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				What our book does and doesn’t offer

				Our goal in writing this book is to help readers make informed decisions about their health and the health of their loved ones. It should not be seen as a substitute for treatment by, or the advice and care of, a professional health care provider. We the authors and our publisher have done our best to make sure that the information we give you here is accurate and up-to-date. We are not engaged in rendering professional advice or services to the individual reader, and shall not be liable or responsible for any adverse effects or consequences that might be seen as arising from information or suggestions herein.
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				Foreword

				John F. Gottlieb, M.D.

				Feinberg School of Medicine

				Northwestern University

				Our current understanding of mental health is being challenged and enlarged by groundbreaking approaches. One of the most promising is psychiatric chronotherapy. This book offers both a thorough exposition and a new synthesis of this advance. But to understand how it emerged and why it is so important, we need some background.

				Modern psychiatric research, training, and clinical practice are heavily influenced by the pharmaceutical industry. Complaints about the effect of Big Pharma can be found from within and outside the medical establishment. From the subtle effects of publication biases and journal sponsorship to the more overt pressures found in research funding directives, medication-based treatment algorithms, and industry-supported training, the hand of Pharma casts a broad shadow over the current practice of psychiatry. To be fair, the interests of this economic sector have also dramatically moved our field forward. New medications have been developed, treatments have become more effective, and our understanding of the neurobiology of mental illness has exponentially increased. Despite, or perhaps even because of, these advances, our field continues to lean toward neurotransmitter and receptor theories of dysfunction that can be corrected with new psychotropic agents. We live in an age of pharmacotherapy.

				Against this background, the new field of chronotherapy is shouldering into view, offering a different set of ideas about what goes wrong in emotional and behavioral problems and what can be done to address it. Chronotherapy, in turn, owes its existence to the basic science of chronobiology—the study of circadian rhythms. Chronobiology is itself a relative newcomer. As recently as fifty years ago, circadian biologists hotly debated whether internally generated rhythms even existed in humans. It was thought that we had evolved past these ancient timing structures and that the ebb and flow of our cognitive, behavioral, and emotional processes was all socially determined. Through painstaking research and novel experimental methods, humans were found to share a circadian heritage with the rest of the biological world. Like all living organisms, we have an internal clock that sets the timing of our daily behavior and physiology. Also shared is our sensitivity to the environmental fluctuations of light and darkness.

				Chronobiology seeks to harness this new knowledge to understand the “when” and “why” of human behavior. Why does someone become depressed at this particular time of year? Why does one’s attention flag every afternoon at the same time? Why can’t our children go to sleep until well after midnight? Chronotherapy picks up the baton, seeking to provide rhythm-changing interventions that address these problems. And there is no one who has led the development of this field more than psychologist Michael Terman of Columbia University.

				Beginning with his early research on the role and properties of the eye in the circadian system, through his elegant demonstration of the antidepressant effect of bright light therapy for seasonal affective disorder, and on to his more recent studies of low intensity, progressive lighting administered at the end of the sleep cycle—Dr. Terman’s group has been at the forefront of this creative new discipline. Like any true pioneer, he has insisted on exploring the possible range of light-based treatments, examining its potential utility in nonseasonal depressions and bipolar disorder, childhood depression, attention deficit hyperactivity disorder, Parkinson’s disease, and dementias. As an innovative chronotherapist, Dr. Terman has also championed the use of sleep manipulations and carefully timed melatonin usage to shift rhythms and enhance daytime alertness and behavior.

				In this book, his first for a general audience, Dr. Terman presents his hard-won discoveries in clear, easy-to-understand language. This translation from the technical, scientific literature is expertly achieved in collaboration with Dr. Ian McMahan, who is well known for his work and writings in developmental psychology. Using real-world examples, they introduce us to people with depression, insomnia, seasonal affective disorder, and jet lag and shift work disturbance. We learn of the challenges and difficulties that make up each of these conditions. We are then helped to understand these problems from a chronobiologist’s perspective: What is taking place with the nature and timing of circadian rhythms in each of these problems? Is internal timing falling out of synchrony with the light/darkness cycle? Are certain internal rhythms becoming misaligned with each other? Finally, we are taught about the variety of chronotherapeutic approaches that can be used to correct these timing disturbances. From the now-mainstream use of bright light therapy, through explanations of melatonin usage, sleep timing modifications, and dawn simulation, the full range of rhythm-shifting strategies is laid out in basic and elegant fashion.

				In focusing on rhythms and timing, chronobiology offers a new way to understand and approach the wide range of behavioral problems that afflict so many of us. This new discipline moves us beyond an exclusive focus on neurotransmitter dysfunction and the corresponding reliance on psychotropic medications. We all benefit from this expansion. This book points us toward a new and enriched age of mental health care.

			

		

	
		
			
				Preface

				We are all animals! No put-down meant there. On the contrary, our shared biology with the animal kingdom offers powerful insights into not only obvious disease processes, but also our own inner world. We can never truly know what an animal “feels,” although we can often guess from things like purring, tail wagging, and crying. Despite the limitations, we have learned much from animals about essential psychological mechanisms—our well-being, or lack of it.

				Years ago, at Brown University in Providence, Rhode Island, Michael and his research group were investigating how brain circuits affected what looked like “pleasure” in lab rats. When stimulated directly with tiny electrical pulses deep inside the brain, the critters would incessantly “ask for more” by returning to the switch in their testing chamber that activated the pulses. When we allowed them to live twenty-four hours a day in the chamber, with plenty of food and water, they self-stimulated to the point where they ignored eating and sleeping.

				It was like an unceasing addiction to pleasure. Except for one thing: After several days of nonstop indulgence, the self-stimulation started gradually to rise and fall each day even though there were absolutely no day/night cues in the soundproof, darkened chamber. At the peak of the cycle, an animal might compulsively click the switch ten thousand times an hour, taking no time to rest or eat, but occasionally running to the water bottle for a few sips. At the midpoint of the cycle about six hours later, the animal might click in bursts up to five thousand times an hour, interspersed with eating, drinking, grooming, and brief pauses. Even at the nadir of the cycle, spurts of self-stimulation persisted, but only up to about one thousand clicks an hour, interspersed with ten- to twenty-minute bouts of sleep, as is typical for lab rats. This oscillation of behavior—from peak to midpoint to nadir to midpoint—persisted over many weeks, and the animals remained healthy, and apparently quite happy.

				But with such a long stream of data, we noticed that the ups and downs in self-stimulation were coming about thirty minutes later with each passing day. If the cycles represented a day length for these animals, it was not the twenty-four-hour solar day, but something longer—like what one might see on another planet with a slower rotation speed. So we imposed a solar day by turning the lights on and off every twelve hours, and within a few days the pleasure cycle exactly matched the day/night cycle, with the peak at night and the nadir during the day. (Rats, you’ll remember, are nocturnal animals.)

				How was this working? Was the light merely defining the solar day, and the animals reacting accordingly? No. When we left the lights on continuously—again removing the solar cycle—the oscillation got even longer than it was under constant darkness, with ups and downs about every twenty-five hours. The mystery was solved when we presented a single fifteen-minute pulse of light in the otherwise darkened chamber. When we gave the pulse while self-stimulation was on the rise, the next day’s frenetic activity shifted markedly later. When we did this while self-stimulation was on the decline toward the animal’s quiet period, the next day’s activity began earlier than expected.

				The light, we concluded, must be signaling an internal clock that operates on a time base different from twenty-four hours, causing it to reset earlier or later. Take an animal whose self-stimulation in darkness cycles at twenty-five hours. With only a brief light pulse every morning, the oscillation could shift an hour earlier—and the result would be an exact twenty-four-hour rhythm! Our results fit with reports by other investigators who had observed non-twenty-four-hour animal activity cycles, and adjustment to day/night cycles, twenty years earlier. While they had analyzed running wheel activity, feeding and drinking, we had extended it to the pleasure principle (at least in terms of the rat’s self-stimulation). The timing of a light pulse resets the clock, but the clockwork is internalized.

				Around the same time—which is quite a while ago, in the early 1980s—scientists at the National Institute of Mental Health discovered that bright, indoor light exposure could make clinically depressed, oversleeping patients better within a week’s time. Might light therapy be signaling the human’s internal clock in a similar way as it seemed to be doing with lab rats? Michael, the basic researcher, got so excited about this possibility that he switched fields—from animal physiology and behavior into psychiatry. Along with many close colleagues around the world, he and his research group spent the next two decades in clinical trials of light therapy for depression. They were able to verify the suspicion that dysregulation of internal clockwork is close to the heart of depressive and sleep disorders, and that an effective way to treat these problems is to restructure how we expose ourselves to light. With this book, we hope that patients, family members, and doctors will taste the depth and breadth of this rather straightforward discovery.

				We are grateful to many colleagues who collaborated in research and offered their insights for our book: David Avery, M.D., Francesco Benedetti, M.D., Randall Flory, Ph.D., John Gottlieb, M.D., Markus Haberstroh, Dipl. Arch. FH, Charlotte Remé, M.D., Paul Riccobono, president, Complete Control Solutions, Inc., Norman Rosenthal, M.D., Elizabeth Saenger, Ph.D., Dorothy Sit, M.D., Oliver Stefani, Dipl. Ing., Jonathan Slater, M.D., Harm-Pieter Spaans, M.D., Robert Spitzer, M.D., Jonathan Stewart, M.D., Gregory Sullivan, M.D., Thomas White, M.D., Janet Williams, D.S.W., Anna Wirz-Justice, Ph.D., and Katherine Wisner, M.D. And Michael expresses deepest appreciation to his lab partner since 1964, Jiuan Su Terman, Ph.D., and their professor at Brown University, Julius Kling, Ph.D.

				All thanks to the anonymous chronotherapy patients (plus one mom), shift workers, and jet lag and time zone sufferers who lent their personal stories for our edification and our readers’ benefit. We faced an ethics issue reporting on the experience of patients seen at our Columbia clinic. Their privacy could be assured by changing names, locations, and other potential personal identifiers. They offered their consent and were not paid for participation. But Michael did not want to bias their stories by interviewing them himself. So instead, we enlisted the collaboration of clinical psychologist Margaret Mandel, Ed.D., whose expert, sensitive interviewing produced a set of truly balanced case reports that address the successes as well as the difficulties in using chronotherapy.

				We wish to acknowledge our associates who helped so much to bring this work to publication: our agent, Bob Mecoy of Creative Book Services; Lisa Johnson, Casey Maloney, Megan Newman, Miriam Rich, and our perspicacious editor, Marisa Vigilante of the U.S. Penguin Group; and Nikki Hafezi of the Center for Environmental Therapeutics. For their critical reading and smart advice, our thanks go to Emily DeCola, Kate Lardner, and Jane and Selena McMahan. Stephen Scoble was our generous, unflappable portrait photographer.

				Michael’s clinical research has been supported by the Center for Environmental Therapeutics, the Irving Institute for Clinical and Translational Research at Columbia University Medical Center, the National Institute of Mental Health, the New York State Office of Mental Health (New York State Psychiatric Institute Division), and the New York State Science and Technology Foundation. Neither the publisher nor the authors have financial interest in the products described herein.
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				Introduction

				In a New Light

				Our lives are shaped by the spaces we live in and move through—the rooms and streets, the hills and valleys, the cities and deserts. They are shaped just as powerfully by our engagement with time. Yesterdays and tomorrows may seem to stretch in an unending line, but within each day is a cycle that is echoed by the ebb and flow of our inner life—our attention, alertness, energy, and mood. This internal rhythm is produced and regulated by a neurological mechanism called the circadian clock, and we are all born with it. The crucial ways it affects our adjustment to internal and external reality is the focus of the new scientific field called chronobiology.

				The circadian clock, which has been traced to a tiny section of the brain, is intimately connected to both our internal body systems and our external environment. These connections work in both directions. The clock in the brain, guided by our genetic heritage, makes us wakeful, sleepy, mentally alert, physically vigorous, happy or sad, at certain times of day. These rhythms guide the way we interact with the external world—when we get up, go outside, and go to bed. In turn, the daily pattern of light and darkness we encounter affects the settings of the internal clock.

				When this feedback loop runs smoothly, life is good. But sometimes these adjustments can go awry. Illness, genetic bad luck, the circle of the seasons, man-made changes such as dark apartments and odd work hours can all potentially disrupt the close link between inner clock and outer world. When this happens, problems develop that affect aspects of our lives ranging from attention and concentration to emotions and energy.

				Sleeping and Waking

				The inner clock is vitally involved in guiding our patterns of sleeping and waking. When it gets out of sync with the external day/night cycle, we can encounter a variety of difficulties:

				
						We may find it impossible to fall asleep when we think we should, or blame ourselves when we can’t get up on time.

						We may fall asleep well before a reasonable bedtime, then find ourselves up and about in the middle of the night, praying for the day to start.

						We may live under the illusion that “If I could just get more sleep, I’d have enough energy to get through the day,” then find that we are wiped out after sleeping in.

						We may try, but fail, to get to sleep with drugs while we are still wide-awake. When we plead for help, our doctor keeps increasing the dose or juggling medications without results.

				

				Worse still, many people with sleep problems come to feel they must have a mental or moral failing. They think, “If only I would buckle down and exert my willpower!” The feeling of isolation deepens as family members chide them for agonizing over something as simple and everyday as getting to sleep.

				Millions of people have a circadian cycle that makes it hard to fall asleep before midnight or later. Sleeping unusual hours does not necessarily spell trouble, though. This is not unnatural or abnormal—it’s simply different from the majority. It only becomes a problem if a late sleeper is forced to conform to the majority’s nine-to-five workday schedule. Many of these night owls come to terms with their personal reality and even structure their lives around it. For example, you are unlikely to have much success as a stage actor or jazz musician if you always fall asleep by 11 PM.

				Although circadian timing is at the heart of common sleep problems, it is one factor among many. The sleep centers of the brain are sensitive to influences that range from psychological and biological to environmental and pharmaceutical. Dealing with a sleep problem calls for close attention to the person’s individual mix of causes. But because the circadian clock is so important in determining the sleep/wake cycle, we believe that the first step should be to carefully examine a person’s rhythm, and, if indicated, zero in on rhythm adjustment before appealing to other therapies.

				Mood and the Inner Clock

				Tens of millions of Americans struggle with mood problems that include prolonged sadness and depression. Among them, a great many grapple with both mood and sleep problems, each feeding into and aggravating the other. In fact, changes in sleep patterns are among the major symptoms doctors use to diagnose clinical depression. Often, when the sleep problem is treated directly, the mood problem resolves itself. This is one indication that the inner clock is deeply involved in determining our daily moods. It’s a two-way street: Depression can trigger sleep problems, whether insomnia or oversleeping. And sleep problems can trigger depression, and sometimes even predict the onset of a depressive episode.

				As many as one out of three Americans experience winter slumps, periods of gloom and despair that come on during the fall or winter and typically last until May. In its more severe form, this is seasonal affective disorder, or SAD. Research in our clinic and many others has shown that SAD is directly linked to the circadian clock and the way it is affected by the daily light/dark cycle. Understandably, people who suffer from SAD develop strong intuitions about the cause of their recurring cycles: an intensified winter work schedule, the pressure of the school year, past life events that happened to occur in winter, such as deaths in the family or family stresses at required holiday reunions. What these explanations tend to overlook is the impact those long winter nights and all-too-brief winter days have on the circadian clock.

				If light and darkness are such strong mood regulators, should we not be zeroing in on environmental causes of depression before appealing to other therapies?

				Light and Dark

				The changing seasons are not the only reason the inner clock may start to present problems. We may not get enough light even when it is available outdoors. We may get light, but at the wrong time of day (or at night)—especially artificial indoor light. One of the main functions of the inner clock is to signal the pineal gland deep in the brain to produce the nighttime hormone, melatonin, which facilitates sleep. But with the wrong lighting pattern, the pineal gland may turn off or begin producing melatonin at times we want to be awake. Or we may have circadian clocks that put our physiology at odds with external time. Any of these factors can have major consequences, including gloom and despair, sluggishness, difficulty working, and a sense of pervasive anxiety.

				In contemporary life, the inner clock faces challenges beyond the predictable cycling of day and night. Consider the strange experience of quickly crossing multiple time zones and having to switch to a new day/night schedule when the body still thinks it is at home. This is the dreaded jet lag, with its disorientation, fatigue, and waking up in the middle of the night. And closer to home, the pressure by industry to produce nonstop forces millions of shift workers to stay awake and alert while out of sync with their circadian clock. This arbitrary disruption of their lives can have terrible consequences both for them and for their families.

				How We Live Today

				Most of us live a twilight existence. We spend most of the day indoors, with light levels that are a mere fraction of daylight intensities. The amount of time we are likely to spend outdoors with sufficient exposure to light is trivial. Come night, the situation is reversed. We are flooded with light pollution from televisions and computer screens. Even after we turn off the electronics and go to bed, there are streetlights, neighbors’ outdoor flood lamps, the headlights of passing cars, and even self-imposed night-lights. These directly disturb the quality of our sleep and provoke mini–jet lags by affecting the circadian clock during its most sensitive interval.

				Homes have evolved over the millennia to protect us from the elements and from extremes of heat and cold. The amount and quality of light we receive indoors has been given much lower priority than protection from the weather. Neither architects nor the public have yet discovered the pervasive biological role of light in optimizing sleep and daytime well-being. The misguided indoor lighting that results contributes greatly to insomnia, depression, poor concentration, and fatigue.

				From Before Birth Onward

				Circadian rhythms are a basic fact of life, throughout life. However, at different points in the life span, the particularities of their influence change, sometimes dramatically.

				Pregnancy is a time when many women feel their sleep and mood go awry. However, they may shy away from treating these problems with medications that can pass to the fetus, with consequences that are still incompletely understood. There is also growing evidence that the child’s circadian system begins to be shaped by environmental influences even before birth. Then comes the vulnerable postnatal period when all new parents are worried about lack of sleep. The baby’s eyes start to send messages about light and dark to the inner clock. Feeding and sleeping patterns go from scattered to consolidated as the baby adjusts to the day/night cycle in its new environment outside the dark womb. During childhood, the need for lots of sleep can come into conflict with bright, noisy home environments and other interferences, leading to long-term emotional and sleep problems.

				Anywhere from one-third to three-quarters of teens suffer from some kind of sleep disturbance, and about 20 percent of teens will go through a bout of depression before they reach adulthood. A major reason for these problems is a new conflict between the teen’s inner and outer schedules. At puberty the inner clock changes its settings. Before, it may have signaled that it is time to sleep at 9 PM and time to wake up at 7 AM. Now it shifts in the direction of signaling sleep at midnight or 1 AM and waking up at 9 AM or 10 AM. However, the teen’s social environment—family, work, and especially school—does not accommodate this shift.

				Most teens move toward a more adult sleep pattern during their twenties, but for some, the biological urge to stay up late and sleep late continues into their forties. This is a time when learning how to use the light/dark cycle can bring powerful benefits.

				As we age, the character of our sleep problems tends to change. Many elderly people start to become deeply drowsy during the afternoon. By 8 PM, after dinner, they are likely to fall sleep (often in front of the TV), only to find themselves awake and alert at 3 AM, the “hour of the wolf.” This bizarre and disturbing pattern is linked both to biological changes with age and to behavioral responses to these changes. With age, the functioning of the circadian clock in many people begins to weaken and the pineal gland produces less melatonin. This reduces the physiological signal of darkness timed by the inner clock and makes it harder for the body to switch to night-appropriate functioning.

				Resetting Your Inner Clock

				Understanding the reasons why we may have sleep or mood problems is an excellent thing. Better still is also knowing how to deal with the problem or even to get rid of it. The point we most want to emphasize in this book is that these widespread problems of sleep and mood—across occupations, lifestyles, and life span—are in major part caused by environmental factors that we can control. This insight is the fruit of laboratory and clinical research that began in the 1980s and continues at an accelerating pace. As a result, chronobiologists have learned how to reset the inner clock when it gets out of sync with our external environment. With this understanding, we have new, practical ways to improve our sleep, mood, energy, and overall quality of life. And often we can do it naturally, without the need for medications whose mechanisms of action and long-term effects on the body and nervous system are still poorly understood.

				Our evolution and the success of our species have taken place in the overarching context of our natural environment. But in the last couple of hundred years, the industrial and post-industrial eras have confounded the order of things. The result is an unnecessary burden of medical and psychological illness. Of course modern technology and modern medicine have made our lives incomparably better in so many ways. At the same time, however, they have cut us off from many aspects of our physical world that our bodies and brains evolved to rely on. To correct this, we have to identify and revive the positive elements of the pre-industrial environment of our forebears—starting with light and air.

				Science is finding out a tremendous amount about the neurochemical processes in the brain that regulate sleep and mood. One predictable consequence of this progress is a clinical focus on developing and using drugs, such as sleeping pills and antidepressants, which intervene in these chemical processes. But when we use modern methods of imaging to examine brain processing, we find that the impact of these drugs on target regions looks remarkably like the action of the environment!

				We are near the point of making a bold assertion: These drugs work because they happen to mimic environmental influences that achieve the same effects. But there is one very significant difference between drugs and environmental influences. The drugs bathe the brain and body with chemicals that have multiple, often unknown effects and possibly dangerous side effects. By contrast, the parallel environmental factors—especially light, darkness, and timed wakefulness—can act specifically to achieve the desired therapeutic responses.

				The two environmental factors that we focus on are both vitally important and incredibly simple:

				
						When does the sun come up? We mean this both literally (Where do you live? Is it winter or summer?) and figuratively (When do you get outdoors? For how long? How bright is the lighting in your home and workplace? When do you turn the lights up and down?).

						How is your air quality? The air we breathe indoors and on city streets does not match the air at the seashore or in the rain forest. We sleep and feel better when we breathe fresher air—and we don’t mean air-conditioned air!

				

				One answer to the predicaments of modern urban life would be to move to a sunny tropical clime, preferably next to a beach or waterfall. Some have the liberty and means to do just that. For the rest of us, we are lucky to have access to effective new technologies that offer at least some of the same advantages as that beachfront cottage, at a far more affordable cost in time, money, and convenience. And best of all, they are scientifically based, clinically proven, and environmentally sound.

				Getting Off to a Faster Start

				Naturally, we hope you will read, enjoy, and benefit from all of the information in this book. The best way to understand chronobiology and chronotherapy is to read the entire book, but we also realize that you or someone you care about may have a particular concern that you are looking for help in dealing with. In that case, you may want to go straight to the chapter that most directly addresses your concern. To help you do that, here is a series of questions you can ask yourself:

				1. You really try to keep to a normal workday schedule, but...

				[image: checkbox]You can’t fall asleep on time.

				[image: checkbox]You have tried sleeping pills or sleep aids, but you are not happy with the results.

				[image: checkbox]You use the snooze button to avoid getting up.

				[image: checkbox]You oversleep—either every day or on weekends and holidays.

				[image: checkbox]You feel most alert after midnight.

				IF YOU answered yes to some of these questions, it sounds as if you may be experiencing problems with delayed sleep phase disorder. Chapter 3 goes into details.

				2. For days or weeks at a time...

				[image: checkbox]You get so involved in activities that you forget about meals—and you don’t miss having them.

				[image: checkbox]You start interrupting people in conversation, or telling bad jokes, or arguing too much.

				[image: checkbox]You feel like you’re “flying,” both mentally and emotionally.

				[image: checkbox]Sleep becomes secondary—most of the time you’re wide-awake.

				[image: checkbox]You’re at risk for getting into real trouble because of your behavior related to speeding, spending, fighting, drug use, or sex.

				IF YOU answered yes to some of these questions, it sounds as if you may have experienced problems with bipolar disorder, which may need the attention of a specialist. Chapter 5 goes into details.

				3. About depression and light availability...

				[image: checkbox]You take one or more antidepressants prescribed by your primary care doctor or psychiatrist.

				[image: checkbox]You live in a dark house or apartment or your bedroom is pretty dark when you wake up—or both.

				[image: checkbox]You work in a windowless space, or your desk/workbench is far from any windows.

				[image: checkbox]On average, you are not outside during the day for more than fifteen to twenty minutes.

				IF YOU answered yes to some of these questions, it sounds like you may be suffering from depressed mood as the inadvertent result of insufficient light exposure. Chapter 5 goes into details.

				4. In the winter...

				[image: checkbox]You develop unhealthy food cravings and start to gain weight.

				[image: checkbox]You start sleeping much longer than in summer.

				[image: checkbox]You feel fatigued during the day, while in summer you’re vigorous.

				[image: checkbox]You start cutting yourself off from friends, family, and coworkers.

				[image: checkbox]You start going for sweets, especially in the second half of the day.

				IF YOU answered yes to some of these questions, it sounds as if you may have experienced problems with seasonal affective disorder. Chapter 5 goes into details.

				5. For weeks or months at a time...

				[image: checkbox]Your appetite increases or decreases noticeably.

				[image: checkbox]You feel more tired.

				[image: checkbox]Things that you normally find involving, including work, lose their interest.

				[image: checkbox]You look and feel like you’re “down in the dumps.”

				[image: checkbox]Your sleep takes a turn for the worse.

				IF YOU answered yes to some of these questions, it sounds as if you may have experienced problems with clinical depression. Chapter 9 goes into details.

				6. About air...

				[image: checkbox]You feel better as soon as you get to the country.

				[image: checkbox]You look forward to taking a walk as soon as a spring thunderstorm has passed.

				[image: checkbox]The air circulation at home feels stuffy or stale, even if the air conditioner is on.

				[image: checkbox]Allergies keep you awake at night, so you’re tired during the day. Allergy drugs make you drowsy or “out of it.”

				[image: checkbox]You haven’t responded well to antidepressant drugs, and want to try a recently discovered natural alternative.

				IF YOU answered yes to some of these questions, it sounds like you may want to try improving your indoor air quality with high-density negative air ionization. Chapter 10 goes into details.

				7. You’ve given birth within the past year.

				[image: checkbox]You find yourself napping during the day.

				[image: checkbox]You are getting up to care for the baby in the middle of the night.

				[image: checkbox]You’re feeling irritable with family members, including the baby.

				[image: checkbox]Despite fatigue, it’s hard to fall asleep at bedtime.

				[image: checkbox]You wish your partner would or could help more with your childcare responsibilities.

				IF YOU answered yes to some of these questions, you may be grappling with postpartum depression, which is experienced by as many as 40 percent of new mothers. Chapter 11 offers ways to relieve this problem.

				8. You are a teen or young adult.

				[image: checkbox]You can’t concentrate in class in the morning (or, if you’re in college, you have arranged for late classes).

				[image: checkbox]You don’t have time for breakfast, or you wake up without any appetite.

				[image: checkbox]You sleep very late on weekends.

				[image: checkbox]You text, tweet, or go on Facebook late at night.

				[image: checkbox]You’re glued to your PC or tablet screen doing homework until right before bed.

				IF YOU answered yes to some of these questions, and have friends who might answer the same way, take a look at Chapter 13 for our suggestions to improve the picture and get out of the trap.

				9. You have to go out to work at night and...

				[image: checkbox]Around 4 AM you have to force yourself to keep your eyes open.

				[image: checkbox]You are tanking up on coffee or sweet carbs (like doughnuts).

				[image: checkbox]You dread the sensation of going home while the sun is rising or already high in the sky.

				[image: checkbox]Even though you’re sleep deprived, you can’t get satisfactory sleep during the day.

				[image: checkbox]You’re having family stresses because you’re not around enough.

				IF YOU answered yes to some of these questions, it sounds like you may have experienced problems with shift work disorder. Chapter 15 goes into details.

				10. After flying across time zones for work or vacation...

				[image: checkbox]You feel physically clumsy.

				[image: checkbox]You get light-headed or dizzy.

				[image: checkbox]You suddenly get sleepy in the middle of the day.

				[image: checkbox]You can’t think clearly or keep concentration.

				[image: checkbox]You suddenly wake up in the middle of the night.

				IF YOU answered yes to some of these questions, it sounds like you may have experienced problems with jet lag. Chapter 16 goes into details.

				11. Whatever specific concerns you have...

				[image: checkbox]You like to keep up with the latest scientific developments.

				[image: checkbox]You want to know why you’re having sleep or mood problems, not just how to treat them. 

				[image: checkbox]Your doctor hasn’t heard about chronotherapy, and you want to help him or her learn (and pay attention).

				[image: checkbox]You’re surprised to find that timed daily light exposure can act like a drug—sometimes better!

				[image: checkbox]You want to convince someone that there’s real substance to chronotherapy.

				IF YOU answered yes to some of these questions, read the book from the beginning!

			

		

	
		
			
				PART 1

				Time, Sleep, and Rhythms

			

		

	
		
			
				1.

				External Time vs. Internal Time

				A plant called Mimosa pudica, or “touch-me-not,” has a very odd habit. Toward the end of each day, as night approaches, the leaves fold inward and close up. And every morning near dawn, the leaves fold out again. In the early eighteenth century, a French scientist with the resplendent name of Jean-Jacques d’Ortous de Mairan noticed this and found it deeply intriguing. His first thought was that the leaves were somehow sensitive to light and darkness. As the level of light changed at dawn and again at dusk, the leaves must be reacting. This explanation no doubt seemed obvious, but de Mairan wondered if it was scientifically correct.

				To find out, he performed a simple experiment. He put mimosa plants inside a light-tight box and watched to see what would happen. To his surprise, the leaves went on opening near dawn and closing near sunset even though the plants were in continuous darkness. Did each plant contain its own internal clock that kept working whether or not it received sunlight? De Mairan found this idea so disturbing that he decided not to publish the results of his experiment. A friend had to do it for him. But in the years that followed, one scientist after another repeated de Mairan’s experiment and got the same result. The mimosa had its own clock. And if one kind of plant had an inner clock, why not others? Why not animals? Or even humans?

				In one way, it is easy to see why people a couple of centuries ago, or even today, might find this idea upsetting. An internal clock, constantly ticking away and governing what we do? It calls forth the image of an automaton, one of those spooky clockwork chess-playing machines that eighteenth-century Europe found so fascinating but ominous. Or in today’s terms, a robot—a gadget that threatens to blur the crucial boundary between living and non-living. Would that leave any room for free will and self-determination?

				On the other hand, if there are internal clocks, it really should not come as such a big surprise. One of the most obvious ways we understand and experience time is based on the earth’s twenty-four-hour cycle of rotation, or solar time. Depending on the time of year and the distance we are from the equator, the relative length of day and night vary, but together day and night always add up to twenty-four hours, plus or minus a few seconds. Over the aeons, every living thing on Earth, humans included, has adapted to and internalized that basic fact of life.

				Internalized, yes—but not in a form that exactly matched the solar cycle. A hundred years after de Mairan’s discovery, a Swiss botanist named Augustin de Candolle tried keeping mimosas in darkness over a number of days. Even without the time cues of dawn and dusk, the plants continued to show their daily pattern of opening and closing, just as they had for de Mairan. But they also did something even odder. Each day their leaves opened and closed an hour or more earlier. Gradually, their timing drifted more and more out of agreement with solar time. Deprived of light cues, the plants were following a daily cycle of twenty-two to twenty-three hours instead of the familiar twenty-four-hour solar cycle. So a plant’s internal clock was not only independent of light levels, it could also be at odds with the familiar, fundamental twenty-four-hour day. To use a more recently adopted term, the darkness allowed the inner clock to free run; in other words, it followed its own internal rhythm rather than staying tied to the solar day.

				Do animals, like plants, have a built-in way of telling time? Certainly, it is easy enough to show that many animals follow daily rhythms. In our Preface, we described how we discovered such rhythms in lab rats by letting them live in a chamber where they could self-stimulate the pleasure centers of their brain. The pattern gradually cycled up and down each day.

				But you do not need a laboratory to find this out. Anyone who has kept a pet hamster knows that it loves to run in its exercise wheel at night, usually just when you would like to get to sleep. And if you put the hamster in continuous darkness for a few days, it will still go on running during the nighttime hours. Why? Clearly it is possible that the hamster has an intrinsic inner clock. But there are other possibilities, too. Its daily rhythms might somehow be following external changes other than light, such as air temperature or noise levels. Maybe the lab inadvertently set the rhythm through the timing of meals. Or maybe something still subtler is involved, such as tiny alterations in the earth’s magnetic field as it rotates on its axis. These were some of the questions twentieth-century scientists ran into as they began to explore the inner clocks of animals.

				Many of the earliest findings were about insects. A Swiss psychiatrist whose hobby was entomology was on summer vacation in the Alps. He noticed that bees showed up on his terrace each morning during breakfast. They were such a nuisance that the family moved breakfast indoors. But the bees continued to arrive on the terrace at the same time, even though there was no more marmalade there to attract them. A later researcher deliberately gave bees sugar water at the same time for several days, then eliminated the sugar water and watched to see what would happen. The bees arrived at the usual time. Even when he tried this experiment again deep in a salt mine, far from light or temperature cues, the bees somehow knew when it was their habitual feeding time. Most striking, perhaps, a French researcher trained bees to find sugar water during a specific two-hour period each evening. He then took them on an overnight flight to New York, where a similar lab was waiting. Once again the bees came looking for food during the usual two hours—French time!

				During the 1950s, German physiologist Jürgen Aschoff began recording the daily rhythms of birds and mice when they were kept in constant conditions. Like others doing similar research, he came to the conclusion that biological processes such as sleep, activity, and body temperature are controlled by an innate inner clock that functions even when it is deprived of external cues. He extended this work to humans, building an underground bunker to isolate his volunteers from external light and temperature changes for several days at a time. Important as the research was, this was not what captured the imagination of the public and made them aware of daily rhythms and inner clocks.

				In the summer of 1962, Michel Siffre, a twenty-three-year-old French geologist and passionate spelunker, set up camp in a glacial cave 250 feet below the rugged mountainous terrain near the French-Italian border. His equipment included a small red tent, a down sleeping bag, some books, and a weak flashlight. Most important, he had a field telephone linked to a team of record keepers on the surface. What he did not have was a watch, clock, or any other way to keep accurate track of the passing hours and days. His goal was to spend two months “beyond time,” isolated from any information about the outside world. This was an era when space explorers were first orbiting the earth, when sailors in nuclear submarines were starting to cruise submerged for weeks at a time, and when ordinary people, frightened by Cold War tensions, were wondering if they would have to finish their lives in an underground shelter. Siffre hoped that whatever he learned in his months in the cave would be useful in all of these situations.

				Each time Siffre woke up, ate a meal, or got ready to sleep, he sent a signal to the observers up above. In between, he explored the farther reaches of the cave, took geological samples, and practiced climbing almost sheer ice sheets. Conditions in the cave were harsh, with 98 percent humidity and temperatures constantly below freezing. His tent, sleeping bag, and down-filled booties quickly became sodden. He had a small stove, but he didn’t dare leave it going while he slept, for fear of asphyxiating himself. At one point his body temperature went down to 34°C (93°F). But none of that was as bad as the sense of floating in an unknown space. “Time passed without my being aware of it in the darkness and silence,” he recalled. “I felt I was on another planet. For the most part I dwelt neither in the past nor in the future, but in the hostile present. In that environment everything was against me: the rocks that crashed down from time to time, the damp, chill atmosphere, the darkness. I waged a ceaseless combat with myself to surmount these terrors by sheer willpower.”

				Waking up in total darkness

				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
				
						The light level, moment by moment. (The more intense, the stronger the squeezing or stretching.)

						The net total of squeezes minus stretches in the first half of the day. (More squeezing to move toward a cycle length of twenty-four hours.)

						The net total of stretching minus squeezing in the second half of the day and most of the night. (Stretching needed to compensate for excessive squeezing that morning.)
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