A Conversation with 

David Dinges

Roger Bingham: We are in Seattle at Sleep 2009 with David Dinges who is a distinguished sleep scientist at the University of Pennsylvania School of Medicine. The first school of medicine in the United States, in fact. David, in the journal, which you edit, I believe, “SLEEP,” there’s a paper called Dubious Bargain: Trading sleep for Leno and Letterman. Could you elaborate on that for me?

David Dinges: Well, my area of specialty is trying to understand the role of behavior in human health and safety and we’ve been trying to understand why there are now, literally, dozens of studies around the world showing that how long you sleep, both short sleep and sleep that is too long, in either direction, are associated with obesity, cardiovascular disease, and all cause mortality or death. And one of the areas we’ve begun looking is what are people doing in place of sleep? What are they trading for sleep? In a series of papers, this is one of them that we’ve published, we’ve found that people are working long hours and spending time in cars, busses and trucks. And those factors tend to reduce sleep time or are associated with reduced sleep. We then set out to determine, ok, if sleep is being reduced by those two things, surely there are enough hours during the day to get some additional sleep. What decisions are people making at home? There we found something, confirmed it with this time utilization database in the United States on forty thousand or so Americans that it is the alarm clock in the morning and the television set at night that are dictating our biological rhythms. It’s not sunrise and sunset, which is what we are programmed for biologically, it is these arbitrary social timing systems. Alarm clocks in the morning for commutes, the more you work, the earlier you get up, and in the end of the day, the going to bed time is dictated, too, by primetime television in America. 

Bingham: So, if you are burning the candle at both ends, getting up earlier for a longer commute because urbanization, big cities, and so on, at the end of the day, staying up late and watching television. What are your choices here? Where do you stop burning the candle. 

Dinges: Well, from my perspective, that’s an easy one. You give up some of that evening time. You go to bed a little earlier. And if people can’t do without their television, I would advocate that we shift primetime back one hour. Time, to humans, is incredibly arbitrary. Some countries have no time zones; others have lots of time zones. China has none, we have them all over the United States, you know, shifting, to reflect orbital mechanics. So we jump every year an hour to daylight savings or back and forth, so time is quite arbitrary to humans and biological time is what matters to our ability to get sleep. The only way to capture biological priority for sleep is to get to bed earlier in the United States and to do that we should take our social requirement for television and shift it earlier. I have no idea if the networks would like it but it’s a kind of simple way of having a big difference. 

Bingham: I was going to say, I was looking at the date of this paper and wondering did they read this and move Leno to the ten o’clock show before or after reading it?

Dinges: I would love to think I could have that kind of impact but alas I am fully aware I had nothing to do with that. 

Bingham: Let me put that together with another paper, which came out recently. Maybe you could speak to this. In England, Michael Marmot has been running this long study of civil servants about their work habits, sleep habits and so on and so forth. Can you gloss that one for me a little bit as well? 

Dinges: Well, it’s a very important database and it tells us something about the natural history of human health and behavior and that database has become useful for understanding what kinds of lifestyle factors are related to what kinds of health outcomes. This is now a major focus, globally. We don’t know what causes what but we are finding signals all over the planet, from China, to Europe, to the United States, to Australia, everywhere that suggest that the way we live our lives has some intimate relationship with our health. Not just whether you smoke a cigarette, or drink four drinks a day but actually the patterns of our behavior as a species. The way we swarm on the planet the way ants would swarm on a melon. That is, when we are active, what’s controlling our behavior in the arbitrary and superficial environments we create. And that seems to be part of our understanding of what’s happening to our civil servants, what’s happening to average, everyday people, regarding health outcomes. 

Now these problems can be particularly difficult to take on, intractable even, because economies depend on them. And economies become major barriers for humans to change their behavior. 

Bingham: I was going to say, the intimate interconnections of these various disciplines, I’m thinking not only sleep science, sleep medicine, but also diet, nutrition, metabolism, learning. Arne Duncan, the new Secretary of Education, suggested he would like the school day to be longer, he would like children in school longer. But the impact of that is immediately, what’s happening to the soccer moms who are picking them up at certain times and the fathers who want to get them to school and so on. 

Dinges: There’s only twenty four hours in a day by virtue of orbital mechanics, and what humans seem to do, unlike any other species is, we compress time and space. So we compress time down. We have rush hour, we have fast food, and we have a hundred ways we try to multitask. We are on our phones, we’re watching TV, and we’re driving. In other words, human’s brains seem to want to experience reality the way they experience consciousness. Which is everything immediately. So we pack more into a twenty-four hour day than realistically could be achieved in a healthy and safe manner. And we live right at the boundary of that and develop social and economic systems that feed off of that. So it’s what’s historically called the Rat Race. Ok, and we’re the rats, and we won’t stop the race. 

Bingham: What would you do? Where would you put the priorities if you were in government, say, and you had to figure out how best to have well educated children and keep the economy going.

Dinges: With the basics, basically. Sleep is one of the basics. Proper diet, exercise, sleep, good fundamental early education and health. Those are the basics. So you start there and you make the changes in the system necessary to protect the basics. 

Bingham: Now let me say that there’s posters downstairs in the convention center at the sleep meeting and you’re going to look at them. There’s posters there about the amount of sleep, lets say, physicians get, or nurses get, or school children get or there’s papers about the affect on sleep hygiene of kids playing video games late into the night. There’s no way of avoiding this. You can’t mandate sleep, can you?

Dinges: Well, you can’t, but you can create sleep opportunity. And one of the ways to create it is to remove some of the competing activities in the sleep area and to create sleep optimal environments. And then create a culture that values being fully alert and rested and doesn’t need to just rely upon a stimulant in the morning to get going. And I’m not trying to denigrate the caffeinated beverage companies of the world, but the bottom line is that for our children, you know, it is one thing, as free adults, to decide to do something, but to have energy drinks for kids, or caffeine coming into schools and things, that’s really a dubious way to go forward. I think we’ve got to figure out how to achieve our goals as cultures, educating as many as we can, and at the same time, protect the biological system that have evolved over millions of years that create some sort of quality of life around health and well being. And those are the fundamental ones, which is how we solve the energy equation. With adequate sleep and wake, food, etcetera. 

Bingham: Except we do live longer now than hunter-gatherers did, apparently.

Dinges: Well, we’ve cleaned our water. And that goes a long way in cultures and I’m not suggesting that life is so horrible, but there is no question that the evidence from large epidemiologic studies is that we have got a matrix of behavior that actually can lead to premature death when it needn’t, like obesity, or diabetes. In other words, we don’t know the limit of how long humans can live. We’ve pushed that limit back aggressively, with better health care and food. We can go further, but there are very clear signs that the limit step on us now may be our lifestyles. And, so, to some extent, we have to ask ourselves, is an extra hour of television worth a missed hour of sleep? That’s what I’m talking about, from the standpoint of trying to ensure that people are getting the adequate sleep they need to be fully healthy. It means living within one’s biological limit. I understand as a scientist, because I’m sometimes asked to, what can you do to get around those biological limits? But we haven’t yet found sufficient ways to avoid the biological limits like removing sleep altogether, or reducing it down and still getting all the health benefits of sleep for both the overall brain function and behavioral capability as well as your energy and metabolism and ability to process food and not gain weight. 

Bingham: This is a copy of “The Scientist” magazine for just last month, great picture of a yawning baby, cover line, ‘Why sleep?’ A couple of very interesting pieces in there, some about Giulio Tononi’s work and Chiara Cirelli’s work. It struck me as interesting that there is this debate about why we actually sleep. What is sleep doing for us? I was just looking back because I’m preparing for another meeting which has some history of science elements in it. Francis Bacon’s book, Novum Organum, which was written in the 1620’s or something like that, and he set out there for the first time, “An outline of a natural and experimental history,” and he listed all the things he thought we ought to be understanding. This is the early sixteen hundreds, just before the royal society was formed, and he began with the History of the heavens, or Astronomy, History of the structure of the sky, History of comets, History of blazing meteors but you get to number fifty one, on his list here of a couple of hundred and it says “History of sleep and dreams.” So this was obviously a topic of enormous interest to the earliest scientists, although they weren’t called that, then. Nearly five hundred years later, we have an issue of a magazine that says “Why sleep?” We obviously haven’t figured this one out in five hundred years. Why not?

Dinges: First of all, I think that question “Why sleep?” only emerges in evolution with this very recent hominid, Homo sapiens, us. That other species, without this huge protruding frontal lobes and parietal lobes, I doubt actually pondered our existence or what the function of sleep is. But the instant you get an animal that can move anywhere on the planet, dominate all other animals, reproduce itself to billions, then start leaping across both space and time with inventions like jet engines and rocket ships and televisions and telephones. In a short period of time, two hundred thousand years, you have a creature that starts to ask that very question. Well why do I need to sleep? Why do I need to eat? Why do I need to die? Right? And so those questions emerge along with questions like am I alone in the universe? Is there a god? What is life about? It emerges from that fundamental curiosity of who we are as Homo sapiens. Now that’s not terribly insightful, it just describes the status quo. 

Now, could we do away with sleep because, in a sense, when a human culture starts asking why something, like why the moon? That’s shorthand for saying we’re going to the moon. So, why cancer, is shorthand for saying we’re going to cure cancer. And so I think what you are seeing is just part of what is a natural history of human attack on systems that they view as limiting on the human brain. And sleep is seen as limiting in modern twenty four hour, seven, industrialized cultures. It’s seen as not something that is natural the way it might have been in an agrarian economy, but it’s seen as the need to understand why we have to stop and take time out. Associated with it are dreams, which are mentation, which we don’t entirely control. It’s a little frightening and a little curious. Why would we have mentation about things that we don’t seem to be in voluntary control of? So sleep and dreams together are these great mysteries, historically. I think for modern humans and the why sleep, and why dream, it really emerges directly from why everything else and all the other questions I mentioned. I think they are just a part of the broader way our brains see the world. 

Bingham: Is there another part of this, the sheer intractability of the experimental method to solve some of these things? Individuality, for example, suppose you have an entire cohort in your experiment, you don’t know, necessarily, which people, genetically, are fast caffeine metabolizers or slow caffeine metabolizers. I suppose you could find out, but there are so many variables in there that it’s a difficult problem to resolve, isn’t it?

Dinges: It is, in fact, we know that that variance is in human species, there’s enormous variance in differential vulnerability to things, we don’t know if it’s something so complex, meaning there are so many different kinds of it, we couldn’t really get our arms around it, but there is no question that the assault on the fundamental physiological processes at the molecular genetic level is an effort to try and understand it. What that means is in egalitarian societies that pride themselves on saying everyone is equal, or everyone has equal opportunity, hidden right below that, and emerging right out of evolution, are different backgrounds, genetically, that may lend themselves. 

Some people are more vulnerable to kidney cancer, other people more vulnerable to sunburns, whatever. The point is we are carrying with us, in an age of when we’re trying to understand the natural history of diseases that we can interrupt early on. The fact that a lot of the problem, or fault, in the vulnerability rests in our own individual genes. And this now brings it down to what should we know and who should know it and what should we do about it? Should we identify our vulnerabilities? This is what personalized medicine is trying to do. For cancer, most people would say yes, absolutely, let’s do that. But what if I said what about sleep loss? What if I could find out if you’re one of those people who is very vulnerable and I’m not, or vice versa, do I get picked for the job, then, to fly the airplane? Or be the CEO or the Commander in Chief because I don’t need as much sleep, or I’m not as affected by sleep loss or do you. Once it gets in on touching voluntary behavior, or brain function, humans get extremely nervous. We’re sort of biased towards lower organ systems. No problem, find out my genetic vulnerability. As soon as we move up above the chin, into the brain, we become very nervous because we see the brain as the organ that is sort of egalitarian, that is all brains are equal, all brains have a right to the same thing, the brain is the organ of behavior, of happiness, of rights of liberty and freedom and we’re afraid of anything that would suggest that these differences are in the brain. But we know they are in the brain. And we know these genes are active there. We know this from animal experiments, and in human differential vulnerability.

We face, right along with these really terrific scientific questions, which I do believe the scientific method can ultimately help us solve, but we also face right, co occurring with them, these fundamental ethical questions. And the ethical questions have to be informed by the science. We often try to answer the ethical questions without knowing the science. It’s a terrible mistake. We need to actually know the most about what the science can do in order to answer the ethical questions.  

Bingham: You have a session coming up on Thursday, “Does sleep have a universal vital function across individuals in species” that Jerry Siegel is running. Your talk “What does modern human sleep need in response to sleep loss?” Suggests a universal function of sleep. You are basically dealing with the human universal need for sleep. 

Dinges: We’ve talked about sleep scientifically, we’ve understood that there is sort of a normal distribution that is a spread of sleep need. We sort of stop there and assumed that everything that happened to you in wakefulness related to sleep is due to whether you were born lucky with a low sleep need or a high sleep need. We now know that there’s a distribution to a vulnerability to sleep loss, or to being awake or being on the night shift, or jet lag or shift work. And that may or may not be related to your sleep need. There may also be a genetic range, or vulnerability, to how fast you adjust to a new time zone. Whether it’s daylight savings time, or flying across time zones. We’ve got multiple overlapping distributions related to sleep/ wake and circadian dynamics. What that tells us is that humans, just like other species that are carrying genes, there has been evolution, there is re-adaptation going on, there is variability in genetic possibility among humans. And the question now becomes, should we be concerned about it? Should we understand it? Should we use it? Measure it? Identify it? And if we do, who has that authority or power and how does it get used? I mean should all long haul aviation pilots be people who are able to adjust rapidly to time zone changes? Or should we not use it for selection and should we use it for identifying what ways to help people who are more vulnerable? Who are more likely to suffer the effects of sleep loss, or need more sleep, and in so doing, we make sure that their lifestyles are tailored to get what they need. And it’s the latter that I think makes more sense but the former is often where the debate goes. 

Bingham: I’m very interested in your question of the ethics there and how invasive this can be. Plainly, if one was seeking a good typist, you would look at their typing speeds and take the one that can do ninety words per minute. But as you say, once you get to, well your genetics suggests that you are going to be really groggy in the morning, I really don’t want you operating my machinery, or I really don’t want you sitting looking after my nuclear reactor. Where do you draw the line on issues like that?

Dinges: I think you first start off by not making it so black and white. There are many factors that go into proficiency. You can have someone who is quite vulnerable to sleep loss who’s an airline pilot or who’s a surgeon but they are also someone who is extremely skilled at it. Either through natural aptitude or training, or likely, both, and because of that, that overrides the variance associated with vulnerability. In addition, our laboratory looks way beyond this and says well, how could you maintain the capability of a human who may be vulnerable? And that moves us into the world of technology and machines. 

Bingham: Right, and some of the advances in sleep medicine, which is a relatively young discipline, I think of the continuous positive air pathway, CPAP, machines, which help people with obstructive sleep apnea, there’s all sorts of things which seem to be having a positive effect. 

Dinges: I’m thinking way beyond that. I’m talking about human machine interface. I’m talking about your car, when you fall asleep behind the wheel the car takes over automatically. It doesn’t just park and stop automatically, it keeps you on the road, stabilizes your steering, gets you off the road. It knows whether you are conscious or not, whether your eyelids are open, and that age is coming very fast on us. And it will come out of a need to do that in space, it will come out of a need to do that in other high tech environments. But it will, like most other technology, rapidly filter down into the culture. In other words, what I see coming, is an age of machines that will allow evermore incapacitated humans to continue operating. So that there will be a further erosion of the normal biological structure of sleep and wake, so that you’ll be able to sleep while your car is doing one hundred kilometers down the motorway and that, I think, is the direction we are moving in, and again, fairly rapidly. The age of machines is really here. I don’t think humans are paying attention to it. We are very focused on biologics, genetics and drugs and things. But the age of machines is coming fast for humans. The next generation will not require pilots in cockpits. We don’t really need them there. I know this will shock some of the people listening to this but an automated aircraft is capable of extraordinarily high performance for a sustained period. 

Bingham: So will we still have lots of people driving off the roads?

Dinges: I don’t think so. I think what we are going to see is in long term plans in intelligent highway systems and intelligent motor vehicles. It’s not as though the vehicle is human, it’s just human like. It can talk to you, it can sense you, it can read your face without putting sensors on you like optical computer recognition, it can sense whether your eyelids are open or closed and look at your variations in lake tracking, and your speed and either correct for you or warn you, or tell you down the road is a place to pull over and sleep. I think we are going to see more facilitation of human capability to prevent inadequate sleep or other health conditions from getting us in trouble when we are trying to operate. So we are going to continue to use technology to maintain human functionality, behaviorally, while we cope with some of these things that erode our capability. The question is how far can we go and in the health area, there may be limits here. There may be when you reduce sleep too much, you just live with a set of chronic conditions that lead to a premature death or cardiovascular disease, or obesity that is difficult to undo. 

Bingham: Cover of TIME magazine, recent story by Stephen Johnson about the Twitterverse. The point you were making earlier about the fact that the technology will, in fact, help, ameliorate some of the conditions or the problems that have been caused by technology. 

Dinges: Well, yes. It’s a little unfair to say technology. Almost all of human’s wounds are self inflicted. That is to say we have done it by virtue of our desire. We are a social animal, a really smart social animal, we like to be together in large numbers. But these technologies and the way the generation coming accepts them, and uses them really illustrates how we want the world to be the way we experience consciousness. I can think about my mother in Kansas, but you don’t know that. But I can twitter her now, or I could phone her, I could email her, it won’t be long until I can see her face on my watch and interact with her. The point is, we are creating technologies that extend our sense of consciousness and particularly social consciousness. And I think that will just continue. And it’s kind of remarkable. We are pushing the boundary of what it means to be able to communicate with other humans. Some of these technologies allow us access to the six billion people on the planet, or at least the two billion that have these technologies. I mean, it’s quite remarkable when you think about it. 

Bingham: The other point about this, though we’ve spoken about this before, you simply cannot isolate something like sleep medicine from the entire societal background. So that puts a burden on everyone who gets involved with this issue. This is not just an issue that you give to scientists. 

Dinges: It’s a serious conundrum because, historically, the way humans have dealt with it in organized societies is they say ok, government, you regulate this. But as you said, it is potentially easy to regulate when people work or drive, but how do you regulate when they sleep or eat, or make love? Once you enter what is considered the domain of biological privacy and behavioral privacy, it’s nearly impossible. And societies that have attempted to do it just fail miserably at it. Create black markets and everything else. Imagine a black market in sleep time. I think what we are facing here is just as we are thinking about what we are doing that affects our planet and our environment, we have to start thinking what are we doing in urban planning, and the way we organize work and having all people work together in concert, etcetera. What are we doing that we need to change that would allow lifestyles that put sidewalks back in and walks for people and time for sleep. How can we capture some of the environment that humans evolved in that we’re well suited for despite this terrific brain we have that’s constantly seeking to shortcut both time and space. 

Bingham: But there, again, you look at the giant interconnectedness of the web of life, here, you then throw into the equation something like climate change or global warming and you start saying to yourself, well, suburbs, long drive, cost of gas, people start moving back into the cities, cities get bigger, mega structures and we have to figure out how to deal with them. 

Dinges: They’re emerging properties out of large numbers of humans, no question. 

Bingham: Exciting challenges, I like to say. 

Dinges: They are, but again, I think as you and I talked, the questions I would ask is even though we have been here two hundred thousand years tops and the crocodilia have been here millions, or the birds, they didn’t go to the moon and they didn’t invent submarines and they didn’t invent shift work and cities. We do that. We are unique in doing that and so if we create these problems, I firmly believe we have the ability in our brains, the way we organize our societies, to stop some of these problems or reverse them or do better particularly around the overall quality of life for more people on the planet. So I’m an optimist in believing that we humans can undo or correct course when they’ve gone too far and the technologies that put us in touch with each other around the world, the global community, in effect, allow us to now more easily communicate when things are going bad. Whether it’s the initiation of a flu epidemic out of North America or whether it is a tsunami wave or whether it is an economic collapse but we have ways of alerting the whole planet now, that there is something happening that we need to be prepared for or stop, or avoid, or prevent. 

Bingham: What would be the optimal advice that one might come up with in terms of the relationship between sleep and learning. If you were a parent, say, for example. Where has the research gotten to at this point?

Dinges: I think you have to first understand that just as exercise is for muscles, so sleep is for the brain. The brain is a use it or lose it organism and rest for muscles, which allows it to reduce the lactic acid and then you exercise it again, in the same way, taking in new information, the brain gets stronger. The more it thinks, the more you use it, the better it gets. That’s why education is so important. Knowledge is so important. It’s not just remembering things, it’s learning to problem solve, it’s learning new experiences, assimilating new ideas. But it needs to be able to recover from the daily intake of information. That’s what this fundamental, biological demand for sleep is at least, in part, about. And the recent evidence, I think, supports it clearly. We are still arguing about is it procedural memory or is it claritive memory, or is it both? How much sleep do you need? But the bottom line is sleep seems to be absolutely fundamental for trying to prepare the brain for the next period of wakefulness. And in doing it, it definitely enhances memories in a sense that it consolidates memory. You wake up able to remember more and to use that material more readily. So there is no question in my mind that already we can say, unequivocally, that sleep is beneficial for memory even if the only way it benefits is by reduced interference, which were the old Emminghaus ideas. But I think we know much more than that, it looks like there’s a bona fide physiological benefit from sleep.

Bingham: Two points here, if children are going to stay up late at night, then is that an argument for saying school should start later in the day. That’s going to be one question, a practical application. Let’s deal with that first. 

Dinges: for adolescents that may be the only way to go since biologically they are not only, well they are biologically driven to separate from parents during adolescence. So part of the staying up at night is to be awake and interacting with your friends while your parents are asleep or away. It’s a kind of manifestation of the set biologically driven separation of adolescence to prepare you for full independence. In addition, though, they are up because there are computers and lots of other things going on. Their sleep need is still high and we do the reverse thing in the United States, the older you are the earlier we bring you in so as Mary Carskadon and others have shown we are squeezing them on both ends. Then they develop these sleep debts and our risk for car crashes and not learning and emotional disturbance and other things. So what would you do? Well, first of all, we probably need to think about how we are doing schooling right now and is it really the most effective way to have all the kids in school at the same time and bring the older kids in early or do we need to stagger and try new models. I’m in favor of experimenting with new ways, and I don’t mean in a laboratory, I mean whole communities being allowed to experiment with new ways to try and teach and get things done in education. And at the same time, respecting some of the fundamental biological needs of the kids, particularly around sleep/wake cycles, etcetera. Now, it’s a tough problem, even in a small community to try and do it because the competing entities are numerous. Ranging from the extra curricular demands on the kids to those kids who have to work in addition to going to school, to the parental demands, families where both parents are working, maybe multiple siblings, maybe a long commute to school. So in effect, kids are experiencing a sort of microcosm of what their parents are experiencing in their own lives. We have to figure out how to come to grips with it in some way. Many people feel it’s hopeless. So they wait for the day we can either eliminate sleep or come up with a drug that you take where all the recovery of a ten-hour period of sleep or an eight hour or six hour period is packed into twenty minutes. But that, we’re nowhere near to. And I would suggest that waiting for that is probably not a good idea. That what we’d better do is first look at where the opportunities are for trying to sleep smart and ensure that we understand how to best fulfill sleep needs in a natural way. 

Bingham: I guess what I was getting at there was in terms of injecting more evidence based information into schooling, for example, using sleep research. A couple of things that were first to bite the dust in terms of curricular, PE, exercise, gym went out, music classes went out. Research quite clearly shows that those are two of the most important things you can have going for a child’s development. Certainly in the proliferation of new cells and dentate gyrus, movement is essential, and so on and so forth. Is there something in the sleep field right now that is equivalent to that, that you say is a must? The politicians must be aware of when they’re working on issues like in state superintendents when they are working on curricular issues. 

Dinges: I think from a standpoint on sleep, it’s that particularly younger children are extremely vulnerable to inadequate sleep. From the standpoint of the studies that suggest that there’s a greater likelihood of obesity, that they may fall behind, or lose the ability to stay up with progressive classes and that sleep is part of education. This is the single, since sleep does help consolidate memories, it does improve alertness, attention, working memory, if you want kids to be online in class, meaning focused on the material and learning, you’ve got to make sure they get adequate sleep. And right now we don’t have a system prepared for that. A child comes to school and looks like they’ve been injured in some way or they are in tattered clothing, we have systems that sort of kick in for that but we don’t have systems that kick in if a child seems like they are falling asleep all the time. We sort of say oh, yeah, they are all falling asleep, and there’s a very cynical view towards this and yet at the same time, we need to understand that sleep is a fundamental part of overall health and behavioral capability. Smart people can sleep. At least sleep as much as they need. Kids need that opportunity to sleep. When I was a boy growing up, television ended at eleven or midnight and a test pattern came on. There was nothing to do but go to sleep. In my lifetime, there’s been a sea change. There’s a thousand things to do, you can go shopping, you can go on the internet, you can buy products, you can watch movies, you can just do virtually anything. So there’s been this complete erosion of the natural barriers of time that once came out of our culture, as agrarian culture, etcetera. That’s the fundamental problem. We are trying to use it in some economic or social model when in fact, our most vulnerable populations, like children, must get the sleep they need to be fully capable and to grow into fully mature adults capable of functioning well.

Bingham: I talked recently with Peter Diamandis who runs the X PRIZE. The X PRIZE, if you remember the privately funded enterprise to encourage people to come up with a space craft. They are now doing a whole series of X Prizes. I asked him about education, which is obviously, not as simple as put the thing in orbit, and land right and do it again. It’s a whole system, there are all these individuals involved, and so on. And his point was to say, much as what you said, that perhaps the only way to do it was to take a prototype population somewhere and find out what the incentives were that worked, because you get what you incentivize. And if something is going wrong, you have to figure what you’re incentivizing that is wrong. So in terms of incentivizing people, from the perspective of sleep, to improve learning, your solution would be…?

Dinges: Well, I think, first we have to understand, exactly what you said, where the incentives are. Why do people stay up and watch television, for example. Why not go to bed? If it is because television is fundamentally enjoyable, and it just feels good to let your mind relax, you are entertained without having to spend a lot of energy to understand it. It’s not terribly cerebral. It’s a mystery show, or it’s a comedy show, or something. And if that’s really valuable to humans, from the standpoint of something that’s attractive and repetitive and fun and rewarding, then fine, move it back. Just give them that extra hour. There’s no reason you have to put it on later. The most arbitrary thing in the world is the ability to put it on whenever you want. So put it on when they can watch it. At first people will say oh no! That will be the end of the world, you know, they’re doing dishes afterwards, they’ve just eaten. no they aren’t. they put those in the dishwasher. I think what we have to do is look where the discretionary time is and ask how do we change that? It might be as simple in some communities, large cities, as changing everybody, their incentive for going home and coming in to work at a certain window of time so we can control the amount of volume. Or maybe just building more mass transit systems. We have to look for ways to make this possible. 

I’m not sure it’s on the radar screen, yet, because we still identify in hard charging industrialized cultures, we identify sleep with, somehow, reduced motivation. Caught napping, slacking, you know, inadequate. I have this cartoon I show of this prepubescent girl, she’s about eleven or ten, lying in bed, she’s waking up with her ice skates on the bed, it’s 3:51 in the morning. It was a full page add in USA Today, it said ‘Company X is proud to bring you Olympic moments like this,’ and I realized, my God, are we waking up prepubescent little girls before four AM so they can practice ice skating? To be Olympic heroes? Is that what it’s about now? Are we that desperate to be entertained by whoever? And I think the values, they’re not bad values, I like proficiency, I like great skaters and things, they’re just values that have not been boundaried by age group and vulnerable population, etcetera, and we need to put some common sense back into this regarding who is appropriate for some of these things. What are the messages we send to each other about the need for sleep?

Bingham: So in your field, what are you optimistic about in the field?

Dinges: Pretty much everything. Because as a scientist, the scientific method, for me, is an opportunity to discover solutions to these problems, to identify the nature of the problem, trying to understand it’s simplicity or complexity, and then to look for opportunities to change it. So from my standpoint, I have a lot of optimism that we will, also humans are quite creative, despite the negative spin I put on some of this, it’s amazing to me how in our economic systems, someone will come up with a better idea and suddenly something that was a problem can go away. And because of that, I’m convince that we have the potential in us to continue to move ahead, we’ll create new challenges, but we’ll also solve some of these. We still, though, are running headlong into confronting our biology. We don’t know how much we should be manipulating it or not. In other words, should we actually try to trick the brain and body regarding what we eat or how much we sleep? Or should we just live within the limits that nature gave us, evolution provided us? I think we are struggling mightily with it. And I think we are taking the stand that maybe we should not live within those limits. We should go ahead and push the envelope on it and see how far we can go. If we are going to do that, we need to do it with extreme care and a real thoughtfulness on how we do it. Focus first where the need is greatest, with disease and genuine premature death and poverty and things like that. 

Bingham: How did you get into the sleep business in the first place? 

Dinges: As a behavioral scientist I wanted to understand what controlled behavior. I looked around and asked myself, what are the dominant forces and they seemed more biological and sleep’s a big one. It controls a third of our lives and if you consider circadian rhythms with it, the two together are actually controlling both our wake and our sleep and our behavioral capability, our moods, our emotions, if you mess with one, or disturb it or change it or it gets disturbed with a disorder, it affects our capability. So, for me, the avenue for understanding human capability, very much came out of the biological need for sleep and circadian rhythms which are reflected in our biological heritage and earth zone orbital mechanics. 

Bingham: But even before that, why science? I mean did you have a family background in science? 

Dinges: No, I grew up in a farming community and in town was a U.S. Department of Agriculture Experimental Station where crops were being experimentally developed through standard mammalian genetics and other approaches and the crops were essential for the families, for the survival of these smaller communities and I realized that science was being used to do that. I don’t know when but I was very young when I realized it. 

Bingham: What state was this in?

Dinges: This was in Kansas in the middle of the United States. And then around age nine I watched a show about a scientist explaining the weather and something just clicked. I realized that you could actually know about nature through this thing called science. And that was it for me. Just one straight path to science so I just merged it with any other interest I had in human behavior or anything and went down that way.

Bingham: So you actually grew up in a place that had paid attention to the rise of the sun. 

Dinges: I think growing up in an agrarian world is extremely helpful as a scientific beginning because there’s only a couple of models that dominate. Either God made the weather bad or the crop fail, or the weather made the weather bad and who’s that anyway. Or there are actual physical phenomena that are interacting and the world is a noble place, you just got to parse out the physical phenomena and be able to predict them and understand them, and ideally, even control them. And it was the latter, then, that I came to, fairly early as a child and then I realized that I also had a fairly keen objective sense about human behavior. I seem to intuitively could set aside my social perception of a human from what is that person doing, what is the actual behavior here, why is the person doing that. And the combination just led me down this path of becoming an experimental psychologist but in a school of medicine where I have an opportunity to bring people into the lab and keep them there for days or weeks, voluntarily, and study their behavior under different kinds of conditions that simulate what happens in the real world. Sleep deprivation is one, not the only one we’ve studied, but one of the primary ones. 

Bingham: Now, you’re not exactly, I know from some conversations, you’re not a perfect example of somebody who doesn’t burn the candle at both ends and regulate stuff, right? I mean, it’s hard, isn’t it? 

Dinges: So it’s true, do I challenge my own sleep scaling system? Yes, I fly international travel, etcetera, but I’m actually managing my wakefulness and behavior much more so than most people. And if I told you how and what I’m doing, you’d say ‘oh, gee, that’s kind of terrible,’ but I mean if I fly to France and we have a meeting, even with French hosts and magnificent French wine, I won’t drink it. Because it’s a gaba-binding drug and it will change my ability to function the next day even in small amounts, or affect my jet lag or my sleep. So I’m extremely strategic about what I do relative to my behavioral capability, my brain. And I try to protect that at all times. So when I work, when I eat, what I eat, when I sleep, whether I take a substance or not, I mean, alcohol or caffeine, all of that, is very strategic for me and one of the lines my laboratory works on are mathematical models based on the biology of sleep and circadian cycles and predict when humans are likely to make a mistake and what a given countermeasure will do. And a countermeasure, in healthy people is equivalent to a therapeutic intervention. In a sick population, it would be a cup of coffee. It might be a nap, it might be any number of things. 

Bingham: There are a couple of sessions I noticed at the end of this meeting which deal with over the counter drugs like melatonin, and also complimentary medicine issues and also things like yoga, meditation, relaxation and so on. What’s the state of play within the science community on those issues? Is the jury out, do people say fine they can’t do you any harm?

Dinges: When you talk about a substance that could potentially touch on the brain’s receptors and areas that regulate sleep/wake and melatonin is one of those, or caffeine, there is actually a growing and sophisticated science around understanding when to take them and what to take and what affect it has and where it binds, etcetera. When you are talking about complimentary or alternative lifestyles that haven’t been evaluated, sort of, in a western, experimental model, we don’t know. On the other hand, I think that idea that if you are doing yoga and it helps relax you, that’s perfectly fine. There’s no reason not to do it. If you are not sleeping at night because you are eating something that is harmful to you and it’s causing problems for you, or you are not sleeping at night because you are practicing yoga all night, I don’t know, that might be a problem. But I don’t really see complimentary or alternative medicine as a problem relative to lifestyle. I think a relaxing cup of tea or anything like that is perfectly healthy and a good thing.

It’s just that we need to understand that there are behaviors that matter to us as well. These behaviors are programmed. At night, we will all go do the same thing. We will remove our clothing, go into a room with a lot of plumbing, put water in our mouth, then go in a room and lie supine. If I ask you what you were doing in the room with lots of plumbing you’ll say ‘well, I have to keep my teeth, I have to brush my teeth.’ And then we’ll go lie supine and we will cover ourselves and put our head and hands and feet out from under the covers and we’ll fall asleep and those are all actually programs running, genetically driven biological programs. We’re really not any different than a dog circling before it lies down. But our front part of our brain makes up a story. It’s all attributional, it’s all oh, I need this pillow, or that, but actually we are just running a thermal dumping program. Dump the body heat and we go to sleep. And this is the terrible paradox in modern humans. There’s a part of the brain that has to come up with a cause for everything and the lower parts of the brain are just running long evolved genetic programs that say now you go to sleep. And when we try to, for example, violate the program, we drive all night, now suddenly, the brain is trying to turn this thermal dumping program on while we’re driving. So now we are doing this and our head is falling over, we are slapping ourselves and this is where we get into trouble. This is why putting sleep in conflict with wake behavior is a challenge and yet we do it globally. We do it in all transportation modes and we do it in many other areas now. 

Bingham: As you know, what we deal with here at The Science Network is issues at the inner sanction of science and social policy and I can think of nothing, which is more central than sleep, in fact. So I assume you must have roughly the same perspective, although I wouldn’t spend all this time being a spokesperson, being an [unintelligible], and so on. There’s an obligation you feel?

Dinges: I do, particularly, as a scientist, if you take public money to discover things, you have an obligation to tell the public what you did with their money. And then when you think you know something, and you think that other scientists would see the same phenomena if they studied it, if it’s a reliable fact, then you try to inform public policy, and I do spend time doing that. It’s a learning curve, because initially you go in thinking ‘my way or the highway,’ listen, I know this, it’s a fact, you have to stop doing what you’re doing. Well that absolutely doesn’t work. What you become is another voice in an ongoing dialogue towards a rational approach towards the world. And you talked about Sir Francis Bacon and his ideas about what needed to be studied or discovered. I think that’s an effort in identifying areas, talking about engaging this rational dialogue among humans that over time, ends up in policy changes. Policies rarely change abruptly, it’s an ongoing dialogue. By the time the change comes, everybody is prepared for it, or pretty much everyone is. Whether it’s the individual rights of people for access to government, or jobs, or whether it’s fundamental biological things like the dangers of certain kinds of activities. So I engage in the policy area and try to bring the data to the policy makers and say here’s what we’re seeing. Here’s where we think the risk is. Here’s what we think could be done. It doesn’t do any good to go to policy and say there’s a problem. You have to go and offer a solution. Even if it’s only a partial solution, you need to add your voice to the problem solvers, not just the problem finders. 

Bingham: Are you naturally an early riser?

Dinges: I’m a mid to long sleeper and through my lifespan, though it’s shortening now as I age, I am typically a later morning person and I was as a child. I am very proud of it because I can initiate sleep in a heartbeat, which is why I don’t study insomnia. I have no idea what that is. I mean, I know cerebrally, but I have no idea what a bad night’s sleep is. I just have never had one. And I can sleep extremely deeply, very rapidly, and I’m convinced I can drop my body temperature. I put sensors on myself periodically but I’m quite low. I actually believe one of the great benefits of being a good sleeper is this drop in metabolic load. This drop in heat generation that somehow amplifies the brains ability to consolidate, to get these slow waves, to recharge itself and I’m ready to go the next day. I’m also more vulnerable, I’m not special in any way, I’m quite vulnerable to sleep deprivation. I have to watch that with great care. Be very careful about how much deprivation at what rate and then I measure on myself signs that indicate that it’s time for sleep. 

Many scientists do this, you can do sudoku games or something, but many of us do it based on routine behavior patterns. There are certain things I do. In the morning, if everything on the left side of my body is still in my pants in the closet, I know that my right brain was very tired last night and it’s time to take a day off. I actually take those soft neurological signs very seriously because I think they’re signs that it’s time to back off or get an extra nights sleep. We’re studying recovery right now in humans and this is an area of enormous need. If we cannot change our behaviors, relative to sleep and wake, we should identify how the times we do take off, the days off for recovery, how much recovery we need, how much can we get, and how much does it reset us to go again. The astonishing thing about sleep science is it’s virtually unstudied. The entire recovery, recycle area of humans and yet it’s fundamental to policy regarding how many days people should have off from work after they’ve worked a certain schedule or done something. So this is an area of considerable public need and one of great scientific importance so we’re studying that now. 

Bingham: A couple of questions that I often ask people that are not necessarily about your discipline. If you hadn’t been a scientist, something else you would have liked to have been?

Dinges: I’m pretty sure, it’s a terrible thing to say, but I’m pretty sure I would have been a military officer, almost certainly. For reasons that are inexplicable in my character from a very early age. I actually went to a military high school and I have to confess that I loved it. I often say that my childhood was so politically incorrect, I hunted, I fished and I loved military school and being an alter boy and none of those are considered appropriate anymore. But I am a naturally organized, disciplined person and so it plays to my character. In fact, my failure is I’m too far that way and I rely upon my family and my friends to make sure I slack off a bit and that I give it a rest sometimes. It’s ok, you know, to just take it easy. It just plays to my character. My whole life as a scientist despite working for the National Instance of Health and NASA and other agencies, I’ve always carried at least one project for the military in things that interest me, like human capability. It’s not a weapons project, it’s how do you keep people going when they absolutely have to. But I think that would probably have been where I ended up. 

Bingham: So keeping people going, that makes me think of Modafinil, cognitive enhancement, I suppose, to keep people alert. Ethical issues arise there, right?

Dinges: Sure, there’s a very large area of cognitive enhancement. It’s interesting because it come out of this, ok, we are all different and there’s inequities in our biologies, but maybe we could make everybody equal, if we had a way of enhancing people. So there’s that kind of desire, there’s also an incredible desire to prevent age related mild cognitive impairments and deficits and so for good motives, there’s a desire to enhance. There are bad motives for enhancing, which is, you know, I want to hold three jobs and I never want to sleep again. Those are not good motives for enhancing. There is an ongoing dialogue about do drugs really enhance cognitive capability? Can we do it? On the medical side, there’s a need to do it, as I said, for the age related dementias and severe dementias, but should we be doing it everyday and I think the best test case for that is what has happened for the international and U.S. anti-doping agencies. Their lists go on for pages now. And actually, the day they banned Modafinil, because its wake promoting stimulant medication, they released caffeine from their list because so many athletes had so much caffeine in their systems they cant adjudicate all they cases any more. So once you have a socially acceptable stimulant, you have widespread use of it and you can’t stop it. Does it enhance performance? Only a little bit. It’ll speed your nervous system by ten thousandths of a second or so but among professional athletes, that can be the difference between first place and third. 

Modafinil is actually an old drug now. People are still talking about it, but you know, it’s really forty years old, or thirty-five. I think what we are going to see, though, is continued interest on the part of pharma companies of developing wake promoting medications. Medications that help with cognition or help with wakefulness and the question will become are they safe, are they effective, are they safe, who should have access, medically, and then what is the degree of potential off label use, or people using them as a lifestyle medication. Remember, in medicine now, we treat lifestyle. We don’t wait for everybody to get diabetes or heart disease, we start treating with Statins and other drugs in this country well ahead. Well the sleep field is no different and in a sense, people are starting to treat lifestyle. If you don’t want anybody to have shift work sleep disorder, just stop all night shift work. If you don’t want anybody to have jet lag sleep disorder, stop all jet lag, but that’s not going to happen. So in effect, we are treating lifestyle induced disorders for those who are vulnerable to them. The discussion has to be how far do we go with treatment of lifestyle induced disorders, and it appears to portray no limit to it, and then, what is a fair, reasonable and appropriate set of criteria for what gets approved and what doesn’t. I will tell you that while certain medications do help patients with sleepiness and there is off label use of them, I’ve seen no drug that is a chemical substitute for sleep. And by that I mean that you take it, you now don’t have to sleep, your brain and body say that chemical is sleep, I’ve had my sleep, I’m fully recovered, I’m good to go. That doesn’t happen. Even these wake promoters, or cognitive enhancers, right now, what exists out there has a limited effect and will not substitute for getting sleep and whatever sleep does for waking capability. 

Bingham: If you had a chance to sit down, have dinner with somebody from history, whatever, anybody that you really would like to have picked their brains, have a conversation with? 

Dinges: Oh my, that’s very difficult to answer. There are a large number. Obviously Leonardo Da Vinci would be top of my list, probably. Just for how he knew what he knew. I am also interested in human capability for people that no one’s ever heard of, or who had once done something remarkable but have drifted off the pages of history like Fridtjof Nansen or someone. The people who we now know as famous in the past are just a limited subset of extraordinary achievement, much of which went unrecorded particularly in the period of prehistory. 

Bingham: Nansen was the polar explorer? 

Dinges: Nansen was the explorer. So the question is, and I’ve been reading a great deal about him and trying to understand why was he so successful when so many after him failed? You know, he was a neuroscientist, he was a scientist and he obsessed about scientific evidence for everything from the cook pot he took along, everything else. I think this approach to understanding how to go forward is one the successful benefit the most who think of things in a very scientific ways. These very, sort of, carefully thought out, reasoned ways and then make good risk decisions. This is going to be very important for us going forward. Policy cannot be based purely on philosophy from parties or economic or political systems. It strikes me that, while they may still be in power, they can’t be in power to make the decision. And the fact that all the industrialized countries in the world invest in science heavily, tells you that science is a leveraging technology for making good decisions in the future. And not just good economic decisions or decisions relative to your enemy, these decisions have to be about the survival of mankind, human kind, and survival of the planet, which human kind depends upon. So I think we are seeing the potential towards moving towards an age of enlightenment using science just as we did back a few hundred years ago, to use science to understand human capability. But for that to happen, we have to nurture scientists and we have to nurture a generation of scientists and my great fear is we are not doing the latter. That we are still diminishing in numbers. The number of scientists that we have available to us to help solve these complicated problems. 

