in this chapter? Let us carefully reevaluateđánh giá lại the findings, and see if we still arrive at the same conclusion.
 First, when you read the paper, you will learn that the tribespeoplebộ lạc were actually giving themselves a 7- to 8.5-hour sleep opportunity each night. Moreover, the wristwatchđồng hồ đeo tay device, which is neither a precisechính xác nor gold standard measure of sleep, estimated a range of 6 to 7.5 hours of this time was spent asleepngủ. The sleep opportunity that these tribespeoplebộ lạc provide themselves is therefore almost identicalgiống hệt nhau to what the National Sleep Foundation and the Centers for Disease Control and Prevention recommend for all adult humans: 7 to 9 hours of time in bed.
 The problem is that some people confuse time slept with sleep opportunity time. We know that many individuals in the modern world only give themselves 5 to 6.5 hours of sleep opportunity, which normally means they will only obtainđạt được around 4.5 to 6 hours of actual sleep. So no, the finding does not prove that the sleep of hunter-gatherer tribesbộ lạc is similar to ours in the post-industrial erakỷ nguyên. They, unlike us, give themselves more sleep opportunity than we do.
 Second, let us assume that the wristwatchđồng hồ đeo tay measurements are perfectly accurate, and that these tribesbộ lạc obtainđạt được an annual average of just 6.75 hours of sleep. The next erroneoussai conclusion drawn from the findings was that humans must, therefore, naturally need a merechỉ là 6.75 hours of sleep, and no more. Therein lies the rubxoa.
 If you refer back to the two newspaper headlinestiêu đề I quotedtrích dẫn, you’ll notice they both use the word “need.” But what need are we talking about? The (incorrectkhông đúng) presuppositiontiền giả định made was this: whatever sleep the tribespeoplebộ lạc were obtainingđạt được is all that a human needs. It is flawedthiếu sót reasoning on two counts. Need is not defined by that which is obtainedđạt được (as the disorder of insomniamất ngủ teaches us), but rather whether or not that amount of sleep is sufficient to accomplishhoàn thành all that sleep does. The most obvious need, then, would be for life—and healthy life. Now we discover that the average life spannhịp of these hunter-gatherers is just fifty-eight years, even though they are far more physicallythể chất active than we are, rarely obeseBéo phì, and are not plaguedtai họa by the assaulttấn công of processed foods that erodexói mòn our health. Of course, they do not have access to modern medicine and sanitationvệ sinh, both of which are reasons that many of us in industrializedcông nghiệp hóa, first-world nations have an expected life spannhịp that exceeds theirs by over a decadethập kỷ. But it is telling that, based on epidemiological datadữ liệu, any adult sleeping an average of 6.75 hours a night would be predicteddự đoán to live only into their early sixties: very close to the medianTrung bình life spannhịp of these tribespeoplebộ lạc.
 More prescientbiết trước, however, is what normally kills people in these tribesbộ lạc. So long as they survive high rates of infanttrẻ sơ sinh mortalitytỷ lệ tử vong and make it through adolescencethời niên thiếu, a common cause of death in adulthoodtrưởng thành is infection. Weak immunemiễn dịch systems are a known consequencekết quả of insufficientkhông đủ sleep, as we have discussed in great detail. I should also note that one of the most common immunemiễn dịch system failures that kills individuals in hunter-gatherer clansthị tộc are intestinalđường ruột infections—something that shares an intriguinghấp dẫn overlapchồng lên nhau with the deadlychết người intestinalđường ruột tractđường infections that killed the sleep-deprived rats in the above studies.
 Recognizing this shorter life spannhịp, which fits well with the acclaimedhoan hô shorter sleep amounts the researchers measured, the next error in logic many made is exposed by asking why these tribesbộ lạc would sleep what appears to be too little, based on all that we know from thousands of research studies.
 We do not yet know of all the reasons, but a likely contributingđóng góp factor lies in the title we apply to these tribesbộ lạc: hunter-gatherers. One of the few universal ways of forcing animals of all kinds to sleep less than normal amounts is to limit food, applying a degree of starvationchết đói. When food becomes scarcekhan hiếm, sleep becomes scarcekhan hiếm, as animals try to stay awakethức giấc longer to foragethức ăn gia súc. Part of the reason that these hunter-gatherer tribesbộ lạc are not obeseBéo phì is because they are constantly searching for food, which is never abundantdồi dào for long stretches. They spend much of their waking lives in pursuittheo đuổi and preparation of nutritiondinh dưỡng. For example, the Hadza will face days where they obtainđạt được 1,400 caloriescalo or less, and routinely eat 300 to 600 fewer daily caloriescalo than those of us in modern Western cultures. A large proportiontỷ lệ of their year is therefore spent in a state of lower-level starvationchết đói, one that can triggercò súng well-characterized biologicalsinh học pathwayscon đường that reduce sleep time, even though sleep need remains higher than that obtainedđạt được if food were abundantdồi dào. Concluding that humans, modern-living or pre-industrial, need less than seven hours of sleep therefore appears to be a wishfulmơ ước conceittự cao, and a tabloidbáo lá cải myththần thoại.
 IS SLEEPING NINE HOURS A NIGHT TOO MUCH?
 Epidemiological evidence suggests that the relationship between sleep and mortalitytỷ lệ tử vong risk is not lineartuyến tính, such that the more and more sleep you get, the lower and lower your death risk (and vice versa). Rather, there is an upward hookcái móc in death risk once the average sleep amount passes nine hours, resulting in a tiltednghiêng backward J shape:
  [image: Image] 
 Two points are worthyxứng đáng of mention in this regardvề. First, should you explore those studies in detail, you learn that the causes of death in individuals sleeping nine hours or longer include infection (e.g., pneumoniaviêm phổi) and immune-activating cancers. We know from evidence discussed earlier in the book that sicknessbệnh tật, especially sicknessbệnh tật that activateskích hoạt a powerful immunemiễn dịch response, activateskích hoạt more sleep. Ergo, the sickest individuals should be sleeping longer to battle back against illness using the suiteThượng hạng of health tools sleep has on offer. It is simply that some illnesses, such as cancer, can be too powerful even for the mightyhùng mạnh force of sleep to overcome, no matter how much sleep is obtainedđạt được. The illusionảo giác created is that too much sleep leads to an early death, rather than the more tenablecó thể sử dụng được conclusion that the sicknessbệnh tật was just too much despite all efforts to the contrarytrái ngược from the beneficialcó lợi sleep extension. I say more tenablecó thể sử dụng được, rather than equally tenablecó thể sử dụng được, because no biologicalsinh học mechanismscơ chế that show sleep to be in any way harmfulcó hại have been discovered.
 Second, it is important not to overextendmở rộng quá mức my point. I am not suggesting that sleeping eighteen or twenty-two hours each and every day, should that be physiologically possible, is more optimaltối ưu than sleeping nine hours a day. Sleep is unlikely to operate in such a lineartuyến tính manner. Keep in mind that food, oxygenôxy, and water are no different, and they, too, have a reverse-J-shape relationship with mortalitytỷ lệ tử vong risk. Eating to excess shortensrút ngắn life. Extreme hydrationhydrat hóa can lead to fatalgây tử vong increases in blood pressure associated with stroke or heart attack. Too much oxygenôxy in the blood, known as hyperoxia, is toxicđộc hại to cells, especially those of the brain.
 Sleep, like food, water, and oxygenôxy, may share this relationship with mortalitytỷ lệ tử vong risk when taken to extremes. After all, wakefulnesssự tỉnh táo in the correct amount is evolutionarilytiến hóa adaptivethích nghi, as is sleep. Both sleep and wake provide synergistichợp lực and critical, though often different, survival advantages. There is an adaptivethích nghi balance to be struck between wakefulnesssự tỉnh táo and sleep. In humans, that appears to be around sixteen hours of total wakefulnesssự tỉnh táo, and around eight hours of total sleep, for an average adult.
 
 I. https://sleepfoundation.org.
 II. Fatal familialgia đình insomniamất ngủ is part of a family of prionprion protein disorders that also includes Creutzfeldt-Jakob disease, or so-called mad cow disease, though the lattersau này involves the destruction of different regions of the brain not strongly associated with sleep.
 III. The senior scientist conducting these studies, Allan Rechtschaffen, was once contacted by a well-known women’s fashion magazine after these findings were publishedđược phát hành. The writer of the article wanted to know if total sleep deprivationtước đoạt offered an excitingthú vị, new, and effective way for women to lose weight. Struggling to comprehendhiểu the audacitysự táo bạo of what had been asked of him, Rechtschaffen attempted to compose a response. Apparently, he admitted that enforcedthi hành total sleep deprivationtước đoạt in rats results in weight loss, so yes, acutenhọn sleep deprivationtước đoạt for days on end does lead to weight loss. The writer was thrilledhồi hộp to get the story line they wanted. However, Rechtschaffen offered a footnotechú thích cuối trang: that in combination with the remarkable weight loss came skin wounds that weptkhóc lymphbạch huyết fluiddịch, soresđau that had evisceratedmổ bụng the rats’ feet, a decrepitudesuy tàn that resembledgiống acceleratedtăng tốc aging, together with catastrophicthảm khốc (and ultimatelycuối cùng fatalgây tử vong) internal organđàn organ and immune-system collapse “just in case appearance, and a longer life, were also part of your readers’ goals.” Apparently, the interview was terminatedchấm dứt soon after.
 
  



 

CHAPTER 13
 
 
 
 iPads, Factory Whistles, and Nightcaps
 What’s Stopping You from Sleeping?
 Many of us are beyond tired. Why? What, precisely, about modernityhiện đại has so pervertedbiến thái our otherwise instinctualbản năng sleep patterns, erodedxói mòn our freedom to sleep, and thwartedcản trở our ability to do so soundly across the night? For those of us who do not have a sleep disorder, the reasons underlyingcơ bản this state of sleep deficiencysự thiếu hụt can seem hard to pinpoint—or, if seemingly clear, are erroneoussai.
 Beyond longer commuteđi lại times and “sleep procrastinationsự trì hoãn” caused by late-evening television and digital entertainment—both of which are not unimportantkhông quan trọng in their top-and-tail snippingcắt tỉa of our sleep time and that of our children—five key factors have powerfully changed how much and how well we sleep: (1) constant electric light as well as LED light, (2) regularizedchính quy hóa temperature, (3) caffeinecafein (discussed in chapter 2), (4) alcohol, and (5) a legacydi sản of punchingcú đấm time cards. It is this set of societally engineered forces that are responsible for many an individual’s mistakennhầm lẫn belief that they are suffering from medical insomniamất ngủ.
 THE DARK SIDE OF MODERN LIGHT
 At 255–257 Pearl Street, in Lower Manhattan, not far from the Brooklyn Bridge, is the site of arguablyđược cho là the most unassumingKhiêm tốn yet seismicđịa chấn shift in our human history. Here Thomas Edison built the first power-generating station to support an electrifiedđiện khí hóa society. For the first time, the human race had a truly scalablecó thể mở rộng method of unbucklingmở khóa itself from our planet’s natural twenty-four-hour cycle of light and dark. With a proverbialtục ngữ flickbúng nhẹ of a switch came a whimsicalhay thay đổi ability to control our environmental light and, with it, our wake and sleep phases. We, and not the rotatingquay mechanicscơ khí of planet Earth, would now decide when it was “night” and when it was “day.” We are the only speciesgiống loài that has managed to light the night to such dramatickịch effect.
 Humans are predominantly visual creatures. More than a third of our brain is devoted to processing visual information, far exceeding that given over to sounds or smells, or those supporting language and movement. For early Homo sapiensngười tinh khôn, most of our activities would have ceasedngưng after the sun set. They had to, as they were predicatedThuộc tính on vision, supported by daylightban ngày. The adventsự ra đời of fire, and its limited halohào quang of light, offered an extension to post-dusk activities. But the effect was modestkhiêm tốn. In the early-evening glowánh sáng of firelightngọn lửa, nominaltrên danh nghĩa social activities such as singingđộc thân and storytelling have been documented in hunter-gatherer tribesbộ lạc like the Hadza and the San. Yet the practical limitations of firelightngọn lửa nullifiedvô hiệu hóa any significant influence on the timing of our sleep-wake patterns.
 Gas- and oil-burning lampsđèn, and their forerunnerstiền nhân, candlesnến, offered a more forcefulmạnh mẽ influence upon sustainedduy trì nighttimeban đêm activities. Gaze at a Renoir painting of nineteenth-century Parisian life and you will see the extended reach of artificialnhân tạo light. Spilling out of homes and onto the streets, gas lanternsđèn lồng began bathingtắm rửa entire city districts with illuminationchiếu sáng. In this moment, the influence of man-made light began its reengineering of human sleep patterns, and it would only escalateleo thang. The nocturnalsống về đêm rhythmsnhịp of whole societies—not just individuals or single families—became quickly subject to light at night, and so began our advancing march toward later bedtimesgiờ đi ngủ.
 For the suprachiasmatic nucleus—the master twenty-four-hour clock of the brain—the worst was yet to come. Edison’s Manhattan power station enabled the mass adoptionnhận con nuôi of incandescentsợi đốt light. Edison did not create the first incandescentsợi đốt lightbulb—that honor went to the English chemistnhà hóa học Humphry Davy in 1802. But in the mid-1870s, Edison Electric Light Company began developing a reliableđáng tin cậy, mass-marketable lightbulbbóng đèn. Incandescent light bulbs, and decadesthập kỷ later, fluorescenthuỳnh quang light bulbs, guaranteed that modern humans would no longer spend much of the night in darkness, as we had for millennia past.
 One hundred years post-Edison, we now understand the biologicalsinh học mechanismscơ chế by which the electric lightbulbsbóng đèn managed to vetophủ quyết our natural timing and quality of sleep. The visible light spectrum—that which our eyes can see—runs the gamutâm giai from shorter wavelengthsbước sóng (approximately 380 nanometersnanômét) that we perceivenhận thức as coolermáy làm lạnh violetsmàu tím and blues, to the longer wavelengthsbước sóng (around 700 nanometersnanômét) that we sense as warmer yellows and reds. Sunlight contains a powerful blendtrộn of all of these colors, and those in between (as the iconicmang tính biểu tượng Pink Floyd album cover of Dark Side of the Moon illuminateschiếu sáng [so to speak]).
 Before Edison, and before gas and oil lampsđèn, the setting sun would take with it this full stream of daylightban ngày from our eyes, sensed by the twenty-four-hour clock within the brain (the suprachiasmatic nucleusnhân tế bào, described in chapter 2). The loss of daylightban ngày informs our suprachiasmatic nucleusnhân tế bào that nighttimeban đêm is now in session; time to release the brakephanh pedalbàn đạp on our pinealquả tùng glandốc lắp cáp, allowing it to unleashgiải phóng vast quantities of melatoninmelatonin that signal to our brains and bodies that darkness has arrived and it is time for bed. Appropriately scheduled tiredness, followed by sleep, would normally occur several hours after duskhoàng hôn across our human collectivetập thể.
 Electric light put an end to this natural order of things. It redefined the meaning of midnightnửa đêm for generations thereaftersau đó. Artificial evening light, even that of modestkhiêm tốn strength, or luxsang trọng, will fool your suprachiasmatic nucleusnhân tế bào into believing the sun has not yet set. The brakephanh on melatoninmelatonin, which should otherwise have been released with the timing of duskhoàng hôn, remains forcefully applied within your brain under duresscương bưc of electric light.
 The artificialnhân tạo light that bathestắm our modern indoortrong nhà worlds will therefore halttạm dừng lại the forward progress of biologicalsinh học time that is normally signaled by the evening surgedâng trào in melatoninmelatonin. Sleep in modern humans is delayed from taking off the evening runwayđường băng, which would naturally occur somewhere between eight and ten p.m., just as we observe in hunter-gatherer tribesbộ lạc. Artificial light in modern societies thus tricks us into believing night is still day, and does so using a physiologicalsinh lý lie.
 The degree to which evening electric light winds back your internal twenty-four-hour clock is important: usually two to three hours each evening, on average. To contextualizebối cảnh hóa that, let’s say you are reading this book at eleven p.m. in New York City, having been surrounded by electric light all evening. Your bedsideđầu giường clock may be registering eleven p.m., but the omnipresencecó mặt khắp nơi of artificialnhân tạo light has paused the internal tick-tocking of time by hinderingcản trở the release of melatoninmelatonin. Biologically speaking, you’ve been dragged westwardhướng tây across the continentlục địa to the internal equivalent of Chicago time (ten p.m.), or even San Francisco time (eight p.m.).
 Artificial evening and nighttimeban đêm light can therefore masqueradehóa trang as sleep-onset insomnia—the inabilitykhông có khả năng to begin sleeping soon after getting into bed. By delaying the release of melatoninmelatonin, artificialnhân tạo evening light makes it considerably less likely that you’ll be able to fall asleepngủ at a reasonable time. When you do finally turn out the bedsideđầu giường light, hoping that sleep will come quickly is made all the more difficult. It will be some time before the rising tidethủy triều of melatoninmelatonin is able to submergelàm ngập your brain and body in peak concentrations, instructeddạy by the darkness that only now has begun—in other words, before you are biologicallyvề mặt sinh học capable of organizing the onsetbắt đầu of robustcường tráng, stable sleep.
 What of a petitenhỏ nhắn bedsideđầu giường lampđèn? How much can that really influence your suprachiasmatic nucleusnhân tế bào? A lot, it turns out. Even a hint of dimlờ mờ light—8 to 10 lux—has been shown to delay the release of nighttimeban đêm melatoninmelatonin in humans. The feeblestyếu ớt of bedsideđầu giường lampsđèn pumps out twice as much: anywhere from 20 to 80 luxsang trọng. A subtly lit living room, where most people residecư trú tại in the hours before bed, will humngâm nga at around 200 luxsang trọng. Despite being just 1 to 2 percent of the strength of daylightban ngày, this ambientxung quanh level of incandescentsợi đốt home lighting can have 50 percent of the melatonin-suppressing influence within the brain.
 Just when things looked as bad as they could get for the suprachiasmatic nucleusnhân tế bào with incandescentsợi đốt lampsđèn, a new inventionsự phát minh in 1997 made the situation far worse: blue light–emitting diodesđiốt, or blue LEDs. For this inventionsự phát minh, Shuji Nakamura, Isamu Akasaki, and Hiroshi Amano won the Nobel Prize in physicsvật lý in 2014. It was a remarkable achievement. Blue LED lights offer considerable advantages over incandescentsợi đốt lampsđèn in terms of lower energy demands and, for the lights themselves, longer life spansnhịp. But they may be inadvertently shorteningsự làm ngắn lại our own.
 The light receptorsthụ in the eye that communicate “daytimeban ngày” to the suprachiasmatic nucleusnhân tế bào are most sensitive to short-wavelength light within the blue spectrum—the exact sweet spot where blue LEDs are most powerful. As a consequencekết quả, evening blue LED light has twice the harmfulcó hại impactsự va chạm on nighttimeban đêm melatoninmelatonin suppression than the warm, yellow light from old incandescentsợi đốt bulbs, even when their luxsang trọng intensitiescường độ are matched.
 Of course, few of us stare headlongđầu lâu into the glareánh sáng chói of an LED lampđèn each evening. But we do stare at LED-powered laptop screens, smartphones, and tabletsviên thuốc each night, sometimes for many hours, often with these devices just feet or even inches away from our retinas. A recent survey of over fifteen hundred American adults found that 90 percent of individuals regularly used some form of portablecầm tay electronic device sixty minutes or less before bedtimegiờ đi ngủ. It has a very real impactsự va chạm on your melatoninmelatonin release, and thus ability to time the onsetbắt đầu of sleep.
 One of the earliest studies found that using an iPad—an electronic tabletviên thuốc enrichedlàm giàu with blue LED light—for two hours prior to bed blocked the otherwise rising levels of melatoninmelatonin by a significant 23 percent. A more recent report took the story several concerning steps further. Healthy adults lived for a two-week period in a tightly controlled laboratory environment. The two-week period was split in half, containing two different experimentalthực nghiệm arms that everyone passed through: (1) five nights of reading a book on an iPad for several hours before bed (no other iPad uses, such as email or Internet, were allowed), and (2) five nights of reading a printed paper book for several hours before bed, with the two conditions randomizedngẫu nhiên in terms of which the participants experienced as first or second.
 Compared to reading a printed book, reading on an iPad suppressedkìm nén melatoninmelatonin release by over 50 percent at night. Indeed, iPad reading delayed the rise of melatoninmelatonin by up to three hours, relative to the natural rise in these same individuals when reading a printed book. When reading on the iPad, their melatoninmelatonin peak, and thus instruction to sleep, did not occur until the early-morning hours, rather than before midnightnửa đêm. Unsurprisingly, individuals took longer to fall asleepngủ after iPad reading relative to print-copy reading.
 But did reading on the iPad actually change sleep quantity/quality above and beyond the timing of melatoninmelatonin? It did, in three concerning ways. First, individuals lost significant amounts of REM sleep following iPad reading. Second, the research subjects felt less rested and sleepier throughout the day following iPad use at night. Third was a lingeringkéo dài aftereffectsau khi có hiệu lực, with participants suffering a ninety-minute laglỗi in their evening rising melatoninmelatonin levels for several days after iPad use ceased—almost like a digital hangovernôn nao effect.
 Using LED devices at night impactssự va chạm our natural sleep rhythmsnhịp, the quality of our sleep, and how alertbáo động we feel during the day. The societalxã hội and public health ramificationsphân nhánh, discussed in the penultimateáp chót chapter, are not small. I, like many of you, have seen young children using electronic tabletsviên thuốc at every opportunity throughout the day . . . and evening. The devices are a wonderful piece of technology. They enrichlàm giàu the lives and education of our youth. But such technology is also enrichinglàm giàu their eyes and brains with powerful blue light that has a damaging effect on sleep—the sleep that young, developing brains so desperatelytuyệt vọng need in order to flourishHưng thịnh.I
 Due to its omnipresencecó mặt khắp nơi, solutions for limiting exposurephơi bày to artificialnhân tạo evening light are challenging. A good start is to create lowered, dimlờ mờ light in the rooms where you spend your evening hours. Avoid powerful overheadtrên không lights. Mood lighting is the order of the night. Some committed individuals will even wear yellow-tinted glasses indoorstrong nhà in the afternoon and evening to help filter out the most harmfulcó hại blue light that suppresses melatoninmelatonin.
 Maintaining complete darkness throughout the night is equally critical, the easiest fix for which comes from blackoutmất điện curtains. Finally, you can installcài đặt software on your computers, phones, and tabletviên thuốc devices that graduallydần dần de-saturate the harmfulcó hại blue LED light as evening progresses.
 TURNING DOWN THE NIGHTCAP—ALCOHOL
 Short of prescriptionđơn thuốc sleeping pillsViên thuốc, the most misunderstoodhiểu lầm of all “sleep aids” is alcohol. Many individuals believe alcohol helps them to fall asleepngủ more easily, or even offers sounder sleep throughout the night. Both are resolutely untruesai sự thật.
 Alcohol is in a class of drugs called sedativesthuốc an thần. It binds to receptorsthụ within the brain that prevent neuronstế bào thần kinh from firing their electrical impulsesthúc đẩy. Saying that alcohol is a sedativethuốc an thần often confuses people, as alcohol in moderatevừa phải dosesliều lượng helps individuals livensống động up and become more social. How can a sedativethuốc an thần enlivenlàm sinh động you? The answer comes down to the fact that your increased sociabilityhòa đồng is caused by sedationan thần of one part of your brain, the prefrontaltrán trước cortexvỏ não, early in the timelinemốc thời gian of alcohol’s creepingleo effects. As we have discussed, this frontalphía trước lobethùy region of the human brain helps control our impulsesthúc đẩy and restrainskiềm chế our behavior. Alcohol immobilizescố định that part of our brain first. As a result, we “loosennới lỏng up,” becoming less controlled and more extrovertedhướng ngoại. But anatomicallyvề mặt giải phẫu targeted brain sedationan thần it still is.
 Give alcohol a little more time, and it begins to sedatenghiêm trang other parts of the brain, dragging them down into a stupefiedsững sờ state, just like the prefrontaltrán trước cortexvỏ não. You begin to feel sluggishchậm chạp as the inebriatedsay rượu torporhôn mê sets in. This is your brain slipping into sedationan thần. Your desire and ability to remain consciousbiết rõ are decreasing, and you can let go of consciousnessý thức more easily. I am very deliberatelythong thả avoiding the term “sleep,” however, because sedationan thần is not sleep. Alcohol sedatesnghiêm trang you out of wakefulnesssự tỉnh táo, but it does not inducexúi giục natural sleep. The electrical brainwavesóng não state you enter via alcohol is not that of natural sleep; rather, it is akingiống to a light form of anesthesiagây tê.
 Yet this is not the worst of it when considering the effects of the evening nightcapmũ ngủ on your slumbergiấc ngủ. More than its artificialnhân tạo sedatingnghiêm trang influence, alcohol dismantlestháo dỡ an individual’s sleep in an additional two ways.
 First, alcohol fragmentsmiếng sleep, litteringrác the night with brief awakeningsthức tỉnh. Alcohol-infused sleep is therefore not continuous and, as a result, not restorativephục hồi. Unfortunately, most of these nighttimeban đêm awakeningsthức tỉnh go unnoticedkhông được chú ý by the sleeperngười ngủ since they don’t remember them. Individuals therefore fail to link alcohol consumptionsự tiêu thụ the night before with feelings of next-day exhaustionkiệt sức caused by the undetectedkhông bị phát hiện sleep disruptiongián đoạn sandwichedbánh mì sandwich in between. Keep an eye out for that coincidentaltình cờ relationship in yourself and/or others.
 Second, alcohol is one of the most powerful suppressors of REM sleep that we know of. When the body metabolizestrao đổi chất alcohol it produces by-product chemicals called aldehydesandehit and ketonesketone. The aldehydesandehit in particular will block the brain’s ability to generate REM sleep. It’s rather like the cerebralnão version of cardiactrái tim arrest, preventing the pulsatingmạch đập beat of brainwavessóng não that otherwise power dream sleep. People consuming even moderatevừa phải amounts of alcohol in the afternoon and/or evening are thus deprivingtước đoạt themselves of dream sleep.
 There is a sad and extreme demonstrationtrình diễn of this fact observed in alcoholicskẻ nghiện rượu who, when drinking, can show little in the way of any identifiablecó thể nhận dạng được REM sleep. Going for such long stretches of time without dream sleep produces a tremendousto lớn buildupxây dựng lên in, and backlogtồn đọng of, pressure to obtainđạt được REM sleep. So great, in fact, that it inflictsgây thiệt a frighteningđáng sợ consequencekết quả upon these individuals: aggressivehung dữ intrusionsxâm nhập of dreaming while they are wide awakethức giấc. The pent-up REM-sleep pressure eruptsphun trào forcefully into waking consciousnessý thức, causing hallucinationsảo giác, delusionsảo tưởng, and grosstổng disorientationmất phương hướng. The technical term for this terrifyingđáng sợ psychotictâm thần state is “deliriummê sảng tremens.”II
 Should the addictcon nghiện enter a rehabilitationphục hồi chức năng program and abstainkiêng cữ from alcohol, the brain will begin feastingyến tiệc on REM sleep, bingingchè chén say sưa in a desperatetuyệt vọng effort to recover that which it has been long starvedbỏ đói of—an effect called the REM-sleep rebounddội lại. We observe precisely the same consequenceskết quả caused by excess REM-sleep pressure in individuals who have tried to break the sleep-deprivation world record (before this life-threatening featchiến công was bannedbị cấm).
 You don’t have to be using alcohol to levels of abuselạm dụng, however, to suffer its deleteriouscó hại REM-sleep-disrupting consequenceskết quả, as one study can attestchứng thực. Recall that one function of REM sleep is to aid in memory integrationhội nhập and association: the type of information processing required for developing grammaticalngữ pháp rules in new language learning, or in synthesizing large sets of related facts into an interconnectedkết nối với nhau whole. To witmưu mẹo, researchers recruited a large group of college students for a seven-day study. The participants were assigned to one of three experimentalthực nghiệm conditions. On day 1, all the participants learned a novel, artificialnhân tạo grammar, rather like learning a new computer coding language or a new form of algebrađại số học. It was just the type of memory task that REM sleep is known to promote. Everyone learned the new material to a high degree of proficiencykhả năng on that first day—around 90 percent accuracysự chính xác. Then, a week later, the participants were tested to see how much of that information had been solidifiedkiên cố hóa by the six nights of interveningcan thiệp sleep.
 What distinguishedphân biệt the three groups was the type of sleep they had. In the first group—the control condition—participants were allowed to sleep naturally and fully for all interveningcan thiệp nights. In the second group, the experimentersngười thí nghiệm got the students a little drunksay rượu just before bed on the first night after daytimeban ngày learning. They loaded up the participants with two to three shots of vodkarượu vodka mixed with orange juicenước ép, standardizingtiêu chuẩn hóa the specific blood alcohol amount on the basis of gender and body weight. In the third group, they allowed the participants to sleep naturally on the first and even the second night after learning, and then got them similarly drunksay rượu before bed on night 3.
 Note that all three groups learned the material on day 1 while sobertỉnh táo, and were tested while sobertỉnh táo on day 7. This way, any difference in memory among the three groups could not be explained by the direct effects of alcohol on memory formation or later recall, but must be due to the disruptiongián đoạn of the memory facilitationtạo điều kiện thuận lợi that occurred in between.
 On day 7, participants in the control condition remembered everything they had originally learned, even showing an enhancementsự nâng cao of abstractiontrừu tượng and retentiongiữ lại of knowledge relative to initial levels of learning, just as we’d expect from good sleep. In contrast, those who had their sleep lacedcó dây buộc with alcohol on the first night after learning suffered what can conservatively be described as partialmột phần amnesiamất trí nhớ seven days later, forgetting more than 50 percent of all that original knowledge. This fits well with evidence we discussed earlier: that of the brain’s non-negotiable requirement for sleep the first night after learning for the purposes of memory processing.
 The real surprise came in the results of the third group of participants. Despite getting two full nights of natural sleep after initial learning, having their sleep dousedngâm with alcohol on the third night still resulted in almost the same degree of amnesia—40 percent of the knowledge they had worked so hard to establish on day 1 was forgotten.
 The overnightqua đêm work of REM sleep, which normally assimilatesđồng hóa complex memory knowledge, had been interferedcan thiệp with by the alcohol. More surprising, perhaps, was the realizationhiện thực hóa that the brain is not done processing that knowledge after the first night of sleep. Memories remain perilously vulnerabledễ bị tổn thương to any disruptiongián đoạn of sleep (including that from alcohol) even up to three nights after learning, despite two full nights of natural sleep prior.
 Framed practicallythực tế, let’s say that you are a student crammingnhồi nhét for an exam on Monday. Diligently, you study all of the previous Wednesday. Your friends beckonra hiệu you to come out that night for drinks, but you know how important sleep is, so you decline. On Thursday, friends again ask you to grab a few drinks in the evening, but to be safe, you turn them down and sleep soundly a second night. Finally, Friday rolls around—now three nights after your learning session—and everyone is heading out for a party and drinks. Surely, after being so dedicated to slumbergiấc ngủ across the first two nights after learning, you can now cut loose, knowing those memories have been safely secured and fully processed within your memory banks. Sadly, not so. Even now, alcohol consumptionsự tiêu thụ will wash away much of that which you learned and can abstract by blocking your REM sleep.
 How long is it before those new memories are finally safe? We actually do not yet know, though we have studies under way that spannhịp many weeks. What we do know is that sleep has not finished tending to those newly planted memories by night 3. I elicitgợi ra audiblenghe được groansthan van when I present these findings to my undergraduatesđại học in lectures. The politically incorrectkhông đúng advice I would (of course never) give is this: go to the pubquán rượu for a drink in the morning. That way, the alcohol will be out of your system before sleep.
 Glib advice aside, what is the recommendation when it comes to sleep and alcohol? It is hard not to sound puritanicalkhăt khe, but the evidence is so strong regarding alcohol’s harmfulcó hại effects on sleep that to do otherwise would be doing you, and the science, a disservicephá hoại. Many people enjoy a glass of wine with dinner, even an aperitifkhai vị thereaftersau đó. But it takes your livergan and kidneysquả thận many hours to degradexuống cấp and excretebài tiết that alcohol, even if you are an individual with fast-acting enzymesenzym for ethanoletanol decompositionphân hủy. Nightly alcohol will disruptlàm gián đoạn your sleep, and the annoying advice of abstinencekiêng khem is the best, and most honest, I can offer.
 GET THE NIGHTTIME CHILLS
 Thermal environment, specifically the proximalgần temperature around your body and brain, is perhaps the most underappreciatedđánh giá thấp factor determiningxác định the ease with which you will fall asleepngủ tonight, and the quality of sleep you will obtainđạt được. Ambient room temperature, bedding, and nightclothesquần áo ngủ dictatera lệnh the thermalnhiệt envelopephong bì that wraps around your body at night. It is ambientxung quanh room temperature that has suffered a dramatickịch assaulttấn công from modernityhiện đại. This change sharplyđột ngột differentiatesphân biệt the sleeping practices of modern humans from those of pre-industrial cultures, and from animals.
 To successfully initiatebắt đầu sleep, as described in chapter 2, your corecốt lõi temperature needs to decrease by 2 to 3 degrees Fahrenheit, or about 1 degree Celsius. For this reason, you will always find it easier to fall asleepngủ in a room that is too cold than too hot, since a room that is too cold is at least dragging your brain and body in the correct (downwardđi xuống) temperature direction for sleep.
 The decrease in corecốt lõi temperature is detected by a group of thermosensitive cells situated in the center of your brain within the hypothalamusvùng dưới đồi. Those cells live right next door to the twenty-four-hour clock of the suprachiasmatic nucleusnhân tế bào in the brain, and for good reason. Once corecốt lõi temperature dipsnhúng below a thresholdngưỡng in the evening, the thermosensitive cells quickly deliver a neighborlyláng giềng message to the suprachiasmatic nucleusnhân tế bào. The memobản ghi nhớ adds to that of naturally fading light, informing the suprachiasmatic nucleusnhân tế bào to initiatebắt đầu the evening surgedâng trào in melatoninmelatonin, and with it, the timed ordering of sleep. Your nocturnalsống về đêm melatoninmelatonin levels are therefore controlled not only by the loss of daylightban ngày at duskhoàng hôn, but also the drop in temperature that coincidestrùng hợp with the setting sun. Environmental light and temperature therefore synergistically, though independently, dictatera lệnh nightlyhàng đêm melatoninmelatonin levels and sculptđiêu khắc the ideal timing of sleep.
 Your body is not passivethụ động in letting the cool of night lullru ngủ it into sleep, but actively participates. One way you control your corecốt lõi body temperature is using the surface of your skin. Most of the thermic work is performed by three parts of your body in particular: your hands, your feet, and your head. All three areas are rich in crisscrossingbắt chéo nhau blood vessels, known as the arteriovenousđộng tĩnh mạch anastomosesnối liền, that lie close to the skin’s surface. Like stretching clothesquần áo over a drying line, this mass of vessels will allow blood to be spread across a large surface area of skin and come in close contact with the air that surrounds it. The hands, feet, and head are therefore remarkably efficient radiatingtỏa ra devices that, just prior to sleep onsetbắt đầu, jettisonvứt bỏ body heat in a massiveto lớn thermalnhiệt ventinglỗ thông hơi session so as to drop your corecốt lõi body temperature. Warm hands and feet help your body’s corecốt lõi cool, inducingxúi giục inviting sleep quickly and efficiently.
 It is no evolutionarytiến hóa coincidencetrùng hợp ngẫu nhiên that we humans have developed the pre-bed ritualnghi thức of splashingbắn tung tóe water on one of the most vascularmạch máu parts of our bodies—our face, using one of the other highly vascularmạch máu surfaces—our hands. You may think the feeling of being facially clean helps you sleep better, but facialtrên khuôn mặt cleanlinesssạch sẽ makes no difference to your slumbergiấc ngủ. The act itself does have sleep-inviting powers, however, as that water, warm or cold, helps dissipatetiêu tan heat from the surface of the skin as it evaporatesbay hơi, therebybằng cách ấy cooling the inner body corecốt lõi.
 The need to dumpbãi rác heat from our extremitiesthái quá is also the reason that you may occasionally stick your hands and feet out from underneath the bedcoverstrải giường at night due to your corecốt lõi becoming too hot, usually without your knowing. Should you have children, you’ve probably seen the same phenomenonhiện tượng when you check in on them late at night: arms and legs danglinglủng lẳng out of the bed in amusingvui (and endearingquý mến) ways, so different from the neatly positioned limbschân tay you placed beneath the sheets upon first tuckinggài them into bed. The limbchân tay rebellionnổi loạn aids in keeping the body corecốt lõi cool, allowing it to fall and stay asleepngủ.
 The coupled dependencyphụ thuộc between sleep and body cooling is evolutionarilytiến hóa linked to the twenty-four-hour ebblên xuống and flow of daily temperature. Homo sapiensngười tinh khôn (and thus modern sleep patterns) evolvedphát triển in eastern equatorialxích đạo regions of Africa. Despite experiencing only modestkhiêm tốn fluctuationsdao động in average temperature across a year (+/- 3°C, or 5.4°F), these areas have larger temperature differentialssự khác biệt across a day and night in both the winter (+/- 14°F, or 8°C) and the summer (+/- 12°F, or 7°C).
 Pre-industrial cultures, such as the nomadicdân du mục Gabra tribebộ lạc in northern Kenya, and the hunter-gatherers of the Hadza and San tribesbộ lạc, have remained in thermic harmonyhòa hợp with this day-night cycle. They sleep in porousxốp hutstúp lều with no cooling or heating systems, minimaltối thiểu bedding, and lie semi-naked. They sleep this way from birth to death. Such willing exposurephơi bày to ambientxung quanh temperature fluctuationsdao động is a major factor (alongsidebên cạnh the lack of artificialnhân tạo evening light) determiningxác định their well-timed, healthy sleep quality. Without indoor-temperature control, heavy bedding, or excess nighttimeban đêm attiretrang phục, they display a form of thermalnhiệt liberalismchủ nghĩa tự do that assists, rather than battles against, sleep’s conditionalcó điều kiện needs.
 In starkngay đơ contrast, industrializedcông nghiệp hóa cultures have severedcắt đứt their relationship with this natural rise and fall of environmentalthuộc về môi trường temperature. Through climate-controlled homes with central heat and air-conditioning, and the use of bedcoverstrải giường and pajamasđồ ngủ, we have architected a minimallytối thiểu varying or even constant thermalnhiệt tenorgiọng nam cao in our bedrooms. Bereft of the natural drop in evening temperature, our brains do not receive the cooling instruction within the hypothalamusvùng dưới đồi that facilitatestạo điều kiện a naturally timed release of melatoninmelatonin. Moreover, our skin has difficulty “breathing out” the heat it must in order to drop corecốt lõi temperature and make the transitionchuyển tiếp to sleep, suffocatednghẹt thở by the constant heat signal of controlled home temperatures.
 A bedroom temperature of around 65 degrees Fahrenheit (18.3°C) is ideal for the sleep of most people, assuming standard bedding and clothing. This surprises many, as it sounds just a little too cold for comfort. Of course, that specific temperature will vary depending on the individual in question and their uniqueđộc nhất physiologysinh lý học, gender, and age. But like caloriecalo recommendations, it’s a good target for the average human being. Most of us set ambientxung quanh house and/or bedroom temperatures higher than are optimaltối ưu for good sleep and this likely contributesđóng góp to lower quantity and/or quality of sleep than you are otherwise capable of getting. Lower than 55 degrees Fahrenheit (12.5°C) can be harmfulcó hại rather than helpful to sleep, unless warm bedding or nightclothesquần áo ngủ are used. However, most of us fall into the opposite category of setting a controlled bedroom temperature that is too high: 70 or 72 degrees. Sleep cliniciansbác sĩ lâm sàng treating insomniamất ngủ patients will often ask about room temperature, and will advise patients to drop their current thermostatmáy điều nhiệt set-point by 3 to 5 degrees from that which they currently use.
 Anyone disbelievingkhông tin tưởng of the influence of temperature on sleep can explore some truly bizarrekỳ dị experiments on this topic strewnvương vãi throughout the research literaturevăn học. Scientists have, for example, gently warmed the feet or the body of rats to encourage blood to rise to the surface of the skin and emitphát ra heat, therebybằng cách ấy decreasing corecốt lõi body temperature. The rats driftedtrôi dạt off to sleep far faster than was otherwise normal.
 In a more outlandishxa lạ human version of the experiment, scientists constructed a whole-body thermalnhiệt sleeping suit, not dissimilarkhông giống nhau in appearance to a wet suit. Water was involved, but fortunatelythật may mắn those willing to risk their dignityphẩm giá by donning the outfittrang phục did not get wet. Lining the suit was an intricatephức tạp network of thin tubes, or veinstĩnh mạch. Crisscrossing the body like a detailed road map, these artificialnhân tạo veinstĩnh mạch traversedđi qua all major districts of the body: arms, hands, torsothân, legs, feet. And like the independent governancequản trị of local roads by separate states or countieshạt of a nation, each body territorylãnh thổ received its own separate water feed. In doing so, the scientists could exquisitelytinh xảo and selectively choose which parts of the body they would circulatelưu hành water around, therebybằng cách ấy controlling the temperature on the skin’s surface in individual body areas—all while the participant lay quietly in bed.
 Selectively warming the feet and hands by just a small amount (1°F, or about 0.5°C) caused a local swellsưng lên of blood to these regions, therebybằng cách ấy charming heat out of the body’s corecốt lõi, where it had been trapped. The result of all this ingenuityKhéo léo: sleep took hold of the participants in a significantlyđáng kể shorter time, allowing them to fall asleepngủ 20 percent faster than was usual, even though these were already young, healthy, fast-sleeping individuals.III
 Not satisfied with their success, the scientists took on the challenge of improving sleep in two far more problematiccó vấn đề groups: older adults who generally have a harder time falling asleepngủ, and patients with clinical insomniamất ngủ whose sleep was especially stubbornbướng bỉnh. Just like the young adults, the older adults fell asleepngủ 18 percent faster than normal when receiving the same thermalnhiệt assistance from the bodysuitáo liền quần. The improvement in the insomniacsmất ngủ was even more impressive—a 25 percent reductionsự giảm bớt in the time it took them to drifttrôi dạt off into sleep.
 Better still, as the researchers continued to apply body-temperature cooling throughout the night, the amount of time spent in stable sleep increased while time awakethức giấc decreased. Before the body-cooling therapy, these groups had a 58 percent probabilityxác suất of waking up in the last half of the night and struggled to get back to sleep—a classic hallmarkdấu ấn of sleep maintenance insomniamất ngủ. This number tumblednhào lộn to just a 4 percent likelihoodkhả năng when receiving thermalnhiệt help from the bodysuitáo liền quần. Even the electrical quality of sleep—especially the deep, powerful brainwavessóng não of NREM sleep—had been boosted by the thermalnhiệt manipulationthao tác in all these individuals.
 Knowingly or not, you have probably used this proven temperature manipulationthao tác to help your own sleep. A luxurysang trọng for many is to draw a hot bath in the evening and soakngâm the body before bedtimegiờ đi ngủ. We feel it helps us fall asleepngủ more quickly, which it can, but for the opposite reason most people imagine. You do not fall asleepngủ faster because you are toastybánh mì nướng and warm to the corecốt lõi. Instead, the hot bath invites blood to the surface of your skin, giving you that flushedđỏ mặt appearance. When you get out of the bath, those dilatedgiãn ra blood vessels on the surface quickly help radiatephát xạ out inner heat, and your corecốt lõi body temperature plummetsdây chì. Consequently, you fall asleepngủ more quickly because your corecốt lõi is colder. Hot baths prior to bed can also inducexúi giục 10 to 15 percent more deep NREM sleep in healthy adults.IV
 AN ALARMING FACT
 Adding to the harm of evening light and constant temperature, the industrial erakỷ nguyên inflictedgây thiệt another damaging blow to our sleep: enforcedthi hành awakeningthức tỉnh. With the dawnbình minh of the industrial age and the emergencesự xuất hiện of large factories came a challenge: How can you guarantee the en massetập thể dục arrival of a large workforcelực lượng lao động all at the same time, such as at the start of a shift?
 The solution came in the form of the factory whistle—arguably the earliest (and loudest) version of an alarm clock. The whistle’s skirlkêu across the working village aimed to wrenchcờ lê large numbers of individuals from sleep at the same morning hour day after day. A second whistlecòi would often signal the beginning of the work shift itself. Later, this invasivexâm lấn messengertin nhắn of wakefulnesssự tỉnh táo entered the bedroom in the form of the modern-day alarm clock (and the second whistlecòi was replaced by the banalitytầm thường of time card punchingcú đấm).
 No other speciesgiống loài demonstrateschứng minh this unnaturalkhông tự nhiên act of prematurely and artificially terminatingchấm dứt sleep,V and for good reason. Compare the physiologicalsinh lý state of the body after being rudely awakenedđánh thức by an alarm to that observed after naturally waking from sleep. Participants artificially wrenchedcờ lê from sleep will suffer a spikemũi nhọn in blood pressure and a shock accelerationsự tăng tốc in heart rate caused by an explosivethuốc nổ burst of activity from the fight-or-flight branch of the nervous system.VI
 Most of us are unawarekhông biết of an even greater danger that lurksẩn nấp within the alarm clock: the snoozegiấc ngủ ngắn button. If alarming your heart, quite literallytheo đúng nghĩa đen, were not bad enough, using the snoozegiấc ngủ ngắn feature means that you will repeatedly inflictgây thiệt that cardiovasculartim mạch assaulttấn công again and again within a short spannhịp of time. Step and repeat this at least five days a week, and you begin to understand the multiplicativephép nhân abuselạm dụng your heart and nervous system will suffer across a life spannhịp. Waking up at the same time of day, every day, no matter if it is the week or weekend is a good recommendation for maintaining a stable sleep schedule if you are having difficulty with sleep. Indeed, it is one of the most consistent and effective ways of helping people with insomniamất ngủ get better sleep. This unavoidably means the use of an alarm clock for many individuals. If you do use an alarm clock, do away with the snoozegiấc ngủ ngắn function, and get in the habit of waking up only once to spare your heart the repeated shock.
 Parenthetically, a hobbysở thích of mine is to collect the most innovativeđổi mới (i.e., ludicrouslố bịch) alarm clock designs in some hope of catalogingmục lục the depravedsa đọa ways we humans wrenchcờ lê our brains out of sleep. One such clock has a number of geometric blocks that sit in complementary-shaped holes on a padtập giấy. When the alarm goes off in the morning, it not only eruptsphun trào into a blurtingbuột miệng shriekhét lên, but also explodesnổ tung the blocks out across the bedroom floor. It will not shut off the alarm until you pick up and repositionđịnh vị lại all of the blocks in their respectivetương ứng holes.
 My favorite, however, is the shreddermáy hủy tài liệu. You take a paper bill—let’s say $20—and slide it into the front of the clock at night. When the alarm goes off in the morning, you have a short amount of time to wake up and turn the alarm off before it begins shreddingxé nhỏ your money. The brilliant behavioral economistnhà kinh tế học Dan Ariely has suggested an even more fiendishquỷ quyệt system whereintrong đó your alarm clock is connected, by Wi-Fi, to your bank account. For every second you remain asleepngủ, the alarm clock will send $10 to a political organization . . . that you absolutely despisecoi thường.
 [image: Images]
 That we have devisednghĩ ra such creative—and even painful—ways of waking ourselves up in the morning says everything about how under-slept our modern brains are. Squeezed by the vise gripsnắm chặt of an electrifiedđiện khí hóa night and early-morning start times, bereftbị bỏ rơi of twenty-four-hour thermalnhiệt cycles, and with caffeinecafein and alcohol surgingdâng cao through us in various quantities, many of us feel rightlyđúng đắn exhaustedkiệt sức and cravekhao khát that which seems always elusivekhó nắm bắt: a full, restfulyên tĩnh night of natural deep sleep. The internal and external environments in which we evolvedphát triển are not those in which we lie down to rest in the twenty-first century. To morphbiến hình an agricultural concept from the wonderful writer and poet Wendell Berry,VII modern society has taken one of nature’s perfect solutions (sleep) and neatly divided it into two problems: (1) a lack thereofcủa chúng at night, resulting in (2) an inabilitykhông có khả năng to remain fully awakethức giấc during the day. These problems have forced many individuals to go in search of prescriptionđơn thuốc sleeping pillsViên thuốc. Is this wise? In the next chapter, I will provide you with scientifically and medically informed answers.
 
 I. For those wondering why cool blue light is the most potentmạnh mẽ of the visible light spectrumquang phổ for regulatingquy định melatoninmelatonin release, the answer lies in our distantxa xôi ancestraltổ tiên past. Human beings, as we believe is true of all forms of terrestrialtrên cạn organismssinh vật, emergedhiện ra from marinehàng hải life. The ocean acts like a light filter, stripping away most of the longer, yellow and red wavelengthbước sóng light. What remains is the shorter, blue wavelengthbước sóng light. It is the reason the ocean, and our vision when submergedlàm ngập under its surface, appears blue. Much of marinehàng hải life, therefore, evolvedphát triển within the blue visible light spectrumquang phổ, including the evolutionsự tiến hóa of aquaticthủy sinh eyesightthị lực. Our biasedthành kiến sensitivitynhạy cảm to cool blue light is a vestigialvết tích carryoverchuyển giao from our marinehàng hải forebearstổ tiên. Unfortunately, this evolutionarytiến hóa twist of fateđịnh mệnh has now come back to hauntám ảnh us in a new erakỷ nguyên of blue LED light, discombobulatinglàm tan rã our melatoninmelatonin rhythmnhịp and thus our sleep-wake rhythmnhịp.
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CHAPTER 14
 
 
 
 Hurting and Helping Your Sleep
 Pills vs. Therapy
 In the past month, almost 10 million people in America will have swallowednuốt some kind of a sleeping aid. Most relevant, and a key focus of this chapter, is the (ab)use of prescriptionđơn thuốc sleeping pillsViên thuốc. Sleeping pillsViên thuốc do not provide natural sleep, can damage health, and increase the risk of life-threatening diseases. We will explore the alternatives that exist for improving sleep and combatingchiến đấu insipidnhạt nhẽo insomniamất ngủ.
 SHOULD YOU TAKE TWO OF THESE BEFORE BED?
 No past or current sleeping medicationsthuốc on the legal (or illegal) market inducexúi giục natural sleep. Don’t get me wrong—no one would claim that you are awakethức giấc after taking prescriptionđơn thuốc sleeping pillsViên thuốc. But to suggest that you are experiencing natural sleep would be an equally false assertionquả quyết.
 The older sleep medications—termed “sedativethuốc an thần hypnoticsthôi miên,” such as diazepam—were bluntcùn instruments. They sedatednghiêm trang you rather than assisting you into sleep. Understandably, many people mistake the former for the lattersau này. Most of the newer sleeping pillsViên thuốc on the market present a similar situation, though they are slightly less heavy in their sedatingnghiêm trang effects. Sleeping pillsViên thuốc, old and new, target the same system in the brain that alcohol does—the receptorsthụ that stop your brain cells from firing—and are thus part of the same general class of drugs: sedativesthuốc an thần. Sleeping pillsViên thuốc effectively knock out the higher regions of your brain’s cortexvỏ não.
 If you compare natural, deep-sleep brainwavesóng não activity to that inducedcảm ứng by modern-day sleeping pillsViên thuốc, such as zolpidem (brand name Ambien) or eszopiclone (brand name Lunesta), the electrical signaturechữ ký, or quality, is deficientthiếu. The electrical type of “sleep” these drugs produce is lacking in the largest, deepest brainwavessóng não.I Adding to this state of affairs are a number of unwantedkhông mong muốn side effects, including next-day grogginesslảo đảo, daytimeban ngày forgetfulnesshay quên, performing actions at night of which you are not consciousbiết rõ (or at least have partialmột phần amnesiamất trí nhớ of in the morning), and slowed reaction times during the day that can impactsự va chạm motor skills, such as driving.
 True even of the newer, shorter-acting sleeping pillsViên thuốc on the market, these symptoms instigatexúi giục a viciousluẩn quẩn cycle. The waking grogginesslảo đảo can lead people to reach for more cups of coffee or tea to revvòng quay themselves up with caffeinecafein throughout the day and evening. That caffeinecafein, in turn, makes it harder for the individual to fall asleepngủ at night, worseningxấu đi the insomniamất ngủ. In response, people often take an extra half or whole sleeping pillViên thuốc at night to combatchiến đấu the caffeinecafein, but this only amplifies the next-day grogginesslảo đảo from the drug hangovernôn nao. Even greater caffeinecafein consumptionsự tiêu thụ then occurs, perpetuatinglàm cho lâu dài the downwardđi xuống spiralxoắn ốc.
 Another deeply unpleasantkhó chịu feature of sleeping pillsViên thuốc is rebounddội lại insomniamất ngủ. When individuals stop taking these medicationsthuốc, they frequently suffer far worse sleep, sometimes even worse than the poor sleep that led them to seek out sleeping pillsViên thuốc to begin with. The cause of rebounddội lại insomniamất ngủ is a type of dependencyphụ thuộc in which the brain alters its balance of receptorsthụ as a reaction to the increased drug doseliều lượng, trying to become somewhat less sensitive as a way of countering the foreign chemical within the brain. This is also known as drug tolerancesức chịu đựng. But when the drug is stopped, there is a withdrawalrút tiền process, part of which involves an unpleasantkhó chịu spikemũi nhọn in insomniamất ngủ severitymức độ nghiêm trọng.
 We should not be surprised by this. The majority of prescriptionđơn thuốc sleeping pillsViên thuốc are, after all, in a class of physicallythể chất addictivegây nghiện drugs. Dependency scales with continued use, and withdrawalrút tiền ensuesxảy ra sau đó in abstinencekiêng khem. Of course, when patients come off the drug for a night and have miserablekhổ sở sleep as a result of rebounddội lại insomniamất ngủ, they often go right back to taking the drug the following night. Few people realize that this night of severe insomniamất ngủ, and the need to start retakingthi lại the drug, is partiallymột phần or whollyhoàn toàn caused by the persistentkiên trì use of sleeping pillsViên thuốc to begin with.
 The ironytrớ trêu is that many individuals experience only a slightmảnh dẻ increase in “sleep” from these medicationsthuốc, and the benefit is more subjectivechủ quan than objective. A recent team of leadinghàng đầu medical doctors and researchers examined all publishedđược phát hành studies to date on newer forms of sedativethuốc an thần sleeping pillsViên thuốc that most people take.II They considered sixty-five separate drug-placebo studies, encompassingbao trùm almost 4,500 individuals. Overall, participants subjectively felt they fell asleepngủ faster and slept more soundly with fewer awakeningsthức tỉnh, relative to the placebogiả dược. But that’s not what the actual sleep recordings showed. There was no difference in how soundly the individuals slept. Both the placebogiả dược and the sleeping pillsViên thuốc reduced the time it took people to fall asleepngủ (between ten and thirty minutes), but the change was not statistically different between the two. In other words, there was no objective benefit of these sleeping pillsViên thuốc beyond that which a placebogiả dược offered.
 Summarizing the findings, the committeeủy ban stated that sleeping pillsViên thuốc only produced “slightmảnh dẻ improvements in subjectivechủ quan and polysomnographic sleep latency”—that is, the time it takes to fall asleepngủ. The committeeủy ban concluded the report by stating that the effect of current sleeping medicationsthuốc was “rather small and of questionablenghi vấn clinical importance.” Even the newest sleeping pillViên thuốc for insomniamất ngủ, called suvorexant (brand name Belsomra), has proved minimallytối thiểu effective, as we discussed in chapter 12. Future versions of such drugs may offer meaningfulcó ý nghĩa sleep improvements, but for now the scientific datadữ liệu on prescriptionđơn thuốc sleeping pillsViên thuốc suggests that they may not be the answer to returning sound sleep to those struggling to generate it on their own.
 SLEEPING PILLS—THE BAD, THE BAD, AND THE UGLY
 Existing prescriptionđơn thuốc sleeping pillsViên thuốc are minimallytối thiểu helpful, but are they harmfulcó hại, even deadlychết người? Numerous studies have something to say on this point, yet much of the public remains unawarekhông biết of their findings.
 Natural deep sleep, as we have previously learned, helps cementxi măng new memory traces within the brain, part of which require the active strengthening of connections between synapses that make up a memory circuitmạch. How this essential nighttimeban đêm storage function is affected by drug-induced sleep has been the focus of recent animal studies. After a period of intensemãnh liệt learning, researchers at the University of Pennsylvania gave animals a weight-appropriate doseliều lượng of Ambien or a placebogiả dược and then examined the change in brain rewiringtua lại after sleep in both groups. As expected, natural sleep solidifiedkiên cố hóa memory connections within the brain in the placebogiả dược condition that had been formed during the initial learning phase. Ambien-induced sleep, however, not only failed to match these benefits (despite the animals sleeping just as long), but caused a 50 percent weakening (unwiring) of the brain-cell connections originally formed during learning. In doing so, Ambien-laced sleep became a memory erasercục tẩy, rather than engraverthợ khắc.
 Should similar findings continue to emergehiện ra, including in humans, pharmaceuticaldược phẩm companies may have to acknowledgethừa nhận that, although users of sleeping pillsViên thuốc may fall asleepngủ nominally faster at night, they should expect to wake up with few(er) memories of yesterday. This is of special concern considering the average age for those receiving sleep medicationthuốc prescriptionsđơn thuốc is decreasing, as sleep complaints and incidents of pediatricnhi khoa insomniamất ngủ increase. Should the former be true, doctors and parents may need to be vigilantthận trọng about giving in to the temptationsự cám dỗ of prescriptionsđơn thuốc. Otherwise, young brains, which are still being wired up into the early twenties, will be attempting the already challenging task of neuralthần kinh development and learning under the subvertinglật đổ influence of prescriptionđơn thuốc sleeping pillsViên thuốc.III
 Even more concerning than brain rewiringtua lại are medical effects throughout the body that come with the use of sleeping pills—effects that aren’t widely known but should be. Most controversialgây tranh cãi and alarming are those highlighted by Dr. Daniel Kripke, a physicianbác sĩ at the University of California, San Diego. Kripke discovered that individuals using prescriptionđơn thuốc sleep medicationsthuốc are significantlyđáng kể more likely to die and to develop cancer than those who do not.IV I should note at the outsetkhởi đầu that Kripke (like me) has no vestedáo vest interest in any particular drug company, and therefore does not stand to financially gain or lose on the basis of a particular examination of health relationships that exist with sleeping pills—good or bad.
 In the early 2000s, insomniamất ngủ rates balloonedbóng bay and sleeping pillViên thuốc prescriptionsđơn thuốc escalatedleo thang dramatically. It also meant much more datadữ liệu was available. Kripke began examining these large epidemiological databasescơ sở dữ liệu. He wanted to explore whether there was a relationship between sleeping pillViên thuốc use and altered disease or mortalitytỷ lệ tử vong risk. There was. Time and again, the same message emergedhiện ra from the analyses: individuals taking sleeping pillsViên thuốc were significantlyđáng kể more likely to die across the study periods (usually a handfulmột nắm đầy tay of years) than those who were not, the reasons for which we will soon discuss.
 Often, however, it was trickykhó khăn to conduct a well-matched comparison with these early databasescơ sở dữ liệu, as there were not enough participants or measured factors that he could control for to really teasechọc ghẹo out a pure sleeping pillViên thuốc effect. By 2012, however, there were. Kripke and his colleagues set up a well-controlled comparison, examining more than 10,000 patients taking sleeping pillsViên thuốc, the vast majority of whom were taking zolpidem (brand name Ambien), though some were taking temazepam (brand name Restoril). He contrasted them with 20,000 very well matched individuals of similar age, race, gender, and background, but who were not taking sleeping pillsViên thuốc. In addition, Kripke was able to control for many other factors that could inadvertently contributeđóng góp to mortalitytỷ lệ tử vong, such as body mass index, history of exercise, smoking, and drinking. He looked at the likelihoodkhả năng of disease and death across a two-and-a-half-year window, shown in Figure 15.V,VI
 Those taking sleeping pillsViên thuốc were 4.6 times more likely to die over this short two-and-a-half-year period than those who were not using sleeping pillsViên thuốc. Kripke further discovered that the risk of death scaled with the frequency of use. Those individuals classifiedđược phân loại as heavy users, defined as taking more than 132 pillsViên thuốc per year, were 5.3 times more likely to die over the study period than matched control participants who were not using sleeping pillsViên thuốc.
  Figure 15: Risk of Death from Sleeping Pills
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 More alarming was the mortalitytỷ lệ tử vong risk for people who only dabbledvọc in sleeping pillViên thuốc use. Even very occasionalthỉnh thoảng users—those defined as taking just eighteen pillsViên thuốc per year—were still 3.6 times more likely to die at some point across the assessmentđánh giá window than non-users. Kripke isn’t the only researcher finding such mortalitytỷ lệ tử vong risk associations. There are now more than fifteen such studies from different groups around the world showing higher rates of mortalitytỷ lệ tử vong in those who use sleeping pillsViên thuốc.
 What was killing those individuals using sleeping pillsViên thuốc? That question is harder to answer from the available datadữ liệu, though it is clear that the sources are many. In an attempt to find answers, Kripke and other independent research groups have now evaluated datadữ liệu from studies involving almost all of the common sleeping pillsViên thuốc, including zolpidem (Ambien), temazepam (Restoril), eszopiclone (Lunesta), zaleplon (Sonata), and other sedatingnghiêm trang drugs, such as triazolam (Halcion) and flurazepamflurazepam (Dalmane).
 One frequent cause of mortalitytỷ lệ tử vong appears to be higher-than-normal rates of infection. Also discussed in earlier chapters, natural sleep is one of the most powerful boosterstăng cường of the immunemiễn dịch system, helping wardphường off infection. Why, then, do individuals who are taking sleeping pillsViên thuốc that purportedly “improve” sleep suffer higher rates of various infections, when the opposite is predicteddự đoán? It is possible that medication-induced sleep does not provide the same restorativephục hồi immunemiễn dịch benefits as natural sleep. This would be most troubling for the elderly. Older adults are far more likely to suffer from infections. Alongside newbornstrẻ sơ sinh, they are the most immunologicallymiễn dịch học vulnerabledễ bị tổn thương individuals in our society. Older adults are also the heaviest users of sleeping pillsViên thuốc, representing more than 50 percent of the individuals prescribedquy định such drugs. Based on these coincidentaltình cờ facts, it may be time for medicine to reappraiseđánh giá lại the prescriptionđơn thuốc frequency of sleeping pillsViên thuốc in the elderly.
 Another cause of death linked to sleeping pillViên thuốc use is an increased risk for fatalgây tử vong car accidents. This is most likely caused by the non-restorative sleep such drugs inducexúi giục and/or the groggychệnh choạng hangovernôn nao that some suffer, both of which may leave individuals drowsybuồn ngủ while driving the next day. Higher risk for falls at night was a further mortalitytỷ lệ tử vong factor, particularly in the elderly. Additional adversebất lợi associations in users of prescriptionđơn thuốc sleeping pillsViên thuốc included higher rates of heart disease and stroke.
 Then broke the story of cancer. Earlier studies had hinted at a relationship between the sleep medicationsthuốc and mortalitytỷ lệ tử vong risk from cancer, but were not as well controlled in terms of comparisons. Kripke’s study did a far better job in this regardvề, and included the newer, more relevant sleeping medicationthuốc Ambien. Individuals taking sleeping pillsViên thuốc were 30 to 40 percent more likely to develop cancer within the two-and-a-half-year period of the study than those who were not. The older sleeping medications, such as temazepam (Restoril), had a stronger association, with those on mildnhẹ to moderatevừa phải dosesliều lượng suffering more than a 60 percent increased cancer risk. Those taking the highest doseliều lượng of zolpidem (Ambien) were still vulnerabledễ bị tổn thương, suffering almost a 30 percent greater likelihoodkhả năng of developing cancer across the two-and-a-half-year study durationkhoảng thời gian.
 Interestingly, animal experiments conducted by the drug companies themselves hint at the same carcinogenicgây ung thư danger. While the datadữ liệu from the drug companies submitted to the FDA website is somewhat obscuremơ hồ, it seems higher rates of cancer may have emergedhiện ra in rats and mice dosedđịnh lượng with these common sleeping pillsViên thuốc.
 Do these findings prove that sleeping pillsViên thuốc cause cancer? No. At least not by themselves. There are also alternative explanations. For example, it could be that the poor sleep that individuals were suffering prior to taking these drugs—that which motivated the prescriptionđơn thuốc to begin with—and not the sleeping pillsViên thuốc themselves, predisposedkhuynh hướng them to ill health. Moreover, the more problematiccó vấn đề an individual’s prior sleep, perhaps the more sleeping pillsViên thuốc they later consumed, thus accounting for the dose-dependent mortalitytỷ lệ tử vong and dose-carcinogen relationships Kripke and others observed.
 But it is equally possible that sleeping pillsViên thuốc do cause death and cancer. To obtainđạt được a definitivedứt khoát answer we would need a dedicated clinical trial expressly designed to examine these particular morbiditybệnh tật and mortalitytỷ lệ tử vong risks. Ironically, such a trial may never be conducted, since a board of ethicsđạo đức may deemcho là the already apparentrõ ràng death hazardnguy hiểm and carcinogenicgây ung thư risks associated with sleeping pillsViên thuốc to be too high.
 Shouldn’t drug companies be more transparenttrong suốt about the current evidence and risks surrounding sleeping pillViên thuốc use? Unfortunately, Big Pharma can be notoriously unbendingkhông chịu khuất phục within the arenađấu trường of revised medical indications. This is especially true once a drug has been approved following basic safety assessmentsđánh giá, and even more so when profit marginslề become exorbitantquá đáng. Consider that the original Star Wars movies—some of the highest-grossing films of all time—required more than forty years to amasstích lũy $3 billion in revenuedoanh thu. It took Ambien just twenty-four months to amasstích lũy $4 billion in sales profit, discounting the black market. That’s a large number, and one I can only imagine influences Big Pharma decision-making at all levels.
 Perhaps the most conservativethận trọng and least litigiouskiện tụng conclusion one can make about all of this evidence is that no study to date has shown that sleeping pillsViên thuốc save lives. And after all, isn’t that the goal of medicine and drug treatments? In my scientific, though non-medical, opinion, I believe that the existing evidence warrantsbảo đảm far more transparenttrong suốt medical education of any patient who is considering taking a sleeping pillViên thuốc, at the very least. This way, individuals can appreciate the risks and make informed choices. Do you, for example, feel differently about using or continuing to use sleeping pillsViên thuốc having learned about this evidence?
 To be very clear, I am not anti-medication. On the contrarytrái ngược, I desperatelytuyệt vọng want there to be a drug that helps people obtainđạt được truly naturalistictheo chủ nghĩa tự nhiên sleep. Many of the drug company scientists who create sleeping medicines do so with nothing but good intentý định and an honest desire to help those for whom sleep is problematiccó vấn đề. I know, because I have met many of them in my career. And as a researcher, I am keensắc sảo to help science explore new medicationsthuốc in carefully controlled, independent studies. If such a drug—one with sound scientific datadữ liệu demonstratingchứng minh benefits that far outweighlớn hơn any health risks—is ultimatelycuối cùng developed, I would support it. It is simply that no such medicationthuốc currently exists.
 DON’T TAKE TWO OF THESE, INSTEAD TRY THESE
 While the search for more sophisticatedcầu kì sleep drugs continues, a new wave of excitingthú vị, non-pharmacological methods for improving sleep are fast emergingmới nổi. Beyond the electrical, magnetictừ tính, and auditorythính giác stimulationkích thích methods for boosting deep-sleep quality that I have previously discussed (and that are still in embryonicphôi thai stages of development) there are already numerous and effective behavioral methods for improving your sleep, especially if you are suffering from insomniamất ngủ.
 Currently, the most effective of these is called cognitivenhận thức behavioral therapy for insomniamất ngủ, or CBT-I, and it is rapidly being embracedôm by the medical community as the first-line treatment. Working with a therapist for several weeks, patients are provided with a bespokeThiết kế riêng set of techniques intended to break bad sleep habits and address anxietiessự lo lắng that have been inhibitingức chế sleep. CBT-I builds on basic sleep hygienevệ sinh principles that I describe in the appendixruột thừa, supplemented with methods individualizedcá nhân hóa for the patient, their problems, and their lifestylecách sống. Some are obviousrõ ràng, others not so obviousrõ ràng, and still others are counterintuitivephản trực giác.
 The obviousrõ ràng methods involve reducing caffeinecafein and alcohol intakeđầu vào, removing screen technology from the bedroom, and having a cool bedroom. In addition, patients must (1) establish a regular bedtimegiờ đi ngủ and wake-up time, even on weekends, (2) go to bed only when sleepy and avoid sleeping on the couchđi văng early/mid-evenings, (3) never lie awakethức giấc in bed for a significant time period; rather, get out of bed and do something quiet and relaxing until the urge to sleep returns, (4) avoid daytimeban ngày nappingngủ trưa if you are having difficulty sleeping at night, (5) reduce anxiety-provoking thoughts and worries by learning to mentally decelerategiảm tốc before bed, and (6) remove visible clockfaces from view in the bedroom, preventing clock-watching anxietysự lo lắng at night.
 One of the more paradoxicalnghịch lý CBT-I methods used to help insomniacsmất ngủ sleep is to restrict their time spent in bed, perhaps even to just six hours of sleep or less to begin with. By keeping patients awakethức giấc for longer, we build up a strong sleep pressure—a greater abundancephong phú of adenosineadenosine. Under this heavier weight of sleep pressure, patients fall asleepngủ faster, and achieve a more stable, solid form of sleep across the night. In this way, a patient can regaingiành lại their psychologicaltâm lý confidence in being able to self-generate and sustainduy trì healthy, rapid, and sound sleep, night after night: something that has eludedlảng tránh them for months if not years. Upon reestablishingthiết lập lại a patient’s confidence in this regardvề, time in bed is graduallydần dần increased.
 While this may all sound a little contrivedgiả tạo or even dubiousmơ hồ, skepticalhoài nghi readers, or those normally inclinednghiêng toward drugs for help, should first evaluate the proven benefits of CBT-I before dismissing it outrightngay. Results, which have now been replicatedsao chép in numerous clinical studies around the globekhối cầu, demonstratechứng minh that CBT-I is more effective than sleeping pillsViên thuốc in addressing numerous problematiccó vấn đề aspectsdiện mạo of sleep for insomnia sufferersngười đau khổ. CBT-I consistentlynhất quán helps people fall asleepngủ faster at night, sleep longer, and obtainđạt được superiorthượng đẳng sleep quality by significantlyđáng kể decreasing the amount of time spent awakethức giấc at night.VII More importantly, the benefits of CBT-I persistkiên trì long term, even after patients stop working with their sleep therapistnhà trị liệu. This sustainability stands in starkngay đơ contrast to the punchcú đấm of rebounddội lại insomniamất ngủ than individuals experience following the cessationđình chỉ of sleeping pillsViên thuốc.
 So powerful is the evidence favoring CBT-I over sleeping pillsViên thuốc for improved sleep across all levels, and so limited or nonexistentkhông tồn tại are the safety risks associated with CBT-I (unlike sleeping pillsViên thuốc), that in 2016, the American College of Physicians made a landmarkphong cảnh recommendation. A committeeủy ban of distinguishedphân biệt sleep doctors and scientists evaluated all aspectsdiện mạo of the efficacyhiệu quả and safety of CBT-I relative to standard sleeping pillsViên thuốc. Published in the prestigiousuy tín journal Annals of Internal Medicine, the conclusion from this comprehensivetoàn diện evaluationsự đánh giá of all existing datadữ liệu was this: CBT-I must be used as the first-line treatment for all individuals with chronickinh niên insomniamất ngủ, not sleeping pillsViên thuốc.VIII
 You can find more resources on CBT-I, and a list of qualified therapistsnhà trị liệu, from the National Sleep Foundation’s website.IX If you have, or think you have, insomniamất ngủ, please make use of these resources before turning to sleeping pillsViên thuốc.
 GENERAL GOOD SLEEP PRACTICES
 For those of us who are not suffering from insomniamất ngủ or another sleep disorder, there is much we can do to secure a far better night of sleep using what we call good “sleep hygienevệ sinh” practices, for which a list of twelve key tips can be found at the National Institutes of Health website; also offered in the appendixruột thừa of this book.X All twelve suggestions are superbtuyệt vời advice, but if you can only adheretuân thủ to one of these each and every day, make it: going to bed and waking up at the same time of day no matter what. It is perhaps the single most effective way of helping improve your sleep, even though it involves the use of an alarm clock.
 Last but not least, two of the most frequent questions I receive from members of the public regarding sleep bettermentcải thiện concern exercise and diet.
 Sleep and physical exertiongắng sức have a bidirectionalhai chiều relationship. Many of us know of the deep, sound sleep we often experience after sustainedduy trì physical activity, such as a daylongban ngày hikeđi lang thang, an extended bike ride, or even an exhaustingmệt mỏi day of working in the garden. Scientific studies dating back to the 1970s support some of this subjectivechủ quan wisdomkhôn ngoan, though perhaps not as strongly as you’d hope. One such early study, publishedđược phát hành in 1975, shows that progressively increased levels of physical activity in healthy males results in a corresponding progressivecấp tiến increase in the amount of deep NREM sleep they obtainđạt được on subsequenttiếp theo nights. In another study, however, active runnersngười chạy were compared with age- and gender-matched non-runners. While runnersngười chạy had somewhat higher amounts of deep NREM sleep, it was not significantlyđáng kể different to the non-runners.
 Larger and more carefully controlled studies offer somewhat more positive news, but with an interesting wrinklenếp nhăn. In younger, healthy adults, exercise frequently increases total sleep time, especially deep NREM sleep. It also deepensđào sâu the quality of sleep, resulting in more powerful electrical brainwavesóng não activity. Similar, if not larger, improvements in sleep time and efficiency are to be found in midlifetuổi trung niên and older adults, including those who are self-reported poor sleepersngười ngủ or those with clinically diagnosedchẩn đoán insomniamất ngủ.
 Typically, these studies involve measuring several nights of initial baselineđường cơ sở sleep in individuals, after which they are placed on a regimenphác đồ of exercise across several months. Researchers then examine whether or not there are corresponding improvements in sleep as a consequencekết quả. On average, there are. Subjective sleep quality improves, as does total amount of sleep. Moreover, the time it takes participants to fall asleepngủ is usually less, and they report waking up fewer times across the night. In one of the longest manipulationthao tác studies to date, older adult insomniacsmất ngủ were sleeping almost one hour more each night, on average, by the end of a four-month period of increased physical activity.
 Unexpected, however, was the lack of a tight relationship between exercise and subsequenttiếp theo sleep from one day to the next. That is, subjects did not consistentlynhất quán sleep better at night on the days they exercised compared with the days when they were not required to exercise, as one would expect. Less surprising, perhaps, is the inversenghịch đảo relationship between sleep and next-day exercise (rather than the influence of exercise on subsequenttiếp theo sleep at night). When sleep was poor the night prior, exercise intensitycường độ and durationkhoảng thời gian were far worse the following day. When sleep was sound, levels of physical exertiongắng sức were powerfully maximaltối đa the next day. In other words, sleep may have more of an influence on exercise than exercise has on sleep.
 It is still a clear bidirectionalhai chiều relationship, however, with a significant trend toward increasingly better sleep with increasing levels of physical activity, and a strong influence of sleep on daytimeban ngày physical activity. Participants also feel more alertbáo động and energeticmãnh liệt as a result of the sleep improvement, and signs of depression proportionally decrease. It is clear that a sedentaryít vận động life is one that does not help with sound sleep, and all of us should try to engage in some degree of regular exercise to help maintain not only the fitnesssự thích hợp of our bodies but also the quantity and quality of our sleep. Sleep, in return, will boost your fitnesssự thích hợp and energy, setting in motioncử động a positive, self-sustaining cycle of improved physical activity (and mental health).
 One brief note of cautionthận trọng regarding physical activity: try not to exercise right before bed. Body temperature can remain high for an hour or two after physical exertiongắng sức. Should this occur too close to bedtimegiờ đi ngủ, it can be difficult to drop your corecốt lõi temperature sufficiently to initiatebắt đầu sleep due to the exercise-driven increase in metabolictrao đổi chất rate. Best to get your workouttập thể dục in at least two to three hours before turning the bedsideđầu giường light out (none LED-powered, I trust).
 When it comes to diet, there is limited research investigating how the foods you eat, and the pattern of eating, impactsự va chạm your sleep at night. Severe caloricnhiệt lượng restriction, such as reducing food intakeđầu vào to just 800 caloriescalo a day for one month, makes it harder to fall asleepngủ normally, and decreases the amount of deep NREM sleep at night.
 What you eat also appears to have some impactsự va chạm on your nighttimeban đêm sleep. Eating a high-carbohydrate, low-fat diet for two days decreases the amount of deep NREM sleep at night, but increases the amount of REM sleep dreaming, relative to a two-day diet low in carbohydrateschất bột đường and high in fat. In a carefully controlled study of healthy adult individuals, a four-day diet high in sugar and other carbohydrateschất bột đường, but low in fiberchất xơ, resulted in less deep NREM sleep and more awakeningsthức tỉnh at night.XI
 It is hard to make definitivedứt khoát recommendations for the average adult, especially because larger-scale epidemiological studies have not shown consistent associations between eating specific food groups and sleep quantity or quality. Nevertheless, for healthy sleep, the scientific evidence suggests that you should avoid going to bed too full or too hungryđói bụng, and shyxấu hổ away from diets that are excessivelythái quá biasedthành kiến toward carbohydrateschất bột đường (greater than 70 percent of all energy intakeđầu vào), especially sugar.
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CHAPTER 15
 
 
 
 Sleep and Society:
 What Medicine and Education Are Doing Wrong; What Google and NASA Are Doing Right
 A hundred years ago, less than 2 percent of the population in the United States slept six hours or less a night. Now, almost 30 percent of American adults do.
 The lensthấu kính of a 2013 survey by the National Sleep Foundation pulls this sleep deficiencysự thiếu hụt into sharp focus.I More than 65 percent of the US adult population fail to obtainđạt được the recommended seven to nine hours of sleep each night during the week. Circumnavigate the globekhối cầu, and things look no better. In the UK and Japan, for example, 39 and 66 percent, respectively, of all adults report sleeping fewer than seven hours. Deep currents of sleep neglect circulatelưu hành throughout all developed nations, and it is for these reasons that the World Health Organization now labels the lack of societalxã hội sleep as a global health epidemicbệnh dịch. Taken as a whole, one out of every two adults across all developed countries (approximately 800 million people) will not get the necessary sleep they need this coming week.
 Importantly, many of these individuals do not report wanting or needing less sleep. If you look at sleep time in first-world nations for the weekends, the numbers are very different. Rather than a meagerít ỏi 30 percent of adults getting eight hours of sleep or more on average, almost 60 percent of these individuals attempt to “bingechè chén say sưa” on eight or more hours. Each weekend, vast numbers of people are desperatelytuyệt vọng trying to pay back a sleep debt they’ve accruedtích lũy during the week. As we have learned time and again throughout the course of this book, sleep is not like a credit system or the bank. The brain can never recover all the sleep it has been deprivedtước đoạt of. We cannot accumulatetích trữ a debt without penaltyhình phạt, nor can we repaytrả lại that sleep debt at a later time.
 Beyond any single individual, why should society care? Would altering sleep attitudes and increasing sleep amounts make any difference to our collectivetập thể lives as a human race, to our professions and corporations, to commercialthuộc về thương mại productivitynăng suất, to salaries, the education of our children, or even our moral nature? Whether you are a business leader or employee, the director of a hospital, a practicing doctor or nurse, a government official or military person, a public-policy maker or community health worker, anyone who expects to receive any form of medical care at any moment in their life, or a parent, the answer is very much “yes,” for more reasons than you may imagine.
 Below, I offer four diversephong phú yet clear examples of how insufficientkhông đủ sleep is impactingsự va chạm the fabricvải vóc of human society. These are: sleep in the workplacenơi làm việc, torturetra tấn (yes, torturetra tấn), sleep in the education system, and sleep in medicine and health care.
 SLEEP IN THE WORKPLACE
 Sleep deprivationtước đoạt degradesxuống cấp many of the key facultieskhoa required for most forms of employment. Why, then, do we overvalueđịnh giá quá cao employees that undervalueđịnh giá thấp sleep? We glorifytôn vinh the high-powered executive on email until 1:00 a.m., and then in the office by 5:45 a.m.; we laudkhen ngợi the airport “warriorchiến binh” who has traveled through five different time zonesvùng on seven flights over the past eight days.
 There remains a contrivedgiả tạo, yet fortifiedkiên cố, arrogancekiêu căng in many business cultures focused on the uselessnesssự vô dụng of sleep. It is bizarrekỳ dị, considering how sensiblehợp lý the professional world is regarding all other areas of employee health, safety, and conduct. As my Harvard colleague, Dr. Czeisler has pointed out, innumerablevô số policies exist within the workplacenơi làm việc regarding smoking, substance abuselạm dụng, ethicalđạo đức behavior, and injury and disease preventionPhòng ngừa. But insufficientkhông đủ sleep—another harmfulcó hại, potentially deadlychết người factor—is commonly toleratedtha thứ and even woefully encouraged. This mentalitytâm lý has persistedkiên trì, in part, because certain business leaders mistakenlynhầm lẫn believe that time on-task equatesđánh đồng with task completionhoàn thành and productivitynăng suất. Even in the industrial erakỷ nguyên of rotethuộc lòng factory work, this was untruesai sự thật. It is a misguidedlạc lối fallacylối ngụy biện, and an expensive one, too.
 A study across four large US companies found that insufficientkhông đủ sleep cost almost $2,000 per employee per year in lost productivitynăng suất. That amount rosehoa hồng to over $3,500 per employee in those suffering the most serious lack of sleep. That may sound trivialkhông đáng kể, but speak to the beanhạt đậu counters that monitor such things and you discover a net capital loss to these companies of $54 million annually. Ask any board of directors whether they would like to correct a single problem fleecingvải lông cừu their company of more than $50 million a year in lost revenuedoanh thu and the vote will be rapid and unanimousnhất trí.
 An independent report by the RAND Corporation on the economic cost of insufficientkhông đủ sleep offers a soberingnghiêm túc wake-up call for CFOs and CEOs.II Individuals who sleep fewer than seven hours a night on average cause a staggeringsửng sốt fiscalngân sách cost to their country, compared to employees who sleep more than eight hours each night. Shown in figure 16A, inadequatekhông thỏa đáng sleep costs America and Japan $411 billion and $138 billion each year, respectively. The UK, Canada, and Germany follow.
  Figure 16: Global Economic Cost of Sleep Loss
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 Of course, these numbers are skewedlệch by the size of the country. A standardizedtiêu chuẩn hóa way to appreciate the impactsự va chạm is by looking at grosstổng domestic product (GDP)—a general measure of a country’s profit output, or economic health. Viewed this way, things look even more bleakảm đạm, described in figure 16B. Insufficient sleep robscướp most nations of more than 2 percent of their GDP—amounting to the entire cost of each country’s military. It’s almost as much as each country invests in education. Just think, if we eliminated the national sleep debt, we could almost double the GDP percentage that is devoted to the education of our children. One more way that abundantdồi dào sleep makes financial sense, and should itself be incentivized at the national level.
 Why are individuals so financially ruinousphá hoại to their companies, and national economies, when they are under-slept? Many of the Fortune 500 companies that I give presentations to are interested in KPIs—key performance indicatorschỉ báo, or measurables, such as net revenuedoanh thu, goal-accomplishment speed, or commercialthuộc về thương mại success. Numerous employee traitsđặc điểm determinequyết tâm these measures, but commonly they include: creativitysáng tạo, intelligence, motivation, effort, efficiency, effectivenesshiệu quả when working in groups, as well as emotional stabilitysự ổn định, sociabilityhòa đồng, and honestytrung thực. All of these are systematically dismantledtháo dỡ by insufficientkhông đủ sleep.
 Early studies demonstratedchứng minh that shorter sleep amounts predictdự đoán lower work rate and slow completionhoàn thành speed of basic tasks. That is, sleepy employees are unproductivekhông hiệu quả employees. Sleep-deprived individuals also generate fewer and less accurate solutions to work-relevant problems they are challenged with.III
 We have since designed more work-relevant tasks to explore the effects of insufficientkhông đủ sleep on employee effort, productivitynăng suất, and creativitysáng tạo. Creativity is, after all, laudedkhen ngợi as the engine of business innovationsự đổi mới. Give participants the ability to choose between work tasks of varying effort, from easy (e.g., listening to voice mails) to difficult (e.g., helping design a complex project that requires thoughtfulchu đáo problem solving and creative planning), and you find that those individuals who obtainedđạt được less sleep in the precedingtrước days are the same people who consistentlynhất quán select less challenging problems. They optopt for the easy way out, generating fewer creative solutions in the process.
 It is, of course, possible that the type of people who decide to sleep less are also those who prefer not to be challenged, and one has nothing directly to do with the other. Association does not prove causationnhân quả. However, take the same individuals and repeat this type of experiment twice, once when they have had a full night of sleep and once when they are sleep-deprived, and you see the same effects of lazinesssự lười biếng caused by a lack of sleep when using each person as their own baselineđường cơ sở control.IV A lack of sleep, then, is indeed a causalnguyên nhân factor.
 Under-slept employees are not, therefore, going to drive your business forward with productivenăng suất innovationsự đổi mới. Like a group of people riding stationaryđứng im exercise bikes, everyone looks like they are pedalingbàn đạp, but the sceneryphong cảnh never changes. The ironytrớ trêu that employees miss is that when you are not getting enough sleep, you work less productively and thus need to work longer to accomplishhoàn thành a goal. This means you often must work longer and later into the evening, arrive home later, go to bed later, and need to wake up earlier, creating a negative feedbacknhận xét loopvòng. Why try to boilđun sôi a pot of water on medium heat when you could do so in half the time on high? People often tell me that they do not have enough time to sleep because they have so much work to do. Without wanting to be combativehiếu chiến in any way whatsoeverbất cứ điều gì, I respond by informing them that perhaps the reason they still have so much to do at the end of the day is precisely because they do not get enough sleep at night.
 Interestingly, participants in the above studies do not perceivenhận thức themselves as applying less effort to the work challenge, or being less effective, when they were sleep-deprived, despite both being true. They seemed unawarekhông biết of their poorer work effort and performance—a theme of subjectivechủ quan misperception of ability when sleep-deprived that we have touched upon previously in this book. Even the simplest daily routines that require slightmảnh dẻ effort, such as time spent dressing neatly or fashionablyhợp thời trang for the workplacenơi làm việc, have been found to decrease following a night of sleep loss.V Individuals also like their jobs less when sleep-deprived—perhaps unsurprisingkhông ngạc nhiên considering the mood-depressing influence of sleep deficiencysự thiếu hụt.
 Under-slept employees are not only less productivenăng suất, less motivated, less creative, less happy, and lazier, but they are also more unethicalphi đạo đức. Reputation in business can be a make-or-break factor. Having under-slept employees in your business makes you more vulnerabledễ bị tổn thương to that risk of disreputetiếng xấu. Previously, I described evidence from brain-scanning experiments showing that the frontalphía trước lobethùy, which is critical for self-control and reiningkiềm chế in emotional impulsesthúc đẩy, is taken offline by a lack of sleep. As a result, participants were more emotionally volatilebay hơi and rashphát ban in their choices and decision-making. This same result is predictably borne out in the higher-stakes setting of the workplacenơi làm việc.
 Studies in the workplacenơi làm việc have found that employees who sleep six hours or less are significantlyđáng kể more deviantlệch lạc and more likely to lie the following day than those who sleep six hours or more. Seminal work by Dr. Christopher Barns, a researcher in the Foster School of Business at Washington University, has found that the less an individual sleeps, the more likely they are to create fakegiả mạo receiptsbiên nhận and reimbursementhoàn trả claims, and the more willing to lie to get free rafflexổ số tickets. Barns also discovered that under-slept employees are more likely to blame other people in the workplacenơi làm việc for their own mistakes, and even try to take credit for other people’s successful work: hardly a recipecông thức for team building and a harmonioushài hòa business environment.
 Ethical deviancelệch lạc linked to a lack of sleep also weaselschồn its way onto the work stage in a different guisechiêu bài, called social loafinglười biếng. The term refers to someone who, when group performance is being assessedđánh giá, decides to exertgắng sức less effort when working in that group than when working alone. Individuals see an opportunity to slackchùng xuống off and hide behind the collectivetập thể hard work of others. They complete fewer aspectsdiện mạo of the task themselves, and that work tends to be either wrong or of lower quality, relative to when they alone are being assessedđánh giá. Sleepy employees therefore choose the more selfishích kỷ path of least resistancesức chống cự when working in teams, coastingbờ biển by on the disingenuouskhông trung thực ticket of social loafinglười biếng.VI Not only does this lead to lower group productivitynăng suất, understandably it often creates feelings of resentmentphẫn nộ and interpersonalgiữa các cá nhân aggressionHiếu chiến among team members.
 Of note to those in business, many of these studies report deleteriouscó hại effects on business outcomes on the basis of only very modestkhiêm tốn reductionssự giảm bớt in sleep amount within an individual, perhaps twenty- to sixty-minute differences between an employee who is honest, creative, innovateđổi mới, collaborativecộng tác, and productivenăng suất and one who is not.
 Examine the effects of sleep deficiencysự thiếu hụt in CEOs and supervisorsngười giám sát, and the story is equally impactful. An ineffectivekhông hiệu quả leader within any organization can have manifoldnhiều thứ khác nhau trickle-down consequenceskết quả to the many whom they influence. We often think that a good or bad leader is good or bad day after day—a stable traitđặc điểm. Not true. Differences in individual leadership performance fluctuatedao động dramatically from one day to the next, and the size of that difference far exceeds the average difference from one individual leader to another. So what explains the ups and downs of a leader’s ability to effectively lead, day to day? The amount of sleep they are getting is one clear factor.
 A deceptively simple but cleverthông minh study tracked the sleep of supervisorsngười giám sát across several weeks, and compared that with their leadership performance in the workplacenơi làm việc as judged by the employees who report to them. (I should note that employees themselves had no knowledge of how well their boss was sleeping each night, taking away any knowledge biasThiên kiến.) The lower the quality of sleep that the supervisorngười giám sát reported getting from one night to the next accuratelychính xác predicteddự đoán poor self-control and a more abusivemắng nhiếc nature toward employees the following day, as reported by the employees themselves.
 There was another equally intriguinghấp dẫn result: in the days after a supervisorngười giám sát had slept poorlykém, the employees themselves, even if well rested, became less engaged in their jobs throughout that day as a consequencekết quả. It was a chain-reaction effect, one in which the lack of sleep in that one superordinate person in a business structure was transmittedchuyển giao on like a virus, infectinglây nhiễm even well-rested employees with work disengagementbuông tha and reduced productivitynăng suất.
 Reinforcing this reciprocitycó đi có lại, we have since discovered that under-slept managers and CEOs are less charismaticlôi cuốn and have a harder time infusing their subordinatecấp dưới teams with inspirationcảm hứng and drive. Unfortunately for bosses, a sleep-deprived employee will erroneouslynhầm lẫn perceivenhận thức a well-rested leader as being significantlyđáng kể less inspiring and charismaticlôi cuốn than they truly are. One can only imagine the multiplicativephép nhân consequenceskết quả to the success of a business if both the leader and the employees are overworkedlàm việc quá sức and under-slept.
 Allowing and encouraging employees, supervisorsngười giám sát, and executives to arrive at work well rested turns them from simply looking busy yet ineffectivekhông hiệu quả, to being productivenăng suất, honest, useful individuals who inspire, support, and help each other. Ounces of sleep offer pounds of business in return.
 Employees also win financially when sleep times increase. Those who sleep more earn more money, on average, as economistsnhà kinh tế học Matthew Gibson and Jeffrey Shrader discovered when analyzing workers and their pay across the United States. They examined townshipsthị trấn of very similar socioeducational and professional standing within the same time zonevùng, but at very far western and eastern edges of these zonesvùng that receive significantlyđáng kể different amounts of daylightban ngày hours. Workers in the far western locations obtainedđạt được more sunlight later into the evening, and consequently went to bed an hour later, on average, than those in the far eastern locations. However, all workers in both regions had to wake up at the same time each morning, since they were all in the same time zonevùng and on the same schedule. Therefore, western-dwelling workers in that time zonevùng had less sleep opportunity time than the eastern-dwelling workers.
 Factoring out many other potential factors and influences (e.g., regional affluencesung túc, house prices, cost of living, etc.), they found that an hour of extra sleep still returned significantlyđáng kể higher wagestiền công in those eastern locations, somewhere in the region of 4 to 5 percent. You may sniffbị nghẹt mũi at that return on the investment of sixty minutes of sleep, but it’s not trivialkhông đáng kể. The average pay raise in the US is around 2.6 percent. Most people are strongly motivated to get that raise, and are upset when they don’t. Imagine almost doubling that pay raise—not by working more hours, but by getting more sleep!
 The fact of the matter is that most people will trade sleep for a higher salary. A recent study from Cornell University surveyed hundreds of US workers and gave them a choice between either (1) $80,000 a year, working normal work hours, and getting the chance for around eight hours of sleep, or (2) $140,000 a year, working consistent overtimetăng ca shifts, and only getting six hours of sleep each night. Unfortunately, the majority of individuals went with the second option of a higher salary and shorter sleep. That’s ironicmỉa mai, considering that you can have both, as we have discovered above.
 The loud-and-proud corporatecông ty mentalitytâm lý of sleeplessnessmất ngủ as the model for success is evidentially wrong at every level of analysis we have explored. Sound sleep is clearly sound business. Nevertheless, many companies remain deliberatelythong thả antisleep in their structured practices. Like flies set in amberhổ phách, this attitude keeps their businesses in a similarly frozen state of stagnationtrì trệ, lacking in innovationsự đổi mới and productivitynăng suất, and breeding employee unhappinessbất hạnh, dissatisfactionkhông hài lòng, and ill health.
 There are, however, an increasing number of forward-looking companies who have changed their work practices in response to these research findings, and even welcome scientists like me into their businesses to teach and extoltán dương the virtuesĐức hạnh of getting more sleep to senior leaders and management. Procter & Gamble Co. and Goldman Sachs Group Inc., for example, both offer free “sleep hygienevệ sinh” courses to their employees. Expensive, high-grade lighting has been installedcài đặt in some of their buildings to better help workers regulatequy định their circadiannhịp sinh học rhythmsnhịp, improving the timed release of melatoninmelatonin.
 Nike and Google have both adopted a more relaxed approach to work schedules, allowing employees to time their daily work hours to match their individual circadiannhịp sinh học rhythmsnhịp and their respectivetương ứng owl and larkchim sơn ca chronotype nature. The change in mind-set is so radicalcăn bản that these same brand-leading corporations even allow workers to sleep on the job. Littered throughout their corporatecông ty headquarterstrụ sở chính are dedicated relaxationthư giãn rooms with “napngủ trưa podsvỏ.” Employees can indulgethưởng thức in sleep throughout the workdayngày làm việc in these “shh” zonesvùng, germinating productivitynăng suất and creativitysáng tạo while enhancingnâng cao wellnessgiữ gìn sức khỏe and reducing absenteeismvắng mặt.
 Such changes reflect a marked departuresự khởi hành from the draconianhà khắc days when any employee found catnappingngủ trưa on the clock was chastisedtrừng phạt, disciplined, or outrightngay fired. Sadly, most CEOs and managers still reject the importance of a well-slept employee. They believe such accommodations represent the “soft approach.” But make no mistake: companies like Nike and Google are as shrewdthông minh as they are profitablecó lãi. They embraceôm sleep due to its proven dollar value.
 One organization above all has known about the occupationalnghề nghiệp benefits of sleep longer than most. In the mid-1990s, NASA refinedtinh chế the science of sleeping on the job for the benefit of their astronautsphi hành gia. They discovered that napsngủ trưa as short as twenty-six minutes in length still offered a 34 percent improvement in task performance and more than a 50 percent increase in overall alertnesssự tỉnh táo. These results hatchednở the so-called NASA napngủ trưa culture throughout terrestrialtrên cạn workers in the organization.
 By any metricschỉ số we use to determinequyết tâm business success—profit marginslề, marketplacethương trường dominance/prominence, efficiency, employee creativitysáng tạo, or worker satisfaction and wellness—creating the necessary conditions for employees to obtainđạt được enough sleep at night, or in the workplacenơi làm việc during the day, should be thought of as a new form of physiologically injectedtiêm venturemạo hiểm capital.
 THE INHUMANE USE OF SLEEP LOSS IN SOCIETY
 Business is not the only place where sleep deprivationtước đoạt and ethicsđạo đức collideva chạm. Governments and militaries baretrần trụi a more disgracefulđáng hổ thẹn blemishtì vết.
 Aghast at the mental and physical harm caused by prolongedkéo dài sleep deprivationtước đoạt, in the 1980s Guinness ceasedngưng to recognize any attempts to break the world record for sleep deprivationtước đoạt. It even began deletingxóa bỏ sleep deprivationtước đoạt records from their prior annalsbiên niên sử for fear that they would encourage future acts of deliberatecố ý sleep abstinencekiêng khem. It is for similar reasons that scientists have limited evidence of the long-term effects of total sleep deprivationtước đoạt (beyond a night or two). We feel it morallyvề mặt đạo đức unacceptablekhông thể chấp nhận được to imposeáp đặt that state on humans—and increasingly, on any speciesgiống loài.
 Some governments do not share these same moral values. They will sleep deprivetước đoạt individuals against their will under the auspicebảo trợ of torturetra tấn. This ethicallyvề mặt đạo đức and politically treacherousbội bạc landscape may seem like an odd topic to include in this book. But I address it because it powerfully illuminateschiếu sáng how humanitynhân loại must reevaluateđánh giá lại its views on sleep at the highest level of societalxã hội structure—that of government—and because it provides a clear example of how we can sculptđiêu khắc an increasingly admirableđáng khâm phục civilizationnền văn minh by respecting, rather than abusinglạm dụng, sleep.
 A 2007 report entitledđược phép “Leave No Marks: Enhanced Interrogation Techniques and the Risk of Criminality” offers a disquietingkhông yên account of such practices in the modern day. The document was compiledbiên dịch by Physicians for Human Rights, an advocacybiện hộ group seeking to end human torturetra tấn. Telegraphed by the report’s title, many modern-day torturetra tấn methods are deviouslyquỷ quyệt designed to leave no evidence of physical assaulttấn công. Sleep deprivationtước đoạt epitomizesđiển hình hóa this goal and, at the time of writing this book, is still used for interrogationthẩm vấn by countries, including Myanmar, Iran, Iraq, the United States, Israel, Egypt, Libya, Pakistan, Saudi Arabia, Tunisia, and Turkey.
 As a scientist intimatethân mật with the workings of sleep, I would argue strongly for the abolitionbãi bỏ of this practice, structured around two clear facts. The first, and less important, is simply on grounds of pragmatismchủ nghĩa thực dụng. In the contextbối cảnh of interrogationthẩm vấn, sleep deprivationtước đoạt is ill designed for the purpose of obtainingđạt được accurate, and thus actionablecó thể hành động, intelligence. A lack of sleep, even moderatevừa phải amounts, degradesxuống cấp every mental facultykhoa necessary to obtainđạt được validcó hiệu lực information, as we have seen. This includes the loss of accurate memory recall, emotional instabilitybất ổn that prevents logicalhợp lý thought, and even basic verbalbằng lời nói comprehensionbao quát. Worse still, sleep deprivationtước đoạt increases deviantlệch lạc behavior and causes higher rates of lying and dishonestykhông trung thực.VII Short of comahôn mê, sleep deprivationtước đoạt places an individual into the least useful brain state for the purpose of credibleđáng tin cậy intelligence gathering: a disordered mind from which false confessionslời thú tội will flourish—which, of course, could be the intentý định of some captorskẻ bắt giữ. Proof comes from a recent scientific study demonstratingchứng minh that one night of sleep deprivationtước đoạt will double or even quadruplegấp bốn lần the likelihoodkhả năng that an otherwise upstandingđứng vững individual will falselynói dối confessxưng to something they have not done. You can, therefore, change someone’s very attitudes, their behavior, and even their strongly held beliefs simply by taking sleep away from them.
 An eloquenthùng hồn yet distressingđau khổ affirmationkhẳng định of this fact is provided by the former prime minister of Israel, Menachem Begin, in his autobiographyhồi ký, White Nights: The Story of a Prisoner in Russia. In the 1940s, years before taking office in 1977, Begin was captured by the Soviets. He was torturedtra tấn in prison by the KGB, one componentthành phần of which involved prolongedkéo dài sleep deprivationtước đoạt. Of this experience (which most governments benignlynhân từ describe as the practice of “prisoner sleep management”), he writes:
 In the head of the interrogatedthẩm vấn prisoner a hazesương mù begins to form. His spirit is weariedmệt mỏi to death, his legs are unsteadykhông vững vàng, and he has one soleDuy Nhất desire: to sleep, to sleep just a little, not to get up, to lie, to rest, to forget . . . Anyone who has experienced this desire knows that not even hunger or thirst are comparablecó thể so sánh được with it . . . I came across prisoners who signed what they were ordered to sign, only to get what their interrogatorngười thẩm vấn promised them. He did not promise them their libertytự do. He promised them—if they signed—uninterrupted sleep.
 The second and more forcefulmạnh mẽ argument for the abolitionbãi bỏ of enforcedthi hành sleep deprivationtước đoạt is the permanent physical and mental harm it inflictsgây thiệt. Unfortunately, though convenientlythuận tiện for interrogatorsngười thẩm vấn, the harm inflictedgây thiệt is not obviousrõ ràng from the outside. Mentally, long-term sleep deprivationtước đoạt over many days elevatesnâng suicidaltự sát thoughts and suicidetự tử attempts, both of which occur at vastly higher rates in detainedgiam prisoners relative to the general population. Inadequate sleep further cultivatescày cấy the disablingvô hiệu hóa and non-transient conditions of depression and anxietysự lo lắng. Physically, prolongedkéo dài sleep deprivationtước đoạt increases the likelihoodkhả năng of a cardiovasculartim mạch event, such as a heart attack or stroke, weakenssuy yếu the immunemiễn dịch system in ways that encourage cancer and infection, and renderskết xuất genitalsbộ phận sinh dục infertilevô sinh.
 Several US federalliên bang courts hold a similarly damningnguyền rủa view of these practices, ruling that sleep deprivationtước đoạt violatesxâm phạm both the Eighth and Fourteenth Amendments of the United States Constitution regarding protection from crueltàn nhẫn and inhumanvô nhân đạo punishmenthình phạt. Their rationalecơ sở lý luận was sound and impenetrablekhông thể xuyên thủng: “sleep,” it was stated, must be considered a “basic life necessitysự cần thiết,” which it clearly is.
 Nevertheless, the US Department of Defense subvertedlật đổ this ruling, authorizingủy quyền twenty-hour interrogationsthẩm vấn of detaineesngười bị giam giữ in Guantánamo Bay between 2003 and 2004. Such treatment remains permissiblecho phép to this day of writing, as the revised US Army Field Manual states, in appendixruột thừa M, that detaineesngười bị giam giữ can be limited to just four hours of sleep every twenty-four hours, for up to four weeks. I note that it was not always so. A much earlier 1992 editionphiên bản of the same publicationsự xuất bản held that extended sleep deprivationtước đoạt was a clear and inhumanevô nhân đạo example of “mental torturetra tấn.”
 Depriving a human of sleep without their willing consentbằng lòng and careful medical care is a barbaricdã man tool of assaulttấn công, psychologically and biologicallyvề mặt sinh học. Measured on the basis of mortalitytỷ lệ tử vong impactsự va chạm over the long term, it is on a par with starvationchết đói. It is high time to close the chapter on torturetra tấn, including the use of sleep deprivation—an unacceptablekhông thể chấp nhận được and inhumanevô nhân đạo practice, one that I believe we will look back on with the very deepest of shamenỗi tủi nhục in years to come.
 SLEEP AND EDUCATION
 More than 80 percent of public high schools in the United States begin before 8:15 a.m. Almost 50 percent of those start before 7:20 a.m. School buses for a 7:20 a.m. start time usually begin picking up kids at around 5:45 a.m. As a result, some children and teenagers must wake up at 5:30 a.m., 5:15 a.m., or even earlier, and do so five days out of every seven, for years on end. This is lunacysự mất trí.
 Could you concentrate and learn much of anything when you had woken up so early? Keep in mind that 5:15 a.m. to a teenager is not the same as 5:15 a.m. to an adult. Previously, we noted that the circadiannhịp sinh học rhythmnhịp of teenagers shifts forward dramatically by one to three hours. So really the question I should ask you, if you are an adult, is this: Could you concentrate and learn anything after having forcefully been woken up at 3:15 a.m., day after day after day? Would you be in a cheerfulvui vẻ mood? Would you find it easy to get along with your coworkersđồng nghiệp and conduct yourself with graceduyên dáng, tolerancesức chịu đựng, respect, and a pleasant demeanorthái độ? Of course not. Why, then, do we ask this of the millions of teenagers and children in industrializedcông nghiệp hóa nations? Surely this is not an optimaltối ưu design of education. Nor does it bear any resemblancesự giống nhau to a model for nurturingdưỡng dục good physical or mental health in our children and teenagers.
 Forced by the hand of early school start times, this state of chronickinh niên sleep deprivationtước đoạt is especially concerning considering that adolescencethời niên thiếu is the most susceptiblenhạy cảm phase of life for developing chronickinh niên mental illnesses, such as depression, anxietysự lo lắng, schizophreniatâm thần phân liệt, and suicidality. Unnecessarily bankruptingphá sản the sleep of a teenager could make all the difference in the precariousbấp bênh tipping point between psychologicaltâm lý wellnessgiữ gìn sức khỏe and lifelongtrọn đời psychiatrictâm thần illness. This is a strong statement, and I do not write it flippantlymột cách xuề xòa or without evidence. Back in the 1960s, when the functions of sleep were still largely unknown, researchers selectively deprivedtước đoạt young adults of REM sleep, and thus dreaming, for a week, while still allowing them NREM sleep.
 The unfortunatethật không may study participants spent the entire time in the laboratory with electrodesđiện cực placed on their heads. At night, whenever they entered into the REM-sleep state, a research assistant would quickly enter the bedroom and wake the subjects up. The blurry-eyed participants then had to do math problems for five to ten minutes, preventing them from falling back into dream sleep. But as soon as the participants did return into REM sleep, the procedure was repeated. Hour after hour, night after night, this went on for an entire week. NREM sleep was left largely intactnguyên vẹn, but the amount of REM sleep was reduced to a fractionphân số of its regular quantity.
 It didn’t require all seven nights of dream-sleep deprivationtước đoạt before the mental health effects began to manifestrõ ràng. By the third day, participants were expressing signs of psychosisrối loạn tâm thần. They became anxiouslo lắng, moodybuồn rầu, and started to hallucinateảo giác. They were hearing things and seeing things that were not real. They also became paranoidhoang tưởng. Some believed that the researchers were plotting against them in collusivethông đồng ways—trying to poisonchất độc them, for example. Others became convinced that the scientists were secret agents, and that the experiment was a thinlymỏng manh veiledche kín mặt government conspiracyâm mưu of some wickedđộc ác kind.
 Only then did scientists realize the rather profoundthâm thúy conclusions of the experiment: REM sleep is what stands between rationalitysự hợp lý and insanitychứng điên cuồng. Describe these symptoms to a psychiatristbác sĩ tâm lý without informing them of the REM-sleep deprivationtước đoạt contextbối cảnh, and the clinicianbác sĩ lâm sàng will give clear diagnoseschẩn đoán of depression, anxietysự lo lắng disorders, and schizophreniatâm thần phân liệt. But these were all healthy young individuals just days before. They were not depressed, weren’t suffering from anxietysự lo lắng disorders or schizophreniatâm thần phân liệt, nor did they have any history of such conditions, self or familialgia đình. Read of any attempts to break sleep-deprivation world records throughout early history, and you will discover this same universal signaturechữ ký of emotional instabilitybất ổn and psychosisrối loạn tâm thần of one sort or another. It is the lack of REM sleep—that critical stage occurring in the final hours of sleep that we strip from our children and teenagers by way of early school start times—that creates the difference between a stable and unstablekhông ổn định mental state.
 Our children didn’t always go to school at this biologicallyvề mặt sinh học unreasonablevô lý time. A century ago, schools in the US started at nine a.m. As a result, 95 percent of all children woke up without an alarm clock. Now, the inversenghịch đảo is true, caused by the incessantkhông ngừng marching back of school start times—which are in direct conflictxung đột with children’s evolutionarilytiến hóa preprogrammed need to be asleepngủ during these preciousquý giá, REM-sleep-rich morning hours.
 The Stanford psychologistnhà tâm lý học Dr. Lewis Terman, famous for helping construct the IQ test, dedicated his research career to the bettermentcải thiện of children’s education. Starting in the 1920s, Terman charted all manner of factors that promoted a child’s intellectualtrí thức success. One such factor he discovered was sufficient sleep. Published in his seminaltinh dịch papers and book Genetic Studies of Genius, Terman found that no matter what the age, the longer a child slept, the more intellectually gifted they were. He further found that sleep time was most strongly connected to a reasonable (i.e., a later) school start time: one that was in harmonyhòa hợp with the innatebẩm sinh biologicalsinh học rhythmsnhịp of these young, still-maturing brains.
 While cause and effect cannot be resolved in Terman’s studies, the datadữ liệu convinced him that sleep was a matter for strong public advocacybiện hộ when it comes to a child’s schooling and healthy development. As president of the American Psychological Association, he warned with great emphasisnhấn mạnh that the United States must never follow a trend that was emergingmới nổi in some European countries, where school start times were creepingleo ever earlier, starting at eight a.m. or even seven a.m., rather than at nine a.m.
 Terman believed that this swing to an early-morning model of education would damage, and damage deeply, the intellectualtrí thức growth of our youth. Despite his warnings, nearly a hundred years later, US education systems have shifted to early school start times, while many European countries have done just the opposite.
 We now have the scientific evidence that supports Terman’s sageHiền nhân wisdomkhôn ngoan. One longitudinaltheo chiều dọc study tracked more than 5,000 Japanese schoolchildren and discovered that those individuals who were sleeping longer obtainedđạt được better grades across the board. Controlled sleep laboratory studies in smaller samples show that children with longer total sleep times develop superiorthượng đẳng IQ, with brighter children having consistentlynhất quán slept forty to fifty minutes more than those who went on to develop a lower IQ.
 Examinations of identicalgiống hệt nhau twins further impress how powerful sleep is as a factor that can alter geneticdi truyền determinismthuyết định mệnh. In a study that was started by Dr. Ronald Wilson at Louisville School of Medicine in the 1980s, which continues to this day, hundreds of twin pairs were assessedđánh giá at a very young age. The researchers specifically focused on those twins in which one was routinely obtainingđạt được less sleep than the other, and tracked their developmentalphát triển progress over the following decadesthập kỷ. By ten years of age, the twin with the longer sleep pattern was superiorthượng đẳng in their intellectualtrí thức and educational abilities, with higher scores on standardizedtiêu chuẩn hóa tests of reading and comprehensionbao quát, and a more expansivemở rộng vocabularytừ vựng than the twin who was obtainingđạt được less sleep.
 Such associationalhiệp hội evidence is not proof that sleep is causing such powerful educational benefits. Nevertheless, combined with causalnguyên nhân evidence linking sleep to memory that we have covered in chapter 6, a predictionsự dự đoán can be made: if sleep really is so rudimentarythô sơ to learning, then increasing sleep time by delaying start times should prove transformativebiến đổi. It has.
 A growing number of schools in the US have started to revoltcuộc nổi dậy against the early start time model, beginning the school day at somewhat more biologicallyvề mặt sinh học reasonable times. One of the first test cases happened in the townshipthị trấn of Edina, Minnesota. Here, school start times for teenagers were shifted from 7:25 a.m. to 8:30 a.m. More striking than the forty-three minutes of extra sleep that these teensthiếu niên reported getting was the change in academichọc thuật performance, indexed using a standardizedtiêu chuẩn hóa measure called the Scholastic Assessment Test, or SAT.
 In the year before this time change, the average verbalbằng lời nói SAT scores of the top-performing students was a very respectableđáng kính 605. The following year, after switching to an 8:30 a.m. start time, that score rosehoa hồng to an average 761 for the same top-tier bracketdấu ngoặc of students. Math SAT scores also improved, increasing from an average of 683 in the year prior to the time change, to 739 in the year after. Add this all up, and you see that investing in delaying school start times—allowing students more sleep and better alignmentcăn chỉnh with their unchangeablekhông thể thay đổi biologicalsinh học rhythms—returned a net SAT profit of 212 points. That improvement will change which tiertầng of university those teenagers go to, potentially altering their subsequenttiếp theo life trajectoriesquỹ đạo as a consequencekết quả.
 While some have contested how accurate or sound the Edina test case is, well-controlled and far larger systematiccó hệ thống studies have proved that Edina is no flukecon sán. Numerous countieshạt in several US states have shifted the start of schools to a later hour and their students experienced significantlyđáng kể higher grade point averages. Unsurprisingly, performance improvements were observed regardlessbất kể of time of day; however, the most dramatickịch surgesdâng trào occurred in morning classes.
 It is clear that a tired, under-slept brain is little more than a leakyrò rỉ memory sievesàng, in no state to receive, absorbhấp thụ, or efficiently retain an education. To persistkiên trì in this way is to handicapkhuyết tật our children with partialmột phần amnesiamất trí nhớ. Forcing youthfultrẻ trung brains to become early birds will guarantee that they do not catch the wormsâu, if the wormsâu in question is knowledge or good grades. We are, therefore, creating a generation of disadvantagedthiệt thòi children, hamstrunggân kheo by a privationthiếu thốn of sleep. Later school start times are clearly, and literallytheo đúng nghĩa đen, the smart choice.
 One of the most troubling trends emergingmới nổi in this area of sleep and brain development concerns low-income families—a trend that has direct relevance to education. Children from lower socioeconomickinh tế xã hội backgrounds are less likely to be taken to school in a car, in part because their parents often have jobs in the service industry demanding work start times at or before six a.m. Such children therefore rely on school buses for transitquá cảnh, and must wake up earlier than those taken to school by their parents. As a result, those already disadvantagedthiệt thòi children become even more so because they routinely obtainđạt được less sleep than children from more affluentsung túc families. The upshotkết quả cuối cùng is a viciousluẩn quẩn cycle that perpetuateslàm cho lâu dài from one generation to the next—a closed-loop system that is very difficult to break out of. We desperatelytuyệt vọng need active interventionsự can thiệp methods to shatterlàm vỡ this cycle, and soon.
 Research findings have also revealed that increasing sleep by way of delayed school start times wonderfully increases class attendance, reduces behavioral and psychologicaltâm lý problems, and decreases substance and alcohol use. In addition, later start times beneficiallycó lợi mean a later finish time. This protects many teensthiếu niên from the well-researched “danger window” between three and six p.m., when schools finish but before parents return home. This unsupervisedkhông giám sát, vulnerabledễ bị tổn thương time period is a recognized cause of involvement in crime and alcohol and substance abuselạm dụng. Later school start times profitably shortenrút ngắn this danger window, reduce these adversebất lợi outcomes, and therefore lower the associated financial cost to society (a savings that could be reinvested to offsetbù lại any additional expenditureschi phí that later school start times require).
 Yet something even more profoundthâm thúy has happened in this ongoingđang diễn ra story of later school start times—something that researchers did not anticipateđoán trước: the life expectancykỳ vọng of students increased. The leadinghàng đầu cause of death among teenagers is road traffic accidents,VIII and in this regardvề, even the slightestmảnh dẻ doseliều lượng of insufficientkhông đủ sleep can have marked consequenceskết quả, as we have discussed. When the Mahtomedi School District of Minnesota pushed their school start time from 7:30 to 8:00 a.m., there was a 60 percent reductionsự giảm bớt in traffic accidents in drivers sixteen to eighteen years of age. Teton County in Wyoming enactedban hành an even more dramatickịch change in school start time, shifting from a 7:35 a.m. bell to a far more biologicallyvề mặt sinh học reasonable one of 8:55 a.m. The result was astonishing—a 70 percent reductionsự giảm bớt in traffic accidents in sixteen- to eighteen-year-old drivers.
 To place that in contextbối cảnh, the adventsự ra đời of anti-lock brakephanh technology (ABS)—which prevents the wheels of a car from seizingthu giữ up under hard brakingphanh, allowing the driver to still maneuvercơ động the vehicle—reduced accident rates by around 20 to 25 percent. It was deemedcho là a revolutioncuộc cách mạng. Here is a simple biologicalsinh học factor—sufficient sleep—that will drop accident rates by more than double that amount in our teensthiếu niên.
 These publiclycông khai available findings should have swept the education system in an uncompromisingkiên quyết revisionôn tập of school start times. Instead, they have largely been swept under the rugtấm thảm. Despite public appealsbắt mắt from the American Academy of Pediatrics and the Centers for Disease Control and Prevention, change has been slow and hard-fought. It is not enough.
 School bus schedules and bus unions are a major roadblockrào cản thwartingcản trở appropriatelythích hợp later school start times, as is the established routine of getting the kids out the door early in the morning so that parents can start work early. These are good reasons for why shifting to a national model of later school start times is difficult. They are real pragmaticthực dụng challenges that I truly appreciate, and sympathizethông cảm with. But I don’t feel they are sufficient excuses for why an antiquatedlỗi thời and damaging model should remain in place when the datadữ liệu are so clearly unfavorablebất lợi. If the goal of education is to educate, and not risk lives in the process, then we are failing our children in the most spectacularhùng vĩ manner with the current model of early school start times.
 Without change, we will simply perpetuatelàm cho lâu dài a viciousluẩn quẩn cycle whereintrong đó each generation of our children are stumblingtình cờ gặp through the education system in a half-comatose state, chronicallykinh niên sleep-deprived for years on end, stuntedcòi cọc in their mental and physical growth as a consequencekết quả, and failing to maximizetối đa hóa their true success potential, only to inflictgây thiệt that same assaulttấn công on their own children decadesthập kỷ later. This harmfulcó hại spiralxoắn ốc is only getting worse. Data aggregatedtổng hợp over the past century from more than 750,000 schoolchildren aged five to eighteen reveal that they are sleeping two hours fewer per night than their counterpartsđối tác were a hundred years ago. This is true no matter what age group, or sub-age group, you consider.
 An added reason for making sleep a top prioritysự ưu tiên in the education and lives of our children concerns the link between sleep deficiencysự thiếu hụt and the epidemicbệnh dịch of ADHD (attention deficitthiếu hụt hoặc khuyết hyperactivitytăng động disorder). Children with this diagnosischẩn đoán are irritabledễ cáu bẳn, moodierbuồn rầu, more distractible and unfocusedkhông tập trung in learning during the day, and have a significantlyđáng kể increased prevalencephổ biến of depression and suicidaltự sát ideationý tưởng. If you make a compositetổng hợp of these symptoms (unable to maintain focus and attention, deficientthiếu learning, behaviorally difficult, with mental health instabilitybất ổn), and then strip away the label of ADHD, these symptoms are nearly identicalgiống hệt nhau to those caused by a lack of sleep. Take an under-slept child to a doctor and describe these symptoms without mentioning the lack of sleep, which is not uncommonkhông phổ biến, and what would you imagine the doctor is diagnosingchẩn đoán the child with, and medicatingthuốc them for? Not deficientthiếu sleep, but ADHD.
 There is more ironytrớ trêu here than meets the eye. Most people know the name of the common ADHD medicationsthuốc: Adderall and Ritalin. But few know what these drugs actually are. Adderall is amphetamineamphetamine with certain salts mixed in, and Ritalin is a similar stimulantchất kích thích, called methylphenidatemetylphenidat. Amphetamine and methylphenidatemetylphenidat are two of the most powerful drugs we know of to prevent sleep and keep the brain of an adult (or a child, in this case) wide awakethức giấc. That is the very last thing that such a child needs. As my colleague in the field, Dr. Charles Czeisler, has noted, there are people sitting in prison cells, and have been for decadesthập kỷ, because they were caught selling amphetaminesamphetamine to minors on the street. However, we seem to have no problem at all in allowing pharmaceuticaldược phẩm companies to broadcastphát tin prime-time commercialsthuộc về thương mại highlighting ADHD and promoting the sale of amphetamine-based drugs (e.g., Adderall, Ritalin). To a cynicyếm thế, this seems like little more than an uptowntrong khu version of a downtowntrung tâm thành phố drug pusherngười đẩy.
 I am in no way contesting the disorder of ADHD, and not every child with ADHD has poor sleep. But we know that there are children, many children, perhaps, who are sleep-deprived or suffering from an undiagnosed sleep disorder that masqueradeshóa trang as ADHD. They are being dosedđịnh lượng for years of their critical development with amphetamine-based drugs.
 One example of an undiagnosed sleep disorder is pediatricnhi khoa sleep-disordered breathing, or child obstructivecản trở sleep apneangưng thở, which is associated with heavy snoringngáy. Overly large adenoidsadenoids and tonsilsamiđan can block the airwaykhí đạo passage of a child as their breathing muscles relax during sleep. The labored snoringngáy is the sound of turbulentsóng gió air trying to be suckedhút down into the lungsphổi through a semi-collapsed, flutteringrung rinh airwaykhí đạo. The resulting oxygenôxy debt will reflexively force the brain to awakenđánh thức the child briefly throughout the night so that several full breaths can be obtainedđạt được, restoring full blood oxygenôxy saturationbão hòa. However, this prevents the child from reaching and/or sustainingduy trì long periods of valuable deep NREM sleep. Their sleep-disordered breathing will imposeáp đặt a state of chronickinh niên sleep deprivationtước đoạt, night after night, for months or years on end.
 As the state of chronickinh niên sleep deprivationtước đoạt builds over time, the child will look ever more ADHD-like in temperamenttính cách, cognitivelynhận thức, emotionally, and academically. Those children who are fortunatemay mắn to have the sleep disorder recognized, and who have their tonsilsamiđan removed, more often than not prove that they do not have ADHD. In the weeks after the operation, a child’s sleep recovers, and with it, normativequy chuẩn psychologicaltâm lý and mental functioning in the months ahead. Their “ADHD” is curedchữa khỏi. Based on recent surveys and clinical evaluationssự đánh giá, we estimate that more than 50 percent of all children with an ADHD diagnosischẩn đoán actually have a sleep disorder, yet a small fractionphân số know of their sleep condition and its ramificationsphân nhánh. A major public health awareness campaignchiến dịch by governments—perhaps without influence from pharmaceuticaldược phẩm lobbyingsảnh groups—is needed on this issue.
 Stepping back from the issue of ADHD, the bigger-picture problem is ever clearer. Failed by the lack of any governmentalchính phủ guidelines and poor communication by researchers such as myself regarding the extanttồn tại scientific datadữ liệu, many parents remain obliviousquên to the state of childhood sleep deprivationtước đoạt, so often undervaluingđịnh giá thấp this biologicalsinh học necessitysự cần thiết. A recent pollthăm dò ý kiến by the National Sleep Foundation affirmsXác nhận this point, with well over 70 percent of parents believing their child gets enough sleep, when in reality, less than 25 percent of children aged eleven to eighteen actually obtainđạt được the necessary amount.
 As parents, we therefore have a jaundicedvàng da view of the need and importance of sleep in our children, sometimes even chastisingtrừng phạt or stigmatizingbêu xấu their desire to sleep enough, including their desperatetuyệt vọng weekend attempts to repaytrả lại a sleep debt that the school system has saddledđóng yên cương them with through no fault of their own. I hope we can change. I hope we can break the parent-to-child transmissionquá trình lây truyền of sleep neglect and remove what the exhaustedkiệt sức, fatiguedmệt mỏi brains our youth are so painfullyđau đớn starvedbỏ đói of. When sleep is abundantdồi dào, minds flourishHưng thịnh. When it is deficientthiếu, they don’t.
 SLEEP AND HEALTH CARE
 If you are about to receive medical treatment at a hospital, you’d be well advised to ask the doctor: “How much sleep have you had in the past twenty-four hours?” The doctor’s response will determinequyết tâm, to a statistically provablecó thể chứng minh được degree, whether the treatment you receive will result in a serious medical error, or even death.
 All of us know that nurses and doctors work long, consecutiveliên tiếp hours, and none more so than doctors during their resident training years. Few people, however, know why. Why did we ever force doctors to learn their profession in this exhaustingmệt mỏi, sleeplesschứng mất ngủ way? The answer originatesbắt nguồn with the esteemedquý trọng physicianbác sĩ William Stewart Halsted, MD, who was also a helplessbất lực drug addictcon nghiện.
 Halsted founded the surgicalngoại khoa training program at Johns Hopkins Hospital in Baltimore, Maryland, in May 1889. As chief of the Department of Surgery, his influence was considerable, and his beliefs about how young doctors must apply themselves to medicine, formidableghê gớm. There was to be a six-year residencycư trú, quite literallytheo đúng nghĩa đen. The term “residencycư trú” came from Halsted’s belief that doctors must live in the hospital for much of their training, allowing them to be truly committed in their learning of surgicalngoại khoa skills and medical knowledge. Fledgling residents had to suffer long, consecutiveliên tiếp work shifts, day and night. To Halsted, sleep was a dispensablekhông cần thiết luxurysang trọng that detracted from the ability to work and learn. Halsted’s mentalitytâm lý was difficult to argue with, since he himself practiced what he preachedthuyết giáo, being renownednổi tiếng for a seemingly superhumansiêu phàm ability to stay awakethức giấc for apparentlyrõ ràng days on end without any fatigueMệt mỏi.
 But Halsted had a dirty secret that only came to light years after his death, and helped explain both the maniacalđiên cuồng structure of his residencycư trú program and his ability to forgotừ bỏ sleep. Halsted was a cocainecocain addictcon nghiện. It was a sad and apparentlyrõ ràng accidentaltình cờ habit, one that started years before his arrival at Johns Hopkins.
 Early in his career, Halsted was conducting research on the nerve-blocking abilities of drugs that could be used as anestheticsthuốc mê to dullđần độn pain in surgicalngoại khoa procedures. One of those drugs was cocainecocain, which prevents electrical impulsethúc đẩy waves from shooting down the length of the nerves in the body, including those that transmitchuyển giao pain. Addicts of the drug know this all too well, as their nose, and often their entire face, will become numbtê after snortingkhịt mũi several lines of the substance, almost like having been injectedtiêm with too much anestheticthuốc mê by an overlythái quá enthusiasticnhiệt tình dentistnha sĩ.
 Working with cocainecocain in the laboratory, it didn’t take long before Halsted was experimenting on himself, after which the drug grippednắm chặt him in an ceaselesskhông ngừng addictionnghiện. If you read Halsted’s academichọc thuật report of his research findings in the New York Medical Journal from September 12, 1885, you’d be hard pressed to comprehendhiểu it. Several medical historiansnhà sử học have suggested that the writing is so discombobulatedrời rạc and freneticđiên cuồng that he undoubtedly wrote the piece when high on cocainecocain.
 Colleagues noticed Halsted’s odd and disturbing behaviors in the years before and after his arrival at Johns Hopkins. This included excusing himself from the operating theater while he was supervisinggiám sát residents during surgicalngoại khoa procedures, leaving the young doctors to complete the operation on their own. At other times, Halsted was not able to operate himself because his hands were shaking so much, the cause of which he tried to pass off as a cigarette addictionnghiện.
 Halsted was now in diretàn khốc need of help. Ashamed and nervous that his colleagues would discover the truth, he entered a rehabilitationphục hồi chức năng clinicphòng khám under his first and middle name, rather than using his surnamehọ. It was the first of many unsuccessfulthất bại attempts at kicking his habit. For one stay at Butler Psychiatric Hospital in Providence, Rhode Island, Halsted was given a rehabilitationphục hồi chức năng program of exercise, a healthy diet, fresh air, and, to help with the pain and discomfortkhó chịu of cocainecocain withdrawalrút tiền, morphinemoocphin. Halsted subsequently emergedhiện ra from the “rehabilitationphục hồi chức năng” program with both a cocainecocain addictionnghiện and a morphinemoocphin addictionnghiện. There were even stories that Halsted would inexplicablykhó hiểu send his shirts to be launderedgiặt là in Paris, and they would return in a parcelbưu kiện containing more than just pure-white shirts.
 Halsted insertedchèn his cocaine-infused wakefulnesssự tỉnh táo into the heart of Johns Hopkins’s surgicalngoại khoa program, imposingáp đặt a similarly unrealistickhông thực tế mentalitytâm lý of sleeplessnessmất ngủ upon his residents for the durationkhoảng thời gian of their training. The exhaustingmệt mỏi residencycư trú program, which persistskiên trì in one form or another throughout all US medical schools to this day, has left countlessvô số patients hurt or dead in its wake—and likely residents, too. That may sound like an unfairkhông công bằng charge to level considering the wonderful, lifesavingcứu sinh work our committed and caring young doctors and medical staff perform, but it is a provablecó thể chứng minh được one.
 Many medical schools used to require residents to work thirty hours. You may think that’s short, since I’m sure you work at least forty hours a week. But for residents, that was thirty hours all in one go. Worse, they often had to do two of these thirty-hour continuous shifts within a week, combined with several twelve-hour shifts scatteredrải rác in between.
 The injuriousgây thương tích consequenceskết quả are well documented. Residents working a thirty-hour-straight shift will commit 36 percent more serious medical errors, such as prescribing the wrong doseliều lượng of a drug or leaving a surgicalngoại khoa implementthực hiện inside of a patient, compared with those working sixteen hours or less. Additionally, after a thirty-hour shift without sleep, residents make a whoppingto lớn 460 percent more diagnosticchẩn đoán mistakes in the intensivecăng care unit than when well rested after enough sleep. Throughout the course of their residencycư trú, one in five medical residents will make a sleepless-related medical error that causes significant, liablechịu trách nhiệm harm to a patient. One in twenty residents will kill a patient due to a lack of sleep. Since there are over 100,000 residents currently in training in US medical programs, this means that many hundreds of people—sons, daughters, husbands, wives, grandparents, brothers, sisters—are needlessly losing their lives every year because residents are not allowed to get the sleep they need. As I write this chapter, a new report has discovered that medical errors are the third-leading cause of death among Americans after heart attacks and cancer. Sleeplessness undoubtedly plays a role in those lives lost.
 Young doctors themselves can become part of the mortalitytỷ lệ tử vong statisticssố liệu thống kê. After a thirty-hour continuous shift, exhaustedkiệt sức residents are 73 percent more likely to stabcú đâm themselves with a hypodermictiêm dưới da needlecây kim or cut themselves with a scalpeldao mổ, risking a blood-born infectioustruyền nhiễm disease, compared to their careful actions when adequatelyđầy đủ rested.
 One of the most ironicmỉa mai statisticssố liệu thống kê concerns drowsybuồn ngủ driving. When a sleep-deprived resident finishes a long shift, such as a stintthời gian ngắn in the ER trying to save victims of car accidents, and then gets into their own car to drive home, their chances of being involved in a motor vehicle accident are increased by 168 percent because of fatigueMệt mỏi. As a result, they may find themselves back in the very same hospital and ER from which they departedra đi, but now as a victim of a car crash caused by a microsleep.
 Senior medical professors and attending physiciansbác sĩ suffer the same bankruptcyphá sản of their medical skills following too little sleep. For example, if you are a patient under the knife of an attending physicianbác sĩ who has not been allowed at least a six-hour sleep opportunity the night prior, there is a 170 percent increased risk of that surgeonbác sĩ phẫu thuật inflictinggây thiệt a serious surgicalngoại khoa error on you, such as organđàn organ damage or major hemorrhaging, relative to the superiorthượng đẳng procedure they would conduct when they have slept adequatelyđầy đủ.
 If you are about to undergo an electivetự chọn surgery, you should ask how much sleep your doctor has had and, if it is not to your liking, you may not want to proceed. No amount of years on the job helps a doctor “learn” how to overcome a lack of sleep and develop resiliencekhả năng phục hồi. How could it? Mother Nature spent millions of years implementingthực hiện this essential physiologicalsinh lý need. To think that bravadodũng cảm, willpowerý chí, or a few decadesthập kỷ of experience can absolvegiải tội you (a surgeonbác sĩ phẫu thuật) of an evolutionarilytiến hóa ancient necessitysự cần thiết is the type of hubrisngạo mạn that, as we know from the evidence, costs lives.
 The next time you see a doctor in a hospital, keep in mind the study we have previously discussed, showing that after twenty-two hours without sleep, human performance is impairedkhiếm khuyết to the same level as that of someone who is legally drunksay rượu. Would you ever accept hospital treatment from a doctor who pulled out a hiphông flaskbình giữ nhiệt of whiskeywhisky in front of you, took a few swigsđu dây, and proceeded with an attempt at medical care in a vaguemơ hồ stuporsự sững sờ? Neither would I. Why, then, should society be facing an equally irresponsiblethiếu trách nhiệm health-care roulettecò quay game in the contextbối cảnh of sleep deprivationtước đoạt?
 Why haven’t these, and now many similar such findings, triggeredcò súng a responsible revisionôn tập of work schedules for residents and attending physiciansbác sĩ by the American medical establishmentthành lập? Why are we not giving back sleep to our exhaustedkiệt sức and thus error-prone doctors? The collectivetập thể goal is, after all, to achieve the highest quality of medical practice and care, is it not?
 Facing government threats that would apply federally enforcedthi hành work hours due to the extent of damningnguyền rủa evidence, the Accreditation Council for Graduate Medical Education made the following alterationsthay đổi. First-year residents would be limited to (1) working no more than an 80-hour week (which still averages out at 11.5 hours per day for 7 days straight), (2) working no more than 24 hours nonstopkhông ngừng, and (3) performing one overnightqua đêm on-call shift every third night. That revised schedule still far exceeds any ability of the brain to perform optimally. Errors, mistakes, and deaths continued in response to the anemicthiếu máu diet of sleep they were being fed while training. As the research studies kept accumulatingtích trữ, the Institute of Medicine, part of the US National Academy of Sciences, issued a report with a clear statement: working for more than sixteen consecutiveliên tiếp hours without sleep is hazardousnguy hiểm for both the patient and resident physicianbác sĩ.
 You may have noticed my specific wording in the above paragraph: first-year residents. This is because the revised rule (at the time of writing this book) has only been applied to those in their first year of training, and not to those in later years of a medical residencycư trú. Why? Because the Accreditation Council for Graduate Medical Education—the eliteưu tú board of high-powered physiciansbác sĩ that dictatesra lệnh the American residencycư trú training structure—stated that datadữ liệu proving the dangers of insufficientkhông đủ sleep had only been gathered in residents in their first year of the program. As a result, they felt there was no evidence to justify a change for residents in years two to five—as if getting past the twelve-month point in a medical residencycư trú program magically conferstrao immunitykhả năng miễn dịch against the biologicalsinh học and psychologicaltâm lý effects of sleep deprivation—effects that these same individuals had previously been so provably vulnerabledễ bị tổn thương to just months before.
 This entrenchedcố thủ pompositykhoa trương, prevalentthịnh hành in so many senior-driven, dogmaticgiáo điều institutionalthể chế hierarchieshệ thống cấp bậc, has no place in medical practice in my opinion as a scientist intimatethân mật with the research datadữ liệu. Those boards must disabusevô hiệu hóa themselves of the we-suffered-through-sleep-deprivation-and-you-should-too mentalitytâm lý when it comes to training, teaching, and practicing medicine.
 Of course, medical institutionstổ chức put forward other arguments to justify the old-school way of sleep abuselạm dụng. The most common harkens back to a William Halsted–like mind-set: without working exhaustiveđầy đủ shifts, it will take far too long to train residents, and they will not learn as effectively. Why, then, can several western European countries train their young doctors within the same time frame when they are limited to working no more than forty-eight hours in one week, without continuous long periods of sleeplessnessmất ngủ? Perhaps they are just not as well trained? This, too, is erroneoussai, since many of those western European medical programs, such as in the UK and Sweden, rank among the top ten countries for most medical practice health outcomes, while the majority of US instituteshọc viện rank somewhere between eighteenth and thirty-second. As a matter of fact, several pilot studies in the US have shown that when you limit residents to no more than a sixteen-hour shift, with at least an eight-hour rest opportunity before the next shift,IX the number of serious medical errors made—defined as causing or having the potential to cause harm to a patient—drops by over 20 percent. Furthermore, residents made 400 to 600 percent fewer diagnosticchẩn đoán errors to begin with.
 There’s simply no evidence-based argument for persistingdai dẳng with the current sleep-anemic model of medical training, one that cripplesquè quặt the learning, health, and safety of young doctors and patients alikenhư nhau. That it remains this way in the stoicKiên nhẫn gripnắm chặt of senior medical officials appears to be a clear case of “my mind is made up, don’t confuse me with the facts.”
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 More generally, I feel we as a society must work toward dismantlingtháo bỏ our negative and counterproductivephản tác dụng attitude toward sleep: one that is epitomizedđiển hình hóa in the words of a US senatorthượng nghị sĩ who once said, “I’ve always loathedkhông ưa the necessitysự cần thiết of sleep. Like death, it puts even the most powerful men on their backs.” This attitude perfectly encapsulatesđóng gói many a modern view of sleep: loathsomekhông ưa, annoying, enfeeblingyếu đuối. Though the senatorthượng nghị sĩ in question is a television character called Frank Underwood from the series House of Cards, the writers have—biographically, I believe—placed their fingers on the very nubnub of the sleep-neglect problem.
 Tragically, this same neglect has resulted in some of the worst global catastrophesThảm khốc punctuatingchấm câu the human historicallịch sử record. Consider the infamousbỉ ổi reactorlò phản ứng meltdowncuộc khủng hoảng at the Chernobyl nuclearhạt nhân power station on April 26, 1986. The radiationsự bức xạ from the disaster was one hundred times more powerful than the atomicnguyên tử bombs dropped in World War II. It was the fault of sleep-deprived operators working an exhaustiveđầy đủ shift, occurring, without coincidencetrùng hợp ngẫu nhiên, at one a.m. Thousands died from the long-term effects of radiationsự bức xạ in the protractedkéo dài decadesthập kỷ following the event, and tens of thousands more suffered a lifetimecả đời of debilitatingsuy nhược medical and developmentalphát triển ill health. We can also recountkể lại the Exxon Valdez oil tankertàu chở dầu that ran agroundmắc cạn on Bligh Reef in Alaska on March 24, 1989, breachingsự vi phạm its hullthân tàu. An estimated 10 million to 40 million gallonsga-lông of crudethô thiển oil spilledtràn across a 1,300-mile range of the surrounding shorelineđường bờ. Left dead were more than 500,000 seabirdschim biển, 5,000 ottersrái cá, 300 seals, over 200 baldhói eagleschim ưng, and 20 orcacá kình whalescá voi. The coastalduyên hải ecosystemhệ sinh thái has never recovered. Early reports suggested that the captainđội trưởng was inebriatedsay rượu while navigatingđiều hướng the vessel. Later, however, it was revealed that the sobertỉnh táo captainđội trưởng had turned over command to his third mate on deckboong tàu, who had only slept six out of the previous forty-eight hours, causing him to make the cataclysmicđại hồng thủy navigationalđiều hướng error.
 Both of these global tragediesbi kịch were entirely preventablengăn ngừa được. The same is true for every sleep-loss statisticthống kê in this chapter.
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CHAPTER 16
 
 
 
 A New Vision for Sleep in the Twenty-First Century
 Accepting that our lack of sleep is a slow form of self-euthanasia, what can be done about it? In this book, I have described the problems and causes of our collectivetập thể sleeplessnessmất ngủ. But what of solutions? How can we effect change?
 For me, addressing this issue involves two steps of logic. First, we must understand why the problem of deficientthiếu sleep seems to be so resistantkháng cự to change, and thus persistskiên trì and grows worse. Second, we must develop a structured model for effecting change at every possible leveragetận dụng point we can identify. There is not going to be a single, magic-bullet solution. After all, there is not just one reason for why society is collectivelytập thể sleeping too little, but many. Below, I sketchphác họa out a new vision for sleep in the modern world—a road map of sorts that ascendslên through numerous levels of interventionsự can thiệp opportunities, visualizedhình dung in figure 17.
  Figure 17: Levels of Sleep Intervention
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 INDIVIDUAL TRANSFORMATION
 Increasing sleep for an individual can be achieved through both passivethụ động methods, which require no effort from the individual and are thus preferablethích hợp hơn, and active methods, which do. Here are several possibilities that may not be so far-fetched, all of which build on proven scientific methods for enhancingnâng cao sleep quantity and quality.
 The intrusionxâm nhập of technology into our homes and bedrooms is claimed by many of my research colleagues to be robbingcướp us of preciousquý giá sleep, and I agree. Evidence discussed in this book, such as the harmfulcó hại effects of LED-emitting devices at night, proves this to be true. Scientists have therefore lobbiedsảnh to keep sleep analogtương tự, as it were, in this increasingly digital world, leaving technology out of the discussion.
 Here, however, I actually disagree. Yes, the future of sleep is about a return to the past in the sense that we must reuniteđoàn tụ with regular, plentifuldồi dào sleep, as we once knew a century ago. But to battle against rather than unite with technology is the wrong approach in my mind. For one thing, it’s a losing battle: we will never put that technologicalcông nghệ geniethần đèn back into its bottle, nor do we need to. Instead, we can use this powerful tool to our advantage. Within three to five years, I am quite certain there will be commercially available, affordablecó thể chi trả devices that track an individual’s sleep and circadiannhịp sinh học rhythmnhịp with high accuracysự chính xác. When that happens, we can marry these individual sleep trackers with the revolutioncuộc cách mạng of in-home networked devices like thermostatsmáy điều nhiệt and lighting. Some are already trying to do this as I write.
 Two excitingthú vị possibilities unfoldmở ra. First, such devices could compare the sleep of each family member in each separate bedroom with the temperature sensed in each room by the thermostatmáy điều nhiệt. Using common machine-learning algorithmsthuật toán applied over time, we should be able to intelligentlymột cách thông minh teach the home thermostatmáy điều nhiệt what the thermalnhiệt sweet spot is for each occupantngười cư ngụ in each bedroom, based on the biophysiology calculated by their sleep-tracking device (perhaps splitting the difference when there are two or more individuals per room). Granted there are many different factors that make for a good or bad night of sleep, but temperature is very much one of them.
 Better still, we could program a natural circadiannhịp sinh học lullru ngủ and rise in temperature across the night that is in harmonyhòa hợp with each body’s expectations, rather than the constant nighttimeban đêm temperature set in most homes and apartments. Over time, we could intelligentlymột cách thông minh curatelựa chọn a tailoredphù hợp thermalnhiệt sleep environment that is personalizedcá nhân hóa to the circadiannhịp sinh học rhythmsnhịp of each individual occupantngười cư ngụ of each bedroom, departingkhởi hành from the unhelpfulvô ích non-varying thermalnhiệt backdropbối cảnh that plaguestai họa the sleep of most people using standard home thermostatsmáy điều nhiệt. Both these changes require no effort from an individual, and should hastenđẩy nhanh the speed of sleep onsetbắt đầu, increase total sleep time, and even deepenđào sâu NREM-sleep quality for all household members (as discussed in chapter 13).
 The second passivethụ động solution concerns electric light. Many of us suffer from overexposuretiếp xúc quá mức to nighttimeban đêm light, particularly blue-dominant LED light from our digital devices. This evening digital light suppresses melatoninmelatonin and delays our sleep timing. What if we can turn that problem into a solution? Soon, we should be able to engineer LED bulbs with filters that can vary the wavelengthbước sóng of light that they emitphát ra, ranging from warm yellow colors less harmfulcó hại to melatoninmelatonin, to strong blue light that powerfully suppresses it.
 Paired with sleep trackers that can accuratelychính xác characterize our personal biologicalsinh học rhythmsnhịp, we can installcài đặt these new bulbs throughout a home, all connected to the home network. The lightbulbsbóng đèn (and even other networked LED-screen devices, such as iPads) would be instructeddạy to graduallydần dần dialquay số down the harmfulcó hại blue light in the home as the evening progresses, based on an individual’s (or set of individuals’) natural sleep-wake pattern. We could do this dynamicallynăng động and seamlessly as individuals move from one room to the next in real time. Here again we can intelligentlymột cách thông minh split the difference on the fly based on the biophysiological mix of whoever is in the room. In doing so, the users’ own brains and bodies, measured and translated through the wearablesđeo được to the networked home, would synergistically regulatequy định light and thus melatoninmelatonin release that promotes, rather than impedescản trở, optimaltối ưu regulation of sleep for one and all. It is a vision of personalizedcá nhân hóa sleep medicine.
 Come the morning, we can reverse this trick. We can now saturatebão hòa our indoortrong nhà environments with powerful blue light that shuts off any lingeringkéo dài melatoninmelatonin. This will help us wake up faster, more alertbáo động, and with a brighter mood, morning after morning.
 We could even use this same light-manipulation idea to apply a slightmảnh dẻ nudgehuých in someone’s sleep-wake rhythmnhịp within a biologicallyvề mặt sinh học reasonable range (plus or minus thirty to forty minutes), should they desire, graduallydần dần moving it earlier or later. For example, if you have an unusuallybất thường early morning meeting in the middle of the workweektuần làm việc, this technology, synched to your online calendarlịch, would graduallydần dần begin shifting you (your circadiannhịp sinh học rhythmnhịp) to a slightly earlier bed and rise time starting on Monday. This way, that early-morning rise time on Wednesday won’t be as miserablekhổ sở, or cause such biologicalsinh học turmoilhỗn loạn within your brain and body. This would be equally, if not more, applicableáp dụng in helping individuals overcome jetmáy bay phản lực laglỗi when traveling between time zonesvùng, all dispensedphân chia through LED-emitting personal devices that people already travel with—phones, tabletsviên thuốc, laptop computers.
 Why stop at the home environment or in the infrequentkhông thường xuyên circumstance of jetmáy bay phản lực laglỗi? Cars can adopt these same lighting solutions to help manipulatevận dụng alertnesssự tỉnh táo during morning commutesđi lại. Some of the highest rates of drowsy-driving accidents occur during mornings, especially early mornings. What if car cockpitsbuồng lái could be bathedtắm in blue light during early-morning commutesđi lại? The levels would have to be temperedủ rũ so as not to distractđánh lạc hướng the driver or others on the road, but you’ll recall from chapter 13 that one does not need especially bright light (luxsang trọng) to have a measurableđo lường được impactsự va chạm of melatoninmelatonin suppression and enhancednâng cao wakefulnesssự tỉnh táo. This idea could be particularly helpful in those parts of the Northern and Southern Hemispheres during their respectivetương ứng winter mornings where this issue is most problematiccó vấn đề. In the workplacenơi làm việc, for those lucky enough to have their own office, lighting rhythmnhịp could be custom fit to the occupantngười cư ngụ using the same principles. But even cubiclesbuồng nhỏ, which are not so different from the cell of a car, could be personally tailoredphù hợp in this light-dependent manner, based on the individual sitting in that cubiclebuồng nhỏ.
 How much benefit such changes would make remains to be proven, but I can already tell you of some datadữ liệu from ever-sleep-sensitive NASA, with which I worked on sleep issues early in my career. Astronauts on the International Space Station travel through space at 17,500 miles per hour and complete an orbitquỹ đạo of the Earth once every ninety to one hundred minutes. As a result, they experience “daylightban ngày” for about fifty minutes, and “night” for about fifty minutes. Although astronautsphi hành gia are therefore treated to the delight of a sunrise and sunsetHoàng hôn sixteen times a day, it wreaksphá phách utterthốt ra havocsự tàn phá on their sleep-wake rhythmsnhịp, causing terrible issues with insomniamất ngủ and sleepinessbuồn ngủ. Make a mistake at your job on planet Earth, and your boss may reprimandkhiển trách you. Make a mistake in a long metal tube floating through the vacuummáy hút bụi of space with payloadskhối hàng and missionSứ mệnh costs in the hundreds of millions, and the consequenceskết quả can be much, much worse.
 To combatchiến đấu this issue, NASA began collaboratinghợp tác with a large electrical company some years ago to create just the types of special lightbulbsbóng đèn I describe. The bulbs were to be installedcài đặt in the space station to bathetắm the astronautsphi hành gia in a much more Earth-like cycle of twenty-four-hour light and dark. With regulatedquy định environmentalthuộc về môi trường light came a superiorthượng đẳng regulation of the astronautsphi hành gia’ biologicalsinh học melatoninmelatonin rhythmsnhịp, including their sleep, therebybằng cách ấy reducing operations errors associated with fatigueMệt mỏi. I must admit that the development cost of each lightbulbbóng đèn was in the neighborhood of $300,000. But numerous companies are now hard at work constructing similar bulbs for a fractionphân số of that cost. The first iterationssự lặp đi lặp lại are just starting to come to market as I write. When costs become more competitive with standard bulbs, these and many other possibilities will become a reality.
 Solutions that are less passivethụ động, requiring an individual to actively participate in change, will be harder to institutehọc viện. Human habits, once established, are difficult to change. Consider the countlessvô số New Year’s resolutionsnghị quyết you’ve made but never kept. Promises to stop the overeatingăn quá nhiều, to get regular exercise, or to quittừ bỏ smoking are but a few examples of habits we often want to change to prevent ill health, yet rarely succeed at actually changing. Our persistencekiên trì in sleeping too little may similarly appear to be a lost cause, but I am optimisticlạc quan that several active solutions will make a real difference for sleep.
 Educating people about sleep—through books, engaging lectures, or television programs—can help combatchiến đấu our sleep deficitthiếu hụt hoặc khuyết. I know firsthandtrực tiếp from teaching a class on the science of sleep to four hundred to five hundred undergraduatesđại học each semesterhọc kỳ. My students complete an anonymousvô danh sleep survey at the start and the end of the course. Across a semesterhọc kỳ of lectures, the amount of sleep they report getting increases by forty-two minutes per night on average. Trivial as that may sound, it does translate to five hours of extra sleep each week, or seventy-five extra hours of sleep each semesterhọc kỳ.
 But this isn’t enough. I’m sure a depressinglychán nản large proportiontỷ lệ of my students returned to their shorter, unhealthykhông khỏe mạnh sleep habits in the years after. Just as describing the scientific dangers of how eating junkrác food leads to obesitybéo phì rarely ends up with people choosing broccolibông cải xanh over a cookiebánh quy, knowledge alone is not enough. Additional methods are required.
 One practice known to convert a healthy new habit into a permanent way of life is exposurephơi bày to your own datadữ liệu. Research in cardiovasculartim mạch disease is a good example. If patients are given tools that can be used at home to track their improving physiologicalsinh lý health in response to an exercise plan—such as blood pressure monitors during exercise programs, scales that log body mass index during dieting efforts, or spirometryphép đo phế dung devices that register respiratoryhô hấp lungphổi capacity during attempted smoking cessation—compliance rates with rehabilitationphục hồi chức năng programs increase. Follow up with those same individuals after a year or even five, and more of them have maintained their positive change in lifestylecách sống and behavior as a consequencekết quả. When it comes to the quantifiedđịnh lượng self, it’s the old adagecâu ngạn ngữ of “seeing is believing” that ensures longer-term adherencetuân thủ to healthy habits.
 With wearablesđeo được that accuratelychính xác track our slumbergiấc ngủ fast emergingmới nổi, we can apply this same approach to sleep. Harnessing smartphones as a central hubtrung tâm to gather an individual’s health datadữ liệu from various sources—physical activity (such as number of steps or minutes and intensitycường độ of exercise), light exposurephơi bày, temperature, heart rate, body weight, food intakeđầu vào, work productivitynăng suất, or mood—we show each individual how their own sleep is a direct predictordự đoán of their own physical and mental health. It’s likely that, if you wore such a device, you would find out that on the nights you slept more you ate less food the next day, and of a healthy kind; felt brighter, happier, and more positive; had better relationship interactions; and accomplishedhoàn thành more in less time at work. Moreover, you would discover that during months of the year when you were averaging more sleep, you were sick less; your weight, blood pressure, and medicationthuốc use were all lower; and your relationship or marriage satisfaction, as well as sex life, were better.
 Reinforced day after day, month after month, and ultimatelycuối cùng year after year, this nudgehuých could change many people’s sleep neglect for the better. I’m not so naïve to think it would be a radicalcăn bản change, but if this increased your sleep amount by just fifteen to twenty minutes each night, the science indicates that it would make a significant difference across the life spannhịp and save trillionsnghìn tỷ of dollars within the global economy at the population level, to name but two benefits. It could be one of the most powerful factors in a future vision that shifts from a model of sick care (treatment), which is what we do now, to health care (prevention)—the lattersau này aiming to stavekhuông nhạc off a need for the former. Prevention is far more efficient than treatment, and costs far less in the long run.
 Going even further, what if we moved from a stancelập trường of analytics (i.e., here is your past and/or current sleep and here is your past and/or current body weight) to that of forward-looking predictalytics? To explain the term, let me go back to the smoking example. There are efforts to create predictalytics appsứng dụng that start with you taking a picture of your own face with the camera of your smartphone. The appứng dụng then asks you how many cigarettes you smoke on average a day. Based on scientific datadữ liệu that understand how smoking quantity impactssự va chạm outwardbề ngoài health features such as bags under your eyes, wrinklesnếp nhăn, psoriasisbệnh vẩy nến, thinning hair, and yellowed teeth, the appứng dụng predictively modifies your face on the assumptiongiả thiết of your continued smoking, and does so at different future time points: one year, two years, five years, ten years.
 The very same approach could be adopted for sleep, but at many different levels: outwardbề ngoài appearance as well as inwardhướng nội brain and body health. For example, we could show individuals their increasing risk (albeitmặc dù non-deterministic) of conditions such as Alzheimer’s disease or certain cancers if they continue sleeping too little. Men could see projectionschiếu on how much their testiclestinh hoàn will shrinkco lại or their testosteronenội tiết tố nam level will drop should their sleep neglect continue. Similar risk predictionssự dự đoán could be made for gains in body weight, diabetesbệnh tiểu đường, or immunemiễn dịch impairmentsuy giảm and infection.
 Another example involves offering individuals a predictionsự dự đoán of when they should or should not get their flucúm shot based on sleep amount in the week prior. You will recall from chapter 8 that getting four to six hours of sleep a night in the week before your flucúm shot means that you will produce less than half of the normal antibodykháng thể response required, while seven or more hours of sleep consistentlynhất quán returns a powerful and comprehensivetoàn diện immunizationchủng ngừa response. The goal would be to unite health-care providerscác nhà cung cấp and hospitals with real-time updates on an individual’s sleep, week to week. Through notificationsthông báo, the software will identify the optimaltối ưu time for when an individual should get their flucúm shot to maximizetối đa hóa vaccinationtiêm chủng success.
 Not only will this markedlyrõ rệt improve an individual’s immunitykhả năng miễn dịch but also that of the community, through developing more effective “herdbầy đàn immunemiễn dịch benefits.” Few people realize that the annual financial cost of the flucúm in the US is around $100 billion ($10 billion direct and $90 billion in lost work productivitynăng suất). Even if this software solution decreases flucúm infection rates by just a small percentage, it will save hundreds of millions of dollars by way of improved immunizationchủng ngừa efficiency by reducing the cost burden on hospital services, both the inpatientbệnh nhân nội trú and outpatientbệnh nhân ngoại trú service utilizationsử dụng. By avoiding lost productivitynăng suất through illness and absenteeismvắng mặt during the flucúm season, businesses and the economy stand to save even more—potentially billions of dollars—and could help subsidizetrợ cấp the effort.
 We can scale this solution globallytoàn cầu: anywhere there is immunizationchủng ngừa and the opportunity to track an individual’s sleep, there is the chance for marked cost savings to health-care systems, governments, and businesses, all with the motivated goal of trying to help people live healthier lives.
 EDUCATIONAL CHANGE
 Over the past five weeks, I conducted an informalkhông chính thức survey of colleagues, friends, and family in the United States and in my home country of the United Kingdom. I also sampled friends and colleagues from Spain, Greece, Australia, Germany, Israel, Japan, South Korea, and Canada.
 I asked about the type of health and wellnessgiữ gìn sức khỏe education they received at school when they were growing up. Did they receive instruction on diet? Ninety-eight percent of them did, and many still remembered some details (even if those are changing based on current recommendations). Did they receive tutelagesự giám hộ on drugs, alcohol, safe sex, and reproductivesinh sản health? Eighty-seven percent said yes. Was the importance of exercise impressed upon them at some point during their schooling, and/or was the practice of physical education activities mandatorybắt buộc on a weekly basis? Yes—100 percent of people confirmed it was.
 This is hardly a scientific datadữ liệu set, but still, some form of dietarychế độ ăn kiêng, exercise, and health-related schooling appears to be part of a worldwidetrên toàn thế giới educational plan that most children in developed nations receive.
 When I asked this same diversephong phú set of individuals if they had received any education about sleep, the response was equally universal in the opposite direction: 0 percent received any educational materials or information about sleep. Even in the health and personal wellnessgiữ gìn sức khỏe education that some individuals described, there was nothing resemblinggiống lip service to sleep’s physical or mental health importance. If these individuals are representativetiêu biểu, it suggests that sleep holds no place in the education of our children. Generation after generation, our young minds continue to remain unawarekhông biết of the immediate dangers and protractedkéo dài health impactssự va chạm of insufficientkhông đủ sleep, and I for one feel that is wrong.
 I would be keensắc sảo to work with the World Health Organization to develop a simple educational modulemô-đun that can be implementedthực hiện in schools around the world. It could take many forms, based on age group: an animatedhoạt hình short accessiblecó thể truy cập online, a board game in physical or digital form (one that could even be played internationally with sleep “pen palsbạn thân”), or a virtualảo environment that helps you explore the secrets of sleep. There are many options, all of them easily translatable across nations and cultures.
 The goal would be twofoldgấp đôi: change the lives of those children and, by way of raising sleep awareness and better sleep practice, have that child pass on their healthy sleep values to their own children. In this way, we would begin a familialgia đình transmissionquá trình lây truyền of sleep appreciationsự đánh giá from one generation to the next, as we do with things like good manners and moralityđạo đức. Medically, our future generations would not only enjoy a longer life spannhịp, but, more importantly, a longer health spannhịp, absolvedmiễn tội of the midgiữa- and late-life diseases and disorders that we know are caused by (and not simply associated with) chronickinh niên short sleep. The cost of delivering such sleep education programs would be a tiny fractionphân số of what we currently pay for our unaddressed global sleep deficitthiếu hụt hoặc khuyết. If you are an organization, a business, or an individual philanthropistnhà từ thiện interested in helping make this wish and idea a reality, please do reach out to me.
 ORGANIZATIONAL CHANGE
 Let me offer three rather different examples for how we could achieve sleep reformcải cách in the workplacenơi làm việc and key industries.
 First, to employees in the workplacenơi làm việc. The giant insurance company Aetna, which has almost fifty thousand employees, has institutedhọc viện the option of bonusesthưởng for getting more sleep, based on verifiedxác minh sleep-tracker datadữ liệu. As Aetna chairman and CEO Mark Bertolini described, “Being present in the workplacenơi làm việc and making better decisions has a lot to do with our business fundamentalsnguyên tắc cơ bản.” He further noted, “You can’t be prepared if you’re half asleepngủ.” If workers string together twenty seven-hour nights of sleep or more in a row, they receive a twenty-five-dollar-per-night bonusthưởng, for a (capped) total of five hundred dollars.
 Some may scoffgiễu cợt at Bertolini’s incentivekhích lệ system, but developing a new business culture that takes care of the entire life cycle of an employee, night and day, is as economicallykinh tế prudentkhôn ngoan as it is compassionatethương xót. Bertolini seems to know that the net company benefit of a well-slept employee is considerable. The return on the sleep investment in terms of productivitynăng suất, creativitysáng tạo, work enthusiasmsự nhiệt tình, energy, efficiency—not to mention happiness, leadinghàng đầu to people wanting to work at your institutiontổ chức, and stay—is undeniablekhông thể phủ nhận. Bertolini’s empiricallytheo kinh nghiệm justified wisdomkhôn ngoan overridesghi đè misconceptionsquan niệm sai lầm about grindingmài down employees with sixteen- to eighteen-hour workdaysngày làm việc, burning them out in a model of disposability and declining productivitynăng suất, litteredrải rác with sick days, all the while triggeringcò súng low moraleđạo đức and high turnoverdoanh số rates.
 I wholeheartedly endorseủng hộ Bertolini’s idea, though I would modify it in the following way. Rather than—or as an alternative to—providing financial bonusesthưởng, we could offer added vacationkì nghỉ time. Many individuals value time off more than modestkhiêm tốn financial perksthù lao thêm. I would suggest a “sleep credit system,” with sleep time being exchanged for either financial bonusesthưởng or extra vacationkì nghỉ days. There would be at least one provisođiều khoản: the sleep credit system would not simply be calculated on total hours clocked during one week or one month. As we have learned, sleep continuity—consistently getting seven to nine hours of sleep opportunity each night, every night, without running a debt during the week and hoping to pay it off by binge-sleeping at the weekend—is just as important as total sleep time if you are to receive the mental and physical health benefits of sleep. Thus, your “sleep credit score” would be calculated based on a combination of sleep amount and night-to-night sleep continuity.
 Those with insomniamất ngủ need not be penalizedxử phạt. Rather, this method of routine sleep tracking would help them identify this issue, and cognitivenhận thức behavioral therapy could be provided through their smartphones. Insomnia treatment could be incentivized with the same credit benefits, further improving individual health and productivitynăng suất, creativitysáng tạo, and business success.
 The second change-idea concerns flexiblelinh hoạt work shifts. Rather than required hours with relatively hard boundaries (i.e., the classic nine to five), businesses need to adapt a far more taperedcôn vision of hours of operation, one that resemblesgiống a squishedsquish inverted-U shape. Everyone would be present during a corecốt lõi window for key interactions—say, twelve to three p.m. Yet there would be flexiblelinh hoạt tail ends either side to accommodatechứa all individual chronotypes. Owls could start work late (e.g., noonbuổi trưa) and continue into the evening, giving their full force of mental capacity and physical energy to their jobs. Larks can likewisetương tự như vậy do so with early start and finish times, preventing them from having to coastbờ biển through the final hours of the “standard” workdayngày làm việc with inefficientkhông hiệu quả sleepinessbuồn ngủ. There are secondary benefits. Take rush-hour traffic as just one example, which would be lessenedgiảm bớt in both the morning and evening phases. The indirectgián tiếp cost savings of time, money, and stress would not be trivialkhông đáng kể.
 Maybe your workplacenơi làm việc claims to offer some version of this. However, in my consulting experience, the opportunity might be suggested but is rarely embracedôm as acceptable, especially in the eyes of managers and leaders. Dogmas and mind-sets appear to be one of the greatest rate-limiting barriersrào chắn preventing better (i.e., sleep-smart) business practices.
 The third idea for sleep change within industry concerns medicine. As urgentcấp bách as the need to injecttiêm more sleep in residents’ work schedules is the need to radically rethinksuy nghĩ lại how sleep factors into patient care. I can illuminatechiếu sáng this idea with two concrete examples.
 EXAMPLE 1—PAIN
 The less sleep you have had, or the more fragmentedmiếng your sleep, the more sensitive you are to pain of all kinds. The most common place where people experience significant and sustainedduy trì pain is often the very last place they can find sound sleep: a hospital. If you have been unfortunatethật không may enough to spend even a single night in the hospital, you will know this all too well. The problems are especially compoundedphức tạp in the intensivecăng care unit, where the most severely sick (i.e., those most in need of sleep’s help) are cared for. Incessant beepingtiếng kêu bíp and buzzingù from equipmentthiết bị, sporadicrời rạc alarms, and frequent tests prevent anything resemblinggiống restfulyên tĩnh or plentifuldồi dào sleep for the patient.
 Occupational health studies of inpatientbệnh nhân nội trú rooms and wardsphường report a decibelđề-xi-ben level of sound pollution that is equivalent to that of a noisyồn ào restaurant or bar, twenty-four hours as day. As it turns out, 50 to 80 percent of all intensivecăng care alarms are unnecessarykhông cần thiết or ignorable by staff. Additionally frustratinglàm nản lòng is that not all tests and patient checkupskiểm tra sức khỏe are time sensitive, yet many are ill-timed with regardvề to sleep. They occur either during afternoon times when patients would otherwise be enjoying a natural, biphasic-sleep napngủ trưa, or during early-morning hours when patients are only now settling into solid sleep.
 Little surprise that across cardiactrái tim, medical, and surgicalngoại khoa intensivecăng care units, studies consistentlynhất quán demonstratechứng minh uniformly bad sleep in all patients. Upset by the noisyồn ào, unfamiliarkhông quen ICU environment, sleep takes longer to initiatebắt đầu, is litteredrải rác with awakeningsthức tỉnh, is shallower in depth, and contains less overall REM sleep. Worse still, doctors and nurses consistentlynhất quán overestimateđánh giá quá cao the amount of sleep they think patients obtainđạt được in intensivecăng care units, relative to objectively measured sleep in these individuals. All told, the sleep environment, and thus sleep amount, of a patient in this hospital environment is entirely antitheticalphản đối to their convalescencedưỡng bệnh.
 We can solve this. It should be possible to design a system of medical care that places sleep at the center of patient care, or very close to it. In one of my own research studies, we have discovered that pain-related centers within the human brain are 42 percent more sensitive to unpleasantkhó chịu thermalnhiệt stimulationkích thích (non-damaging, of course) following a night of sleep deprivationtước đoạt, relative to a full, healthy eight-hour night of sleep. It is interesting to note that these pain-related brain regions are the same areas that narcoticthuốc mê medicationsthuốc, such as morphinemoocphin, act upon. Sleep appears to be a natural analgesicgiảm đau, and without it, pain is perceivednhận thức more acutelysâu sắc by the brain, and, most importantly, felt more powerfully by the individual. Morphine is not a desirablemong muốn medicationthuốc, by the way. It has serious safety issues related to the cessationđình chỉ of breathing, dependencyphụ thuộc, and withdrawalrút tiền, together with terriblykhủng khiếp unpleasantkhó chịu side effects. These include nauseabuồn nôn, loss of appetitethèm ăn, cold sweatsđổ mồ hôi, itchyngứa skin, and urinarytiết niệu and bowelruột issues, not to mention a form of sedationan thần that prevents natural sleep. Morphine also alters the action of other medicationsthuốc, resulting in problematiccó vấn đề interaction effects.
 Extrapolating from a now extensiverộng rãi set of scientific research, we should be able to reduce the doseliều lượng of narcoticthuốc mê drugs on our hospital wardsphường by improving sleep conditions. In turn, this would lessengiảm bớt safety risks, reduce the severitymức độ nghiêm trọng of side effects, and decrease the potential for drug interactions.
 Improving sleep conditions for patients would not only reduce drug dosesliều lượng, it would also boost their immunemiễn dịch system. Inpatients could therefore mount a far more effective battle against infection and accelerateThúc giục postoperativehậu phẫu wound healingđang lành lại. With hastenedđẩy nhanh recovery rates would come shorter inpatientbệnh nhân nội trú stays, reducing health-care costs and health insurance rates. Nobody wants to be in the hospital any longer than is absolutely necessary. Hospital administratorsngười quản lý feel likewisetương tự như vậy. Sleep can help.
 The sleep solutions need not be complicatedphức tap. Some are simple and inexpensiverẻ tiền, and the benefits should be immediate. We can start by removing any equipmentthiết bị and alarms that are not necessary for any one patient. Next, we must educate doctors, nurses, and hospital administrations on the scientific health benefits of sound sleep, helping them realize the premiumphần thưởng we must place on patients’ slumbergiấc ngủ. We can also ask patients about their regular sleep schedules on the standard hospital admissionnhận vào form, and then structure assessmentsđánh giá and tests around their habitualtheo thói quen sleep-wake rhythmsnhịp as much as possible. When I’m recovering from an appendicitisviêm ruột thừa operation, I certainly don’t want to be woken up at 6:30 a.m. when my natural rise time is 7:45 a.m.
 Other simple practices? Supply all patients with earplugsbịt tai and a face maskmặt nạ when they first come onto a wardphường, just like the complimentaryca ngợi air travel bag you are given on long-haul flights. Use dimlờ mờ, non-LED lighting at night and bright lighting during the day. This will help maintain strong circadiannhịp sinh học rhythmsnhịp in patients, and thus a strong sleep-wake pattern. None of these is especially costlytốn kém; most of them could happen tomorrow, all of them to the significant benefit of a patient’s sleep, I’m certain.
 EXAMPLE 2—NEONATES
 To keep a preterm baby alive and healthy is a perilousnguy hiểm challenge. Instability of body temperature, respiratoryhô hấp stress, weight loss, and high rates of infection can lead to cardiactrái tim instabilitybất ổn, neurodevelopment impairmentssuy giảm, and death. At this prematuresinh non stage of life, infantstrẻ sơ sinh should be sleeping the vast majority of the time, both day and night. However, in most neonatalsơ sinh intensivecăng care units, strong lighting will often remain on throughout the night, while harshthô ráp electric overheadtrên không light assaultstấn công the thin eyelidsmí mắt of these infantstrẻ sơ sinh during the day. Imagine trying to sleep in constant light for twenty-four hours a day. Unsurprisingly, infantstrẻ sơ sinh do not sleep normally under these conditions. It is worth reiteratingnhắc lại that which we learned in the chapter on the effects of sleep deprivationtước đoạt in humans and rats: a loss in the ability to maintain corecốt lõi body temperature, cardiovasculartim mạch stress, respiratoryhô hấp suppression, and a collapse of the immunemiễn dịch system.
 Why are we not designing NICUs and their care systems to fosternuôi dưỡng the very highest sleep amounts, therebybằng cách ấy using sleep as the lifesavingcứu sinh tool that Mother Nature has perfected it to be? In just the last few months, we have preliminarysơ bộ research findings from several NICUs that have implementedthực hiện dim-lighting conditions during the day and near-blackout conditions at night. Under these conditions, infanttrẻ sơ sinh sleep stabilitysự ổn định, time, and quality all improved. Consequentially, 50 to 60 percent improvements in neonatesơ sinh weight gain and significantlyđáng kể higher oxygenôxy saturationbão hòa levels in blood were observed, relative to those preterms who did not have their sleep prioritizedưu tiên and thus regularizedchính quy hóa. Better still, these well-slept preterm babies were also dischargedgiải ngũ from the hospital five weeks earlier!
 We can also implementthực hiện this strategy in underdevelopedkém phát triển countries without the need for costlytốn kém lighting changes by simply placing a darkeninglàm tối piece of plastic—a light-diffusing shroudliệm, if you will—over neonatalsơ sinh cotscũi. The cost is less than $1, but will have a significant, lux-reducing benefit, stabilizingổn định and enhancingnâng cao sleep. Even something as simple as bathingtắm rửa a young child at the right time before bed (rather than in the middle of the night, as I’ve seen occur) would help fosternuôi dưỡng, rather than perturbxáo trộn, good sleep. Both are globallytoàn cầu viablekhả thi methods.
 I must add that there is nothing stopping us from prioritizingưu tiên sleep in similarly powerful ways across all pediatricnhi khoa units for all children in all countries.
 PUBLIC POLICY AND SOCIETAL CHANGE
 At the highest levels, we need better public campaignschiến dịch educating the population about sleep. We spend a tiny fractionphân số of our transportation safety budget warning people of the dangers of drowsybuồn ngủ driving compared with the countlessvô số campaignschiến dịch and awareness efforts regarding accidents linked to drugs or alcohol. This despite the fact that drowsybuồn ngủ driving is responsible for more accidents than either of these two issues—and is more deadlychết người. Governments could save hundreds of thousands of lives each year if they mobilizedhuy động such a campaignchiến dịch. It would easily pay for itself, based on the cost savings to the health-care and emergency services bills that drowsy-driving accidents imposeáp đặt. It would of course help lower health-care and autotự động insurance rates and premiumsphần thưởng for individuals.
 Prosecutorial law regarding drowsybuồn ngủ driving is another opportunity. Some states have a vehicularxe cộ manslaughterngộ sát charge associated with sleep deprivationtước đoạt, which is of course far harder to prove than blood alcohol level. Having worked with several large automakersnhà sản xuất ô tô, I can report that soon we will have smart technology inside of cars that may help us know, from a driver’s reactions, eyes, driving behavior, and the nature of the crash, what the prototypicalnguyên mẫu “signaturechữ ký” is of a clearly drowsy-driving accident. Combined with a personal history, especially as personal sleep-tracking devices become more popular, we may be very close to developing the equivalent of a Breathalyzer for sleep deprivationtước đoạt.
 I know that may sound unwelcomekhông được chào đón to some of you. But it would not if you had lost a loved one to a fatigue-related accident. Fortunately, the rise of semiautonomous-driving features in cars can help us avoid this issue. Cars can use these very same signatureschữ ký of fatigueMệt mỏi to heightennâng cao their watch and, when needed, take greater self-control of the vehicle from the driver.
 At the very highest levels, transforming entire societies will be neither trivialkhông đáng kể nor easy. Yet we can borrow proven methods from other areas of health to shift society’s sleep for the better. I offer just one example. In the United States, many health insurance companies provide a financial credit to their members for joining a gymphòng thể dục. Considering the health benefits of increased sleep amount, why don’t we institutehọc viện a similar incentivekhích lệ for rackingkệ up more consistent and plentifuldồi dào slumbergiấc ngủ? Health insurance companies could approve validcó hiệu lực commercialthuộc về thương mại sleep-tracking devices that individuals commonly own. You, the individual, could then uploadtải lên your sleep credit score to your health-care providercác nhà cung cấp profile. Based on a tieredtầng lớp, pro-rata system, with reasonable thresholdngưỡng expectations for different age groups, you would be awarded a lower insurance rate with increasing sleep credit on a month-to-month basis. Like exercise, this in turn will help improve societalxã hội health en massetập thể dục and lower the cost of health-care utilizationsử dụng, allowing people to have longer and healthier lives.
 Even with lower insurance paid by the individual, health insurance companies would still gain, as it would significantlyđáng kể decrease the cost burden of their insuredđược bảo hiểm individuals, allowing for greater profit marginslề. Everyone wins. Of course, just like a gymphòng thể dục membership, some people will start off adheringtuân thủ to the regimechế độ but then stop, and some may look for ways to bend or play the system regarding accurate sleep assessmentđánh giá. However, even if only 50 to 60 percent of individuals truly increase their sleep amount, it could save tens or hundreds of millions of dollars in terms of health costs—not to mention hundreds of thousands of lives.
 [image: Images]
 This tour of ideas offers, I hope, some message of optimismlạc quan rather than the tabloid-like doomsự chết with which we are so often assaultedtấn công in the mediaphương tiện truyền thông regarding all things health. More than hope, however, I wish for it to sparktia lửa better sleep solutions of your own; ideas that some of you may translate into a non- or for-profit commercialthuộc về thương mại venturemạo hiểm, perhaps.
 
 
 Conclusion
 To Sleep or Not to Sleep
 Within the space of a merechỉ là hundred years, human beings have abandonedbị bỏ rơi their biologicallyvề mặt sinh học mandatedthi hành need for adequateđủ sleep—one that evolutionsự tiến hóa spent 3,400,000 years perfecting in service of life-support functions. As a result, the decimationthập phân of sleep throughout industrializedcông nghiệp hóa nations is having a catastrophicthảm khốc impactsự va chạm on our health, our life expectancykỳ vọng, our safety, our productivitynăng suất, and the education of our children.
 This silent sleep loss epidemicbệnh dịch is the greatest public health challenge we face in the twenty-first century in developed nations. If we wish to avoid the suffocatingnghẹt thở noosethòng lọng of sleep neglect, the prematuresinh non death it inflictsgây thiệt, and the sickeningốm yếu health it invites, a radicalcăn bản shift in our personal, cultural, professional, and societalxã hội appreciationsự đánh giá of sleep must occur.
 I believe it is time for us to reclaimđòi lại our right to a full night of sleep, without embarrassmentsự lúng túng or the damaging stigmavết nhơ of lazinesssự lười biếng. In doing so, we can be reunitedđoàn tụ with that most powerful elixirtiên dược of wellnessgiữ gìn sức khỏe and vitalitysức sống, dispensedphân chia through every conceivablecó thể tưởng tượng được biologicalsinh học pathwaycon đường. Then we may remember what it feels like to be truly awakethức giấc during the day, infusedtruyền with the very deepest plenitudephong phú of being.
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 Appendix
 Twelve Tips for Healthy SleepI
 1. Stick to a sleep schedule. Go to bed and wake up at the same time each day. As creatures of habit, people have a hard time adjusting to changes in sleep patterns. Sleeping later on weekends won’t fully make up for a lack of sleep during the week and will make it harder to wake up early on Monday morning. Set an alarm for bedtimegiờ đi ngủ. Often we set an alarm for when it’s time to wake up but fail to do so for when it’s time to go to sleep. If there is only one piece of advice you remember and take from these twelve tips, this should be it.
 2. Exercise is great, but not too late in the day. Try to exercise at least thirty minutes on most days but not later than two to three hours before your bedtimegiờ đi ngủ.
 3. Avoid caffeinecafein and nicotinenicotin. Coffee, colasCola, certain teas, and chocolate contain the stimulantchất kích thích caffeinecafein, and its effects can take as long as eight hours to wear off fully. Therefore, a cup of coffee in the late afternoon can make it hard for you to fall asleepngủ at night. Nicotine is also a stimulantchất kích thích, often causing smokersngười hút thuốc to sleep only very lightlynhẹ nhàng. In addition, smokersngười hút thuốc often wake up too early in the morning because of nicotinenicotin withdrawalrút tiền.
 4. Avoid alcoholickẻ nghiện rượu drinks before bed. Having a nightcapmũ ngủ or alcoholickẻ nghiện rượu beverageđồ uống before sleep may help you relax, but heavy use robscướp you of REM sleep, keeping you in the lighterbật lửa stages of sleep. Heavy alcohol ingestionăn vào also may contributeđóng góp to impairmentsuy giảm in breathing at night. You also tend to wake up in the middle of the night when the effects of the alcohol have worn off.
 5. Avoid large meals and beveragesđồ uống late at night. A light snackđồ ăn vặt is okay, but a large meal can cause indigestionkhó tiêu, which interferescan thiệp with sleep. Drinking too many fluidsdịch at night can cause frequent awakeningsthức tỉnh to urinateđi tiểu.
 6. If possible, avoid medicines that delay or disruptlàm gián đoạn your sleep. Some commonly prescribedquy định heart, blood pressure, or asthmahen suyễn medicationsthuốc, as well as some over-the-counter and herbalthảo dược remediesbiện pháp khắc phục for coughs, colds, or allergiesdị ứng, can disruptlàm gián đoạn sleep patterns. If you have trouble sleeping, talk to your health care providercác nhà cung cấp or pharmacistdược sĩ to see whether any drugs you’re taking might be contributingđóng góp to your insomniamất ngủ and ask whether they can be taken at other times during the day or early in the evening.
 7. Don’t take napsngủ trưa after 3 p.m. Naps can help make up for lost sleep, but late afternoon napsngủ trưa can make it harder to fall asleepngủ at night.
 8. Relax before bed. Don’t overschedule your day so that no time is left for unwindingthư giãn. A relaxing activity, such as reading or listening to music, should be part of your bedtimegiờ đi ngủ ritualnghi thức.
 9. Take a hot bath before bed. The drop in body temperature after getting out of the bath may help you feel sleepy, and the bath can help you relax and slow down so you’re more ready to sleep.
 10. Dark bedroom, cool bedroom, gadget-free bedroom. Get rid of anything in your bedroom that might distractđánh lạc hướng you from sleep, such as noises, bright lights, an uncomfortablekhó chịu bed, or warm temperatures. You sleep better if the temperature in the room is kept on the cool side. A TV, cell phone, or computer in the bedroom can be a distractionmất tập trung and deprivetước đoạt you of needed sleep. Having a comfortable mattressnệm and pillowcái gối can help promote a good night’s sleep. Individuals who have insomniamất ngủ often watch the clock. Turn the clock’s face out of view so you don’t worry about the time while trying to fall asleepngủ.
 11. Have the right sunlight exposurephơi bày. Daylight is key to regulatingquy định daily sleep patterns. Try to get outside in natural sunlight for at least thirty minutes each day. If possible, wake up with the sun or use very bright lights in the morning. Sleep experts recommend that, if you have problems falling asleepngủ, you should get an hour of exposurephơi bày to morning sunlight and turn down the lights before bedtimegiờ đi ngủ.
 12. Don’t lie in bed awakethức giấc. If you find yourself still awakethức giấc after staying in bed for more than twenty minutes or if you are starting to feel anxiouslo lắng or worried, get up and do some relaxing activity until you feel sleepy. The anxietysự lo lắng of not being able to sleep can make it harder to fall asleepngủ.
 
 I. Reprinted from NIH Medline Plus (Internet). Bethesda, MD: National Library of Medicine (US); summer 2012. Tips for Getting a Good Night’s Sleep. Available from https://www.nlm.nih.gov/medlineplus/magazine/issues/summer12/articles/summer12pg20.html.
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