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Preface



The priorities and pressures are such that most of us in academic life spend the majority of our time conducting research, analysing data, writing scientific papers, teaching our students and training health professionals for practice. Those of us who are clinical academics also try to fit in seeing the occasional patient or two! In this context, writing books for the general public is at best regarded as a hobby; at worst even a misuse of our time! Yet what is the purpose of knowledge if it is not to share it, and to try to improve things for people?


I struggled with this dilemma for a while. However, I decided in 2006, after being approached by the publishers, that the time had finally come to ‘do the self-help book’! I am sure that other authors in the excellent CBT series that Little, Brown produce have probably felt the same way. I guess most of us have a lay readership book in us! Well for better or for worse . . . this one is mine. I have now got round to writing this long overdue 2nd edition. My apologies to the team at Little, Brown for being rather elusive; but thank you so much for your support in putting this revised edition together.


Re-writing the book has given me the opportunity to make available to you the treatment materials that we have developed and evaluated in our research studies. I have tried as best as I can, within the confines of the written word, also to make those elements of treatment personalised to you. What you are getting here is pretty much a complete CBT treatment guide for insomnia; the way I would present it to you if you came to my clinic in Oxford. I make no apology for excluding the many other supposed ‘sleep solutions’ that are promoted to the public as new and life-changing – except that there is no trustworthy evidence for them. I am sure that you will agree that sleep matters, and that insomnia is an important health problem. So, I will only be telling you about evidence-based approaches that meet the highest standards of scientific and clinical scrutiny. That is the principal reason that I am confident that you have a very powerful tool in your hands that will help you towards overcoming your insomnia.


Forms and questionnaires printed in the book, together with other useful resources, are now also available online at https://www.colinespie.com.


I wish you success as you set out on this ‘course’ of CBT treatment . . . sleep soundly and sleep well!


Colin A. Espie
BSc, MAppSci, PhD, DSc(Med),
CPsychol, CSci. FBPsS, FRSM, FAASM


University of Oxford


August 2021










General Introduction



To be unable to sleep is one of life’s worst experiences! Insomnia affects not only the night-time, through disrupted and unsatisfactory sleep, but it also has consequences in terms of daytime symptoms and quality of life. People with persistent sleep problems often complain of being mentally slowed and irritable or moody during the day. What is more, they are not the only ones to suffer! Broken sleep can affect partners, children, and our social life and working life.


Insomnia is a major public health problem. Billions of dollars are spent worldwide every year on prescribed medications, over-the-counter remedies, and other suggested solutions – all in the search for a decent sleep. One in ten adults, and one in five of those over 65 years of age have insomnia. Being unable to sleep is one of the most common complaints heard by primary care practitioners, yet our healthcare systems are barely scratching the surface in offering a service that will help people.


Research conducted over the past 40 years has established Cognitive Behavioural Therapy (CBT) as an effective treatment for persistent insomnia. Indeed, leading authorities now regard CBT as the treatment of first choice. Let me just say that again, CBT is the intervention that is recommended for chronic insomnia in clinical guidelines throughout the world. Not sleeping pills (of any kind), yet that is just about all that people get offered. Why? Well, there is a problem – CBT is not widely available; in some places it is hardly available at all. Clinical Psychology, Psychological Therapy, and Behavioural Medicine services do not have the capacity to meet the potential demand. Besides, they spend most of their time on the (also) very common problems of depression, anxiety and other mental health disorders. Yet the research has been conducted on insomnia, the evidence is there, but the means to deliver CBT is so far still lagging behind. I hope that this book goes some way to filling that gap for you.


As one of the people who has been most closely involved with the development and evaluation of insomnia treatment, I want to help you to sleep well. I believe that one of the ways to help overcome the scale of the insomnia problem that is out there is to put the solution, the CBT itself, directly into your hands. Hence this book, and digital CBT solutions like Sleepio™. We as professionals must, and will, continue to lobby politicians and healthcare providers to develop much needed services. However, there is also a lot that you can do to improve your sleep yourself, if you are given the right tools for the job.


This book is designed for your use as a complete course of CBT treatment. I have set out the different parts of the book, and the chapters within each part, so that you can use it as a CBT programme. You are about to set out on a course of therapy. I will be your therapist, as it were, from a distance, but you must take on the role not only of patient but also of collaborator and co-therapist. You will be learning and implementing at the same time . . . you will be evaluating progress . . . you will get what you give! Like any course of treatment, I ask you to take this CBT programme seriously. Give it some of your best quality time and attention. Your sleep is worth it.


The Return of the Dove


Early in my career, I guess it was in the mid 1980s, I was inspired by the writing of Viktor Frankl (1905–1997) who, just after World War II, published a book titled Man’s Search for Meaning, based on his experiences surviving several Nazi death camps. Frankl went on to become a leading Austrian neurologist and psychiatrist; but instinctively he was a remarkable philosopher and psychologist. A turn of phrase in another of his books that was written around the same time caught my eye – and caught my imagination. It still does. In The Doctor and the Soul, Frankl recalls this statement from the famous Swiss psychiatrist Paul Dubois (1848–1918):




Sleep is like a dove which has landed near one’s hand and stays there as long as one does not pay any attention to it. But if one attempts to grab it, it quickly flies away.





Here Dubois captures the essence of sleep, and also of the dilemma facing the person with insomnia. In the good times, sleep just sits there alongside us, largely unnoticed. Sleep, like the dove, just becomes part of the natural environment. It’s comfortable with us and we are comfortable with it. The dove remains at peace in the world of the good sleeper, because the good sleeper really doesn’t think about it. The good sleeper doesn’t know how to sleep. It just happens. There’s really no need to pay too much attention to it.


Contrast this with the person with insomnia. When you so much want and need sleep it’s very hard not to become pre-occupied with it. You crave it, you want it to come, you are looking out for it, you try to find ways to attract it to you. When it comes, you hope it will stay, you worry that it will not, and so often it has not stayed. So, you become like the person paying too much attention to the dove, trying lovingly to grab hold of it . . . and it quickly flies away.


Does this sound familiar?


CBT offers you the prospect of the return of the dove. Join me in helping you to bring sleep back. A sleep that will stay. The cognitive and behavioural techniques that you will learn directly address all those things that get in the way of sleep. So now let’s start . . . let’s overcome insomnia together . . . let’s get back to normal good sleep!










PART ONE



UNDERSTANDING INSOMNIA











Introduction to Part One



The first part of the book is about developing an understanding of sleep and an understanding of insomnia. I hope you will find that this is a helpful step towards your goal, of learning how to overcome insomnia and learning how to become a good sleeper.


In the 1st edition I said, ‘Try not to be tempted to jump ahead to Part Two, especially if you are the kind of person who likes to “get on with it”! Part One will give you important background information that will make it much easier to put into practice your cognitive behavioural treatment.’ This is true.


But you know what, I’ve changed my mind about being so prescriptive; because it is entirely up to you! To be clear, I’m not saying now that it’s a bad idea to read Part One first; but another possibility is to read it in parallel. If you want to do that, it’s perfectly fine too. I realise that you might be ready right now to start to work on your sleep problems, and I want to make sure that I’m the last person to prevent that!










1



Understanding Normal Sleep


What is Sleep?


You may be surprised by this, but I would like to begin by explaining what sleep is not! This is important because sleep is very commonly misunderstood.


First, sleep is not simply the absence of wakefulness. Falling asleep is not like having your light-switch in the ‘off” position, compared with wakefulness being like a light that is switched ‘on’. The on/off idea would suggest that we live our lives either at one extreme or the other. This is not in fact correct because there is variation within sleep, just as there is variation within wakefulness. You are not always ‘wide awake’ . . . are you? Similarly, you are not always ‘fast asleep’. We can also be awake and asleep at the same time. I can sense your surprise right now. Are you intrigued? Well, more on that to come.


Second, sleep is not an inactive process. Sleep is not ‘down tools’ time, or a kind of respite or escape. On the contrary, the very activities of sleep are absolutely vital to life. Your sleep is a part of your life, not something separate from it – you will have heard it said that we spend one-third of our lives asleep (I hear you say, ‘I wish!’). Just because we are unconscious and have no memory for the greater part of our sleep, does not mean that sleep is either a simple or a passive state.


So, what then is sleep? The famous Israeli scientist Dr Peretz Lavie once wrote a semi-autobiographical book about his experiences in sleep research. He called the book The Enchanted World of Sleep. For me this title captures the fact that sleep is rich and diverse and precious; and still fascinatingly mysterious. We live our lives not just in the waking world. Let’s go and take a glimpse at life within sleep.


Research studies have shown us that sleep is a very complex, yet a very ordered process. Scientists have discovered the complexity of sleep by studying the activity of the brain during overnight sleep laboratory recordings. Sleep is made up of different subtypes and stages. Sleep is also orderly because these types and stages of sleep are organised in a series of cycles that repeat across the night. You can see then that sleep is an active process in terms of brain activity. However, it is also active in other ways. For example, it is during sleep that our body tissue is repaired. Proteins, the building blocks of life, are manufactured during sleep and some hormones are produced selectively during the night, like growth hormone in developing infants and children. So, there is some truth in the idea that we grow during the night! These are just examples of physical processes during sleep, but there are also very important mental processes. We catch a glimpse of this in the phenomenon of dreaming. Of course, we do not always wake out of our dreams, but when we do what is very apparent is that we have been thinking, even though we were asleep. Enchanting!


The section coming up is quite technical. I think you will find it interesting, so please do read on! However, if I lose you at times, don’t worry. The take-home message is that although sleep is complex, with many different stages and phases, it is wonderfully coordinated so that each element of sleep plays an important role throughout our lives in preparing us for the day ahead and in keeping us physically and mentally healthy.
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Figure 1: Sleep lab assessment



Measuring sleep in the laboratory


In order to understand this complex process, it may be helpful to find out a little about the objective assessment of sleep, and this is usually done in a sleep laboratory.


Scientists and clinicians study sleep by taking three types of measurement. First, electrical activity in the brain is measured by electroencephalography (EEG). This measure is used because the EEG signals associated with wakefulness are different from those found during sleep. Also, the different sleep stages that make up sleep can be differentiated using EEG. Second, muscle activity is measured using electromyography (EMG) because muscle ‘tone’ also differs between wakefulness and sleep. Once again, there are EMG differences within sleep, depending upon the stage of sleep that the person is in. Third, eye movements during sleep are measured using electro-oculography (EOG). This is a very specific measurement that helps to identify dreaming sleep. The eyeballs make characteristic movements that show us when someone is in this type of sleep.


Figure 1 shows a typical sleep assessment taking place. Skin electrodes are used to pick up electrical activity. Normally, several pairs of EEG electrodes are attached to the scalp, a couple of EMG electrodes are placed under the chin and EOG electrodes are placed at the side of the left and right eye respectively. Electrodes may be self-adhesive or applied with electrode glue, so that they are properly attached and get reliable recordings. Electrode gel is used to increase electrical conductivity between the skin and the electrode itself and this improves the quality of the recordings. It all looks a bit uncomfortable, but it does tell us a lot about sleep! So, what would happen if we looked at normal sleep in a laboratory using EEG, EMG and EOG?
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Figure 2: A polysomnographic (PSG) recording showing the different stages of NREM sleep


This whole system of assessment is called polysomnography (PSG) as a shorthand way of describing a full sleep assessment – the prefix ‘poly’ simply referring to the fact that more than one type of physiological activity is being measured. Indeed, we often gather other types of measurement as well; such as respiration (breathing), blood oxygen levels, leg movements and body positioning. However, for our purposes here, I’m going to concentrate on EEG, EMG and EOG. You can see some EEG readings of typical adult sleep in Figure 2. These illustrate the similarities and differences between the different stages of sleep. You can also make some comparisons of sleep with waking.


The stages of sleep


Let’s start with wakefulness. You will see this in the upper panel of Figure 2. The EEG tracing when we are alert and attentive is characterised by waves that are of low amplitude (height) and are generated in close proximity to one another (high frequency). We sometimes call this ‘fast’ EEG, and the technical term for the activity is beta waves. Now look at the graph immediately below. Here we see what happens in our brain when we close our eyes and remain at rest. The brain now goes into what is known as EEG alpha rhythm, but we are technically still awake.


In the lower panel of Figure 2, we can see what happens as we move into the sleep phase. Stage 1 sleep is a transitional phase between wakefulness and sleep, where your EEG waves slow down to around 3 to 7 cycles per second (cps). These are known as theta waves. You may actually be aware of ‘dropping off’ or someone may observe that you are. Your muscles begin to lose their EMG tone (that is they relax) in comparison with wakefulness. Similarly, if we were monitoring your EOG, the traces would begin to show slow rolling eye movements. Stage 1 sleep normally lasts only a matter of minutes of drowsiness before progressing into the second stage of sleep.


If you look at stage 2 sleep on the lower panel of Figure 2, you will see that the EEG varies quite considerably. These are what we call mixed frequency EEG waves (some fast, some slow, some high amplitude, some low). However, there are two characteristic formations that occur repeatedly, and these are the defining features of stage 2 sleep. The K-complex takes it names from the shape of an initially descending and then ascending sharp change in voltage. If you are trying to make sense of this by following Figure 2, you will need to know that by tradition upward deflections of EEG are ‘descending’ and downward deflections are ‘ascending’ – just to confuse you! The other features of stage 2 sleep are known as sleep spindles. This is a descriptive term for rapid bursts of high frequency EEG activity (12–14 cps) that occur intermittently, sometimes just after a K-complex. Although stage 2 comprises the largest proportion of adult sleep (50–60 per cent), the very first phase of the night’s stage 2 sleep is usually quite short.


We have the deepest part of our sleep during the first couple of hours of the night and there is a rapid transition into this stage 3 sleep during this period. It seems like the brain wants to get us into this slow wave sleep as quickly as possible. If you look at stage 3 sleep in Figure 2, you will see that the EEG trace now reveals higher amplitude waves occurring at much lower frequency. In other words, the waves have slowed down, they are high rollers. We call them delta waves. Their amplitude will be 75 microvolts (μV) or greater and the wave frequency has now dropped to its lowest at ½-2 cps. Deep sleep is a form of synchronised sleep because the brain’s electrical activity settles to a harmonised rhythm and produces the steady ‘beats’ that you can see in Figure 2. I’m sure you must be thinking that deep sleep like this sounds just the kind of sleep you would want. However, stage 3 only occupies up to 15–20 per cent of the night; and this should remind us that all stages of sleep are needed for a balanced sleep diet!


So far then, we can see the transition from wakefulness through to stage 3 sleep involves not only a loss of consciousness, but also a steady change in the EEG wave pattern from fast to slow activity, and that several stages of sleep can be differentiated. However, in 1953 two researchers in Chicago, Dr Nathaniel Kleitman, and his assistant Dr Eugene Aserinsky, made a crucial discovery about sleep. They noticed that there was another form of sleep during which the eyeballs moved rapidly, whereas the rest of the body was pretty much paralysed. The term rapid eye movement sleep (REM sleep) was coined, and so important was its discovery that the previously described stages 1, 2 and 3 of sleep actually became known as non-rapid eye movement sleep, or for short, non-REM or NREM sleep!
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Figure 3: PSG recording showing REM sleep


So, look now at Figure 3. The first thing I want you to do is to compare the EEG channels that you see there with the EEG that we saw in wakefulness in Figure 2. There are four EEG channels depicted in the middle of Figure 3. What do you notice when you compare? Yes, the EEG looks quite similar in REM sleep to what it looks like in wakefulness. Indeed, REM is a form of light sleep, and we know this, don’t we, because we can quite easily waken out of a dream.


To understand REM sleep more fully, in Figure 3, I have also shown you EOG (eye) and EMG (muscle) traces. If you look at the top of Figure 3 you will see these rapid eye movements, as measured by EOG traces from near the left and right eye. Then, if you look at the bottom of Figure 3, you will see that the muscle tension below the chin has dropped so much that it becomes atonic. This actually makes sense when you think that it is during REM sleep that we do most of our dreaming. Were it not for the fact that our major voluntary muscles are flaccid – to all intents and purposes paralysed – we could easily injure ourselves by acting out our dreams. You may not have realised before that you are in fact very still in your bed during your dreams, in spite of whatever vivid dream imagery you may experience! Occasional muscle twitches are quite usual, but any movement on a large scale during REM sleep is uncommon. In fact, if this does occur it may mean that the person has a problem known as REM sleep behaviour disorder. This is not the same as sleepwalking, another sleep disorder which occurs during arousals out of stage 3 slow wave sleep. I will explain more about these different disorders of sleep in Part Four.
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Figure 4: Sleep report


As I said, before we got into all this physiology, sleep is quite complex isn’t it? Fortunately, it all works fairly automatically, like a dove at peace beside us, when it is working well.


Evaluating a sleep recording


Sleep records from the sleep laboratory are scored – by highly trained professionals – into these different stages of sleep. Sometimes we call this process staging sleep. We still use a standard set of scoring rules based on a system that was expertly developed in the USA in the late 1960s by Dr Allan Rechtschaffen and Dr Tony Kales. In the early days, information from each recording channel (EEG, EMG, EOG) was printed out and the paper records were reviewed page by page. Normally each page had 30 seconds of printout, so can you imagine the pile of printed paper you would get from just one night in the sleep lab?! Nowadays these 30 second chunks, or epochs as we call them, are analysed on a monitor screen and the person scoring them scrolls through the night, allocating each epoch to one of the sleep stages, according to the scoring rules. There are also automated sleep analysis systems available, but many labs still prefer to check sleep records manually, particularly when we are assessing people for possible disorders of sleep.


After a sleep recording has been scored, the recording system generates a sleep report. This summarises the night and provides useful information for the clinician or the researcher to work with. An example of a sleep report from my own lab can be seen in Figure 4. Let me take you through the information presented there.


This sleep report is on a healthy 25-year-old female, and I am using it simply to illustrate sleep scoring. As you can see, at the top of Figure 4, the recording started just prior to 11 p.m. and ended around 7:30 a.m., with a total time in bed (TIB) of 8 hours 36 minutes.


Looking next at the complex graph of sleep stages, from left to right we have time on the x-axis; and from top to bottom on the y-axis we have the sleep stages themselves.


From visual inspection, we see that she was awake for quite a while, first falling into NREM stage 1 sleep (N1) around 00:20hr; but transitioning rapidly into NREM stage 2 (N2) and then NREM stage 3 (N3). This first cycle of NREM sleep ended with a few wake spells occurring between 01:00hr and 01:30hr. Then there was another small burst of stage 3 slow wave sleep prior to the first REM sleep period. This occurred about 70 minutes after falling asleep.


Looking then at around the 02:00hr time point, you can see that our subject is in another cycle of NREM sleep (comprising mainly stage 2 with some stage 3), she has a few brief awakenings before cycling again into REM at around 03:00hr and then back into NREM until after 04:00hr. You will notice that stage 3 sleep is over for the night – indeed, it didn’t occur beyond 02:40 – and that the sleep that she gets in the second half of the night is mainly NREM stage 2 and REM sleep.


You will also see that there are quite a few awakenings towards morning, as sleep gets lighter, and that the REM episodes are longer in duration as the night goes on. Altogether she has four cycles of REM sleep, with the final episode ending around 06:30hr. She finally wakens around 07:20hr.


Well done, you have navigated quite a complex chart . . . but what does it mean? The main thing I want to get across is that this sleep architecture (we call it a hypnogram) is fairly normal. It illustrates the cycles of sleep and the flow in and out of NREM and REM sleep. The overall percentages of sleep are also quite typical for a young person. The pie chart shows us that sleep stage 1 was proportionately very small, that stage 2 made up more than 60 per cent of the night, that stage 3 was only about 7 per cent of overall sleep, and that REM was approaching a quarter of the sleep period at 23 per cent. Sometimes in a sleep lab people get a bit less deep sleep/slow wave sleep than they would at home, but it is not uncommon to find stage 3 is small in proportion to the night. I might have expected 10–20 per cent (maximum).


You might also have noticed of course that our subject seemed to take a while to get to sleep and that she woke up (W) a fair bit. If we look then at the table of information in Figure 4, we can see that her total sleep time was 6 hours 35 minutes because she took 80 minutes to fall asleep (sleep latency) and she was awake for a total of 1 hour 55 minutes. This gave her a sleep efficiency of 76 per cent, meaning that she was awake for 25 per cent of the time she spent in bed. This young woman then appears to have difficulties both getting to sleep and staying asleep. I guess we would call that insomnia.


 Before leaving this topic, I want to take a moment more to consider whether or not people sleep normally in a sleep laboratory. You might be thinking that with all this equipment attached, your sleep continuity and sleep quality might be quite different . . . plus being in a strange environment! Quite so. A number of important studies investigating home versus lab-based PSG suggest that if PSG can be conducted at home it might be preferable. This is because people with insomnia associate their insomnia with their own bedroom environment. In a lab, they might actually sleep better than usual, and not worse than usual. In part, this could be due simply to the change of environment. But another possibility is that they might not expect to be able to sleep in a lab, and those lower expectations could mean that they will be less anxious about sleep and so sleep better. This research work then also introduces us to one of the psychological components to insomnia – the importance of expectations. In Oxford, we conduct both in-lab and home recordings, depending on the circumstances. It is good that technology has moved on to such an extent that it is quite feasible to get reliable, good quality PSG measurement using lightweight equipment that is suitable for home use.


What about personal devices that measure sleep?


People often come to the clinic saying that they have been tracking their sleep for some time. Usually they do this by means of a wearable device, such as a watch or other wrist or body monitor; or some form of headband. However, other devices that are not wearable are also becoming common. These are typically environmental sensors placed in the bed (e.g. under the mattress, huggable pillows) or as fashionable objects positioned close to the bed.


All these personal devices attempt to estimate sleep and wakefulness using physiological information or motor activity, and many devices use data from more than one source. Examples include body movement, sleeping position, heart or pulse rate, breathing rate, oxygen levels in the bloodstream, skin conductance and EEG activity. Environmental sensors are often designed to pick up information on things that are thought to influence sleep, e.g. temperature (in the bed, in the bedroom), humidity, air quality, noise, light levels and, of course, time. Data are gathered so that a computerised element of the wearable or environmental device can use algorithms to feed back to you a representation of how you slept, and also to suggest what you should do to improve your sleep. In this way you can also track whether or not the steps you take make a difference to your sleep.


 There are many devices of these types now available on the market, and they are becoming more sophisticated, more attractive and typically less expensive as time goes on. Indeed, sleep is often expected now as a ‘feature’ on wearable devices, amongst many other features to track exercise, diet and general health.


The key thing is – do they help?


Well, there are definitely two good things about them. First, using a device suggests that you are interested in selfcare and in developing a healthier lifestyle; and second, that you may wish to explore sleep as part of that, and to make improvements to your sleep pattern. For example, some people may want to try to get more sleep if their lifestyle is poor.


All this seems reasonable, perhaps; so, what’s the harm? Well, in the good sleeper, the potential for good most probably outweighs the potential for harm. The wearable device helps you stick to a better sleep habit and routine, and the feedback from the device (likely) indicates that you are a good sleeper. However, even in these circumstances, data from wearables can cause alarm. What if you think you slept rather well, and the device suggests it was a poor sleep last night? What are you to think? What are you to believe? What are you to do?


I’ve heard people say that, ‘I thought I was a good sleeper until I started wearing a [device]; now I worry that my sleep isn’t what it should be’. In extreme cases, some people can develop an obsessive concern about their sleep, checking immediately upon waking up how they have slept, and becoming preoccupied with controlling sleep and making it better and better. Indeed, in the clinical and scientific literature the term orthosomnia is now being used to describe this new sleep problem that is largely caused by the availability and marketing of devices.


People also ask me, ‘should I be concerned about my sleep . . . I’m only getting 25 per cent of my night in deep sleep’. They assume that deep sleep is what your sleep ought to be, and that more and more deep sleep must surely be a good and necessary thing. However, you see, depending on your age and stage in life, 25 per cent is actually rather a lot of slow wave sleep! As we have seen, even 10–20 per cent slow wave sleep in a healthy young person is quite normal; and in later life 5 per cent would be pretty good. This is an example of potential harm because using a device could actually increase anxiety and worry about sleep in someone who is a perfectly good sleeper . . . and, as we know, worry about sleep is a contributory factor to the development and maintenance of insomnia.


All this said, I am reasonably confident that most good sleepers will have no problem with a wearable, and that many people will think they are great, will have a good experience, and will say that they have helped.


My greater concern is for people who have a sleep problem. Here the use of the device is not just out of curiosity, it is less likely to be simply a lifestyle companion. If you have insomnia and are concerned about it, there is an elevated risk that you could come to depend on the device and upon the data and advice it reports to you. At which point we need to ask the questions, are the data valid and reliable; and do the data help or hinder?


Wearables and environmental devices are not medical grade and they are not research grade instruments. This means that they don’t have to pass rigorous tests concerning their performance or effectiveness. I’m not saying that they are unsafe, but I am questioning their usefulness for people who have a clinical problem with their sleep.


It needs to be recognised that people with chronic insomnia may be particularly vulnerable to the information that the device offers up. There is, I believe, a duty of care on the companies developing devices, therefore, to test directly, in large populations of people with insomnia, the validity of the sleep algorithms that lead to their sleep reports and to sleep advice.


From what I have seen so far, manufacturers of personal devices that are sold direct to the consumer have published trivial amounts of research on the performance of their devices in insomnia populations. Those data that have been published appear to be on samples of healthy, good sleepers. One cannot help but be concerned that the research that is available is not really there to support science or scientific discovery or to support sleep improvement in those who most need it, but to satisfy marketing claims. Granted, the devices will state that they are not intended for medical purposes. My point is that in the real world, people with established insomnia problems may be looking at spurious data. If the data from these personal devices is taken with a dose of scepticism, then there is less concern.


I also raised the question as to whether the data in any case help or hinder, even if the data are valid. This is more a point of principle about sleep data itself. I don’t actually think much good purpose is served by ‘knowing’ how much objective sleep you got last night, or the composition of your sleep in terms of stages or phases, or what sleep stage you woke out of this morning. Over the course of my so far 40 years of experience as a clinician in the sleep field, and of conducting research on insomnia, there has never been a positive indication for quantifying sleep using PSG in the care of people with insomnia. Far less would there be an indication for routine PSG screening or evaluation of the wider population of good sleepers.


We absolutely do not need to know the architecture of our sleep. It isn’t useful. It is a level of self-analysis that has no foundation in healthcare; and would likely cause confusion and anxiety. What devices are often trying to emulate is a laboratory style analysis of your sleep but taken in the comfort of your own home. But why? Even if you had insomnia, we wouldn’t do this anywhere in the clinical world. Besides, these broad parameters of objective sleep, even supposing the device did measure them in a valid and reliable way, are largely irrelevant to the complaint of insomnia and to the treatment of insomnia. The subjective experience of sleep is simply not highly correlated to objective measures and good sleepers don’t sleep well because they study their sleep.


All this said, I am sure that this section of the book will be amongst the parts that needs to be most frequently revised, and I will endeavour to keep things updated on social media! The technology is there, or nearly there, to measure the physiological and behavioural parameters of sleep accurately, and to close the existing gap between the wearable market and the medical device market. It remains to be seen who if anyone within the wearable technology industry will be willing to take the ‘publish or perish’ route, and who can solve the central challenge . . . which is about finding the best proxy for sleep complaint.


On the experience of sleep


You have perhaps used a wearable device, but probably never been to a sleep laboratory. In any event, I am sure you have tried to measure your sleep somehow! Perhaps by working out how long you think you have slept, or how long it took you to fall asleep, or how many times you woke up. These are measures of the experience of sleep, of what you remember about your sleep, and of the conclusions that you draw about your sleep. I bet you have found that it is not easy to calculate these things very accurately either!


You may even have tried to keep some type of sleep diary so that you can see what your sleep is like over a period of time, or to try to work out if there is a pattern. Diaries like this are very useful and we will be using them quite a bit as we assess and treat your insomnia. What I am saying is that your experience of sleep is very important, because that is what you have been living with.


Sometimes it is easier to think about the quality of our sleep, rather than its quantity. Sleep quality and sleep efficiency (which we will be thinking about quite a bit as we go on) have something in common. For example, you might feel that you have had a ‘good sleep’, or a ‘deep sleep’; or perhaps more likely, that you have had a ‘restless sleep’ or ‘hardly any sleep’ or that it took you a ‘long time to get into a proper sleep’. It is not always easy to convert these kinds of experience into numbers. Whether we are trying to estimate quantity or commenting on sleep quality, this is called subjective assessment. But we should not fall into the trap of thinking that subjective assessment is less important than objective assessment (such as PSG). What we think and feel about our sleep is terribly important, not least because it is our experience of sleep that relates most closely to the complaint of insomnia. This is usually what triggers helpseeking in the first place. Think of problems like depression or anxiety disorder as parallels. There is no objective test for either of these. They are subjective experiences and are treated on the basis of that subjective complaint. CBT works at this level.


It is likely that it was your experience of poor sleep that led you to be interested in this book in the first place. So, it will be important for you to keep accurate records of your subjective sleep experiences, and I will help you to make best use of a sleep diary. This is the form of assessment that is recognised internationally as essential for clinical work in insomnia rather than PSG. In other words, the complaint of insomnia, systematically summarised on a night-to-night basis, is the most important thing.


You may find it useful if I say a little about the relationship between subjective experience and objective sleep pattern, as measured by PSG. There are different sub-types of insomnia and we will be learning more about these in Chapter 3. One of the more common ones used to be called psychophysiological insomnia. In this form of insomnia, the person’s experience of sleep can be confirmed by PSG assessment. In other words, someone with psychophysiological insomnia may estimate that it took 45 minutes to get to sleep and PSG will confirm that they had difficulty with sleep initiation. Similarly, if the problem was staying asleep (a sleep maintenance problem) PSG and self-report would agree that there was a difficulty with wakefulness in the night.


However, you may be already familiar with the common finding from research that people usually sleep longer than they think they have. Indeed, you may have thought to yourself ‘it feels as if I hardly slept last night, but I probably slept more than I imagine’. The research literature tells us that people with insomnia tend to overestimate how long it has taken them to fall asleep (sleep-onset latency, or SOL), how long they have been awake for during the night (wake time after sleep onset, or WASO), and that they underestimate the total amount of sleep (total sleep time, or TST) that they have had. This has been taken by some to mean that people with insomnia ‘exaggerate’ their sleep complaint. Little wonder that many people with insomnia feel that their complaints are not taken seriously. However, this subjective-objective discrepancy should not surprise us. People who are normally good sleepers are likely to make very similar ‘errors’ in estimation on those occasional nights when they sleep poorly. This suggests to me that it is not so much the person with insomnia who is in some way at fault; but rather that the task is actually quite a hard one, and one that good sleepers seldom have to perform. During the night, in the absence of stimulation and activity, time can appear to pass rather slowly (don’t you know it!).


Another possibility, which has some support from recent research on insomnia, suggests that the PSG, when scored in the conventional way into sleep stages, may fail to identify more subtle EEG characteristics that form part of the underlying pattern in insomnia. For example, a tendency toward frequent micro-arousals or the presence of fast EEG waves (as in wakefulness or light sleep) intruding into sleep may correspond better to subjective experiences of insomnia.


Another line of research has shown that people with insomnia respond to auditory tones played while they are asleep, whereas good sleepers do not. When I say ‘respond’ here, I mean that – at the level of brain activity – auditory evoked potentials can be observed in insomnia, which are not evident in normal sleepers. It’s not that people with insomnia wake up, but rather there seems to be greater retained awareness during sleep. Remember earlier I said that maybe it is possible to be awake and asleep at the same time? There is also mounting evidence in animal studies of something that has become known as local sleep, where some cortical neurons will sleep while others remain awake at time of stress and fatigue. This is really interesting, and clearly much more research in this area is required.


But I never slept a wink!


‘Oh yes, you did’ you will have heard; ‘Oh no, I didn’t’ you may have answered, or felt like answering! Hopefully, the sections above can help you to understand how differences can arise in the way people perceive sleep. I want to mention, however, a particular form of insomnia where the hallmark feature is this debate, or I might even say dispute, about whether or not sleep actually occurred.


Clinicians and researchers have come to recognise a disorder that used to be called sleep state misperception. In this type of insomnia, the individual remains convinced that they obtained no or hardly any sleep, often over extended periods of time. On the one hand this seems unlikely, but on the other hand, there can be no doubt that these beliefs of excessive sleeplessness are sincerely held, by perfectly sensible and reasonable people.


When this disorder has been studied in the laboratory, sleep patterns that are fairly normal are often found. How can this be? Well, perhaps these are extreme cases of the disparity between different methods of assessment; the subjectiveobjective discrepancy. But we might just as accurately conclude that PSG is simply not up to capturing the nature of this sleep experience. For these reasons, the American Academy of Sleep Medicine re-named this disorder as paradoxical insomnia, to reinforce the paradoxical nature of the problem; apparently sleeping well yet complaining of severe insomnia. Paradoxical insomnia should be a priority for further research looking at sleep microstructure. I feel strongly that this ‘diagnosis’ should not be misused to criticise people who present with such symptoms.


Let us never forget then that the experience of sleep may be different from the sleep records obtained in a sleep laboratory assessment. Both are important, and they are not necessarily in competition with one another for ‘right’ and ‘wrong’. We need to recognise that the complaint of insomnia is what brings people to the attention of health services. Without that complaint no help will be offered or needed. If we distrusted self-reported complaints, people with depression, anxiety or psychosis would not get treated either. I am sure that given time, and good sleep science, better laboratory measures will help us understand the objective underpinnings of the insomnia problem.


What controls our sleep pattern?


You might be thinking that this sounds like a very important section; and you would be right. ‘Better control of my sleep – that’s definitely what I need, because it is way out of control right now.’ So let’s dig a little into the science of the sleep control system.


We now understand that two processes work together to regulate our sleep pattern. One is called the sleep homeostat, and this controls drive for sleep; the other is called the circadian timer and this controls when we sleep. You can see these mechanisms depicted in Figure 5, and that the arrows show they interact with each other.


Broadly speaking, the longer we are awake, the sleepier we will become. Extended wakefulness, therefore, increases the homeostatic drive for sleep. In physiology, homeostatic processes are there to restore balance, so sleep reduces the drive for sleep, and wakefulness increases the sleep drive. Much in the same way we become parched if we go without fluid, and homeostatic pressure, in this case thirst, increases as time without fluids increases. Drinking satisfies that thirst and so reduces the drive to drink.


The famous sleep researcher, Dr Bill Dement from Stanford University, California, uses the helpful analogy of the ‘sleep economy’ to explain the homeostatic mechanism. With each hour that we spend awake we accumulate an increasing sleep debt. In healthy good sleepers this debt is then repaid in full by the night’s sleep and they awaken refreshed and back ‘in balance’ the next morning. The analogy raises the possibility that there are individuals who, perhaps through lifestyle choices or for other reasons, find themselves in a state of chronic sleep debt. Indeed, there may be attitudes within some parts of modern society that encourage such lifestyles and pay scant attention to nature’s way of replenishing and restoring the individual. Homeostatic pressure for sleep is, naturally, stronger at the start of a sleep episode than it is later on; and this accounts, for example, for why it is that a nap can make us feel much better. Similarly, some people report waking after a couple of hours of sleep and feeling quite awake and refreshed. The restorative value of these early cycles of sleep appears to be proportionally greater. It is also a reason, of course, to avoid napping because there is the potential there to reduce the homeostatic drive for sleep during the night-time period, which is when we really want it to work for us.


So, let’s turn now to the circadian part. You may have heard of the circadian rhythm. This is a term used to describe the harmony of the sleep-wake schedule. Other functions apart from sleep, such as body temperature, also follow recognised circadian patterns. We are designed to function in a 24-hour world. The word ‘circadian’ derives from the Latin words circa diem, literally meaning around the day. Sometimes we talk about the body clock, meaning pretty much the same thing.
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Figure 5: How sleep is regulated


The circadian rhythm takes a little while to become established. During early development an infant’s sleep is not organised into day and night phases. Instead an infant will sleep and wake across the 24-hours. By around 6 months, however, the major sleep period becomes concentrated and more settled during the night-time hours of darkness, and there is more wakefulness during daytime/daylight hours. This process of circadian regulation is known as entrainment. In this way the body clock gradually approximates to local time. The hormone melatonin is largely responsible for the ongoing regulation of the body clock throughout our lives. Melatonin is produced in the brain, in the pineal gland. Its production rate is dictated by natural light, so that during hours of darkness (the normal sleep period) melatonin production increases, and as morning approaches and with it the coming of daylight, melatonin production is once again shut down. One of my colleagues in Oxford, Dr Russell Foster, was one of the team involved in making a great scientific discovery some years ago. They found that there are specialised cells in the retina at the back of the eye, called melanopsin receptor cells. These cells are sensitive to light and they help to regulate the timing of our sleep. It turns out that our eyes are important not just for our sense of sight, but for our sense of time.


So far then we can see that the sleep homeostat determines our need for sleep, and the circadian system defines the normal timing of our sleep (at night) and the normal timing of our wakefulness (during the day). Of course, there is some natural variation in our daytime wakefulness, and how alert we feel. For example, you will probably be aware of the afternoon dip when we tend to feel temporarily rather more tired. Indeed, in some societies it is normal to have a ‘siesta’ at this time because it also coincides with the hottest part of the day. In terms of our circadian tendencies there is much to be said for that lifestyle!


Circadian regulation, however, is not just to do with our sleep. All major systems in the body have molecular clocks that govern the functioning of our organs and their subsidiary functions such as hunger drive. The central master clock is situated in the suprachiasmatic nuclei (SCN) of the hypothalamus in the brain, and acts like the conductor of the peripheral clock orchestra to keep all the organs of the body in tune. I hope this is a useful mental picture and soundtrack. We all know what the cacophony of discordant music might sound like – this is what some people feel like when their sleep-wake system is out of sync with local time, or when their various clock systems are out of sync with each other. The common experience of jetlag is pretty much what I am describing here.


We also know that if we take a single cell – yes one solitary single human cell – and put it in an observation dish with sufficient energy to retain life and function, then that single cell will follow a 24-hour sleep-wake rhythm all on its own. The body clock then is not just a figure of speech; but is an integral part of our very being.


Before moving on from this section, as I was saying before, it is important to note that it is the interaction of the sleep homeostat and the circadian timing system that, under normal circumstances, leads to good sleep. Look at Figure 5 again and think of it this way. From the time you wake in the morning, it’s as if you begin to build up debt to the sleep banker. Each hour you spend awake is, if you like, sleep deprivation that needs to be repaid. Your sleep debt is growing. However, as the sleep homeostat cranks up, the circadian system interacts with it and holds off repayment. It keeps us awake and alert right across the daytime hours. As evening, night-time and darkness ensue, however, the circadian clock releases its grip on the homeostat. This delivers us into sleep, during which the homeostatic pressure is discharged, the sleep debt is repaid, and we emerge in the morning refreshed for the whole 24-hour cycle to repeat itself once more.


You will see in Figure 5 that I have added another component to the process regulating sleep. Here we have our dove, representing what I call automaticity. Apologies for yet another complex term – but it is actually quite straightforward in meaning and it links to what I was saying earlier. People who sleep well usually have absolutely no idea how they do it. Perhaps you have asked them. My point is that the automatic nature of this type of ‘control’ over sleep is crucial to normal, good sleep. The homeostat and the circadian timer, when they are properly adjusted, do their job best without any deliberate control by the sleeper. This is the dove that has landed near one’s hand (see page 3). Contrast this with the situation in insomnia where no doubt you are often preoccupied by the sleep problem and its consequences? I call this the attention-intention-effort cycle. Your attention is drawn to sleep and to not sleeping, you become deliberate and intentional about your approach to sleep, and you end up trying way too hard, which makes things worse. This is a process that inhibits the natural automatic control of sleep, and it leads to insomnia, when the dove flies away. We will be learning a lot more about this and how to get the right kind of control over sleep using CBT methods.


Why do we need to sleep?


Before I answer this question, let me ask you a different one. What are the bare essentials for life even to exist? Well, I can only come up with four.


These are air, which provides us with oxygen; water which provides us with hydration; food which provides us with nutrients; and sleep, which provides us with function or capability. None of these things is an optional extra in life; they are all fundamental requirements. In fact, you could survive for three times as long without food, as you could without sleep. We have not, of course, done the experiment on humans, but we do know that experimental animals will die much quicker of sleep deprivation than they would by starvation of food.


Indeed, much of what we know about the importance of sleep comes from the experiences of people who have taken part in selective sleep deprivation experiments. That is, where insufficient sleep, or no sleep, has been taken over successive 24-hour periods. The bottom line is that when people are sleep deprived, they are not able to function properly during the daytime. Figure 6 serves to summarise in a single diagram all that sleep does for us.
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Figure 6: Understanding why we need to sleep


As you can see, even the most basic processes of recovery and body ‘maintenance’ rely on sleep. We need sleep for waste disposal. I don’t mean perhaps what you are thinking of here – although we do of course digest food during our sleep. I’m thinking of toxic waste – and neurotoxic waste in particular. During sleep, there is a deep cleansing of unwanted protein that if not removed could cause both physical and mental problems. Then we need sleep for repair, and for growth. We know for example, that cells are regenerated only during sleep. Research has shown that even equivalent lengthy periods of complete rest don’t do that job. So, without sleep, lost or damaged tissue would not be repaired. It really is true that a rest is not as good as a sleep.


Next, in Figure 6, you can see that during sleep our bodies are re-energised for the day ahead. For example, the levels of the energy-carrying molecule ATP (adenosine triphosphate) surge in the early hours of sleep, especially in brain regions that are most active during waking hours. Sleep then acts as a refuelling station; as well as offering a break from the energy depletion of the typical exhausting day. Then you can also see that sleep plays a vital part in what we call immune signalling. We know that lack of sleep reduces the body’s production of cytokines which protect us from infection. Antibodies are essential to fight infection and infectious disease, and sleep is nature’s way of regulating the body’s crucial immune responses. Quite often, we seem to have shaken off illnesses overnight.


Continuing with Figure 6, we also see that sleep plays an enormous role in cognitive and emotional functioning. Studies have certainly shown that it is not just physical health that is heavily dependent upon sleep.


Let’s start here with learning and memory. Lack of sleep impairs our attention and concentration, reduces our ability to multi-task and makes us more likely to make mistakes. Indeed, sleep is closely associated with our ability to be creative and to be sociable. One way of looking at this is to recognise that sleep serves a primary function to make our brain capable of learning, remembering and acting wisely, based on experience. Sleep enables us to perform at our best because our cognitive ‘powers’ are restored by sleep. Memory consolidation, for example, is dependent on sleep, and research studies have shown that people remember things better after periods of sleep than if they had remained awake.


Sleep also is a primary source of what we call emotion regulation. We can all think how grumpy we are when we need more sleep, but we are also more prone to worry, anxiety and low mood if we are not well slept. I remember my gran telling me that ‘things will feel different in the morning . . . what you need is a good night’s sleep’. And it’s true, there is a recalibration of emotion from impulsivity to reasoned behaviour, and from negativity to positivity following sleep. What sleep offers is a secure platform for us so that during the day we can be free to act on the world as we see it, with all the decisions to make, activities to complete and relationships to manage. During sleep, of course, our minds are given respite from all this ‘output’ and sleep can do some of its best work to help us re-set and reframe for the next day.


So, as you can see, my simple answer to the question, ‘what is sleep for?’ is that the purpose of sleep is to make sure we function properly, physically and mentally. I guess that sleep is nature’s medicine, so that we can experience a good quality of life. The effects of sustained sleep loss or poor sleep touch almost everything, as you probably know. All the more reason to solve this sleep problem ASAP!
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