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Reviews


‘A wake-up call that should make policymakers in both the private and public realms rethink policies that are unnecessarily out of step with human biology.’

Terra Ziporyn Snider, PhD, co-author of The Harvard Guide to Women’s Health

‘A book of global significance. Kelley and Griffiths’ work not only highlights the importance of grounding education in the biology of learning, it challenges policy makers to reflect on why they are so slow to adopt educational neuroscience as the foundation for decision-making and invest more in both the creation of that evidence and its translation. A triumph in terms of the explanation of the evidence and its implications.

‘There are no global challenges more important than grounding education theory in biological process. Having an effective education system rests at the heart of both health and economic policy solutions. That the scientific understanding of sleep and its implications for learning, working and health are so profound should not come as a surprise. We are, after all, a mind, brain and body – whether we are at school or the workplace. What is always a surprise, and now the key challenge, is getting the world and systems to recognise this and invest in it. This book will help to change that.’

Dr Richard Churches, co-author of Neuroscience for Teachers and Lead Adviser for Education Reform and Evidence-Based Practice at Education Development Trust

‘A global epidemic, hardly recognized as such, has been stalking human beings for quite some time now – sleep deprivation. Educational pioneer Paul Kelley shows with wide-ranging data collected from diverse populations, cultures, and age groups that human beings and human societies are hurting themselves and others from this lack of sleep. That such an epidemic is tolerated in a world replete with seemingly exhaustive evidence of the breadth, depth, and impacts of this disease flies in the face of the physician Hippocrates’ ancient wisdom ‘to help or at least to do no harm.’

‘Body Clocks clearly and engagingly demonstrates that knowing your internal body clock and reorganizing your life to synchronize with it, is a recipe for better health, improved mental disposition, safe and productive work, more fruitful social relationships, and mastery learning. Individual action alone is not enough. Kelley issues a clarion call for reconfiguring systems around the globe to better serve the needs of all current sleep-deprived citizens wherever they may be found. Body Clocks should be read by CEOs, policymakers, educators, parents, and learners worldwide to understand, embrace, and to implement real and lasting changes across society in the realms of education, healthcare, work, and play.’

Dennis Cheek, National Creativity Network (USA), IÉSEG School of Management (France), and Institute for Simulation and Training, University of Central Florida

‘This is the most important book that any parent or teacher can read. Our new knowledge of adolescent biology and neuroscience means that today we all have a duty to re-consider how we educate and raise teens.

‘If there is one book that will transform your understanding of your teenager, it is likely to be this one. Terrifying and illuminating in equal measure, it must be read by all school leaders and educators, who must push governments across the world for change. Do everything you can to share this meticulously-researched book with teachers and educators across the world.’

Guy Holloway, Headmaster, Hampton Court House

‘Marrying insight with practical advice, Kelley translates the hard science into an engaging story of how and why organisations should be better attuned to the unique rhythms of our bodies.’

Sir Anthony Seldon, Vice-Chancellor, University Of Buckingham, former Master of Wellington College

‘Body Clocks is a fascinating book, and also really important. Grounded in scientific evidence, it gives us a whole series of insights into the impact of sleep on our daily, personal and professional lives. As a manager it provides a knowledge base on which practical interventions can be made in how people learn and work, and organisations can become more positive and effective.’

Professor Andy Adcroft, Deputy Dean, Surrey Business School

‘It’s a fantastically interesting book, even for someone like me who’s by no means science-oriented. I’ve learned that I’m somewhere between a definitely morning and morning type, and my wife’s an evening type, which explains a lot! I always assumed that I just wanted to make the most of ‘my time’ at the weekends by getting up early and doing things, whereas my wife prefers big long lie-ins, I just assumed she was always exhausted from a long week of hard work.

‘I’ve also persuaded a friend who runs his own office-based business with about a dozen employees, to give a 10:00 start and 18:00 finish a go for the whole office, he couldn’t give me a single good reason to start at 09:00 and they all hate the commute, which takes over an hour at rush hour for what’s normally a 15 minute drive. In addition, when pressed he admitted that a couple of his guys take longer than others to get started in the morning. We’ll see how it goes!’

Peter Douglas, the first person to read Body Clocks
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Introduction


Our body’s clocks make the difference between happiness and depression, health and illness, and even life and death, but we’re only just learning how important they are. Even our hearts react differently according to the time of day, and according to experts, 17:00 is when the heart exhibits its greatest cardiovascular efficiency and muscle strength. In 2017, Dr David Montaigne of the University of Lille carried out a study to determine whether major heart surgery complications occurred more often in procedures performed in the morning or afternoon, or if there was no difference. He found morning patients had twice as many complications as afternoon patients. This finding was not unexpected as the heart has its own distinctive 24-hour clock. Such 24-hour body clocks are everywhere in our lives.

As we went to press, the 40 million citizens of California were changing their teenagers’ school starting times to 08:30 or later throughout the state. This enlightened change was not an educational innovation, but a health necessity. The American Medical Association had recommended that all American schools made this change to protect teenagers’ health. Unfortunately, the Governor of California vetoed the bill on 16 September 2018, but almost immediately legislators announced they would bring it forward in the next session, after the election of a new governor.

Scientists have discovered that individuals have their own optimum time patterns for sleep, education and work, while society continues to use traditional times for everyone. So, what are body clocks? The 2017 Nobel Prize in Physiology or Medicine was awarded to three biological time scientists: Jeffrey C. Hall, Michael Rosbash and Michael W. Young. These pioneers discovered the molecular and genetic mechanisms of body clocks, the 24-hour or ‘circadian’ time keepers that control our wake, sleep, organs, and behaviour. Circadian rhythms are found in plants, animals and humans, and synchronise life to the daily changes in sunlight.

Living in synchrony with our circadian rhythms boosts health, and when we try to override these circadian timings, we have increased health risks. These can include increased stress levels and increased risk of diseases in the brain and pancreas, while metabolic studies have found disruption in sleep, liver, and gut systems. The links between mental health problems and disrupted circadian clocks are perhaps the strongest of all. Depression is closely associated with chronic sleep disorders, and changes in our circadian patterns are often the first symptom of many mental illnesses. In many cases there is nothing that prevents us from living to our circadian rhythms except social time: the conventional times of working hours, social commitments, and our 24/7 lifestyles.

Time is the most valuable thing we possess. We cannot change our genes or our environment, but we can change how we use time, with one major exception: we spend a third of our life asleep and appear to have little control over sleep at all. Recent science has transformed our understanding of sleep and biological time. There have been discoveries that seem obvious: that sleep is essential to life, and no one can stay awake all the time. Other discoveries are so unexpected they are hard to accept, for instance during sleep our neurons can send messages back to distant areas of the brain. Experiences of time and sleep are different for everyone: how we feel, think, and act varies so much between individuals – even between identical twins – that our unconscious circadian rhythms are likely to be distinctive. This huge variation in the experience of time shapes our lives, but does it matter? It certainly does if an individual’s circadian rhythms don’t match their daily hours of work.

Many people in modern society feel they are being gradually starved of sleep. We live in a 24-hour culture in which we frequently feel tired, and pressures on our time are constant: work, commuting, family, friends, and being accessible at any time by mobile phone. A few people believe the main cause of sleep loss is that many people are lazy, disorganised and choose to stay up late. In reality, most sleep problems are caused by the timing of our daily work routines.

This book is about biological time and your life, and how science can help you improve your health, sleep, and work. Body Clocks is a popular science book, aiming to engage both a wider readership as well as scientists, and take the reader to the cutting edge of research. It is unusual in attempting to equip readers (and scientists!) with methods that will allow them to identify their own biological time. The book is divided into three sections: what causes us to mistime our lives, the consequences of this, and finally some solutions to these problems. Chapters 1 to 4 focus largely on sleep and the mismatch between our personal circadian rhythms and daily work routines. This section also explores how scientists discovered body clocks and the fascinating mechanisms that control our sense of time. It also gives examples of how significant the modern abuse of time and sleep are, drawing on many kinds of evidence. For example, scientists from the University of Michigan warned of a ‘global sleep crisis’ in May 2016 after analysing the results from a smartphone app used in 100 countries around the world. In contrast, more traditional survey methods demonstrate changes over time, with sleep problems increasing recently. The size of the problem has been measured in different ways: The Centers for Disease Control and Prevention in America suggested that one in three Americans are sleep deprived, and in Britain, 50% of people have said they do not get enough sleep. In Tokyo, residents average a potentially dangerous five hours and 44 minutes of sleep a night, highlighting the trend for Japanese workers to get less and less sleep.

The second section, Chapters 5 to 8, concentrates on health, and the consequences of chronic sleep loss and mistiming our lives generally. Even if we’re not losing sleep ourselves the consequences of sleep deprivation and circadian disruption touch us all, from deaths caused by tired drivers to family members suffering from mental illnesses. Chapter 8 stands out as an exception: it reveals the discovery that one in five people are severely disadvantaged during their lives by their individual body clocks.

In the final section, Chapters 9 to 12, we focus on solutions for circadian disruption through better working hours and protecting sleep. We give practical advice on how we can synchronise our days to our individual biological time patterns. These solutions can have huge repercussions for industry, education, and health. The final chapter offers a glimpse of a future in which we reschedule society, and time our lives so people can live in harmony with their individual time patterns.

Science has finally demonstrated what many suspected was true: that sleep loss affects almost all of us and early starts aren’t good for the clear majority of students and workers. Yet scientists also found sleep deprivation is much more dangerous than we imagined with consequences which range from greater risk of heart attacks to developing mental illness in adolescence. They have also discovered the benefits of sleep and optimal circadian rhythms, from increased happiness and productivity to creating and preserving long-term memories.

We explore the causes of circadian disruption in our frantic 24/7 society, where babies are woken up at 05:00 to go to ten-hour daycare sessions, where teenagers must wake up in the middle of their biological night to go to school, and where junior doctors routinely average less than six hours of sleep a night. Based on cutting-edge research we reveal the shocking truth of what we are doing to ourselves, our children, and our society. But most importantly we believe we will give practical solutions by busting pernicious myths about sleep, changing the starting times of our schools and workplaces, and timing our days to our individual circadian rhythms. Along the way we will tell the stories of the pioneers who are implementing the changes necessary to allow us to live in harmony with our biological time.










Section One
The Biology of Time











Chapter 1
Mistiming our lives



After a good chunk of sleep when I get out of here, I’m going to be right out there with you doing some work. So you’re not rid of me yet, even after we’re done with the presidency, but I am going to take three, four months where I just sleep and I hope y’all don’t mind that.

Barack Obama, BBC Newsnight (2016)



Millions of people die every year because of sleep-related problems, and around a billion are sleep deprived. These are the visible consequences of mistiming our lives and disrupting the circadian rhythms of our sleep, organs and biological functions, yet lack of sleep was found to be a life-threatening medical problem more than 50 years ago. Doctors now consider sleep deprivation as one of the most important medical problems or symptoms facing modern society. The underlying reasons for this are well known, studies show that we need seven to eight hours of sleep a night to function well, yet we live in a sleep-deprived world in which most people lose one to three hours of sleep every working day. This level of sleep deprivation has dangerous consequences, including increased risk of depression and even death.

Most people believe that sleep deprivation is a modern problem, and it is true that our 24/7 lifestyles do put pressure on our time for sleep. Historically there have always been limitations on sleep and these were probably made worse by industrialisation, with increases in noise, light and night shifts all being contributing factors. The mass production and use of artificial lighting and screen-based technologies (especially television) as well as urbanisation are often seen as the causes of sleep deprivation, but the reality is more complex and more worrying.

There are sleep problems in all communities, even those that live very traditional lives. The Old Order Amish live a daily routine established in the 1600s, and live in rural areas of Pennsylvania; they do not use electrical devices and have many restrictions on their lives. In 2011, Daniel Evans and researchers from some of the leading US universities thought the Old Order Amish would have earlier wake times and sleep longer, especially since they have strict schedules in their jobs and social obligations. The research team hypothesised this might demonstrate the impact of modern lifestyles and technologies on sleep. They set up an experiment, tracking the wake and sleep patterns of over 700 Old Order Amish. As expected, researchers found their Old Order Amish subjects woke earlier (05:00) and went to sleep earlier (22:00). The researchers assumed that they would sleep longer and better, but they didn’t – the habitual hours of sleep for Old Order Amish were similar to those recorded in other local populations with similar ages. The Old Order Amish subjects had broadly the same sleep as other rural populations with electricity, televisions and other distractions. The fundamental conclusion was that Amish individuals have sleep problems too; early to bed, early to rise, is not a cure for bad sleep. There was something else causing these problems.


The secrets of sleep

A curious feature of our understanding of the world is that we are intensely interested in what we do when we are awake and tend to ignore sleep. The history of medicine, for example, stretches back thousands of years, yet the scientific study and treatment of sleep related issues only really began in the early twentieth century. In part this is because sleep is invisible; we are unconscious when sleeping, and while others can see you are asleep, they can’t see sleep itself. We struggle to understand sleep because it is a brain state and understanding the brain is not easy, but with advances in science, technology and medicine we are beginning to push through these barriers.

Sleep is thought to be controlled by a system of homeostasis (self-regulation) that balances sleep and wake cycles. The longer we are awake the greater the drive to sleep becomes – simply put, we get tired. The reverse happens when we are asleep, the drive to wake builds the longer we sleep. This cycle is also controlled by our own sense of time, which signals when we should sleep. More generally, sleep is best understood as part of a regular rhythm of activity and rest in our 24-hour day. So if we have shortened sleep, we are awake longer, and this puts stress on all our body’s systems, as demonstrated by the negative impact of insomnia on our energy and performance during the day.

What happens in sleep? The invention of the electroencephalogram (Hans Berger was the first to record a human EEG in 1924) and other instruments allowed scientists to measure the patterns of electric activity in sleep. There were surprises: rapid eye movement sleep – better known as REM sleep – involves eye movements much like those which occur when we are awake, only our eyes are shut. Fortunately, REM sleep also represses the skeletal muscles, so we cannot move much. Non-rapid eye movement sleep – known as non-REM sleep – seems to repress most physical activity altogether. The cycle between REM and non-REM repeats itself throughout sleep in periods of 90 minutes about four times or five times a night. These patterns are universal, yet we still don’t understand the function of many kinds of sleep behaviour.

A fundamental limitation to our understanding of sleep is the complexity of the human brain. A century ago, all scientists could see in the living brain was a curious form of flesh. Then came the critical breakthrough from the doctor, artist, and inspired genius Santiago Ramón y Cajal. He devoted his life to finding, drawing, and understanding the cells and neuron pathways in the brain. He did not work in a big hospital or special research laboratory but soldiered on with a microscope and drawing equipment in what were frankly primitive conditions for his work, as you can see from the photograph of his working area.


[image: A group of 6 photographs. There are pictures of some instruments, including a microscope, a drawing, a small jar, and a man sitting on a chair with his hand resting on a table.]
Source: Santiago Ramón y Cajal


Nevertheless, Cajal produced exquisite drawings of neurons and other cells in the brain, as can be seen in figure E. Cajal’s work won him the Nobel Prize but more importantly it laid bare the fundamental cellular mechanisms in the brain. His drawings enabled everyone to see what he saw: very small cells in networks, but with no labels or explanations. Cajal rightly hypothesised the cells – neurons – were separated by minuscule gaps (synapses), rather than permanently linked together. This was the beginning of a long quest to better understanding the human brain, a process which is far from complete.

Cajal’s work transformed our understanding of the brain, including some areas fundamental to sleep, wake and biological time, yet the secrets of sleep are only gradually emerging. Sleep-related illness is perhaps one the hardest illnesses to see, the science is very complex, and the patient is unaware of many symptoms. Some fundamental questions have just recently been answered, or answered only in part: How can losing an hour of sleep cause more automobile accidents? What are the connections between sleep and health? One way to begin to answer such questions is to ask a million people simple questions about tiredness and sleep.



Sleep and health

It was only in the last century that compelling evidence emerged linking poor sleep to poor health. Perhaps the best known of the early studies was by Edward Cuyler Hammond, director of the statistical research section of the American Cancer Society. His landmark publication in 1964 showed the power of modern medical survey statistics to reveal epidemics. Unusually for an academic study, it begins with a fundamental question about medical research: ‘Is it possible to find characteristics relating to health conditions which the general public can recognise so that high-risk groups can be identified?’ His answer to his own question was very clearly ‘Yes’. At the time, many symptoms appeared too late for effective treatments, so the study looked for complaints which appeared before the occurrence of diagnosable illnesses. Hammond organised surveys of 1,064,004 people focused on simple, daily symptoms that might be early symptoms of serious disease. He then tracked them each year for six years to find which ones died, and what symptoms they had reported at the beginning of the study.

Early symptoms were associated with higher death rates: loss of weight, loss of appetite, shortness of breath, pain or discomfort in chest, fatiguing easily, and blood in the urine. Two other symptoms, not physical signs, were also associated with high death rates: exercise and amount of sleep each night. Data from the million subjects showed exercise decreased death rates, and six hours sleep or less increased death rates. Five hours sleep showed very high death rates, while sleeping much longer – ten hours or more – was also associated with slightly increased death rates. Additionally, as subjects became older the impact on death rates in those with less sleep became greater. Over time Hammond’s approach has become embedded into health studies, and the duration of sleep has become recognised as an important factor in health. Hammond’s findings have been repeatedly confirmed in large and small studies for the last 50 years: at least seven to nine hours of sleep are required for good health.

Yet it was only in 2009 that the American Behavioural Risk Factor Surveillance Survey, the largest continuously conducted health survey system in the word, introduced a sleep module. The Centers for Disease Control (CDC) analysed the first results in 2010 from 74,571 adult respondents in twelve states. The conclusions were unexpected; researchers estimated there were 50–70 million citizens (or one in five) with chronic sleep and wakefulness disorders in the United States alone (equivalent to the entire population of the United Kingdom), while over a third of the respondents reported getting less than seven hours sleep. The figure for those who unintentionally fell asleep during the day was surprisingly high (38%), and those aged 18–24 and over 65 were significantly more likely to sleep unintentionally. Sleep also varied by state, with Hawaii having the highest percentage of adults averaging less than seven hours of sleep.

Similar research in the UK looked at the emotional impact of sleep patterns. As part of the National Centre for Social Research’s long-running Understanding Society study, a new sleep module was introduced in 2009–2010. The attitudes of 100,000 individuals were studied to investigate the relationship between sleep patterns and health, and specifically the strong associations between sleeping less than seven hours a night and negative health perceptions. Compared to those who slept seven to nine hours, who reported feeling calm and peaceful most of the time (66%), only half of those sleeping less than seven hours felt this way. Compared to those sleeping seven to nine hours, those sleeping less than seven hours also reported feeling less energetic, having lots of energy less than half the time, as well as having worse concentration, worrying more, enjoying daily experiences less, being less able to face problems, more often feeling unhappy or depressed feeling less confident with less belief in their own self-worth, and generally, less happy.

The scale of the negative impacts of sleep problems on our physical and mental health, performance and memory (explored in greater depth in Chapters 5 to 8) is immense, and the number of people with sleep issues is staggering. Research from the World Health Organisation (WHO) in the US and UK demonstrates there is an epidemic of reported sleep problems.



Do we have to sleep?

Despite the myths of Sleeping Beauty and Rip van Winkle, no one sleeps all the time, nor is anyone is awake all the time, but there has been great interest in exploring how long someone can stay awake without sleep. We can survive around three weeks without food, and three or four days without water, but how about sleep?

One of the enhanced interrogation techniques used on detainees at the Guantanamo Bay detention centre was that of enforced uninterrupted wakefulness, completely depriving prisoners of any sleep. During these sessions, the specified upper limit guideline for sleep deprivation was 180 hours, but before that limit was reached, detainees hallucinated, lost sense of time or place, and suffered memory loss and delusions. Ironically this technique, rather than extracting information from the detainees actually disrupted their memories. A recent scientific review of the use of sleep deprivation in torture concluded: ‘Sleep deprivation is therefore not a tool that should be used under any circumstances when access to memory was required.’

Although there remains a possibility that there have been deaths from sleep deprivation during torture, it is unlikely. Total sleep deprivation is extremely hard to achieve, as the body can induce microsleeps during which the subject can have their eyes open. As Mary Roach reported in her book Grunt about the US Army, Greg Belinsky found the upper limit for sleeplessness in laboratory conditions for servicemen was 85 hours (about three and a half days) though the subjects involved were clearly unfit for duty. Carol Everson and her colleagues in the University of Chicago carried out ground-breaking experiments with rats that showed total sleep deprivation led to death in under a month. Interestingly, death also occurred when the rats were deprived of Non-Rapid Eye Movement sleep only.

Questions about why we sleep, whether all animals sleep, or even if is sleep necessary remain hotly debated, but it seems likely that extended wake could be a cause of death in humans.



Dying for sleep: Sonia Vallabh’s story

When the Human Genome Project set out to decode human DNA there was great enthusiasm for the benefits it would bring. Francis Collins, the first director of the project, foresaw the potential and in 2010 published The language of life: DNA and the revolution in personalised medicine. Collins rightly predicted that patient DNA would offer new understanding of illnesses and new treatments. He predicted some of the consequences for individuals would be life changing, yet for some patients the consequences were anything but positive.

An exceptionally rare condition called fatal familial insomnia (FFI) may indicate how long humans can stay awake without sleep and shows us what can happen when we are kept constantly awake over long periods. The condition was discovered in a 53-year-old man who died within months after developing untreatable insomnia. Subsequently more than 20 members of his family from five generations were shown to have died, indicating it was a heritable condition, and this has allowed a more detailed investigation of the symptoms. The key to this disorder appears to be the marked reduction or loss of the different phases in sleep (REM, and non-REM sleep). In advanced stages, symptoms include hallucinations, stupor, coma and death. Memory and attention gradually decline during this process, but some complex intellectual functions are preserved. In essence (and as in rats) the brain cells controlling the proper functioning of sleep in the thalamus are gradually destroyed. Some of the symptoms of fatal familial insomnia can be seen in human subjects that are tortured by being forced to remain awake, but FFI is caused by chemistry and genetics: misfolded prion proteins that are radically different in their impact from correctly folded proteins.

Sonia Vallabh’s story begins in 2010, just after she married Eric Minkel. Her mother had been devoted to making sure everything went well and, as Sonia saw it, virtually organising the whole marriage. Then everything changed; although previously in good health, at the age of 51 her mother became very ill, suddenly showing symptoms much like those associated with severe dementia and died within a year. The autopsy showed she had died from fatal familial insomnia. Sonia took a genetic test to determine if she had the same prion-protein gene, D178N, which unfortunately, she did.

This meant that she faced death at about 50 years of age from a condition that was untreatable and embedded in her DNA. Sonia and Eric decided to fight back, which Sonia described as the best decision she ever made (other than marrying Eric). Both became researchers to try to find a solution – after all, they had 25 years. They started by retraining as genetic scientists, recruiting other researchers, and setting a single goal: finding a cure for fatal family insomnia. In February 2016, Sonia spoke to President Obama about the realities of precision medicine, the genetic medicine Collins had predicted. By October that year she and Eric had published their paper on fatal familial insomnia and D178N, which demonstrated a new way of determining the dangers of genetic irregularities. While it created a methodology that might identify irregularities that were not harmful for others, it confirmed both the critical function of D178N in the illness and therefore Sonia’s early death. Sonia and Eric know the reality:


The road ahead is uncertain – no amount of hard work can guarantee there will be a treatment for me when I need one. But now is the best moment in history to be up against a rare, but genetically well-understood disease.





A global epidemic, a global cause?

Sleep problems are global, occurring among poor and rich alike. World Health Organisation research shows that even in poor, elderly, rural populations, sleep problems are common. Saverio Stranges and his team from the Luxembourg Institute of Health carried out interviews with 50,000 people over 50 years of age in eight low-income, rural areas in countries including Tanzania, Ghana, Vietnam and Bangladesh, with the data showing various sleep problems. The team found their subjects reported poorer daytime function, low self-rated quality of life, greater disability, and feelings of depression and anxiety. As authors of the WHO’s Sleep Problems: An emerging Global Epidemic, Stranges and his colleagues concluded sleep problems are an unrecognised public health issue among older people, especially women, in low-income settings in less developed countries and rural regions. They calculated that 150 million people over 50 living in less developed countries are currently likely to have sleep problems, and this would grow to 260 million by 2030. What then are the causes of the sleep deprivation and sleep problems that seem so common?

Sleep problems appear to impact directly or indirectly on all of us. For some of us, like Sonia, they can bring the increased risk, or indeed certainty, of early death. For others, problems can degrade their quality of life, or increase the risk of other illnesses. There is, of course, no simple solution that will solve all sleep problems.

Yet on a fundamental level there is something wrong with most approaches to sleep problems in modern society. There are fashionable trends to blame sleep problems on not getting into an early rise, early sleep routine (like the Amish), modern distractions such as television, bad sleep habits, or genetic causes (which are in fact very rare). None of these could possibly be a global cause, something that touches us all, and is found virtually everywhere. The fundamental reason sleep problems are so common in the modern world is the mistiming of our daily work and sleep routines. Our 24-hour lifestyles mean that we spend too long awake, we have too little sleep, and the time we start sleeping does not match our body clocks’ time for sleep.



Serving time

Rigid work schedules and long working days have been with us for centuries. Most of us live our lives around work, repeating the same daily routines: wake up to the alarm, get dressed, eat breakfast if there’s time, join the rush hour in cars or trains, perhaps take the kids to school, and arrive at work. Then work. After work, we will join the rush hour again, eat, try to relax, and then try to sleep without thinking about the next day’s work.

Look at this daily schedule for a prison day, it is the North Carolina daily routine for prisoners in 2016. It might be like your work days.

Prison workday, 2016 North Carolina


[image: A drawing shows a woman’s silhouette holding a notebook in her hand. An outline of a clock surrounds her, with different times and actions written all around her.]

This enforced daily routine is dangerous to the health and mood of inmates. The length of time they have to sleep; 23:00 to 05:00, is only six hours, so inmates who should be sleeping seven or eight hours are losing two or three hours of sleep every night. In addition, the timing of their sleep in the day is an issue: waking at 05:00 every day is natural only for a tiny minority of individuals (and Old Order Amish farmers). The combination of short and mistimed sleep in this prison schedule leads to systemic, chronic and unrecoverable sleep loss. Even worse, we know that this level of sleep deprivation leads to changes in behaviour that are, to say the least, not helpful in prisons. These include reduced quality of attention, decision-making, socialisation, and communication. At the same time, there is an increased risk of stimulant and sedative use, irritability, mood fluctuations, frustration, anger and depression. These are all symptoms of short and mistimed sleep that affect both prisoners and prison staff.

Outside of prisons, there are many variations of the daily working schedule, yet almost all have one thing in common: they tend to make workers sleep deprived. In America there is an interesting similarity between start times in prisons, work and schools. The average start time of work in America is 08:18, and daily work routines often impact on school schedules, as well as ensuring everyone suffers from the morning rush hour. The average school starting time is 08:03, though many middle and high schools start earlier. North Carolina are planning to move all the start times for their schools to at least 08:00, meaning that students will be starting and ending school at similar times as prisoners begin and finish work. Daily routines like these mean people must wake up at 06:00 or earlier, which relates unfavourably with the largest international sleep survey led by Roenneberg which shows the average natural time to wake might be 08:00. There are similar work starting times in other countries, including Sweden and China. In fact, most workers around the world have early starts and often don’t get enough sleep during the week. These early starts do suit some groups, such as men in their fifties, who may be far more likely to feel at their best in the morning. That this particular group historically fill senior staff or management positions leads to a self-perpetuating system where early starts are encouraged or mandated, simply because those in management positions believe everyone benefits from an early start.

Increased globalisation has brought further pressure to bear on the quality and quantity of sleep for leaders in industry, finance, the media, and government. In the financial sector, the flow of information never ceases: from New York’s Wall Street to London, Frankfort, Mumbai, Shanghai, Tokyo, Sydney, San Francisco and then New York again. World leaders increasingly find sleep a challenge, as President Obama found, and claims by politicians such as Donald Trump that they only need four hours of sleep a night are not only untrue, but positively dangerous. We can manage on just four hours when it’s necessary, but not over months. In contrast, former President Bill Clinton admitted ‘every important mistake I’ve made in my life, I’ve made because I was too tired’. Critical decisions are often taken when key leaders are brought together, whether in business or government. Unfortunately, this means leaders spend more time travelling through time zones and clocking up flight hours, all of which disrupts their sleep, leaving them too tired to be at their best.

Leaders are by no means the only ones that face extreme sleep deprivation: bakers are well-known for their unsocial hours:


A baker’s hours just aren’t normal. For four years I’d only sleep four hours or less most days. You can’t think. Your body screams to you to sleep. I felt cold all the time. Whenever I sat down, or was still, I’d go to sleep straight away. Just like blacking out. It would take less than ten seconds to go from being fully awake and active, to being asleep.

Rob, baker





Time zone problems

The introduction of time zones by British railway companies in 1849 led to a movement bringing all the world’s timing of the day into a common framework. Sandford Fleming proposed the worldwide system of time zones in 1879 based on the Britain’s Greenwich Mean Time or GMT. Politicians decided most time zones, and from the beginning there were problems. For example, Britain, the home of time zones, now changes its time by one hour twice a year by using daylight saving time (DST), a common adjustment made in other countries. DST continues to disrupt the lives of millions globally each year. However, it did allow a brilliant scientist the chance to measure the impact of the loss of a single hour of sleep.

It wasn’t until Stanley Coren at the University of British Columbia decided to look at the Canadian data on traffic accidents that the impact of changing a single time zone by an hour became clear. In 1988 the cost of sleep-related accidents exceeded 56 billion dollars and led to 24,318 deaths and 2,474,430 disabling injuries. Coren posited that perhaps daylight saving time might give a good measure of the effect of losing a single hour of sleep. The results were astonishing, Coren found that on the day DST started in the spring of 1991 – when drivers had lost an hour of sleep – there were 200 more traffic accidents, about 8% more than normal. When DST stopped in the autumn and drivers gained an hour more sleep, and there were 200 fewer traffic accidents. Coren’s message was simple: small changes in the amount of sleep people get can have major consequences.

If an hour less sleep can have such an impact on traffic accidents, consider the plight of Spain, which has been in the wrong time zone for 75 years. On October 23, 1940 Adolf Hitler met General Franco in Hendaye, France. One outcome of the meeting was Franco’s changing of the Spanish time zone to match Germany’s, moving Spain’s time ahead one hour. Instead of having the same time as London which is almost exactly north of Madrid, Spain’s time zone is the same as Berlin’s and even Warsaw’s, which is over a thousand miles east of Madrid. So, in Spain, the sun rises and sets much later than in any other European country, leading to significant unintended consequences. In 2013, the chair of the National Commission for the Rationalisation of Schedules revealed Spaniards sleep on average 53 minutes less than the European average, and this level of sleep loss raised levels of absenteeism, stress, work-related accidents and failure in schools.

In 2017 Spain’s hit TV programme for children, MasterChef Junior, had three million young viewers glued to their television until after 23:00 on a weekday. That drew the criticism of Spanish MPs, who called for the state broadcaster RTVE to schedule programmes for children to finish no later than 23:00 between Sunday and Thursday. Their parliamentary motion argued that ‘Children who don’t get enough sleep exhibit problems such as irritability, sleepiness and a lack of concentration’. The MPs pointed out that the whole country suffers from sleep deprivation and that Spaniards in general sleep ‘an average of an hour less than other Europeans’. Thus Spain has a dysfunctional time system that deprives every citizen of an hour of sleep every day.

Spain is not alone in having time zone issues, both China and India have a single time zone, deliberately created to bring the population closer together. Beijing Standard Time is set to suit the east of the country, so the country’s time mismatch is greatest in the westernmost province of Xinjiang, where ethnic divisions leads Uyghurs to use a time system that runs two hours later than that used by the Han population. In effect, the political decision to have a single time zone has led to political as well as sleep problems.

Our rigidly timed daily routines in prisons, schools, universities, work and even whole countries are disrupting our natural sleep, wake and circadian time patterns.











Chapter 2
Body clocks


A remarkable scientific revolution has taken place involving thousands of scientists, a hundred years of painstaking research, and some inspired insights into the origins of biological time. The key discovery is simple: we still live our lives to the rhythms of our body’s biological clocks, despite our daily routines and mechanical clocks. Moreover, our body clocks have shown themselves to be much more than wake and sleep regulators, they are highly complex time systems that co-ordinate our body’s biological functions throughout the 24-hour period of each day.

All life on earth, from single cell bacteria to humans, have body clocks that link them to their environment, and the fixed timing pattern of the changes in sunlight during the 24-hour day. Each species uses this light pattern to organise the body’s functions, creating circadian rhythms, and each cell has its own circadian clock, a genetic mechanism that living things have in common. Humans and other mammals have this genetic mechanism in each cell, and, like other species, also have a more complex timing system involving both cellular and multi-cellular clocks. Together these timing systems or body clocks align our timing to the environmental day and orchestrate the complex biological activity within the body.

The search for the basis of biological time has been ongoing for centuries, and circadian clocks were discovered in both plants and animals. In 1729 Jean-Jacques de Mairam showed Mimosa flowers continued to open and shut following a regular 24-hour pattern even in darkness. Inspired by similar circadian research in animals, researchers like Nathaniel Kleitman in 1938 showed humans too had body clocks. Camping underground, these scientists were not influenced directly by night and day, and recorded their bodies’ biological behaviour, such as temperature. Their body clocks continued to function, but time proved different for people, as individual scientists’ body clocks ran slightly slow or fast, because they had different chronotypes.

A more complex body clock in mammals is driven by changes in sunlight, responding directly to light striking the eye, though this proved remarkably difficult to discover and demonstrate. George Wald, joint winner of the Nobel Prize in Physiology or Medicine in 1967, made the first key breakthrough 50 years before Hall, Rosbash and Young won the same award. Wald was working in a laboratory in Berlin when he proved vitamin A was essential in the molecular processes of human vision. Wald’s later research established the electro-chemical responses to different wavelengths of visible light in the human eye, explaining the molecular basis of rods (night vision) and the red, green and blue cones (day vision) signalling to the brain’s visual cortex, and there generating vision.

However, Wald did not find melanopsin, a protein needed for a quite different function. Russell Foster carried out a series of experiments with mice to demonstrate that the visual system did not account for the body clock’s ability to keep a 24-hour circadian pattern without light. Foster bred mice that had no rods or cones, to demonstrate the mice still maintained a regular circadian pattern even without sunlight. Foster suspected that melanopsin, a protein found in the eyes of some fish as well as mice, was the secret of the body clock’s second timing system. His experiments – and those of researchers working with other species – showed this was the case.

The protein melanopsin was finally discovered in the human eye in a small number of nerve cells called retinal ganglion cells, that signal to other areas in the brain. The presence of melanopsin makes these cells photosensitive – directly responsive to light – but they don’t send signals to the visual cortex. Rather their signals are sent to the suprachiasmatic nucleus (SCN), a group of about 20,000 brain cells in the hypothalamus that respond to changes in light and are critical to the timing wake and sleep, the SCN then co-ordinates body clocks to the external 24-hour pattern of changes in light. The SCN harmonises 24-hour systems in the body’s behavioural, metabolic and physiological rhythms including alertness and performance, hormones, core body temperature, metabolism and the different rhythms in organs. The timing systems for our body’s many functions can then be co-ordinated to this precise timing mechanism, in effect a pacemaker system which helps to co-ordinate the body clocks and the timing our lives. This is something we share with other mammals, variations in light (primarily illuminance at twilight, before dawn or after sunset) trigger photosensitive retinal ganglion cells to signal strongly to the SCN (bypassing visual processing altogether). The SCN pacemaker then regulates the circadian rhythms throughout the cells and timing systems in our bodies.

After the discoveries of Foster and others, researchers began to seek people who are always in darkness but keep perfect biological time. Like Foster, they reasoned that the ideal subject would be someone who lived in darkness because of blindness, but also knew what it had been like to see. An 87-year-old woman in London, Mary (not her real name), had a rare condition that caused her to go blind in middle age, and she agreed to take part in a series of unusual experiments. In doing so Mary revealed that a total loss of vision does not necessarily mean the loss of a sense of 24-hour time based on the photosensitive retinal ganglion cells. Mary’s condition was such that it was possible to demonstrate she no longer had any functioning rods or cones, nevertheless, researchers tested her by shining lights into her eyes to discover if her SCN pacemaker cells still responded to light.

The first light researchers used was about 480 nanometres, the dark blue that triggers responses from photosensitive retinal ganglion cells and the SCN pacemaker. The second light was about 555 nanometres, the light that promotes the visual system’s peak responses. The 555 nanometre light produced no responses at all, but amazingly the 480 nanometre light produced clear responses. The researchers tested her reactions to the dark blue light and Mary demonstrated improved hearing, decreased sleepiness, and greater alertness. There were other physical responses: the dark blue light suppressed Mary’s melatonin (the hormone closely linked to sleep) and caused a pupil constriction when it was turned on. Her blindness was visual, and her eye-to-SCN pathway had remained intact, keeping her physiological functions aligned to the 24-hour day. She had no sleep problems and a normal sleep pattern. Having proven that the loss of vision does not necessarily mean the loss of entrainment to sunlight, the researchers were delighted.

One more test provided even more remarkable proof; although Mary could not see, researchers asked her to say something if she was being shown any one of the lights. She was unable to do this with one exception: the 480 nanometre dark blue light. Although she could not see it, she could sense its presence, demonstrating what the researchers called non-image forming perception, not vision, but an awareness of time. These experiments demonstrated conclusively that in the same way the ear that has two functions (hearing and balance), the eye has two functions: vision and time.


Circadian rhythms within each 24-hour period

Body clocks control most of our biological functions and systems, and are essential to our survival. They determine circadian rhythms that establish when in the day these functions should take place. For example, the amount of sleep we have is vital, but so is when we sleep as trying to sleep during the day and work through the night leads to major circadian disruption. The basic principle is simple: living our lives in synchrony with our body clocks and circadian rhythms improves sleep, health, mood and performance and most biological functions. Disrupting circadian rhythms can disrupt these functions, such as our immune system, and increase our susceptibility to illnesses.

Circadian rhythms also co-ordinate other vital functions such as our heart beat and body temperature. In 2011, The New Scientist used a clock showing some circadian rhythms to illustrate changes over the day for the average person.

A guide to circadian rhythms


[image: A drawing shows a woman’s silhouette holding a notebook in her hand. An outline of a clock surrounds her, with different times and conditions written all around her.]
Source: New Scientist


This graphic shows some of the functions controlled by our body clocks and the times at which they happen, though they will vary according to the age, sex, health and genetic makeup of the individual. We are usually unaware of these rhythms, with a few exceptions such as wake and sleep. Circadian rhythms establish a pattern of rising and falling activity during the day for most body functions, with different peaks and low points at different times. The rhythms for each biological function anticipate changes in the environment, this is why many functions have times during twilight, anticipating dawn or darkness. The return to wake from the deepest sleep at about 02:00 can be seen here in the sharpest rise in blood pressure almost five hours later (at about 06:45 on average), anticipating wake. This is followed at 07:30 when melatonin, that encourages sleep, stops and a bowel movement is likely at 08:30. So the body clocks organise our biological systems into a co-ordinated pattern.

Some circadian rhythms show moderate variations over 24 hours (such as temperature), and others
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