What constitutes a healthy diet? Mainstream media and advertisers
would like you to think that the answer to this question is
complicated and controversial. But science, fortunately, tells us
otherwise.
A Conversation about Healthy Eating brings together all the relevant science
about healthy eating in one place, and it’s exactly that – a conversation; an
informal discussion between a scientist and a friend about their eating habits,
keeping the science firmly rooted in everyday life. The conversation moves
from topics such as metabolism and digestion to gut bacteria, hormones,
neuroscience and the immune system. All of these concepts are explained in
accessible terms to help you understand the roles they play in maintaining a
healthy diet.
The conversation leads to the conclusion that staying lean and healthy simply
requires avoiding the overconsumption of processed foods. While this is, of
course, easier said than done, science also provides clear recommendations for
how you can adapt your environment and lifestyle to make it possible.
Rather than simply presenting you with the principles of healthy eating, this
book will help you to develop a comprehensive understanding of the science
behind the principles, including the evolutionary facts that affect the way we eat
today. This understanding will allow you to ignore the noise in the media and to
move forward with a healthy lifestyle that work for you.
Nicholas A. Lesica is Wellcome Trust Senior Research Fellow at UCL. He is a
neuroscientist with an active research program dedicated to understanding
how the brain processes sensory information. He received his undergraduate
degree from MIT and his PhD from Harvard. During his research career, he
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Introduction I

OK, this is really more of a glorified preface but I wanted to be sure that
you didn’t skip it. I tend to skip prefaces because I prefer my experience of
a book to be unbiased. I don’t want to know anyone else’s thoughts about
a book –not even the author’s –until I’ve finished reading it and formed
thoughts of my own. But this approach does have its risks: sometimes my
expectations are wrong and I end up disappointed by a book that I might
have otherwise enjoyed if I’d been properly prepared for it (Trainspotting,
as it turns out, was not quite the ode to railways that I was hoping for . . .).
So that’s what this introduction is about: setting expectations.
Perhaps I should start with a bit of background. I’ve always enjoyed
eating but, until a few years ago, I’d never really thought very deeply
about my diet. Which is not to say that I’d never really worried about my
diet: like most people I was constantly watching my weight and stressed
about whether or not I was eating the right foods or the right amount
of food. But at some point I realized that I didn’t need to live with that
uncertainty. Like any physical system, the body is governed by rules that
determine how different inputs –for example, diets –are transformed
into different outputs –for example, health. To eliminate the stress associated with eating, I simply needed to learn the rules that determine how
diet affects health and then use those rules to make systematic choices
about what I eat.
Easier said than done, right? It’s true that the rules that determine
how diet affects health are complicated but they’re not actually that complicated. They only seem complicated when you try to infer them from
the information that you get through mass media. Much of the information about diet and health in mass media is, of course, exaggerated if not
altogether incorrect but, even if it were accurate, the piecemeal nature of
it would still be a major problem. The different systems in the body and
brain that link diet and health are highly interdependent, so it’s impossible to understand how some of them work without understanding how
all of them work.
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There is only one way to eliminate the uncertainty associated with
eating: comprehensive understanding of the relevant science. I could give
you a list of good and bad foods today but, even if you trusted me completely, just knowing that a particular food was considered to be good
without understanding why wouldn’t resolve your uncertainty. What if
you saw a headline tomorrow demonizing that food? Would you then
move that food to the bad list, only to move it back to the good list again
when, inevitably, you saw a different headline the next day canonizing it?
And, of course, the idea that foods are either good or bad is overly
simplistic. Take red meat for example: it’s very nutritious, i.e. it contains a
lot of important nutrients beyond those that are used directly for energy,
like protein, vitamins and minerals, some of which can be difficult to
obtain from other sources. But red meat has also repeatedly been linked
to cardiovascular disease and cancer, and recent studies have identified
the biological basis of these links. So where does that leave you? Is red
meat good or bad? Do the benefits outweigh the risks or vice versa?
It may seem like I’m coming on a bit strong but I need you to buy
into the idea that, when it comes to healthy eating, superficiality is not
going to cut it. In fact, superficiality is exactly what got us into the mess
that we’re in today. Any attempt to make systematic choices about what
you eat based on superficial understanding will only end in one way: confusion (which, of course, works out well for the nutritional-
media-
industrial complex because it keeps you continually clicking on their
articles and buying their products, but that’s a topic for another time . . .).
The only way to keep your head from spinning in the midst of all the
noise from mass media is to be confident enough in your understanding
to ignore it.
If you want to solve the problem of eating once and for all, then you
need to understand things well enough to answer any practical question
correctly and confidently. If you are considering a change in your diet,
you need to be able to marshal the relevant facts (and, therefore, be able
to distinguish facts, i.e. conclusions from trustworthy experiments, from
non-facts, i.e. everything else) and use them, along with knowledge of
how all of the relevant systems in the body and brain interact, to predict
what consequences, if any, that change in diet will have on your health.
Achieving that level of understanding may be a tall order but it is certainly doable. Unlike much of science, where it seems that the more we
know the less we understand, eating actually turns out to be relatively
simple at the level of detail that matters in practice. But, again, it’s not
enough for me to simply tell you that: if you want to be able to move
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forward without constantly second-guessing yourself, you need to go
through the process of deriving that conclusion for yourself.
That’s what I did. I dove into the scientific literature to learn everything I needed to know about the different systems that are related to
eating. I was a bit worried because I was aware that nutritional science
had often been criticized for the poor quality of its research. I found that
some of this criticism was fair in that studies of human nutrition are
often poorly designed. But many of the studies that use animals are, in
fact, excellent and it was the results of these animal studies that I was
after. Human studies are, of course, critical for empirical validation of
the rules that determine how diet affects health. However, only animal
studies can actually identify those rules in the first place because only
animal experiments allow for the precise measurements and total control
that are required to study biology in detail. In other words, well-designed
human studies may provide an indication of whether a particular food is
ultimately good or bad but only animal studies can determine why.
So I read a few hundred studies, human and animal, and learned
everything I needed to know related to diet and health. Using the understanding that I derived from the animal studies, I was able to correctly
predict the results of the human studies without any apparent inconsistencies or contradictions in my reasoning. This was very exciting;
I understood eating! I felt empowered by the knowledge that I would
never again be stressed because of uncertainty about how my diet would
affect my health. From now on, I would be able to choose my foods to
achieve whatever combination of enjoyment and health I thought was
most appropriate. But I soon realized that I’d only solved part of the problem and it was the easy part.
I suppose it’s obvious in retrospect but while understanding the
benefits and risks associated with different foods is definitely necessary, it’s not sufficient. Like many people, I often found myself eating
bad foods that I hadn’t planned to eat and continuing to do so anyway.
The real challenge when it comes to staying healthy isn’t knowing which
foods to eat, it’s actually eating those foods. But I was not deterred. There
was no reason why the same systematic approach wouldn’t work again.
Hunger isn’t random. Nor is it controlled by the whim of some unknowable power. It is an output generated by a physical system according to
a set of rules. If I wanted to control my hunger, rather than let it control
me, I simply needed to learn those rules and then manipulate the relevant factors to achieve the desired output (this may sound brash but it is
also true).
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So I dove back into the scientific literature. This time I had a head
start; through my work as a neuroscientist I was already familiar with the
basic functions of the different brain regions that are involved in the control of hunger. But there was still plenty more to learn, so I read another
few hundred studies –again, human and animal –to learn everything
I needed to know about hunger. I’d already understood the rules that
determine how diet affects health. That understanding allowed me to
make systematic decisions about which foods to eat but it didn’t tell me
what I needed to do to make sure that I actually ate them. Now I also
understood the rules that determine how lifestyle and environment affect
hunger and, therefore, diet. So, by putting the old rules and the new rules
together, I had the comprehensive understanding that I needed to give
me full control over my eating.
And it works! For several years now, my diet has brought me great
pleasure and kept me healthy, without any uncertainty or stress. I almost
never eat unplanned snacks or overeat at planned meals. But it’s not
because I possess superhuman willpower; in fact, it’s quite the opposite.
I don’t need any willpower because I’ve figured out how to adapt my
lifestyle and my environment so that my hunger is directed towards the
right foods at the right times. And, just to be clear, I do not eat exclusively
good foods: eating bad foods is actually a source of great enjoyment for
me. That’s the power of actually understanding eating: I don’t have to err
on the side of caution just to be sure that I remain healthy. Instead, I’m
able to enjoy eating as much as I possibly can without compromising my
health.
So I’d figured out how to take total control of my eating but it was
an awful lot of effort. I decided to write this book to make it more convenient for others to do the same. It’s really totally unacceptable that eating
is a cause of ill health and unhappiness for so many people. I see it as
nothing less than a fundamental failure of our society. And while I would
love to believe that the organizations with the power to facilitate large-
scale changes in the way we eat will finally acknowledge the true nature
of the problem and act accordingly, I’m not holding my breath. It would
be naive to hope for significant policy changes in the short term (and
even more naive, of course, to hope that processed food manufacturers
suddenly suffer a crisis of conscience and impose change on themselves).
The sad thing is that healthy eating, at least in terms of the biology, is a solved problem. You might think that we still have a lot to learn
but we don’t, at least not at the level of detail that matters in practice.
We know which foods are healthy and which foods aren’t and we know
what causes people to choose the latter over the former. What we don’t
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yet know, however, is how to overcome the many challenges that prevent
healthy eating from being the norm, some of which are real –for example, the logistical problems associated with making unprocessed foods
available to everyone –and some of which are simply obstacles created
by those who profit either directly or indirectly from unhealthy eating
(but that’s yet another topic for another time . . .). The approach that
worked for me –building a comprehensive understanding of eating and
using it to derive personal solutions –may not be practical for everyone
but I’m confident that it will work for a lot of people. And at the moment,
it’s really the only option.
So anyway, that’s the background, now let’s get back to setting
expectations. Developing a comprehensive understanding of something
as complex as eating is not easy: it requires detailed knowledge of concepts from many different scientific fields ranging from molecular biology to psychology, as well as background knowledge of other areas like
evolution, statistics and scientific methodology. As I was developing my
understanding, I had to keep going back and forth between many different research studies to identify where my understanding was failing and
to learn what I needed to eliminate those failures. If you want to understand eating well enough to take full control of your diet and your health,
you have no choice but to go through the same process of developing and
refining your understanding for yourself. But this book will make that
process a lot easier.
Part of the book’s value is simply that it eliminates the need to consult multiple sources; all of the information that you need is right here in
one place. The book also presents the information in the optimal order,
which makes everything a lot easier. The trick when trying to develop
a comprehensive understanding of something complex is to minimize
the number of inconsistencies and large knowledge gaps that need to
be resolved along the way, so the ordering of the information can make
a big difference. But the book does much more than simply provide all
of the relevant information in the appropriate order: it also presents
the information in a format that is easy to parse and integrate into your
understanding.
The book is written in casual language rather than the complex,
jargon-filled sentences that are typically used in scientific writing. But
please don’t mistake this lack of formality for a lack of seriousness (I hope
that by now you’re convinced that I take eating very seriously . . .). Any
idea, no matter how complex, can be expressed perfectly well in plain language without “dumbing it down.” The dense and esoteric nature of traditional scientific writing may have some advantages for communication
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between experts but it is certainly not a prerequisite for high-
level
discourse.
In addition to casual language, the book uses a very non-traditional
structure involving a dialogue between two people rather than standard
prose. This format may take some getting used to but I chose it very deliberately because it has distinct advantages. The dialogue format allows
the flow of information to be carefully controlled so that each new piece
can be integrated and reconciled with those that came before it in a way
that would be difficult with standard prose. The conversation between
the two people in the book is essentially the conversation that I had
with myself as I was developing my own understanding. By observing
the process by which I integrated each new piece of information into my
understanding and how I identified potential inconsistencies and contradictions as they arose and reconciled them before moving on, it will be
much easier for you to replicate the process yourself.
Finally, there is one other advantage to the dialogue format: it
forces you to actually read the book. The dialogue format precludes
skimming or dipping in and out; there is no way to read this book other
than concentrating and going line-by-line. I admit that it may be a bit
presumptuous for me to be telling you how to read but you have to keep
in mind the purpose of the book. If you really want to develop a comprehensive and detailed understanding of something as complex as eating,
then I’m sorry but you’re going to have to concentrate!
If you’re willing to invest a few hours of attentive reading, you’ll
learn everything you need to be able to take control of your eating and
make yourself healthier and happier for the rest of your life. That’s a
pretty good deal! So wait until you know you’re going to have some large
chunks of time to spare over the course of a week or two and then settle in
and power through. Don’t get discouraged if you don’t understand everything right away; the same concepts will keep coming up again and again.
And don’t be satisfied with anything less than complete understanding.
I promise you that the book contains all of the information that you need
or at least nearly all of it: the understanding developed in the book is
sort of generic, so it’s possible that you may want a bit more information
about certain aspects of eating that are especially relevant for you.
And while we’re talking about the understanding that the book will
help you develop, let me take a moment to clarify its nature. Some readers might be hoping for a quantitative model, i.e. a set of equations that
describes the interactions between all of the relevant variables and predicts precise output values along with measures of confidence in those
predictions. Wouldn’t it be great if there was a model into which you
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could plug in exactly what you planned to eat and get out exactly how
your weight and health would change as a result? Forget it. The science
of eating is not yet far enough along to allow the development of such a
model; in fact, it’s not even close. But that’s OK, because you don’t need a
quantitative model to take control of your eating.
There are situations where quantitative models are critical –like, say,
weather prediction, where a tiny change in one input can lead to large, complex changes in outputs. Fortunately, eating isn’t like that. At the practical
level that is relevant for choosing what to eat, the relationship between diet
and health is very simple. For a huge range of inputs, i.e. diets, the outputs
are exactly the same: stable body weight and good health (this is one of
the many reasons why the confusion created by the noise in mass media is
such a shame: very little of what is discussed actually matters). And even
when things get outside the healthy range, the changes are very stereotyped. There is no point in trying to predict the small fluctuations in weight
and health that may occur within the healthy range (even if you could,
why would you want to?). We simply need to make sure that we do what
is needed to stay within that range or what is needed to get ourselves back
into it if we have left it, and for that purpose a semi-quantitative or even a
qualitative understanding is perfectly sufficient.
Let me also say that the book doesn’t provide the details of every
relevant biochemical pathway. Again, this is because that level of detail
is not relevant for practical purposes. The details that are needed for
practical purposes are complex enough as it is, so I don’t see any point in
including more. For example, it’s important that you know that there are
gut bacteria that convert a chemical in red meat into a different chemi
cal that can encourage the build-up of plaques in your blood vessels. It
isn’t, however, important that you know the name of those bacteria, the
name of those chemicals or the details of the process by which those
bacteria perform the conversion. And if you do decide that you do want
more details than I’ve provided, you can always read the research studies
yourself.
Which leads me to my last point: there don’t seem to be any agreed-
upon standards for referencing in a book like this, so I’ve done what
I think makes the most sense. When I make a quantitative statement or
semi-quantitative statement, I cite the original research study or studies on which the statement is based, e.g. “One in four adults in the US
has fatty liver disease” or “most people who lose weight just end up
regaining it.” When I describe the results of a study or group of
studies in detail, I cite the studies when I first begin to describe them, e.g.
“Let’s start with what we know from experiments with cells in a dish.”
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And, finally, when I provide background information on a particular
topic, I cite one or several review papers that provide a good overview of
the state-of-the-art in that topic, e.g. “Maybe I should explain a little bit
about how the stress system works” or “Fiber fat is really important.” In
the event that there are multiple reviews that are equally comprehensive
and authoritative, I cite those that I believe to be the most accessible to
non-experts.
OK? Good: then if you’re ready, let’s get started.
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Introduction II

Whoa, he’s back from the dead!
Oh, c’mon.
Seriously, I haven’t seen you for ages. How are you?
I’m good. How are you?
I’m fine. What have you been up to? Busy with work?
Sort of. Actually, I’ve been working on a book.
Oh, cool. You’re a neuroscientist right? Is it a book about the brain?
No. Well, kind of. It’s really about eating.
Eating? How’d you get into that?
I don’t know, I’ve kind of always been into food.
Oh, I didn’t know you were a foodie.
Well, I don’t know if I’m a foodie but I certainly enjoy eating.
So is it a cookbook with all of your favorite recipes?
No, no. It’s about the science of eating: diet, metabolism, stuff like
that. I was seeing all of these newspaper articles that were making
my head spin –you know, one day something is good for you and
the next day it’s not. I guess I figured it was time I sorted it out for
myself.
Is there really that much to know?
Are you kidding? Do you have any idea what happens to food after
you swallow it?
Not really. But does it matter?
Well, how do you decide what to eat?
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I don’t know. I just try to eat mostly healthy stuff and allow myself an
unhealthy treat now and then.
But how do you know what’s healthy and what’s unhealthy?
Is it really that complicated? Fruits and vegetables are healthy, fast food
and sweets are unhealthy and so on.
OK, first of all, I guarantee that many of the foods that you think are
unhealthy are actually healthy and vice versa. And, second of all, if
everyone knows what they should and shouldn’t be eating, then why
are so many people overweight?
Because they eat unhealthy foods, even though they know they shouldn’t.
And I guess they also don’t exercise enough.
OK, well, again, I think there are many people who have the wrong
idea about which foods are healthy and unhealthy. But there are
also a lot of people who have the right idea and are trying to be
healthy but failing. Most overweight people try to lose weight and
fail again and again. Now, maybe some of those people only make
a half-hearted attempt at it but many of them do really believe that
their situation is unhealthy and they desperately try to lose weight
but still fail. Don’t you find that strange? Do you really just want to
blame that on a lack of willpower?
Well, what else can it be?
It’s complicated. Do you have any idea why you get hungry when
you do?
I guess it’s because I’m low on energy.
No. Even lean people always have enough energy to go for days without food. Overweight people could go for weeks. What do you think
body fat is? It’s stored energy.
OK, so why do overweight people ever get hungry?
Well, that’s a great question. The fact that they do should tell you
that the whole thing is not as simple as you might think.
OK, so is this where your book comes in?
Yeah, sort of. When I started looking for a book that covered all of
the relevant science, I realized there wasn’t one.
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What about a text book?
That’s where I started, and I found a couple of good ones but the
problem is that text books are sometimes a decade or two behind.
And when it comes to eating, that’s a real problem, because we’ve
learned a lot in recent years.
But don’t people write books about eating all the time? There must be a
few out there that are pretty good.
You’re right, there are. I’ve read a lot of them and many of them are
good but they all seem to have a particular focus. They usually have
one message like “Sugar is bad” or “Fat is good,” but they never give
you the whole picture.
So you pieced it all together from reading a lot of different books?
No, in the end I had to go back and read all the original research
studies. The whole thing turned out to be a lot more complicated
that I thought.
How so?
Well, I guess I thought that if I understood the biology of digestion
and metabolism, that would get me most of the way. But there’s
actually much more to it than that.
Like what?
Like the brain, for starters. Healthy eating is ultimately about decision making and obviously that involves the brain. But I suppose
that’s not too surprising. The real surprises were the role of the
immune system and the role of gut bacteria.
What do they have to do with eating?
Oh, everything. They’re incredibly important.
Really?
Really. To be honest, I think the two most important advances in
all of science in recent years are related to the immune system and
gut bacteria. It’s no surprise that the immune system is important
in general but we now know that all of the bad things that happen
when you’re overweight –diabetes, heart attacks, strokes and so
on –aren’t really caused by excess body fat itself, they’re caused by
the way your immune system responds to excess body fat.
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Wow. And what about gut bacteria?
Oh, gut bacteria are really the next great frontier in biology and
medicine. They’re this century’s DNA. Over the past decade, we’ve
learned that gut bacteria are critical to every aspect of health but
especially digestion and metabolism. There is still a lot more to learn
but it’s already clear that gut bacteria are incredibly important.
Man, you’re fired up! So your book lays this all out?
That’s right.
Can you run me through it?
I guess so, but it could take a while.
I’ve got time . . .

12
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Metabolism

Energy
OK, well, before we can get into any of the really interesting stuff,
there are a few basic things that you need to understand. I guess
we should start with metabolism. Your metabolic systems keep all
of the different parts of your body supplied with energy. Because
you only eat a few times per day, you need systems that store extra
energy after eating and release it slowly between meals.
OK, that sounds simple enough.
Well, there are a few details to consider. First of all, you use two diffe
rent sources of energy: glucose, which comes from carbohydrates,
and fat, which comes from, well, fat. Your muscles –and most of the
rest of the cells in your body –are happy to use either but your brain
isn’t. Your brain uses only glucose.
Why doesn’t my brain use fat?
Because fat has trouble getting into your brain. Glucose and fat are
transported around your body in your blood. Your blood generally
moves freely around your body but to enter your brain it has to pass
through a filter called the blood-brain barrier. This filter keeps a lot
of things out to protect your brain. It turns out that glucose can get
through the filter easily but fat can’t.
OK. But if my body and brain are both happy to use glucose, then why
don’t I just stick to that and give up on fat altogether?
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Good question. The problem is that glucose doesn’t store very well;
it’s hard to pack together and it takes up a lot of space. Fat, on the
other hand, packs together really well, so it’s perfect for storage.
I see. OK. I guess if most of my body is happy to use fat, and it can be
stored more efficiently than glucose, then it makes sense to store most of
my energy as fat.
Right. That’s what your fat cells are: storage containers for fat.
But I must need to store at least some glucose to keep my brain going if
I don’t eat?
Yes, that’s right, you do store a bit of glucose in your liver, which is
your main metabolic organ.
I only store a bit of glucose? That seems risky. What if I don’t eat for
a while?
Exactly. If you have to go for a while without eating any glucose, you
need a backup plan.1
Right. So what is it?
Your liver doesn’t just store glucose, it also makes it whenever your
body or brain need it.
From what?
Mostly from the waste that is created when you use glucose and fat
for energy.
Oh, that’s clever. It’s like recycling.
Right.
OK, I take it back, this is getting complicated.
Don’t worry, we’ll keep coming back to these basic concepts over
and over again. This will all be second nature to you by the end,
I promise. Why don’t you try to summarize what I’ve told you so far?
OK. For energy sources, I’ve got glucose and fat coming in from food, and
glucose being made in my liver.
Right.
For energy storage, I’ve got my liver storing glucose and my fat cells
storing fat.

14
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Right.
And for energy use, I’ve got my brain using only glucose and my muscles
using either glucose or fat.
Good. So let’s assume you’ve just woken up in the morning. What’s
happening?
Well, I haven’t eaten in a while, so all of my energy must be coming from
storage. My liver is sending glucose to my brain and my fat cells are sending fat to my muscles.
Right. Now what happens when you eat?
Well, I guess some of the glucose from the food will be used by my brain
and the rest will be stored in my liver. And some of the fat from the food
will be used by my muscles and the rest will be stored in my fat cells.
That’s close. But, remember, you can’t store that much glucose.
Right. But if I eat a lot of glucose, my muscles can just use that instead of
fat for a while.
Exactly.
Well that’s not that bad, then. The only question is whether my muscles
are going to use glucose or fat after a meal and that just depends on how
much glucose I’ve just eaten.

Insulin
Right, so in the end, the basics are pretty simple. But the whole thing
needs to be regulated. You need a system that makes sure that the
glucose and fat from each meal are sent to the right places.
That doesn’t sound too complicated.
Sure, the concept is simple, but how are you actually going to do it?
Well, I guess the glucose and fat that I eat all enters my blood in the same
place . . .
That’s right, in your intestines.
OK, so I just need something near my intestines that tracks what’s
coming in.
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Yes, that’s exactly what your pancreas does. But how do you then get
the glucose and fat where they need to go?
Oh, I see the problem. My blood goes everywhere in my body, so I can’t
just send the glucose to one part of my body and the fat to another.
Right.
OK, OK, let’s see. If the glucose and fat are going everywhere then maybe
each part of my body decides for itself what to take out of my blood?
Or each part of your body could be told what to take out of your
blood . . .
I see. So my pancreas, which is keeping track of how much glucose and
fat are coming in, is also telling different parts of my body whether they
should be using glucose or fat?
That’s right, and the signal your pancreas uses is insulin –that’s your
glucose hormone.
Sorry, what’s a hormone?
Oh, sorry, I shouldn’t use scientific terms without explaining them.
You should definitely stop me when I do that. A hormone is a chemical
that carries a message through your blood from one place to another.
OK. So as glucose comes into my blood, my pancreas releases insulin?
Right.
What about fat?
Your pancreas ignores fat.
Really? OK, so when I eat glucose, my pancreas releases insulin to tell my
muscles that they should use glucose instead of fat.
Exactly.
How does it work?
Well, before you can understand how insulin works, you have to
understand how glucose and fat get into your cells. You can’t just
have glucose and fat coming into cells whenever they want to, they
have to be controlled. Glucose needs an escort to get into a cell and
insulin activates the escort. Insulin goes into a cell, tells the escort
that there is some glucose waiting outside and then the escort goes
and brings the glucose into the cell.
OK.
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So the amount of glucose that gets into your cells is controlled by the
amount of insulin in your blood.
Got it.
Good. But we have to think about fat as well. The amount of fat coming into your cells is also controlled by insulin but less directly. Unlike
glucose, fat can actually move in and out of cells without an escort.
So where is the control?
Insulin controls how much fat is in your blood.
How?
It tells your fat cells whether they should be storing or releasing
fat.2
OK, let me see if I get it. After a meal with a lot of glucose, my pancreas
will release insulin, which will tell my muscles to use glucose and my fat
cells to store fat. Between meals, my pancreas will stop releasing insulin,
so my fat cells will release fat into my blood and that fat will get used by
my muscles.
Right. And don’t forget about your liver.
Right. I guess insulin also tells my liver whether it should be storing or
releasing glucose?
Exactly. After a meal with a lot of glucose, your insulin will be high,
which will tell your liver to store glucose. Between meals, your insulin will be low, so your liver will release the glucose that it has stored
and also any that it makes.
OK, I think I get it, but it’s hard to keep it all straight. Let me try to sum it up.
Go ahead.
OK. When I wake up in the morning, my insulin is low, so my fat cells are
releasing fat to be used by my muscles and my liver is releasing and making glucose to be used by my brain.
Right.
Then, when I eat breakfast, my insulin goes up, which tells my muscles to
use glucose from the meal, tells my liver to store glucose from the meal
and tells my fat cells to store fat from the meal.
Exactly! And the same cycle repeats throughout the day as you go
from meal to meal.
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Food
OK, I think I get everything you’ve said so far, but what about all the rest
of the things in food? There’s a lot more to food than just glucose and
fat, right? What about protein and vitamins and all the rest of that stuff?
You’re right. There are some other important things in food besides
glucose and fat. Maybe we should take a step back for a minute and
talk about food more generally?
OK.
OK. Anything you eat, whether it’s a plant or an animal, is made up
of some combination of proteins, vitamins, minerals, carbs and
fat. All of those things are important but, if we’re going to focus
on metabolism and weight regulation, we don’t really need to talk
much about proteins and we can totally ignore vitamins and minerals, at least until the very end.
Really?
Protein can actually be used for energy but it’s kind of a last resort.
All of the protein in your body is there for some other purpose,
so you don’t really want to be using it for energy. You just need to
make sure you eat enough of it. The same goes for vitamins and
minerals. Now, don’t get me wrong, there are a lot of people who
don’t get enough protein, vitamins or minerals and are unhealthy
because of it. But, for the most part, those are people whose access
to food is restricted because they’re poor or because they live in a
place where unprocessed food is hard to get. For you, it shouldn’t
be something you need to worry about: if you eat a reasonable variety of natural foods, you’ll be fine. We’ll get to the really big-picture
diet stuff at the end, but it’ll make more sense if you understand
what’s going on in your body first.
OK, so we’re only worried about carbs and fat.
Right. Now, there are two kinds of carbs, the ones you can digest
and the ones you can’t. The carbs you can digest come in a few different basic forms. The most important are glucose, which we’ve
already discussed, and fructose, which is the one that actually
tastes sweet.
Glucose doesn’t taste sweet?
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No.
So sugar is fructose, not glucose?
I assume that by “sugar” you mean the white crystals that you put in
your coffee or use for baking?
Right.
That is half glucose and half fructose.
Oh, OK.
And that’s really the only way you’ll ever find fructose: in combination with glucose as sugar. Glucose, on the other hand, also comes
in large strings on its own, called starches. Things like white bread,
white rice and pasta are just long strings of glucose.
OK, so when we eat carbs, we’re really just eating either long strings of
glucose or little pairs of glucose and fructose?
That’s right, if you’re thinking about only the carbs you can digest.
Right. Wait, if we can digest fructose but it’s not used for energy, what is
it used for?
Ah, now that is a very important question. Thousands of years ago,
our ancestors wouldn’t have eaten that much sugar, so it wouldn’t
have mattered that much. There is sugar in many natural foods
like fruits but the amounts are relatively small. But now that we’ve
started extracting sugar from plants and adding it to everything,
we’re eating much more of it than we used to. So the question of
what happens to fructose when it enters your body has suddenly
become very important. We’ll get into the details of that in a minute
but I think it would be better to finish talking about food first.
OK, go on.
OK, so there are also carbs that you can’t digest called fiber.
So what happens when we eat fiber, it just passes right through?
Well, no. Actually, fiber does get digested –not by you but by your
gut bacteria.
What?
Listen, I know you’re going to have a lot of questions as we go
along. I’ll try to answer some of them, especially if you just need
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clarification, but I need you to try to go with the flow and trust me.
There is a lot you need to know and I’m trying to tell you things in the
order that will make it easiest for you to see the whole picture in the
end. I promise I will answer all of your questions eventually.
OK, sorry, go on.
Right, so the different kinds of carbs you need to think about are
glucose, fructose and fiber. There are also different kinds of fat.
Right, I know that there are good and bad fats.
Yes, I suppose there are, although you’re probably thinking of good
and bad fats in terms of how they affect your cholesterol. It turns out
that was all wrong.
Really? Wait, what is cholesterol anyway? Is that a kind of fat?
Yes, but it’s not used for energy. It is used by your cells for a lot of
other important things though. There is cholesterol in food but
we’re not going to worry about it.
Why not?
Because you actually make a lot of cholesterol yourself. If you eat
more of it, your body will make less. If you eat less of it, your body
will make more. Either way, the amount of cholesterol in your body
will stay pretty much the same.3
Really? OK . . .
Don’t worry, we’ll talk a lot about cholesterol later. First, let’s get
back to the different kinds of fats. Actually, you know what? The
distinction between different fats isn’t going to make any sense
until later when we start talking about inflammation. I think we
can go through digestion and a few other things without worrying
about that.
OK.
Good, so when it comes to food, we’ve only got four things to worry
about. There are starches, like pasta, rice and bread, which are long
strings of glucose.
Right.
There’s sugar, which is a combination of glucose and fructose.
Right.
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There’s fiber, which is the part of plants that we can’t digest.
Right.
And there are fats, which we’re just grouping all together for now.
Got it.

Digestion
Good, then let’s move on to digestion. The first thing you do when
you digest food is to break it down into its basic units. You break
starches into glucose, you break sugar into glucose and fructose and
you break fats into their basic unit, which is called a fatty acid. You
start by chewing, which breaks food into smaller pieces. Then you
swallow and pass the small pieces of food to your stomach.
What about saliva, is that just to lubricate things?
Mostly. There are actually some enzymes in saliva that can break
down carbs.
OK. Wait, what’s an enzyme?
Oh, an enzyme is just something that causes a chemical reaction.
The important thing about enzymes is that they’re very specific. So
the enzymes in saliva break down carbs but they have no effect on
fat or anything else.
OK. Go on.
As small pieces of food arrive in your stomach, your stomach breaks
them down into even smaller pieces and also adds in some acid and
some more enzymes to help things along. So now you’ve got a half-
digested mush. Your stomach passes this mush into your intestines,
where it finally gets broken down all the way and passed into your blood.
Except for the fiber.
That’s right. We’ll talk a lot about fiber later but let’s not worry about
it for now. Let’s talk about what happens to the other carbs and fats
in your intestine. Starches and sugar are broken down all the way
into glucose and fructose, and fats are broken down all the way into
fatty acids. The glucose and fructose go straight into your blood as
they are but the fatty acids are actually regrouped into bigger packages together with some other stuff, including cholesterol.

Metabolism

21

2

Why?
Because glucose and fructose will move around nicely in your blood
on their own but fat won’t. If you put fat into your blood alone, it
will just all clump together. So most of the fat in your blood is transported around in packages together with cholesterol. This is actually a really important point. There are a few different kinds of these
fat packages and the differences between them determine, for example, how likely they are to get stuck in your blood vessels. But we’ll
get to all that in a minute.
OK, so what I need to know so far is that glucose and fructose are sent
straight into my blood but fatty acids are packaged together first.
Right, let’s just call those “digested fat packages.”
Do they have another name?
Yes, but it’s horrible. I really think that we should avoid using scientific jargon whenever we can. We’ve got a lot of complicated concepts to cover and I don’t see any point in making them even more
complicated by introducing new terms if we don’t need to. If something is really important and we’re going to talk about it a lot, like
insulin, then we can use the scientific term. Otherwise, let’s just use
terms that make sense.
OK, well, if you think I’m too dumb to use the scientific terms, then I guess
we shouldn’t use them . . .
Oh, c’mon, that’s not it at all. I’m not talking to you any differently
than I would talk to another scientist. It’s true that scientific writing
can be hard to understand, but when scientists actually talk to each
other in person, this is how they talk, in plain language. And, anyway, I don’t see why you would be offended by someone who is trying to explain things as clearly as possible. What I would be offended
by is someone who was too lazy or pompous to bother.
OK, OK, go on.

The liver
OK, so all of the stuff from your intestine –the glucose, the fructose and the digested fat packages –are passed into your blood and
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pumped straight into your liver. We already know what happens to
the glucose.
Right. Some gets stored and the rest just passes through.
Right. And the digested fat packages just pass right through.
OK.
Now what happens to fructose in your liver is really important. Your
liver actually does a lot more than just store and make glucose. Your
liver is the only place in your body where fructose can be processed.
Wait, let me guess. My liver converts fructose into glucose?
That’s a good guess, especially given what I’ve told you so far. And,
in fact, you’re right. Your liver can convert fructose into glucose and
it might actually do it if there isn’t a lot of glucose already around.
But you really only eat fructose together with glucose as sugar and
usually with a lot more glucose as starches as well. What I haven’t
told you yet is that your liver can also make fat.
Uh oh. OK, I see where this is going.
Well, that doesn’t need to be a bad thing. Like with glucose, your
liver normally makes fat from the waste that is created when glucose and fat are used for energy, so, again, it’s a form of recycling.
Your liver will package the fat that it makes together with cholesterol, which it also makes, and release the packages into your blood.
As I said, cholesterol is used by your cells for all kinds of important
things. So under normal conditions, the fact that your liver is making and releasing fat packages is a good thing.
OK. You said that digested fats are also packed together with cholesterol,
so are liver fat packages and digested fat packages the same?
Yes and no. They are the same in that they both contain fat and cholesterol but they are different in size, and this turns out to be really
important.
OK, hold on, I want to make sure I’ve got it all straight.
Go ahead.
After a meal, I’ve got glucose, fructose and digested fat packages coming
from my intestines into my blood and through my liver.
Right.
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Some of the glucose is stored in my liver for later and the rest passes
through to be used for energy right away by my muscles and brain.
Right.
The digested fat packages pass straight through my liver and I guess my
fat cells pick them up for storage?
Right.
OK. And my liver converts the fructose into fat, packages it and releases
it into my blood. I guess the fat packages from my liver get picked up by
my fat cells as well?
That’s right.

Summary I
OK, why don’t you try to run me through the whole thing? So you
just ate a big meal, what happens?
OK. My mouth, stomach and intestines break everything down into its
basic units: starches into glucose, sugar into glucose and fructose, and
fats into fatty acids.
Right.
The fatty acids get regrouped together with cholesterol into digested fat
packages and then everything goes from my intestines into my blood.
Right.
My pancreas sees the glucose and releases insulin.
Right.
My liver stores some of the glucose and makes and releases fat packages
from the fructose.
Right.
My fat cells store fat from the digested and liver fat packages.
Right.
And my brain and muscles use the rest of the glucose.
Excellent! And now, between meals, what happens?
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My pancreas stops releasing insulin.
Right.
My liver starts making and releasing glucose.
Right.
My fat cells start releasing fat.
Right.
My brain keeps using glucose.
Right.
And my muscles switch to using fat.
Outstanding! That’s it. Those are the basics of metabolism.
OK, can I ask a couple of questions now?
Please do; go ahead.
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2
Inflammation

Fructose
OK, I think I’m good with glucose, that seems pretty straightforward. But
fructose I’m less sure about. You seem to be implying that fructose is particularly bad and I don’t see why. If it gets converted to fat, why is it any
different than just eating fat?
Good question. The conversion of fructose to fat is particularly bad
for a couple of reasons. First of all, processing fructose is actually
bad for your liver.1 It can handle small amounts without too much
trouble but forcing your liver to process fructose constantly is going
to cause serious damage. In fact, your liver processes fructose the
same way as it processes alcohol, so all of the liver problems that can
be caused by alcohol can also be caused by fructose.
Really?
Sure. As far as your liver is concerned, soda and beer are basically
the same.
Hold on. I know a lot of people who drink a lot of soda and they don’t all
have liver problems.
Yes they do! Something like one in four adults in the US have fatty
liver disease.2
What’s that?
It’s when you start storing a lot of fat in your liver. Your liver can
only make and release fat packages at a certain rate so if you eat
too much fructose and it gets converted to fat faster than your liver
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can package and release it, then it will end up getting stored in your
liver instead. And your liver isn’t really meant to store fat so, when it
does, it stops working properly. Having too much fat in your liver is
a really big deal, because it changes the fat packages that your liver
releases.

Fat packages
Right, the whole fat-packaged-with-cholesterol thing is still a little confusing; I’ve got a few questions about that. First of all, what about the
fat that is released from my fat cells between meals? Is that packaged
as well?
Oh, sorry, I wasn’t clear about that. The fat released from your fat
cells isn’t packaged with cholesterol, it’s just fatty acids.
But you said that fat won’t move around nicely in my blood on its own.
Isn’t that the whole point of the digested fat packages and liver fat
packages?
Yes, you’re right. In fact, the fatty acids released from your fat cells
are also in a kind of package, but it’s a very simple package and the
only important thing inside it is the fatty acids. The fat released from
your fat cells is meant to be used for energy right away, so the packaging is really the bare minimum. I think it’s safe to ignore it and just
think of your fat cells as releasing fatty acids.
OK, so in terms of fat in my blood, I’ve got digested fat packages and liver
fat packages, both of which also contain cholesterol, and fatty acids from
my fat cells.
Right. I think we’re ready to talk more about cholesterol.
OK, good.
Remember, cholesterol is also a fat and, even though it isn’t used for
energy, it still needs to be sent to your cells, so it travels together with
fatty acids in the digested fat packages and the liver fat packages.
OK.
Now, as the fat and cholesterol are removed from the packages and
used by your cells, waste is created. This waste is picked up by other
packages and taken back to your liver for recycling. Let’s call those
“waste packages.”
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OK.
And after most of the fat and cholesterol have been removed from
the digested and liver fat packages, the mostly empty packages also
find their way back to your liver. Let’s call those “depleted packages.”
OK. So then, in my liver, the waste from the waste packages and the
depleted digested fat packages and depleted liver fat packages are all
recycled to make more fat, more cholesterol and more liver fat packages?
Right.
Fine. I really don’t see how cholesterol becomes a problem. You’ve said
that it’s used for important things and that my body makes sure that
I have the same amount of cholesterol in my blood no matter what I eat.
What’s the problem?
Good question. I think we’re through most of the basics now, so
we can start to talk about what happens when things go wrong.
Why don’t you try to summarize the different fat packages for me
again first?
OK. There are digested fat packages and liver fat packages, which contain
fatty acids and cholesterol.
Right.
There are fatty acids from fat cells, which are in a simple package we’re
ignoring.
Right.
And there are waste packages that take waste from cells that are using fat
and cholesterol.
Right. And don’t forget the depleted digested and liver fat packages,
those are really important.
Right, OK, got it.

Obesity
OK. So far, so good, right? Your body has metabolic systems that
allow you to use, store and even make glucose and fat, with most of
your cells able to use either depending on what’s available. Yet most
people are overweight or obese, at least in developed countries,3 so
something is clearly not working.
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Right, so what’s going wrong?
OK, so here is one of the main themes that will keep coming up
throughout our whole discussion: one of the biggest reasons that
most people struggle to control their weight is that there is a huge
mismatch between the environment that we evolved in and the environment that we live in today.4
What do you mean?
The foods that we eat today are very different from what our ancestors used to eat. First of all, the processed foods that we eat today are
much easier to digest.
Sorry, but what exactly are processed foods?
Well, I suppose processed foods are foods that have been altered by
humans in any way at all. We’ll talk about a lot of different types of
food processing eventually, but there are really two main types of
processing that we need to worry about: removing fiber and adding
sugar. Let’s talk about removing fiber first.
OK.
In natural, unprocessed foods, glucose is surrounded by fiber, so it
takes a while for your intestines to sort everything out. But in processed foods, like white bread and white rice, the fiber has been
removed, so you can digest the glucose really quickly.
So the glucose from processed foods gets into my blood much faster than
the glucose from unprocessed foods?
That’s right.
OK. So what?
Well, for your metabolism to work properly, your pancreas has to
match the amount of insulin it releases to the amount of glucose that
you eat. But it can’t do that accurately when a lot of glucose comes
into your blood at once.
Why not?
Well, until recently, it didn’t have to. For millions of years, animals
and, eventually, humans ate only unprocessed foods and our metabolic systems evolved accordingly.
OK. So when I eat processed foods and the glucose comes into my blood
too quickly, my pancreas doesn’t release enough insulin?
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No, actually it’s the opposite. When too much glucose comes into
your blood too quickly, your pancreas overreacts and releases too
much insulin.
Oh, OK. And why is that bad?
Why don’t you tell me?
Well, when my pancreas releases insulin, my muscles switch to using glucose for energy, my fat cells start storing fat and my liver starts storing
glucose.
Right.
So, I guess if my pancreas releases too much insulin, the glucose in my
blood will get used up but my fat cells and liver won’t start releasing anything because there will still be a lot of insulin in my blood.
Exactly.
OK, so if I eat a lot of processed foods that are easy to digest and my pancreas releases too much insulin, I’ll end up with low blood glucose and
low blood fat.5 That doesn’t sound good.
Well, it’s no big deal if it happens once in a while. But if you’re always
eating processed foods, you’ll have a lot of these insulin overshoots
and that’s when the trouble starts. We’ll talk a lot more about this
later but, basically, if your blood glucose and fat get too low, your
brain will think that you are low on energy, so it will make you feel
hungry and tired.6 And, in a sense, you are low on energy. But it’s
not because you haven’t eaten enough, it’s because your fat cells and
liver just keep storing energy when they should be releasing it.
OK, OK. So you’re saying that people become obese because of a sort of
vicious cycle in which they eat too much processed food, which causes an
insulin overshoot, which leads to low blood glucose and low blood fat,
which makes them hungry and tired and causes them to overeat again,
and so on.7
Oh, no, the insulin overshoot is only one small part of the problem.
Really?
Yeah, we’re just getting started. So let’s say that you’re starting to
gain weight because you’re eating too many processed foods. This
is when the real trouble starts, because your immune system gets
involved.

30

A Convers at ion a bout Health y Eati ng

13

Uh oh.
Uh oh is right.

Inflammation
OK, so you probably already know that your immune system is your
body’s defence against infections, right?
Sure.
Good. So your immune cells are generally on patrol throughout your
body and, if they detect something that isn’t supposed to be there,
they take action. There are quite a few things that immune cells can
do, like release chemicals or swallow things.
OK.
But what’s important for weight regulation is that your immune cells
don’t only take action against intruders: they also take action when
things go wrong inside your body, for maintenance purposes.
Such as?
Such as when a cell dies or starts behaving strangely.
OK.
Good. Now, when your immune cells take action, that’s called
inflammation.
OK.
And inflammation is a good thing, until it’s not. As I said earlier,
it turns out that all of the unhealthy consequences of being overweight –diabetes, heart attacks, strokes and so on –are caused by
inflammation in excess body fat.
Really?
Really. Once you’ve gained so much weight that your body fat
becomes inflamed, it kicks off a whole series of events that make you
sick and make it really, really hard for you to ever lose the weight.
OK, I’m willing to believe that inflammation is important but I feel like
you must be exaggerating a bit. I mean, why haven’t I heard about this
before?
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I don’t know. I understand your skepticism, though. We’ve known for a
while that fat can become inflamed but it’s really only recently, maybe
in the last decade or so, that we’ve learned why that’s such a problem.8
OK, please go on.

Insulin resistance and diabetes
OK, so one thing that really gets your immune system going is a
build-up of waste in cells that are using or storing glucose or fat.
If your cells get overwhelmed and can’t process everything fast
enough, things can get a bit messy.
What do you mean?
If your cells can’t handle all of the glucose or fat that’s coming into
them, you’ll end up with a lot of half-processed glucose and fat and
a lot of waste.9
I see.
And if an immune cell notices this build-up, it will do what it can to
help your cells catch up. For example, you remember that glucose
needs an escort to enter a cell, right?
Right.
So, to prevent glucose from getting into your cells, your immune cells
can release chemicals that interfere with that escort. Hopefully, that
will slow things down enough for your cells to process their backlog
of glucose and get things back to normal.
OK.
The same thing can happen with too much fat. If your fat cells are
getting more fat than they can store, your immune cells will step in.
They’ll try to prevent fat from entering your fat cells and try to help
release some of the fat that is already stored. Now, do you remember
what normally controls the entry of glucose into a cell?
Insulin.
And what tells fat cells whether they should be storing or
releasing fat?
Also insulin.

32

A Convers at ion a bout Health y Eati ng

3

That’s right. So the response of your immune cells to too much glucose and fat is to interfere with your insulin. Again, this is no big deal
if it happens once in a while but, if you’re in this situation we’ve been
talking about where you’re constantly overeating and your fat cells
are always storing fat, it’s going to become a serious problem.
Because my immune cells are going to be constantly taking action and my
insulin isn’t going to work anymore?
Exactly. That’s called insulin resistance and it’s the main reason that
being overweight is unhealthy.10 The problem is that the whole thing
can get out of control very quickly. For example, as your fat cells get
bigger and bigger, some of them will end up being so far away from
any blood vessels that they’ll die because they don’t get enough oxygen. And what happens when cells die?
More inflammation.
Right. By the time you’re obese, nearly half of the cells in your body
fat will be immune cells.11 And the chemicals released by all of those
immune cells will start leaking out of your fat into the rest of your
body and interfering with the insulin everywhere.
OK, I see the problem.
Oh, it’s about to get much worse. If your insulin isn’t working, the
glucose in your blood will have trouble getting into your cells, so it
will stay in your blood and you’ll always have high blood glucose.
And the insulin resistance will affect your liver as well. Normally,
insulin would tell your liver to store glucose but, if your insulin isn’t
working, your liver will just keep making and releasing glucose,
which will make things even worse.
Is this how diabetes starts?
Exactly. Because your immune system is interfering with your insulin, your liver will think that your insulin is always low, so it’ll constantly make and release glucose. But since none of that glucose will
be able to get into your cells, it will just keep floating around in your
blood –that’s diabetes.12
Right – and that’s different from the other kind of diabetes, right?
Right. They should really have completely different names. People
who have “Type 1” diabetes have no insulin because they don’t have
a working pancreas. But when they inject insulin into their blood, it
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works just fine. People who have “Type 2” diabetes –the kind that
you get from overeating –have a working pancreas but their insulin
doesn’t work because their immune cells are interfering with it.
But, it’s also possible for your pancreas to stop working even with
Type 2 diabetes. If your blood glucose is always high, your pancreas
will just keep producing more and more insulin and, eventually, it
will burn out.
I see.

Plaques, cholesterol, heart attacks and strokes
Good. And, don’t forget, your fat cells will be releasing fat all of the
time because of the insulin resistance, so you’ll have high blood fat
as well.
But at least I’ll start losing weight then, right?
Not really. You might use some of the fat from your fat cells for
energy but most of it will just float around in your blood until it gets
picked up by your liver and put into liver fat packages. And that can
cause serious problems.
Why?
Because the constant release of liver fat packages is what leads to
heart attacks and strokes. Sometimes the fat packages in your blood
will get stuck in the walls of your blood vessels. This is perfectly normal. One of your patrolling immune cells will notice the stuck package, take action, break it down and your waste packages will pick up
the pieces and take them back to your liver.
OK.
The problems begin when fat packages start getting stuck faster
than your immune cells and waste packages can deal with them.
Then things start to build up: as more fat packages get stuck, more
immune cells arrive and you end up with a huge chunk of fat, cholesterol, waste and immune cells, called a plaque.13 Eventually, the
plaque breaks off and floats around in your blood until it clogs up
one of your blood vessels. If the clog cuts off the blood to your heart,
you have a heart attack. If it cuts off the blood to your brain, you
have a stroke.
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I see. OK. But what makes the fat packages get stuck in the first place?
Good question. Ultimately, it’s their size. This is where the concept
of “good” and “bad” cholesterol comes from. It turns out that only a
certain type of fat package is likely to get stuck, and that’s a depleted
liver fat package.14 So when people talk about bad cholesterol,
they’re talking about depleted liver fat packages.
OK. But a depleted liver fat package contains more than just
cholesterol, right?
Actually, by the time it’s depleted, it’s mostly just the cholesterol
that’s left,15 so referring to it as bad cholesterol kind of makes sense.
Fine. So depleted liver fat packages are the ones that get stuck because
they’re the smallest?
Right.
And why is it the small packages that get stuck?
Oh, just because they are more likely to find their way into a crack.
It’s like rolling a golf ball and a basketball down the street. The golf
ball is much more likely to get stuck in a crack, right?
OK, sure. So that’s why I should keep my bad cholesterol low, so that
I have fewer of these packages that are likely to get stuck.
That’s right, though it turns out to be a bit more complicated than
that. Even this one type of fat package comes in multiple sizes and
it’s actually only the small ones that are likely to get stuck. So you
can have a lot of depleted liver fat packages in your blood but if
they’re relatively large then it doesn’t matter.
OK, so the total number of depleted liver fat packages isn’t that important; it’s really about the number of small depleted liver fat packages?
Right.
OK, so what’s “good” cholesterol, then?
Good cholesterol is the waste packages.
Why are they good?
Because the more of them you have in your blood, the faster you can
get waste back to your liver and prevent it from building up in your
blood vessels.
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I see. OK, let me try to summarize.
Go ahead.
My depleted liver fat packages are my “bad cholesterol” because they
can get stuck in my blood vessels.
Right. But only the small ones.
Right. When they get stuck, my immune cells will notice them and break
them down and my waste packages, which are my “good cholesterol,”
will pick up the pieces and take them back to my liver.
Right.
But if too many of my small depleted liver fat packages are getting stuck
too quickly and my immune cells and waste packages can’t keep up, it all
builds up into a plaque, which eventually breaks off, clogs a blood vessel
and gives me a heart attack or stroke.
Exactly.
OK, I’m with you. But I don’t see what this has to do with the insulin resistance you were talking about before.
Well, if you want to minimize the number of small depleted
liver fat packages in your blood, insulin resistance is not going to
help.16 Remember, if your insulin isn’t working, your blood fat will
be high.
Oh, right. That means more fat will be passing through my liver, so it will
be releasing more fat packages.17
Right. But not only will your liver release more fat packages, it will
put more fat into those packages before it releases them.
Why does that matter?
Because the size of a fat package when it’s depleted depends on how
much fat it starts off with: packages that start off with more fat end
up smaller when they’re depleted.18
Packages that start off with more fat end up smaller? That’s weird.
Well, remember, it’s mostly just the cholesterol that’s left once the
package is depleted.
Oh, so packages that start off with more fat also start off with less
cholesterol?
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Yeah, that’s a good way to think about it.19 If the liver fat packages
are all the same size to start with and it’s just the cholesterol that’s
left when they’re depleted . . .
Then the packages that start with the most fat and the least cholesterol
will end up the smallest.
Right.
OK, I think I get it. Because my insulin isn’t working anymore, my fat cells
will be constantly releasing fat, so I’ll have high blood fat. All of that fat in
my blood will pass through my liver, which will cause my liver to release
more fat packages than normal and also cause those packages to start off
with more fat than normal. And that’s a problem because liver fat packages that start off with a lot of fat end up smaller when they’re depleted,
which means they’ll be likely to get stuck in my blood vessels and cause a
plaque to build up.
That’s right. And remember inflammation is behind it all: it causes
the insulin resistance, the high blood fat and the plaque build-up.

Summary II
OK. Let me try to summarize everything, from the first big meal to the
heart attack.
Go for it.
OK, so if I eat processed foods, I’ll digest the glucose too quickly and my
pancreas will overreact and produce too much insulin.
Right.
The glucose from the meal will get used up but, because of the extra insulin, my liver and fat cells won’t start releasing glucose or fat.
Right.
So my brain will think I’m low on energy and make me feel tired and
hungry so I eat again.
Right.
If this happens regularly, my fat cells will keep storing fat but never
releasing it.
Right.
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Eventually, when my fat cells get overwhelmed by all of the fat that they
are trying to store, my immune system will step in and start interfering
with my insulin, first in my fat and eventually in my whole body.
Right.
Once my insulin stops working, my liver will start constantly releasing
glucose but my cells won’t use any of it, so I’ll have high blood glucose –
that’s diabetes. And my fat cells will start constantly releasing fat, so I’ll
have high blood fat as well.
Right.
My pancreas will try to deal with the high blood glucose by releasing more
and more insulin but that won’t work and eventually it will burn out.
Right.
And my liver will try to deal with the high blood fat by putting it into
packages. Those packages will have a lot of fat to start off with, so they’ll
end up small when they get depleted and they’ll be likely to get stuck in
my blood vessels.
Right.
If those small depleted liver fat packages start getting stuck too fast, my
immune cells and waste packages won’t be able to clear them out fast
enough and a plaque will build up. If the plaque gets too big, it will break
off and float around until it clogs one of my blood vessels and I have a
heart attack or a stroke.
Very good.
This is scary stuff.
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Calories in

Energy signals
You’re right, the problems caused by inflammation and insulin resistance are scary. But avoiding them is simple: you just need to burn
more calories than you eat.
Hang on, you just told me off a few minutes ago for saying the same thing!
Not exactly. I’m saying that avoiding these problems is simple, I’m
not saying it’s easy. In fact, it’s incredibly hard –much harder than
you think. Everyone knows that people gain weight because they
eat more calories than they burn. But, unfortunately, just knowing
that isn’t very helpful. What we need to understand are the reasons
that people eat more calories than they burn. Why do people eat too
many calories? Why do people burn too few calories? Unfortunately,
there are a number of very powerful environmental factors and systems in your body and brain that make things very difficult.
But why? I mean, I can see how our environment with processed foods
everywhere isn’t helping but why would there be systems in my body and
brain that want me to be unhealthy?
Well, they don’t want you to be unhealthy. In fact, until very recently,
they would have played an important part in keeping you healthy.
I’m confused.
That’s OK, we’ll go through it all step by step. The root of the problem is the environmental mismatch that I brought up earlier: the
environment that our ancestors evolved in is very different from the
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environment we live in today. Our animal and human ancestors had
to actively search for scarce, unprocessed foods, while we are surrounded by processed foods with no fiber and added sugar. Many
of the systems that we’re going to discuss were essential for our
ancestors’ survival but, in our modern environment, they’ve become
a liability. Like the insulin overshoot that we already discussed –it
simply wasn’t a problem until recently. If it was, evolution would
have gotten rid of it.
Right. But our environment is changing very quickly and evolution is too
slow to keep up, right?
Exactly. It’s really only very recently that processed foods have
become such a dominant part of our diet. Maybe thousands of years
from now, humans will have evolved to avoid these problems. But,
right now, we’re stuck with the bodies and brains we’ve got.
OK, let’s keep going.
Good. Now, we’ve talked a lot about the metabolic systems that
manage the energy that’s in your body, but we haven’t really talked
about the weight regulation systems that control how much energy
you take in or burn up.
You mean the systems that control how much I eat and how active I am by
making me feel hungry or tired?
Exactly. There are very elaborate systems for communication
between your body and brain. We’ll go through the details of how
these systems work and what happens when they don’t. Ultimately,
it always comes back to the same problem: the environmental mismatch causes us to overeat and gain weight and eventually inflammation kicks in and makes everything worse.
More inflammation?
Yup. I think the best place to start is with the systems that control
when and how much you eat. First of all, there are cells in your brain
that control your hunger.
OK. What part of my brain are my hunger cells in?
They’re right in the middle, in an area called the hypothalamus.
Hypothalamus, got it.
The hypothalamus is really important: it has lots of different cells
that control all of your bodily functions. Your hunger cells control
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your hunger based on signals that they receive from all over your
body telling them how much energy you have.
What kind of signals?
There are a few different kinds. One set of signals comes from your
stomach and intestines to tell your hunger cells about what you’ve
eaten recently. There are nerves all over your gut that go to your
brain,1 and hormones released by your stomach and intestines.
Sorry, but I just want to make sure that I fully understand everything.
What exactly is a nerve?
A nerve carries an electrical message from one place to another, like
a telephone wire.
OK. So the nerves run directly from my gut to my brain. And I guess the
hormones travel to my brain through my blood?
They can, yes. Or they can activate the nerves in your gut and send a
signal to the brain that way. Either way.
OK, so how do these energy signals work?
Well, there are a lot of them and each one carries a different kind
of message. For example, there are nerves that tell your brain how
stretched out your stomach is.
That makes sense.
There are also hormones that keep track of what is coming into your
blood.2 One of the most important hormones is called ghrelin –that’s
your hunger hormone.3 Ghrelin tells your brain that your stomach
and intestines are empty.
OK, so if I haven’t eaten in a while, my stomach and intestines will be
empty and my ghrelin will be high, so my brain will make me feel hungry.
As I eat, my stomach and intestines will fill up, I’ll start digesting the food
and my ghrelin will go down, so my brain will make me feel full. Then,
after a while, when I’ve finished digesting, my stomach and intestines
will be empty again and my ghrelin will go back up, so my brain will make
me feel hungry again.
Exactly.
OK, that’s pretty simple.
Good, then let’s keep going. Now, the amount you eat should depend
on how much energy you’ve already got stored, right?
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You mean how much body fat I have?
Right. If you have a lot of stored fat, then you don’t really need to eat,
so you should feel full quickly.
Yes, that makes sense. But how can my brain know how much fat I have
stored?
Your fat cells send hormones to your brain.4
Really?
I know, it’s pretty cool, isn’t it? Fat cells actually release a lot of different hormones but the most important one is called leptin –that’s
the fat hormone. That’s the one that tells your brain how much fat
you have stored. More leptin means more fat.
OK, so I guess leptin amplifies the signals from my gut, so that I feel full
more quickly.
Exactly.5
OK, so I’ll end up eating less if I’m overweight and I’ll end up eating more
if I’m not.
Right. And your brain also monitors a few other things: it monitors
how much insulin is in your blood, since that’s a good indicator of
how much glucose you’ve eaten recently, and also how much glucose and fat are in your blood.
Right, because the whole point of my metabolic systems is to always
make sure that there is enough glucose and fat in my blood to keep
everything going.
Exactly.
OK, let me make sure I get it.
Go ahead.
I’ve got ghrelin and the other gut signals telling my brain how much food
is in my gut and what’s coming into my blood.
Right.
I’ve got leptin telling my brain how much fat I have stored.
Right.
And I’ve got my brain keeping its own record of how much insulin,
glucose and fat are in my blood.
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That’s right. Those are the main energy signals that your brain uses
to control your eating.
Well, that sounds like a fine system. What’s the problem?
Well . . .

Pleasure
Wait, this gets back to the question I asked you earlier. If I’m overweight,
why would I ever feel hungry at all? If I’ve got all that stored energy,
I don’t really need to eat, do I?
That’s right. Since your liver can make glucose to fuel your brain
and everything else can run on fat, you could, in theory, go for a
long time without eating. But now we’ve come to the first big problem: the systems that control your eating are simply not designed for
an environment in which you can eat whenever you want to.
Why not?
Well, like I said earlier, most of us have constant access to food but
our ancestors didn’t. They spent most of their time looking for food
and, when they found some, they ate it. For them, starvation was
a real risk but becoming obese was not. So their brains evolved to
strongly motivate them to seek food and to eat it.
But I’m not an animal. Surely I have some control over the decision to eat
or not, right? I mean, even if I’m a bit hungry, I can see food and decide
not to eat it.
Yes, of course, you’re right. You can always decide not to eat. You
might be offered a snack and decline it because you think “Oh,
I don’t want to spoil my dinner” or “Oh, that looks good but I don’t
want to gain weight.” But, given the number of people who are overweight and would rather not be, I think it’s fair to say that this control is pretty weak.
So the problem is that my desire to be healthy is not strong enough to
overcome my hard-wired urge to eat?
Sort of. I’d put it slightly differently. Eating –or really all behavior –
is a battle between your brain’s pleasure system and your brain’s
self-control system. Your pleasure system helps make sure that you
satisfy your short-term needs by creating urges to seek pleasure or
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avoid unpleasantness. But your pleasure system can’t see the big
picture.
OK. So my pleasure system will always urge me to eat cake rather than
vegetables?
Yeah, more or less. That’s why you also have your self-control system: to help you ignore the urges from your pleasure system and do
what’s best for the long term.
Why didn’t evolution just make the self-control system really strong?
That’s a good question. We might get there eventually but, as you
said before, evolution is really slow. Giving your self-control system
all of the responsibility would require you to understand exactly
what all of your needs are and organize your behavior to satisfy
them, which is asking a lot. But it might work for eating.
Yeah, I think I could manage to eat enough food each day even if I didn’t
get much pleasure from the taste.
You might. But we inherited our brains from much simpler animals
that couldn’t see the big picture the way we can. So it made perfect
sense for their brains to use the pleasure system to provide extra
motivation to seek food and eat it because, again, starvation was a
risk but obesity was not.
OK, I see what you’re saying.
Good. Now, let me tell you a bit more about how your pleasure and
self-control systems work.
OK.
Let’s start with the pleasure system.6 It’s located deep in the middle
of your brain, in the area surrounding your hypothalamus.
Does that part of the brain have a name?
Well, the pleasure system has a lot of different interconnected parts,
each with its own complicated name. The names don’t matter, so
I think we should just keep calling it the pleasure system.
Fine.
Now, I think the first thing we need to do to understand the pleasure
system is to make a distinction between “being hungry” and “wanting to eat.”
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What do you mean?
Well, when we talk about hunger, we’re usually talking about the
sensation that builds gradually after we haven’t eaten for a while
and that isn’t necessarily linked to a specific food.
Right.
But sometimes we want to eat even when we’re not hungry –maybe
because we see or smell a particular food.
Oh, I see. OK, sure.
Or, even if you feel full because you just finished a meal, you might
still want to eat dessert. That’s different from being hungry.
Got it.
It’s entirely possible, of course, to be hungry and to want to eat –in
fact, that’s what happens most of the time. But it’s helpful to think
about them separately.
OK.
So being hungry is what we’ve already discussed. If you haven’t
eaten in a while and your stomach is empty, and your ghrelin is high
or your blood insulin, glucose or fat have dropped below normal
levels, the hunger cells in your hypothalamus will notice and they
will make you feel hungry. Alternatively, if you see something that
you know is tasty, your pleasure system will make you want to eat it,
whether you are hungry or not.
Hold on. It still seems like just being hungry would be enough, even for animals. Is the whole “wanting to eat” thing really necessary? I understand
what you said about our brains evolving to make sure we eat enough, but
they must have evolved to make sure we sleep enough as well . . .
That’s right, I see where you’re going. Just being tired at the end of
each day is sufficient to get us to sleep. It’s not like we get the urge
to sleep every time we see a bed.
Right. So if just being tired is a strong enough signal to get us to sleep,
why isn’t just being hungry a strong enough signal to get us to eat?
I’m sure it would be, nowadays. The key difference is that food used
to be scarce and we needed to be motivated to seek it. But that’s not
really the case with sleep, right?
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OK, I guess we’ve always been more or less in control of how much we
slept. We were never going to die of sleep deprivation.
Right. But if our ancestors didn’t constantly put in the effort to seek
food, they could easily have died of starvation. If we had evolved
with constant access to food, maybe eating would be like sleeping.
Maybe every morning when we woke up, we’d have a really strong
urge to eat enough food for the day but we wouldn’t really have any
desire to eat at other times.
OK. So wanting to eat gave us the extra motivation to seek food when
food was scarce, but it’s not really necessary anymore.
Right. But the pleasure associated with eating isn’t just about extra
motivation, it’s also about eating the right foods. Your human brain
is capable of deciding whether something is food or not but the animals that we evolved from couldn’t do that. They needed to know
that eating fruit was a good idea but eating a rock was not.
OK, so if something tastes good, that’s a signal that it’s probably OK
to eat.
Right. Now, let’s get into the details of how your pleasure
system works.
OK.
In order to make you want to do the things that are critical for survival –eating, sleeping, having sex, urinating and so on –your brain
evolved so that doing those things is pleasant and not doing them
is unpleasant. As we already discussed for eating and sleeping, the
details of the pleasantness and unpleasantness might vary for the
different activities but the basic idea is similar.
OK.
So wanting to eat, as opposed to being hungry, is wanting the pleasure that comes from eating. In a sense, it’s no different from wanting any other form of pleasure: your brain is hard-wired to want
pleasure so, if you’re given the opportunity to eat something tasty,
you’re likely to take it. And once the urge to seek this pleasure has
been triggered, it can be very hard to resist.
You almost sound like you’re talking about drug addiction . . .
Ah, well, there are in fact a lot of similarities in the way food and
drugs can hijack your pleasure system. We’ll get into that later,
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but let’s talk about how your pleasure system normally controls
eating first.
OK.
So your brain evolved so that eating certain foods gives you pleasure, particularly those that contain a lot of glucose or fat. Now, the
link between taste and pleasure is not something your brain needs to
learn: it’s already there when you’re born. Your taste buds are connected to nerves that send signals to your brain. When your sweet
taste buds are activated, for example, they send a signal up those
nerves that causes cells in your brain to release opioids and cannabinoids, which are the two pleasure chemicals.7
Wait, aren’t those the same chemicals that are in drugs?
Yup. Opioids are in heroin and cannabinoids are in marijuana.
So my brain makes its own drugs and releases them when I eat
something sweet?
Right.
OK, yeah, I can see where this is going.
Well, hold on, the fact that eating is pleasurable doesn’t need to be
a huge problem. There are plenty of pleasurable things that we can
enjoy without any problems at all.
OK, sorry, go on.
So eating certain foods gives you pleasure because they taste good
and that pleasure motivates you to seek and eat these foods rather
than just eating other random things. What your brain needs to learn
is which foods these are. It learns this pretty easily through trial and
error: you try many different foods throughout your childhood and
your brain remembers which taste good and which don’t.
Fine.
Now, your brain is hard-wired to motivate you to seek pleasure,
that’s one of its most basic and powerful functions.
You really make us sound like animals!
Well, there is a really big and important part of your brain that is
essentially the same as in an animal. It makes you do what you need
to do to survive without having to think about it. If I described the
system that allows you to breathe automatically, you wouldn’t get
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upset, would you? Eating is more complicated because you have to
figure out how to get food but, once you’ve got the food, the hard-
wired system can take over to make sure you eat it. Haven’t you ever
found yourself mindlessly munching on snacks?
OK, OK, go on.
OK. So once your brain has learned that a particular food tastes
good, seeing it will trigger a craving for it.
What exactly is a craving? I mean, I know a craving is a strong desire to
have something but what’s actually going on in our brains?
Yes, good question; this is the key to the pleasure system. When you
see something that you’ve learned is a source of pleasure, cells in
your pleasure system release dopamine, which is the craving chemical.8 The dopamine tells other parts of your brain, like the parts that
control your movements, to do whatever they need to do to get that
source of pleasure.9
OK.
So when you see something that you know is a source of pleasure,
like tasty food, dopamine is released and triggers a craving for it.
Now, because your brain is very clever, it will learn which things
in your environment are typically associated with tasty food. So
your pleasure system will release dopamine not only when you see
the food itself but also when you see, hear or smell anything that
reminds you of it.
I see; so if I walk past the kitchen and smell cookies, that might trigger a
craving to go into the kitchen and eat them.
That’s right. But the cues can be much more indirect than that. For
example, I always have to eat Swedish Fish at the movies. I never
really think about them otherwise but as soon as I enter a theater to
see a movie, I crave them.
OK, that’s a bit weird, but I get the point.
Good. Now, for most people, one of the most powerful food cues is
the time of day. Your brain always knows more or less what time it is
and if it learns that you usually eat lunch at noon, then it will make
you want to eat each day around noon.
But when it’s lunch time, it’s not that I just want to eat, I’m usually actually hungry.
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That’s right. Most of your eating is partly out of hunger and partly
out of just wanting to eat. Come lunch time, you might actually be
hungry but you’ll often want to eat something pretty specific.
Right.
And if you’re pretty regular about when you eat lunch, you’ll usually get hungry at the same time whether you had a big or a small
breakfast.
OK, I can see how my normal lunch time might trigger a craving for
food even if I had a big breakfast, but how can it actually make me hungry? If there’s still food in my gut, my ghrelin should still be low and all
that, right?
Right, but because your brain has learned that you usually eat at
noon, it will tell your body to start preparing to digest your lunch
before you even eat it.
Oh, like Pavlov’s dogs started to salivate when they heard the bell, right?
But, what’s the point?
Right. Well, remember, your metabolic systems are all about keeping a relatively constant supply of energy in your blood. Eating, of
course, is going to cause a massive increase in the amount of glucose
and fat in your blood. But if your brain knows the food is coming, it
can give you a head start on processing all of that glucose and fat by,
for example, telling your pancreas to release insulin even before you
start eating.
Oh, I see the problem. The insulin will tell my muscles to take glucose out
of my blood. But because I haven’t yet eaten, my blood glucose will actually drop below normal and the hunger cells in my brain will sense that
and make me feel hungry.
Exactly. It’s similar to the hunger that follows the insulin overshoot
that we discussed earlier. And the same thing can happen with any
food cue. If it happens because it’s lunch time, it’s not such a problem, because you’re probably planning to eat anyway. But if you’re
watching TV in the middle of the afternoon and you see a commercial that triggers a craving and hunger, you’re pretty likely to find
yourself heading to the kitchen.
OK, I’m with you. Let me try to summarize what you’ve told me so far about
the systems that control my hunger. I’ve got the energy signals that are
monitored by my brain: ghrelin, leptin, insulin and blood glucose and fat.
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Right.
And I’ve got dopamine from my pleasure system, which makes me want
to eat when I see tasty food or anything that reminds me of tasty food.
Right.
And if my brain thinks that I might eat soon, it will tell my pancreas to
release insulin to prepare for digestion, which, in turn, will cause my
blood glucose to drop. So, I won’t just want to eat, I’ll also feel hungry.
Exactly.
OK. And it made sense for eating to be controlled by these signals when
food was scarce because we had to be motivated to seek food and learn
how to find it. But, nowadays, when food and food cues are everywhere,
it’s getting us into trouble.
Right. Now, there’s one more thing I forgot to tell you. I told you that
leptin from your fat cells amplifies the signals from your gut so that
you’ll feel full more quickly if you’ve got a lot of stored energy.
Right.
Leptin also dampens the cravings for food from your pleasure system by interfering with your dopamine.10
Oh, so if I’m overweight, a food cue will trigger a weaker craving, so I’ll be
more likely to be able to resist it?
Right. Well, at least if you’re only a bit overweight. If you’re really
overweight and inflammation has kicked in, the whole system will
break down. But we’ll get to that later.
OK.
Good. Now we can move on to the self-control system.

Self-control
Your self-control system is in a different part of your brain. It’s in the
front of your cortex, that’s the really large part of your brain behind
your forehead.
Not large enough, apparently.
Well, again, the problem is the environmental mismatch. The balance between our pleasure system and our self-control system was
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set based on the environment of our ancestors. Their environment
had relatively few opportunities for short-
term pleasure. There
weren’t tasty foods everywhere back then, so our ancestors’ self-
control systems didn’t need to be that strong.
So why did the self-control system evolve in the first place?
Back then, even for animals, there was still a big advantage to behaving in a way that considered both short-term and long-term needs,
rather than just responding to whatever need was most urgent at
any given time. If a hungry animal found some food late in the day
when it was about to get dark outside, it was more likely to survive
if it could resist the urge to eat right away and take the food back to
its shelter and eat it there.
I see.
That’s really one of the most important functions of your self-control
system: inhibiting the behaviors that are triggered by the cravings
from your pleasure system in order to help you do what’s best for
the long term.
OK, so how does it work?
Your self-control system basically cancels the orders that are sent by
your pleasure system.
How? Does it interfere with dopamine?
Not directly. What it really does is shut down the brain cells that
would have carried out the order sent by the dopamine, like the cells
that control your movements.11
OK, so it inhibits the behavior but not the craving?
Right, that’s the problem: if the craving persists, your self-control
will eventually break down.
Why? If I’m able to resist the craving in the first place, what changes?
Well, your brain evolved so that there would be a balance between
your pleasure system and your self-control system, with each one
getting its way part of the time. So if your self-control system is constantly cancelling orders, its signals will become weaker so that
your pleasure system can get its way for a while. For our ancestors,
this provided a good balance between short-term and long-term
benefits.12
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OK, I see. So this balance made sense for our ancestors because their
pleasure systems weren’t constantly getting triggered, but it’s a problem
for us because now there is food everywhere.
Exactly.
OK, let me try to summarize it all.
Go ahead.
Actually, wait, you told me that leptin interacts with the signals from my
gut and my pleasure system so that I’ll eat less if I’m overweight. Does it
interact with my self-control system as well?
Oh, yes, that’s right, it does. Leptin increases the strength of your
self-control system so that it’s more likely to be able to cancel the
orders sent by your pleasure system.13

Summary III
Got it. OK, so let me try to go through the systems that control my
eating.
Go for it.
I’ve got nerves and hormones from my stomach and intestines, like the
hunger hormone ghrelin, that tell my brain how much I’ve eaten recently.
Right.
I’ve got the hormone leptin from my fat cells that tells my brain how
much fat I have stored.
Right.
I’ve got insulin telling my brain how much glucose I’ve eaten recently.
Right.
And I’ve got my brain monitoring my blood glucose and fat directly to
make sure they don’t get too low.
Right. Those are the main energy signals.
OK. Then I’ve also got my pleasure system, which makes me want to eat
when I see tasty food or anything that reminds me of it.
Right.
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And, finally, I’ve got my self-control system, which can cancel the orders
sent by my pleasure system.
Perfect. Now, why don’t you try to run through a typical day? You’ve
just woken up in the morning . . .
OK, my stomach and intestines are empty and my ghrelin is high, so the
hunger cells in my hypothalamus make me feel hungry and I eat breakfast. As I eat my breakfast, my ghrelin goes down and some of the other
signals from my gut go up, so I start to feel full. And, if I’m overweight, I’ll
feel full more quickly because my leptin will be high and it will amplify
the signals from my gut.
Good, keep going. Let’s say you don’t have any snacks in the morning.
OK, then after a few hours when I’ve digested my food, my stomach and
intestines will empty out, so my ghrelin will go back up and my brain will
gradually start to make me feel hungry again. When my normal lunch
time rolls around, I’ll get really hungry because my brain has learned that
I usually eat at that time, so it will start preparing for digestion. It will tell
my pancreas to start releasing insulin, which will cause my muscles to
start using glucose. But I haven’t yet eaten anything, so my hunger cells
will notice the drop in blood glucose and make me feel hungry.
Good. So you eat lunch, your gut signals do their thing again and you
feel full for a while. But then in the middle of the afternoon, there’s
a birthday cake for someone in your office.
Right. When I see the cake, my dopamine goes up because my brain has
learned that eating cake is pleasurable and my brain is hard-wired to seek
pleasure. The dopamine tells the parts of my brain that control my behavior to do what is needed to eat the cake.
Good. But let’s say you’re worried about the fact that you’ve put on
weight over the past couple of months.
Right. So my self-control system tries to cancel the order from my pleasure system. And since I’ve gained weight, my leptin is high, so it interferes with the signals from my pleasure system and boosts the strength of
my self-control system and I resist the cake!
That would be good. But let’s say it’s your favorite kind of cake and
you’re unable to resist. Let’s say you have a big piece of cake.
OK, well if I have a big piece of cake with a lot of easily digested glucose,
I might have an insulin overshoot and, because of the extra insulin, my
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blood glucose and fat might end up too low. If my brain thinks that I’m
low on energy, it will make me feel hungry again and maybe I’ll hit the
vending machine.
Right. So now it’s late afternoon. You’ve already had breakfast,
lunch, a piece of cake and now another little snack. You’re full now
but you’re meeting a friend for dinner soon . . .
Right. And when I get to the restaurant, my brain knows that restaurants
mean food so it starts preparing for digestion again. My insulin goes up,
my blood glucose goes down and, even though I’m still pretty full, I start
feeling hungry, so I eat.
Right. I mean, you’re at a restaurant –of course you’re going to
eat, right? OK, then finally, after dinner, you see some really good-
looking desserts being taken to the next table.
No, no way. This time I’m not giving in. My stomach and intestines are
full. My pleasure system has had its way all day long. This time my self-
control system is cancelling the order sent by my pleasure system.
OK, fair enough. Great job with the summary.
Thanks, I think I’m starting to get it now. I can really see why it’s so hard
to eat right.
Well, so far we’ve only discussed how eating is controlled when
things are working well. It can get much, much harder. I mentioned
the similarities between food and drugs before, so let’s go back
to that.
OK.

Addiction
So we’ve talked about how your pleasure system can trigger cravings
far too often because our modern environment has food or reminders of food everywhere.
Right.
But, even still, most of us would probably be fine if food didn’t taste
so good.
What do you mean?
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Well, the strength of the craving triggered by a particular food
depends on the pleasure associated with eating it. If our environment was full of bland foods, our pleasure system wouldn’t trigger
so many cravings because eating bland food is not that pleasurable.
OK.
But our pleasure system is calibrated for the kinds of foods that our
ancestors would have eaten. These foods were typically pretty bland
compared to the processed foods we eat today, which have a lot of
added sugar. The problem is that sugar just tastes too good. It’s off
the charts. The pleasure we get from eating processed foods with
added sugar is totally unnatural.
I see.
And it’s simply too much for some people. For them, food can hijack
the pleasure system, just like a drug can.14
So are you going to tell me that some people get addicted to food? That
sounds a bit far-fetched.
Does it? There are a lot of obese people who show all of the signs of
addiction. They’re fully aware that they shouldn’t be eating so much
and they would love to stop but they can’t –they just keep doing
it. And if they’re prevented from eating, they’ll have strong cravings
and it will be extremely unpleasant.
C’mon. Sugar is not cocaine.
No, it’s not. But the point is that they both give rise to an unnaturally strong feeling of pleasure and, because of that, they can cause
unnaturally strong cravings. Drugs might be more powerful than
sugar or other tasty foods but sugar has the “advantage” that it’s
connected with eating, which is something that your brain is hard-
wired to make you want to do.
OK. But I thought that one of the key things with drug addiction was that
you build up a tolerance, so that you have to keep taking more and more
of the drug just to get the same high.
That’s right; if you take a lot of drugs, your pleasure chemicals –the
opioids or the cannabinoids –will be high all of the time, so your
brain will stop paying attention to them. As you said, this means that
the drug becomes less effective, so you need to keep taking more and
more of it to get the same high.
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Right.
But it’s only your pleasure chemicals that your brain stops paying
attention to, not your dopamine. So even though the drug is less
effective, you still have the same strong craving for it.
Right. So some addicts get to a point where they’ll desperately seek
whatever it is that they’re addicted to but then they won’t even enjoy
it when they get it. And you’re telling me that the same thing happens
with food?
Yes, for some people. As you become obese, it’s likely that your brain
will start releasing more dopamine when you see food and fewer
opioids and cannabinoids when you actually eat it.15 So you’ll constantly be craving food but you won’t actually enjoy it that much
when you eat it.
So are all obese people addicted to food?
No, no, definitely not. But addiction is not an all or nothing thing.
There isn’t anything about an addicted brain that is clearly different
from a normal brain. There’s no blood test or brain scan for addictions –they’re diagnosed based on behavior. Basically, if your behavior suggests that your pleasure system has become totally dominant
over your self-control system, you’ll be diagnosed with an addiction.
But even if your behavior doesn’t officially qualify you as addicted, it
can still be a real problem.
Sure. So why is it that some people get addicted to food and others
don’t?
Well, part of it is genetic. Some people have relatively strong pleasure systems or relatively weak self-control systems.16 But the real
problem is our modern environment. If there was no such thing
as processed foods with added sugar, hardly anyone would have a
problem. But because unnaturally tasty food is literally everywhere,
we’re all at risk.
Right.
And there are also other environmental factors that are not directly
related to food that can tip the balance in favor of the pleasure
system.
Like what?
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Stress
Like stress.
Oh, yeah. I know a lot of people who eat when they’re stressed.
Exactly. “Comfort foods” got their name for a good reason.17
So eating actually does relieve stress?
It definitely can, at least for a little while. Maybe I should explain a
bit about how the stress system works.18
Yes, please do.
Whenever you sense a threat, your brain responds by releasing
chemicals that are meant to help you cope with that threat.
Like adrenaline?
Exactly.
Adrenaline gives me extra strength, right? So I can run away from a lion
or lift up a car before my baby is crushed.
Yeah, sort of. Adrenaline helps get extra energy to your muscles by
telling your liver to make and release glucose and your fat cells to
release fat. In that sense, it’s sort of an anti-insulin. Adrenaline also
does a lot of other things and it’s obviously important but, when it
comes to the effects of stress on eating, there is another chemical
that is much more important: cortisol.
Oh, OK. What does cortisol do?
Cortisol does a lot of different things. Most importantly, it makes
you act on instinct.
Because if I’m being chased by a lion, I don’t want to think, I just want
to run.
Exactly. And acting on instinct is really useful if you are, in fact, facing a physical threat. But that kind of stress is relatively rare these
days. Most of our stress is mental stress. In fact, there are a lot of
people who are under mental stress pretty much constantly.
Yeah, I might know someone like that . . .
Right. If you are constantly under stress and your cortisol is constantly high, that means that you’re constantly going to be acting on
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instinct. Now, what do you think “acting on instinct” means in terms
of eating?
I guess it means letting my pleasure system control my eating?
Exactly. Cortisol tips the balance between your pleasure and self-
control systems in favor of your pleasure system.19
OK, so if I’m stressed and my cortisol is high, I’m much more likely to give
in to my cravings for tasty food.
Right.
OK, that’s not good.
No, it’s not.
So how does cortisol work? Does it boost my pleasure system? Or does it
interfere with my self-control system?
Both, actually. Cortisol boosts the amount of dopamine released by
your pleasure system and it blocks the ability of your self-control
system to cancel the orders sent by your pleasure system.20
Double trouble.
Exactly. And the consequences can be pretty severe, and often perverse –like for people who stress about their weight.
What do you mean?
A lot of people are constantly worried about their weight, even people who aren’t overweight, and rightfully so. We’ve discussed how
risky the modern environment is. If you’re not constantly on your
guard, it’s easy to become overweight and unhealthy.
Right, so in order to avoid eating the tasty foods that are everywhere,
I have to constantly use my self-control system to cancel the orders sent
by my pleasure system.
Right, and that’s really hard to do, so constantly trying to resist your
cravings and worrying about the consequences every time you give
in to them can easily become a source of stress. But, in this case, the
stress response can really backfire.
Right. Because if I’m stressed and my cortisol is high, it will tip the balance in favor of my pleasure system and make it even harder for me to
resist my cravings.
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Exactly. And, to make matters worse, eating tasty foods really does
reduce your stress temporarily, so you might start to use it as a regular coping strategy.
How does eating tasty food reduce stress?
The opioids and cannabinoids released by your pleasure system will
actually shut down your stress system. So any pleasurable activity
would probably help to reduce stress but eating tasty foods is really
effective.
I see. But why would opioids and cannabinoids shut down my stress
system?
Well, the links between stress, pleasure and survival might be relatively weak for us nowadays, but that wasn’t the case for our ancestors: they were stressed by actual threats to their survival and got
pleasure from doing things they actually needed to do to survive . . .
Oh, so if my pleasure system is releasing opioids and cannabinoids, my
brain thinks that I’ve successfully dealt with the threat?
Right. But, of course, it’s really only a short-term solution. If the
threat is still there, the stress will return.
Ah, right. Until I eat something tasty again. But if I do this repeatedly,
I’m going to start gaining weight. And if I start gaining weight, eating is
going to become an even bigger source of stress, so I’m going to find it
harder and harder to resist my cravings. It’s a vicious cycle.
Exactly. And it can get even worse. If you’re stressed out all the time,
your brain will recognize that the cortisol isn’t cutting it and it will
start trying other ways to tip the balance towards your pleasure
system.
Like what?
It will literally make your pleasure system bigger and your self-control system smaller.21
Whoa.
Yeah. And once that’s done, it can be hard to undo, even if you manage to eliminate the source of the stress. So the influence of stress
on the balance between your pleasure system and your self-control
system can last long after the stress itself is gone.
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Right, so stress is bad news. I always see stories about links between
stress and heart attacks, but that’s not just because of the effects of stress
on eating, is it?
Oh no, there is a lot more to it. For example, if your cortisol is always
high, it will cause the fat from other parts of your body to move to
your belly.22
What? OK, first of all, why would that ever be helpful in coping with a
threat? And, second of all, why would that be bad for me? Fat is fat, right?
Well, belly fat cells are slightly different from fat cells in other parts
of your body23 because they can release their stored energy more
quickly. Do you remember what we just said about adrenaline?
It tells my liver to release glucose and my fat cells to release fat.
Right, and belly fat cells are more sensitive to adrenaline than other
fat cells. So in the old days, if our ancestors were constantly under
threat and often needed quick access to their stored energy, it was
better to keep it stored in belly fat.
OK, I guess that makes sense. But why is belly fat more of a problem than
any other fat? Oh, hold on, you’ve got that look on your face that you
always get before you start talking about inflammation.
Do I? Yes, the problem is inflammation. Belly fat is more easily
inflamed than fat in other parts of your body and the chemicals
released by the immune cells in your belly fat can easily leak out into
your liver.24
Oh, OK, hold on, let me take a shot at this. The chemicals from my
immune cells can interfere with my insulin, so if my belly fat is inflamed
it can cause insulin resistance in my liver.
Right.
Normally, when my insulin is low, my liver releases glucose. And the
insulin resistance will make my liver think that my insulin is low, even
when it’s actually high. So that means if I have insulin resistance in my
liver, it will release glucose constantly.
Right, so you’ll end up with high blood glucose. And don’t forget,
your belly fat is inflamed as well.
Right, and my inflamed belly fat will be constantly releasing fat, which
will also go straight into my liver?
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Right.
Oh, right, I see the link to heart attacks now. My liver will put the fat
that’s coming from my belly into the packages that it makes. So my liver
fat packages will start off with a lot of fat, which means they’ll end up
smaller when they’re depleted and they’ll be more likely to get stuck in
my blood vessels, lead to a build-up of plaque and, eventually, a heart
attack or stroke.
Exactly.
OK, I get the picture.

Leptin resistance
Good. That’s enough about stress for now; we’ll come back to it
again when we talk about exercise. But since you brought up inflammation again . . .
What?
OK, since we’ve started discussing inflammation again, I think this
is a good time to discuss the consequences of brain inflammation.25
Oh, my brain can get inflamed too?
Sure. Your brain has its own private immune system but it’s more
or less the same as your body’s immune system. Do you remember
what we said about inflammation in the body?
I think so. If I overeat, my cells will get overwhelmed with glucose and
fat and they won’t be able to process it fast enough. So if I keep overeating, I’ll get a build-up of waste and half-processed glucose and fat. My
immune cells will take notice and they’ll interfere with my insulin to prevent my muscle cells from taking in more glucose and my fat cells from
trying to store more fat, giving them a chance to clear out the backlog. It’s
OK if this happens once in a while but, if it’s happening all the time, then
my insulin won’t ever work properly and I’ll have all kinds of problems.
Good. Now, the same thing happens in your brain with overeating leading to inflammation and insulin resistance. But when your
immune cells interfere with the insulin in your brain, it causes a different set of problems.
Like what?
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Well, most importantly, when your immune cells interfere with the
insulin in your brain, they also interfere with leptin. So you won’t
just have insulin resistance, you’ll also have leptin resistance.26
Why?
Because your brain cells use the same escort for insulin and leptin,27
so it’s impossible to interfere with one without also interfering with
the other.
Ugh.
And you remember what leptin does, right?
Yeah, I remember. It tells my brain how much fat I have stored. I’ll eat
less if my leptin is high because it will boost the signals from my gut so
that I feel full more quickly. And it will also interfere with the dopamine
from my pleasure system and strengthen my self-control system so that
my cravings will be weaker and I’ll be more able to resist them.
Right. So do you see where this is going?
Yup. My leptin will fail me right when I need it the most. If I’m overeating
consistently and my brain becomes inflamed, the one signal that would
have helped me eat less disappears.
Actually, it’s even worse than that. If your leptin isn’t working, your
brain will think that you are low on stored energy, so it will actually
push you to eat more.
Oh, wow. OK, you’re not going to try to argue that this makes some kind
of evolutionary sense, are you?
No, not really. It’s very common for cells to use the same escort for
different things, it’s just unfortunate that leptin and insulin happen
to use the same one. But remember, this problem never would have
arisen for our ancestors. They never would have had the constant
inflammation that we do because they never would have consistently overeaten the way that we do.
Right.
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Weight regulation
Now, when inflammation causes leptin resistance, it doesn’t only
affect your brain’s ability to control how much you eat, it also affects
your brain’s ability to control how much energy you burn.
OK. We haven’t really talked about how my brain controls how much
energy I burn.
Right, I think it’s time we do. The important thing to keep in mind is
that when things are working properly, your weight regulation systems try to match how many calories you eat and how many calories
you burn.
Really?
What do you mean, “really?” We’ve talked about the different systems that control your eating. We just finished talking about leptin
a second ago.
I know. And I understand how leptin will help me eat less if I start gaining
weight. But doesn’t the fact that most people are overweight suggest that
these systems don’t really do all that much?
No! It’s true that most people are overweight but there are still a lot
of people who aren’t. And even those that do gain weight still typically gain only a few pounds per year. Do you realize how remarkable that is? Even if you gain a few pounds per year, the number of
calories that you eat and the number that you burn are still incredibly closely matched.
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Well . . .
Hold on. To gain a pound per year, you need to eat 3500 more calories than you burn.1 If you spread that out over the whole year it
comes out to about 10 calories per day. That’s nothing! That’s not
even a tiny bite of food.
So what are you saying?
I’m saying that most people have no clue about the number of calories they’re eating and burning each day, yet they are able to match
these numbers to within a bite of food. Do you think that is just a
coincidence?
I guess not.
It’s not a coincidence at all. It’s because our weight regulation systems are incredibly effective at matching the number of calories that
we eat and the number that we burn, even when we make their job
extremely difficult by living in an environment that’s very different from the one they were designed for. These systems only break
down after we’ve pushed things way too far and inflammation has
kicked in.
OK, calm down.
Sorry. It’s just completely unreasonable to blame our problems on
our weight regulation systems. We should really be blaming ourselves
for creating an environment that has caused these systems to fail. If
you were sitting inside a freezer and felt cold, would you blame your
body’s temperature control systems for failing to keep you warm?
OK, OK, I see what you’re saying.
Anyway, let’s get back on track. So your weight regulation systems
try to match the number of calories that you eat and burn to keep
your weight constant. Now, it’s true that these systems are much
more tolerant of weight gain than they are of weight loss –I’m not
trying to argue otherwise. But I hope you’re convinced by now that
that this made sense in the environment we evolved in.
Sure.
Good. But it’s also kind of an obvious point. There’s just a lot more
room for weight gain than there is for weight loss. A lean person who
gains 50 or even 100 pounds can survive for years but a lean person
cannot lose 50 or 100 pounds; it’s just not possible.
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Right. But how do my weight regulation systems choose what weight
they try to maintain?
That’s a good question. It’s largely genetic: different people will
have different natural weights.2 Maybe you’re lucky and you can
maintain a six-pack without even thinking about it. Or maybe you’re
unlucky and you’re doomed to be a bit soft around the middle no
matter what you do.
But most people’s natural weight is in the healthy range, right?
Oh, sure. If you’re overweight, it’s not because your natural weight
is too high. It’s because the systems that try to maintain your natural weight have broken down. For example, leptin tells your brain
how much fat you have stored, so it’s one of the key signals that
your brain uses to determine where you stand relative to your natural weight. But if your brain thinks your leptin is low because your
immune cells are interfering with it, then it will think that you are
below your natural weight even if you’re not, and the systems that
control how many calories you eat and how many you burn will act
to make you gain weight when you should be losing it.
Got it.
Good. Before we discuss the different systems that control how many
calories you burn, I think we need to discuss the different ways that
you use energy.
Wait, hold on, let me ask a question first. What exactly is a calorie?
Oh, it’s just a measure of energy, like a mile is a measure of distance.
Oh, OK, sorry. Please go on.
OK. So most of the energy you burn is spent just keeping your
body going.
Like keeping my heart beating and all that?
Right. Even people who exercise a lot still burn most of their calories
just staying alive.
OK.
Good. Now, the amount of energy that you need to stay alive will
depend on how much of your body is muscle and how much is fat.
Why does that matter?

Calories out

65

6

Because muscle cells burn more calories just staying alive than fat
cells do.
So putting on muscle can help me lose weight.
Well, putting on muscle is never a bad idea. But it won’t necessarily
help you lose weight. If you need more calories, you brain will just
make you hungrier, right? If you put on muscle and start burning more
calories without also eating more, you’ll start burning your stored fat . . .
But then my leptin will drop and I’ll start eating more to compensate until
I get back to my natural weight.
Right. And not only would you start eating more when your leptin
dropped, you’d also start using less energy.
How?

Fidgeting
Your brain can control how much energy you use.
Sure. That’s kind of obvious, right? I have to decide to exercise and deciding requires a brain.
Right. And self-control of exercise is important but, just as with control of eating, a lot of the ways that your brain controls how much
energy you use are automatic.
OK. So sometimes I’ll just find myself taking the stairs rather than the
elevator without really having thought about it?
Right. But it goes way beyond that to things that you wouldn’t even
notice.
Like what?
Like pacing or even fidgeting?
Fidgeting?
Yes, fidgeting. Most people burn hundreds of calories per day just
fidgeting.3
What?
You know, shifting position, tapping your foot, whatever . . .
I know what fidgeting is, I just had no idea it burned so many calories.
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Oh, definitely.
So, if I want to burn more calories, I should try to fidget more?
Well, if you’re trying to do it, it’s not really fidgeting –it’s exercising.
I suppose it might help if we could train ourselves to fidget more
without thinking about it but that doesn’t seem possible.
So what determines how much I fidget?
Well, part of it is genetic; some people just tend to fidget more than
others.4 But it also depends on whether or not your weight regulation systems think you need to be wasting energy.
And what part of my brain controls fidgeting, is it the hypothalamus again?
That’s right, there are fidget cells in the hypothalamus.5
And let me guess: they are sensitive to leptin, right? So if I start gaining
weight and my leptin goes up, the high leptin will tell my fidget cells to
make me fidget more so that I burn more calories and return to my natural weight.
Exactly. And, of course, if you keep overeating and your brain gets
inflamed, your leptin will stop working and this system will fail.
Right.

Wasting energy
Good. Now, we can get to the really interesting part. Your brain
doesn’t just control how active you are, it also controls how much
energy you actually use during a given activity.
You mean like how fast I run or walk?
No, that’s not what I mean. Even if you are running or walking at a constant speed, your brain can tell your cells to use more or less energy.6
I don’t understand.
Well, when your cells use glucose or fat for energy, only part of
the energy is actually used to make you move –the rest is used to
create heat.
Why?
To keep you warm.
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Oh, sure, I guess that’s the point of shivering when you’re really cold.
Exactly. And, as you might imagine, the amount of energy that is
used to create heat depends on how cold it is outside.
That makes sense.
So that means that the same amount of movement can burn a
different number of calories. For example, if you burn 500 calories
running a few miles in warm weather, you might burn 600 calories
running the same distance at the same speed in cold weather,
because you used an extra 100 calories keeping warm.
It can really make that big of a difference?
Oh, sure.
OK, so if it’s cold, my brain will tell my cells to create a lot of heat. But, if
it’s warm, my brain will tell my cells not to bother.
Right.
How can my brain send a signal to all of my cells like that?
The usual ways: hormones or nerves.
Fine. So you’re telling me that if I want to lose weight, I should move to
the North Pole?
No. Even if you did burn more calories up there, you’d probably just
eat more to make up for it. If you started losing weight, you’re leptin
would go down and . . .
It was just a joke.
Oh. Right. Anyway, the important point here has nothing to do with
temperature. Your brain also tells your cells to create more or less
heat depending on how much energy you have stored. If you start
gaining weight, your brain will tell your cells to waste energy by creating heat so that you’ll burn more calories and return to your natural weight. If you start losing weight, your brain will tell your cells to
save energy by not creating heat, so that you’ll burn fewer calories
and return to your natural weight.
Really?
Yes.
Is this really that important? I mean, how many calories are we actually
talking about?
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Yes, it’s important. We’re talking about hundreds of calories per day.7
But . . .
Hold on, I want to make sure that you understand how important
this is. Most of us eat many more calories each day than we need, so
the only reason that we’re able to stay lean or gain weight relatively
slowly, is because our brains are constantly telling our cells to waste
as much as energy as they can.
Really?
Really. But, of course, the amount of energy that our cells can waste
is limited. So if we just keep eating too much and doing too little,
we’re going to end up overweight eventually.
Wow, OK. This whole thing is pretty amazing. I really had no idea that my
brain could control how many calories my cells burn like that.
I agree, it is pretty amazing. Now, as I’m sure you’ve guessed, this
amount of energy that your cells waste by creating heat is controlled
by your hypothalamus and leptin.8 If your leptin is high, your hypothalamus will tell your cells to waste energy. If your leptin is low,
your hypothalamus will tell your cells to save energy.
OK.
So do you see the problem? This is one of the main reasons why
it’s so hard to lose weight once inflammation has kicked in. If your
leptin stops working, your brain will think that your leptin is low and
it will tell your muscles to save energy instead of wasting it.
Oh, I see. So it will be much harder for me to lose weight because it will
be much harder for me to burn calories. I’ll burn fewer calories doing the
same amount of activity than I would if my leptin was working . . .
Right. You’ll burn hundreds of calories per day fewer than you would
if your leptin was working. That’s the equivalent of eating a small
meal or of jogging a few miles. So if your leptin isn’t working and you
want to lose weight, you have to eat a lot less or exercise a lot more
than you would otherwise, which is just really, really hard to do for
any extended period of time.
Right.
This is why most people who lose weight just end up regaining it.9
You might be able to burn more calories than you eat for a few weeks
but if your brain thinks your leptin is low and all of the systems that
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control the number of calories that you eat and burn start pushing
for you to regain the weight, it’s going to be really hard not to.10
Right. OK. Let me try to summarize.

Summary IV
Go ahead.
If I overeat consistently, my brain will get inflamed and my leptin won’t
work anymore.
Right.
So my brain will think my leptin is low even though it’s actually high.
Right.
Which means my brain will think that I’m below my natural weight, even
though I’m actually above it.
Right.
So the systems that control how much I eat and how much energy I burn
will act to make me gain weight.
Right.
I’ll eat more than I should because it’ll take more food for my gut signals to make me feel full. And the cravings from my pleasure system will
be strong while the ability of my self-control system to resist them will
be weak.
Right.
I’ll also burn fewer calories because I’ll be less active and I’ll fidget less.
Right.
And whatever activity I do will burn fewer calories than it should because
my brain will tell my cells to save energy when they should be wasting it.
Right.
And these effects add up to hundreds of calories per day. So if I want to
lose weight but my brain is inflamed and my leptin isn’t working, I’ll have
to eat a lot less or work out a lot more than I would otherwise.
Excellent. I hope you’re starting to see the big picture now.
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Yeah, I think I am. First of all, staying lean is really difficult because our
modern environment is very different from the one we evolved in. Instead
of being forced to actively search for scarce, unprocessed foods like our
ancestors, we’re surrounded by processed foods.
Right. And why exactly are processed foods a problem?
Well, first of all, processed foods have usually had their fiber removed,
which means they’re too easy to digest. When I eat them, my blood glucose jumps and my pancreas overreacts and releases too much insulin.
Because of the extra insulin, my blood glucose actually ends up below
normal and my fat cells are prevented from releasing fat, so my brain
thinks that I’m low on energy and makes me feel hungry and tired so that
I eat more calories and burn fewer.
Good. Is that it?
No, the other big problem is that processed foods have a lot of added
sugar. A lot of added sugar means a lot of fructose, which gets turned
straight to fat in my liver, where it builds up and gets put into liver fat
packages. And this is a problem because liver fat packages that start with
a lot of fat end up smaller and more likely to get stuck in my blood vessels
when they’re depleted. The added sugar also makes processed foods tastier than unprocessed foods, so they activate my pleasure system really
strongly and are harder for me to resist.
Good.
OK. But even though staying lean is difficult, it’s nothing compared to
trying to lose weight once inflammation has kicked in. Once inflammation is preventing my insulin and leptin from working, all of the systems
that should be helping me to lose weight by eating less and burning
more calories actually start pushing me to eat more and burn fewer
calories.
Exactly!

Exercise
It sounds pretty hopeless.
Oh, no, it’s not hopeless at all. Very difficult for sure but not hopeless. We haven’t yet talked about our most powerful tool for weight
regulation: exercise!
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Right but I don’t see how exercise can be all that helpful. If I exercise a
lot and start burning more calories, I’m just going to eat more to make up
the difference, right?
Only if you are below your natural weight. If you are above your natural weight and your insulin and leptin are still working properly, then
your brain is going to let you burn the extra calories to get back to your
natural weight. In fact, your brain is going to push you to exercise.11
What part of my brain controls how much I exercise? Is it the
hypothalamus again?
Not really. The hypothalamus controls how many calories you burn
automatically in the ways that we already discussed. When you
choose to exercise, that’s a decision that’s controlled by the balance
between your pleasure system and your self-control system, just like
with eating.
Oh, OK – hold on then. If exercise is such a good thing, why didn’t evolution make it pleasurable?
It did! If your weight regulation systems are actually working properly, then exercise is pleasurable.12
Oh, c’mon . . .
I’m serious. When things are working properly, exercise will cause
your brain to release opioids and cannabinoids, just the way that
eating tasty food would. Haven’t you heard of “runner’s high?”13
Sure. But . . .
Well, that’s a very clear example. The pleasure from exercise might
not always be that intense but, if your weight regulation systems are
working properly, and you have extra calories that you need to burn,
you will enjoy it.
I’m sorry, I just don’t believe you. There is simply no way that I could ever
enjoy the elliptical machine, it’s just torture.
Who said anything about the elliptical machine? That is exercise, of
course, and I totally agree that it’s torture. But I’m not talking about
that kind of exercise. I’m talking about the kind of exercise that we
evolved to do.
You mean what our ancestors needed to be motivated to do in order to
find food?
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Exactly. Walking outdoors. Or maybe jogging, if they needed to cover
a lot of ground.
OK, I guess I can believe that something like hiking could be pleasurable.
Wait, so are you saying that most people don’t like exercise because they
are out of shape?
Sort of. But it’s more than being in or out of shape. I’m saying that
if your brain is inflamed, it will make exercise unpleasant because it
will think that you are underweight and it won’t want you to burn
any extra calories.
Really?
Sure. Your brain uses your pleasure system to make sure that you do
what you need to do to survive, so whether something is pleasant or
unpleasant can change depending on what your brain thinks your
needs are. A good example is the taste of salt water. Normally, it’s
disgusting but if you get really low on salt, it will start to taste just as
good as something sweet.14
I didn’t know that. OK, so this is yet another reason that I should do whatever I can to lose weight before inflammation kicks in.
Right. Because, remember, every time you use your self-
control
system to overrule your pleasure system it becomes harder to do it
again the next time. When exercising goes from being pleasant to
being unpleasant, the decision to exercise goes from being a decision
that your pleasure system supports to being a decision that it opposes.
Oh, I see. So if I enjoy my exercise, I’ll have an easier time using my self-
control system to resist a craving for a snack later in the day. But if I have
to force myself to exercise, that craving is going to be hard to resist.
Exactly.
Ugh. So what can I do if inflammation has already kicked in?
Well, first you need to recognize that everything is going to be much
harder because your weight regulation systems are going to fight you
every step of the way. Your number one priority has to be to decrease
your inflammation, since that is what is causing all the problems.
And how do I do that?
Well, since your excess body fat is the source of the inflammation,
losing some weight is a good place to start.
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Yeah, sure. But how do I do that?
Well, of course, if you want to lose weight and decrease your inflammation, you need to burn more calories than you eat. That’s going
to be very difficult for all of the reasons that we’ve discussed. But
exercise is going to help a lot, not only because it will help you burn
more calories but also because it will decrease your inflammation
directly.15
Really? Why?
Well, exercise can be very difficult for your muscles. When they’re
trying to use glucose and fat for energy as fast as they can, things
get a bit messy. It’s just like overeating: you end up with a lot of half-
processed glucose and fat and a lot of waste.
So doesn’t that increase inflammation rather than decrease it?
It does at first, but then your brain will send out a signal to decrease
the inflammation and that decrease can be a lot stronger and last a
lot longer than the initial increase, especially if you exercise hard.
I see. So how does my brain send a signal to decrease the inflammation
like that?
Cortisol.
The stress hormone?
That’s right. Cortisol is very good at decreasing inflammation. In
fact, it’s often given to people as a medicine for that purpose.
Isn’t that cortisone?
Same thing.
OK, hold on. First of all, why not just give overweight people cortisol to
help decrease their inflammation? And second of all, if cortisol decreases
inflammation, then why isn’t stress a good thing?
Well, in both cases, the problem is that the cortisol stops decreasing inflammation after a while. It’s obvious with the medicine and
it’s also true with mental stress. It’s very hard to outsmart your
brain. Cortisol isn’t just a stand-alone chemical; it’s part of a system
designed to deal with stress, which, for our ancestors, meant actual
physical threats. Dealing with physical threats usually requires
intense activity, like running or fighting, that causes inflammation in
your muscles, and cortisol is released to decrease that inflammation.
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Like with exercise?
Exactly. But if your brain notices that there is a lot of cortisol around
even when there is no inflammation in your muscles from physical
activity then it thinks the system has gotten out of balance and it
takes measures to weaken the effect of the cortisol.16
But this doesn’t happen with exercise?
No, because exercise causes the kind of inflammation in your muscles that cortisol is meant to decrease, so your brain is happy with
the way the system is working.
Oh, I see. OK, so exercise is important because it burns calories and it
decreases inflammation.
Those are the biggest benefits, but there are so many others . . . 17
Like what?
Well, when you exercise regularly, your body makes a lot of changes
to help get energy to your muscles more quickly.
Such as . . .
Such as making your blood vessels stronger so blood can travel
through them more quickly. As a result, your blood vessels will have
fewer cracks and your depleted liver fat packages will be less likely
to get stuck.
Nice.
Yeah. And in order to help get energy from your fat cells to your muscles, your body will build new blood vessels in between your fat cells.
Oh, that’s going to help decrease inflammation, right?
Yes, very good. Your immune cells take action when they notice that
your fat cells are dying because they’re too far from any blood vessels to get the oxygen they need. So if you build more blood vessels
in between your fat cells, fewer of them are going to die and your
inflammation is going to decrease. I could go on and on about the
benefits of exercise but you get the point, right?
Yeah, I guess; we can move on.
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Gut bacteria

Gut bacteria
Good. Now, we’ve covered almost all of the different systems that
are important for metabolism and weight regulation.
Great, so what’s left?
Gut bacteria!
What makes you like gut bacteria so much?
Oh, I don’t know. I guess it’s the fact that we still have so much to
learn about them. They do much more than we could have imagined
even just a few years ago and it seems like we find out something
new about them every week.1
OK, well, if you’re excited then I’m excited. What exactly are bacteria
anyway?
Bacteria are tiny living things. They’re usually just one cell with one
job: they take in one chemical and release another, stealing a little
energy for themselves in the process.
OK. And we’re supposed to be afraid of them, right? Isn’t that why we
wash with soap, because it kills bacteria?
Some bacteria are dangerous because the chemicals they release are
poisonous, but most bacteria are harmless. You have to understand
how many bacteria are out there.2 They’re everywhere. There are
more bacteria on Earth than animals and plants combined.
But they’re so small . . .
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I don’t mean by number, I mean by weight.
Oh.
And you have a huge number of bacteria on you and in you –about
100 trillion, which is 10 times the number of human cells in your
body.3 And all together they weigh a few pounds –as much as
your brain.
Really?
Yup. And most of them are in your gut, particularly in your intestines.
Are they all the same kind? Do they all take in and release the same
chemicals?
Oh no, there are many different kinds with many different jobs. We
haven’t even identified them all yet.
OK, so what do they do?
A lot of different things. But one of their most important jobs is
to help with digestion. Do you remember what we said about
digestion?
I think so. My mouth and my stomach break down the food I eat into a
half-digested mush.
Right.
My stomach sends chunks of the mush into my intestines where the carbs
are broken down into glucose and fructose and the fats are broken down
into fatty acids.
Right.
The glucose and fructose go straight into my blood as is. And the fatty
acids go into my blood after getting repackaged together with cholesterol.
Right.
And . . . oh, right, hold on, you never told me what happens to fiber.
Right, that’s why I brought it up again. One thing we’ve known about
gut bacteria for a long time is that they digest fiber.
So you mean they take in fiber and release something else?
Exactly. They take in fiber and release fat.
Fat?
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That’s right. And this fiber fat is really important.4 You can digest
fiber fat and use it for energy just like any other fat, but that’s not
really why it’s important. It’s important because the cells that make
up the walls of your intestines don’t get their energy from the glucose or fat in your blood, they get their energy directly from the fiber
fat made by your gut bacteria.
I see. And presumably my gut bacteria get something out of it as
well, right?
Oh, sure. They keep some energy from the fiber for themselves to
survive.
So everybody wins.
Or everybody loses. If you don’t eat enough fiber, your gut bacteria will die and your intestinal wall cells won’t have enough
energy.
Right. What happens then?
Your intestinal wall cells won’t work properly if they don’t have
enough energy, and that can be a serious problem because they have
a lot of important jobs. First of all, your intestinal wall cells decide
what does and doesn’t get into your blood. They need to let glucose,
fat and other things from food into your blood while keeping other
harmful things out. If they stop working properly, all kinds of things
will get into your blood that shouldn’t be there. And you know what
happens then, right?
Inflammation!
Exactly. Your patrolling immune cells will detect the things that
aren’t supposed to be there and they’ll take action. This kind of
inflammation from a leaky gut is a major problem for people who
don’t eat a lot of fiber, which is, of course, most people.5
Right, because a lot of processed foods have had their fiber removed.
Right. And your intestine is a particularly bad spot to have inflammation because it’s so close to your liver.
Oh, so it’s like with belly fat. If my intestine is inflamed, the chemicals
from my immune cells will leak into my liver and interfere with the
insulin there.
Right.6
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Fiber
OK, so that’s why the fiber in unprocessed foods is important? Because it
feeds the bacteria that feed my intestinal wall cells?
Well, the fiber in unprocessed foods is important for a lot of reasons.7
In addition to feeding the bacteria that feed your intestinal wall cells,
it also slows digestion, which will help your pancreas to be able to
track the amount of glucose coming into your blood more accurately.
Oh, right, because it takes time to break down the fiber and release the
glucose that’s inside of it.
Right. And another reason that the fiber in unprocessed foods is
important, especially if you’re trying to lose weight, is simply that it
isn’t glucose, fructose or fat.
What do you mean?
Well, while you do get some calories out of fiber from the fat that
your bacteria make, you get a lot fewer calories than you do from
the same amount of glucose, fructose or fat. So processed foods
that have had their fiber removed are much more calorie dense than
unprocessed foods.
What do you mean by calorie dense?
I mean that foods without fiber have more calories per bite than
foods with fiber.
Why does that matter?
Because some of the energy signals that your gut sends to your
brain –for example, the nerves that tell your brain how stretched
out your stomach is –only measure how much food you eat, not how
many calories are in it.8 So if you eat unprocessed foods with fiber,
you’ll feel full after fewer calories than if you eat processed foods
with no fiber.9
OK, hold on, this sounds too good to be true. If I switch from processed
foods to unprocessed foods and start losing weight because I’m eating
fewer calories, then my weight regulation systems will just find a way to
make up the difference, won’t they?
Maybe, maybe not. If you’re lean and those systems are working
properly then, yes, you might just end up back at your natural
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weight. But if your weight regulation systems aren’t working properly because you’re overweight and inflammation has kicked in,
then eating a lot of fiber might help.
OK, I guess I can see that.
But even if you’re only a bit overweight, eating a lot of fiber can
still help.
How?
Well, if you want to lose weight then you need to burn the extra fat
that is stored in your fat cells, right?
Right.
But your fat cells only release fat when your insulin is low, right?
Right.
So eating less glucose will help because your pancreas will release
less insulin, right?
Right.
Good. Now, if you’re trying to burn the fat that is stored in your fat
cells, you don’t really want to replace glucose with fat because that
would sort of defeat the purpose and you don’t want to replace glucose with fructose because that will cause other problems. But if you
replace glucose with fiber, that might help a lot.
I see. So I’m better off eating unprocessed foods with fiber and glucose
instead of processed foods with just glucose not only because I might end
up eating fewer calories overall but also because I’ll end up eating less
glucose overall, which means my pancreas will release less insulin overall and my fat cells will start releasing fat again sooner than they would
otherwise.
Exactly.
OK, let me see if I get it. Eating unprocessed foods with fiber instead of
processed foods with no fiber is good for a lot of reasons. First of all, the
fiber will feed my gut bacteria and keep my intestinal wall cells healthy,
which will prevent my gut from becoming leaky and inflamed.
Right.
Second of all, the fiber in unprocessed foods also makes them less calorie dense than processed foods. So, since some of my energy signals only
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measure how much food I eat rather than how many calories are in it, I’m
likely to feel full after eating fewer calories.
Right.
And, finally, eating unprocessed foods with fiber will also help keep my
insulin low, not only because it will slow digestion and prevent an insulin overshoot but also because I’ll probably end up eating less glucose
overall. And keeping my insulin low is helpful if I’m trying to lose weight,
because it will keep my fat cells releasing fat.
Very good.

Gut bacteria II
I’m sorry, but I still don’t see what’s so special about gut bacteria.
How dare you!
No, I mean, I see why being able to digest fiber is important. But I don’t
see why it’s important that the cells that help me digest fiber happen to be
bacteria rather than my own cells. Why does that matter?
It matters because your gut bacteria are born, reproduce and die
many times per day, so the makeup of your gut bacteria can change
very quickly, much more quickly than the rest of you.
OK, so if I don’t eat fiber regularly, my gut bacteria can die out quickly?
Sort of. You’ll always have gut bacteria –unless you take antibiotics but we’ll get to that later –it’s just that, depending on your diet,
you’ll have more of some kinds of bacteria and less of other kinds.
There are bacteria that can take in all of the different things that we
eat, so the make-up of your gut bacteria will always reflect the make-
up of your diet. If you don’t eat fiber, your fiber bacteria will die off
and they’ll be replaced by other bacteria that take in whatever you
do eat. For example, you also have bacteria that help you break down
starch. If you eat a lot of starch, you’ll have a lot of starch bacteria.
So it’s like natural selection in my gut?
That’s exactly what it is. In an environment with a lot of fiber, the
fiber bacteria will be more likely to survive and reproduce. In an
environment with a lot of starch, the starch bacteria will be more
likely to survive and reproduce.
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OK, so two people with the same diet will have the same gut bacteria?
Not exactly. Like everything else, it’s half genetic.10
But how can my genes affect which bacteria live in my gut?
Your genes set the general climate of the environment inside your gut
and that determines which bacteria will have the best chance of survival. Like the way different trees grow in warm and cold places. Maybe
your gut has more acid or less acid than normal or something like that.
But what I eat can still have a big impact, right?
Right. So, actually, that’s another good reason to eat fiber. You’re
better off with a lot of fiber bacteria than, for example, a lot of starch
bacteria.
Why?
Because your starch bacteria help you breakdown starch so, if you
have more starch bacteria, you’ll actually digest more of the starch
that you eat.
I’m confused. Don’t I always digest all of the starch that I eat?
Oh, no, definitely not. Some of it is just passed out in your feces.
Oh, so my feces isn’t just stuff I couldn’t digest?
No, no. First of all, half of your feces is bacteria . . . 11
Wait, what? Where do they all come from?
I told you, your gut bacteria reproduce very quickly.
Right . . . OK, so I’m basically like a giant incubator for bacteria?
Pretty much.
OK, go on.
Right, so the other half of your feces includes some food that you
could have digested but didn’t. After the mush from your stomach
enters your intestines, it gets constantly moved along. Whatever
you can break down before it gets to the end of your intestines will
go into your blood. Whatever makes it to the end of your intestines
without getting broken down will be passed out.
I see. So if I have a lot of starch bacteria, they’ll help break down the
starch I eat so that more of it will get into my blood. If I don’t have a lot
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of starch bacteria, less of the starch that I eat will get broken down and
more will get passed out.
Right.
How much does this really matter? I mean, how many calories are we
talking about?
A lot. Someone with a lot of starch bacteria and only a few fiber bacteria can easily digest hundreds of calories per day more than someone with a lot of fiber bacteria and only a few starch bacteria, even if
they eat exactly the same food.12
Why? I mean, I get that the person with a lot of starch bacteria would
digest more of the starch. But wouldn’t the person with a lot of fiber bacteria digest more of the fiber?
That’s right, they would. But you just can’t get as many calories out
of fiber as you can out of starch, so it doesn’t balance out.
OK, so this is yet another obstacle if I’m trying to lose weight. If I gain
weight because I am eating a lot of processed foods with no fiber, I’ll
probably have a lot starch bacteria and I’ll actually be getting more calories from my meals than I would otherwise. So I’ll need to eat a lot less or
exercise a lot more to make up the difference.
Right. But, this time there is a bright side. Remember, the make-up
of your gut bacteria can change very quickly, so if you switch from
processed foods with no fiber to unprocessed foods with a lot of
fiber, your gut bacteria will change to match your new diet13: your
starch bacteria will die off and your fiber bacteria will survive and
reproduce.
Oh, that’s good. So then it will be like cutting out hundreds of calories per
day, even if I’m eating the exact same food.
Right.
OK, hold on, this sounds too good to be true again. If I start eating a lot of
fiber instead of a lot of starch and end up digesting fewer calories because
my gut bacteria change, won’t my weight regulation systems just find a
way to compensate?
Well, again, the answer is maybe. If your weight regulation systems
are working properly, then your weight might not change. But if
your weight regulation systems aren’t working properly, anything
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that lowers the number of calories that you take in is going to help,
right? But I don’t want you to think this is just about fiber versus
starch, that’s just an example. You have a lot of other gut bacteria
that do a lot of important jobs and if you eat unprocessed foods, you
can keep them all happy.
What else do my gut bacteria do?
They help breakdown pretty much everything you eat; not just fiber
and starch but fat and protein as well. And they make a lot of things
that your body needs, like vitamins.
My gut bacteria make vitamins?
Sure. There are even a few vitamins that you can only get from your
gut bacteria.14
Cool.
And your gut bacteria also do a lot of things that are not related to
digestion. Or at least not directly.
Like what?
Well, for starters, it’s clear that your gut bacteria have an influence
on the signals that your gut sends to your brain.15 For example, do
you remember the hunger hormone ghrelin?
Sure, ghrelin tells my brain how much I’ve eaten: it’s high when my stomach and intestines are empty and it goes down after I eat.
Right. But it turns out that if you eliminate one type of bacteria from
your gut, your ghrelin won’t go down as much after you eat.16
Really?
Yes. And what’s interesting is that it happens to be the same type of
bacteria that causes ulcers.
I thought ulcers were caused by stress?
No. Stress might play a role but most ulcers are caused by a particular type of bacteria that releases chemicals that damage your stomach or intestinal wall cells. Two guys got the Nobel Prize a few years
ago for figuring that out.
Wow. So are ulcers contagious? Can I get these ulcer bacteria from
someone else?
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Well, most people actually have the ulcer bacteria already. You get
your first gut bacteria from your mother when you’re born and the
rest from the other people that are around you when you’re young.
How can bacteria get from one person to another?
Well, it’s not really that hard to imagine, is it? When you wipe after
going to the bathroom, some of the bacteria that came out in your feces
will get on your hand. When you flush the toilet, some of the bacteria
will go from your hand to the handle. When the next person flushes . . .
OK, OK, I get it. So we’re all constantly swapping bacteria with each other?
Definitely. But it matters most when we’re kids and we’re just getting our gut bacteria all set up. Once we’re older, the make-up of
our gut bacteria usually stays pretty much the same, unless we do
something to change it.17
Like what?
Well, like we just discussed, the make-up of your gut bacteria will
change if you change what you eat. But the really serious changes
occur when you take antibiotics.18
What happens when I take antibiotics?
Oh, it’s like setting off a nuclear bomb in your gut. Most antibiotics kill nearly all bacteria. Usually you take them because you’ve got
dangerous bacteria that you need to get rid of. But they don’t just kill
the dangerous bacteria, they kill most of your other bacteria as well.
But can’t they just make antibiotics that will kill only the dangerous
bacteria?
Maybe they will eventually but they haven’t yet. Until recently, no
one really worried about killing bacteria.
Why not? You said we’ve known for a long time that we need our gut bacteria to digest fiber.
Right but after you’re done with the antibiotics, you’ll get new gut
bacteria.
How?
From other people, the same way you got them in the first place
when you were a kid. They might not be exactly the same ones you
had before but they’ll probably be similar.19
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Oh, OK, so the fact that antibiotics kill most of our bacteria isn’t really a
problem?
Not if you only take antibiotics once in a while. But if you take them
all the time, that’s a different story. Bacteria have lived in the guts
of our animal and human ancestors for millions of years, so we’ve
evolved with them as a part of us.20 Our bodies expect them to be
there and a lot of the things we do depend on interactions with them.
I have to admit, they are pretty cool.
I told you!
OK, so what’s next?
Actually, I think we’ve covered most of the basics now. We’ve discussed how all of your different metabolic and weight regulation
systems work and what can go wrong when they don’t work.
Wow. OK, hold on, let me ask you some questions, then.
Sure.
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Processed foods

Science
OK, first of all, how do you know all this stuff?
I told you, I read all the research studies.
But how do you know that all of this stuff is actually true? I know you’re a
scientist and I trust that you can understand all of the studies. But aren’t
the results of studies often wrong or in conflict with each other?
Oh, I see what you’re asking. That’s a great question. First of all,
when it comes to long-term, real-world effects on human health, we
can never really know for sure that anything is true.
What do you mean?
The only way to know for sure that something is true is to do a perfect study –a study where there is only one possible explanation for
the result –but those studies are impossible to do.
OK, fine. But . . .
Hold on, I want to make sure that you understand the point that I’m
trying to make. If we want to prove something in a lab, we might be
able to do a perfect study where we can control all the factors that
might influence the result so we can be sure about cause and effect.
But we can never do that when we study people in the real world.
OK.
Let’s say I wanted to really prove that smoking causes cancer. I’d
need to get a large group of young identical twins . . .
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So that you can be sure that genetics don’t influence the result?
Right. I’d need to assign one twin from each pair to be the smoker
and the other to be the non-smoker for the rest of their lives and
ensure that every other thing about their lives was always exactly
the same until they died. Then I could compare the number of smokers and non-smokers that got cancer.
OK, I can see how that would be impossible. But why not just bring people into a lab?
Well, we can’t really do that for more than a few weeks, right? But,
even if we could, there’s a trade-off: anytime we do a study in a lab,
we can never be sure that the cause and effect would be the same in
the real world. For example, I could put some cells into a Petri dish,
expose them to the chemicals in cigarettes, and watch them grow
tumors. And if the study was perfectly controlled, I could be sure
that it was the chemicals that caused the tumors. But I would still
have no idea whether the same thing would happen when a person
smoked real cigarettes in the real world.
Are you saying you don’t believe that smoking causes cancer?
Of course I believe that smoking causes cancer.1
Why?
Because there are a lot of studies that are imperfect in different ways
that all suggest the same thing. There are many poorly controlled
studies of humans that suggest that smokers are more likely to get
cancer, there are many well-controlled studies of animals that suggest that cigarette smoke causes cancer and there are many perfectly-controlled studies of cells in a dish that show exactly how the
chemicals from cigarettes cause tumors to grow.
But it’s impossible to prove.
Right. But just because we can’t prove something doesn’t mean it
isn’t true. Like I said, when it comes to human health, it’s almost
impossible to ever really prove or disprove anything. And you
shouldn’t necessarily presume that something is false until proven
true or vice versa. You should consider all of the evidence and then
decide whether or not you believe something, how confident you
are in that belief and, most importantly, whether or not it actually
matters.
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What do you mean?
Well, let’s say I did that perfect smoking study with the twins and that
the results showed that the smokers are, in fact, more likely to get
cancer. And let’s say that I had a huge number of twins in the study
so I’m absolutely sure that, even if I added more twins, the results
wouldn’t change –that’s called statistical significance. It means that
the results are unlikely to be a fluke. Based on those results, I would
believe that smoking causes cancer and I’d be extremely confident
about that belief.
Right.
But I still haven’t told you how much more likely the smokers are to
get cancer, so you still don’t really know whether you should bother
worrying about smoking or not.2
Oh, I see. If many more smokers got cancer than non-smokers, then
smoking actually matters. But if only a few more smokers got cancer,
then smoking doesn’t matter.
Exactly. Just because something is statistically significant doesn’t
mean that it’s worth worrying about. If a study is big enough, even
a tiny difference between two groups will be statistically significant.
But who cares, right? We’ve got enough to worry about already.

First principles
Right, OK, I’m with you. All of this is fine for something like smoking but
what about something that hasn’t been studied as much? How do I know
what to believe?
Well, in the absence of any studies, you have no choice but to make
your best guess based on first principles. If there are a few studies
but not many, and they suggest something that goes against first
principles, then you have to evaluate how strong the evidence is.
What do you mean by first principles?
I mean simple ideas that can explain a lot.
OK, so what are the first principles that I can use to decide what I should
and shouldn’t eat?
Why don’t you try to tell me?
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OK, let’s see. One of the main themes so far is the idea that most of our
problems are created by the mismatch between the environment that
our ancestors evolved in and the environment that we live in today.
They evolved in an environment where they had to be active to seek out
scarce, unprocessed foods, not an environment where we’re constantly
surrounded by processed foods or reminders of them.
Right.
If I eat a lot of processed foods, I won’t get any fiber, which is a problem
for all of the reasons that we just discussed. Processed foods also typically
have a lot of added sugar and, therefore, a lot of fructose, which can damage my liver. All that sugar makes processed foods taste too good, so I’m
likely to crave them much more than I would crave unprocessed foods.
And because processed foods are everywhere, the only way to avoid overeating is to constantly ignore my cravings, which is really hard.
Good.
And I guess the other main theme was inflammation. The mismatch
between the environment that our ancestors evolved in and the environment that we live in today might be what causes me to gain weight in the
first place but the real problems start once I’m overweight and inflammation has kicked in. It’s inflammation, rather than excess body fat itself,
that actually causes problems. And it’s also inflammation that makes it so
hard for me to lose weight once I’ve gained it.
Right.
If I overeat, my cells won’t be able to process all the glucose and fat fast
enough, so a lot of waste and half-processed glucose and fat will build
up. My immune cells will notice the build-up and start interfering with
my insulin, which will prevent more glucose and fat from getting into my
cells and give them a chance to clear out the backlog. But if I just keep
overeating, I’ll be constantly inflamed and my insulin will never work –
that’s called insulin resistance. My liver will keep making and releasing
glucose but my muscles won’t use any of it, so I’ll end up with high blood
glucose and, eventually, diabetes. And my fat cells will keep releasing
fat, which my liver will add into the packages that it releases. The extra
fat will make the packages smaller after they’re depleted and, therefore,
more likely to get stuck in my blood vessels. If the depleted liver fat packages start getting stuck faster than my waste packages and immune cells
can clear them out, they’ll build up into a plaque that’ll eventually break
off, clog one of my blood vessels and give me a heart attack or a stroke.
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Good.
But the real problem is that, even if I want to lose weight, inflammation
makes it really difficult because it also interferes with my leptin and
causes leptin resistance. Leptin is how my fat cells tell my brain how
much fat I have stored. So, normally, if my leptin was high, I would eat
less: my leptin would strengthen my gut signals so that I’d feel full after
less food, it would interfere with my dopamine to weaken the cravings
from my pleasure system and it would strengthen my self-control system
so that it could cancel the orders sent by my pleasure system. High leptin
would also make me burn more calories: it would make exercise more
pleasurable and make me fidget more, and it would let my brain know
that it should tell my cells to waste energy by creating heat. But if my
brain is inflamed, none of this will happen. In fact, because my leptin isn’t
working, my brain will actually think that I’m under my natural weight
and it will make me eat more and burn fewer calories.
Excellent.
OK, so for first principles, how about “Evolution is good” and
“Inflammation is bad.”
Ha! Those are pretty good. Let’s change “Evolution is good” to
“Natural is good.” I think it will be more useful that way.
OK.
Actually, hold on, I think “Unprocessed is good” would be even
better.
What’s the difference?
Well, there are plenty of things that are natural that you don’t want
to eat a lot of.
Like things that are poisonous?
Oh, sure. But I mean natural things that are added to processed foods.
Oh, like sugar?
Right. There’s nothing artificial about sugar. It’s not a chemical that’s
made in a lab, it’s just something that is extracted from a plant.
OK. But the amount of sugar in processed foods is artificially high, right?
Right, but I think “Unprocessed is good” covers that. And it also covers all of the other things that are added to processed foods.
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Like what?
Oh, there are literally thousands of things that manufacturers are
allowed to add to food.3
OK, obviously I don’t expect you to go through them all. But can you at
least give me a few examples?

Additives
Well, some of the most common additives are preservatives.
Right. I know that they make food last longer. But what do they
actually do?
They prevent food from changing color or shape or smell, usually by
preventing bacteria from growing.
Oh, hold on, swallowing things that prevent bacteria from growing can’t
be good for my gut bacteria.
Exactly!
Do we know that for sure?
Well, remember, “know” is a strong word. But there is evidence that
preservatives are bad for us and, specifically, for our gut bacteria.
Should I try to describe a study to you? There was one just recently
about the effects of emulsifiers on gut bacteria.4 Emulsifiers are a very
common type of preservative that help keep food smooth and creamy.
OK. But try to keep it simple.
No, don’t worry, it’s not that complicated. In the first experiment,
the researchers split mice into two groups: one group that got normal food and another group that got the same food with added
preservatives.
OK. And they controlled all of the other factors so they could be sure that
whatever happened was caused by the preservatives, right?
Right.
OK, so what did they find?
They found that the mice that ate the preservatives gained weight
and had much higher blood glucose, like people who were on their
way to getting diabetes.
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Really? Why? Wait, how many preservatives did they give the mice? Was
it a lot more than any human would ever eat?
No. But that’s a good question. That kind of thing does happen a lot.
But in this study they used the same amount of preservatives that we
would typically eat in processed foods –adjusted to the smaller size
of the mice, of course.
OK, so what happened? Why did the mice that ate the preservatives gain
weight?
Well, normally, your intestinal wall cells are covered by a protective layer of mucus. But, when the researchers looked inside the
intestines of the mice that ate the preservatives, the mucus layer
was gone.
So the preservatives were destroying the mucus?
Not exactly. The researchers did another experiment where they
added the preservatives to the food of mice that had no gut bacteria.
How did they get mice without gut bacteria?
They made sure that the mice were born and raised in a sterile lab.
OK, and what happened when the bacteria-
free mice ate the
preservatives?
Nothing. The preservatives had no effect on the protective mucus
layer in the bacteria-free mice.
Really? OK, so I guess the preservatives didn’t destroy the mucus directly
but they somehow caused gut bacteria to destroy it?
I guess you could say that. There were certainly big differences
between the gut bacteria of the mice that ate the preservatives and
the mice that didn’t.
But can you really be sure that it was the differences in gut bacteria that
caused all the problems?
Well, the researchers did another experiment in which they took gut
bacteria from the mice that ate the preservatives and put them into
the mice that didn’t.
That’s clever. How did they do that?
Oh, mice will gladly eat each other’s feces.
Right. OK, so what happened to the mice that got the new bacteria?
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The same thing that happened to the mice that ate the preservatives: they gained weight and their blood glucose went way up.
But those mice never actually ate any of the preservatives, right?
Right. So it really seems like the preservatives changed the gut bacteria, which, in turn, destroyed the protective mucus layer.
Wow, OK. But why would losing the protective mucus layer cause the
mice to gain weight and have high blood glucose?
Inflammation!
Of course. It’s the leaky gut problem that you were talking about earlier,
right? Without the protective mucus layer, things got into their blood that
shouldn’t have and their immune cells took action. And the chemicals
from their immune cells leaked out into other parts of their bodies, interfered with their insulin and so on.
Exactly.
Did the researchers actually measure inflammation? Did they find that
there was more inflammation in the mice that ate the preservatives?
Yes. And yes.
OK, that does seem like a pretty good study. But these were mice in a lab
and, like you were saying before, we can’t be sure that the same thing will
happen when real people eat real food in the real world, right?
That’s right. And we may never be sure. But, in this case, I don’t
really care.
Why not?
Because there is no reason to eat preservatives. Why take the risk?
If I’m going to eat something that might be bad for me, it should be
for a good reason. I know I’m taking a risk when I eat foods with
added sugar but sometimes I do it anyway because I like the taste.
But that’s not true for preservatives. I don’t think there is any food
that tastes better because it has preservatives. Wouldn’t you rather
have freshly-baked bread than bread off the grocery store shelf?
Sure, I see what you’re saying. But there are a lot of other kinds of additives besides preservatives, right? Some of them must have some potential benefit.
That’s right. Artificial sweeteners are a good example. A lot of people drink diet soda to avoid the sugar in regular soda, which makes
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sense. But it turns out that artificial sweeteners can cause other
problems.
Really, like what?
Well, it’s not so different from what happens with preservatives: artificial sweeteners can change your gut bacteria, which, in turn, can
cause problems with your digestion and metabolism.5
Oh, so should I avoid artificial sweeteners?
I think it depends on how much you like them. Personally, I don’t like
the taste of artificial sweeteners, so I have no reason to eat or drink
them. But if I did like their taste, I might use them to help myself eat
less actual sugar. If I had trouble resisting my cravings for sweets and
I could satisfy them without actually eating any sugar then I might take
the risk. But the best thing, of course, would be to avoid food with any
added sweeteners –natural or artificial –and eat unprocessed foods
that are naturally sweet, like fruit, instead. Fruit has a lot less sugar than
processed sweets and it comes along with fiber and other nutrients.

Pesticides
OK, so besides preservatives and artificial sweeteners, are there any other
additives that I might want to watch out for?
Like I said, there are all kinds of things that manufacturers are
allowed to add to food. When it comes down to it, we don’t really
know which ones are harmful. I mean, how could we? To get an additive approved, you have to show that when you give large doses of
it to animals, nothing obviously terrible happens.6 Now, that sounds
pretty reasonable. But I’m not worried about additives doing something obviously terrible to me, I’m worried about additives making
it harder for me to stay lean and healthy. The preservatives and artificial sweeteners that we just discussed were approved because they
don’t do anything obviously terrible. But it’s clear that they’re harmful nonetheless –at least to animals.
OK, so your approach is to just avoid additives altogether?
Sure, if I can. What’s the downside? OK, it might be more expensive
but it doesn’t necessarily have to be. And I suppose it can take more
time to prepare a meal from unprocessed foods than it does to eat
something processed but, well, that’s life.
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I guess.
Listen, it would be great if healthy eating was as cheap and convenient as unhealthy eating. But it’s not. The same way it would be great
if I could buy a mansion for the price of a tent or build a mansion in
the time it takes to put up a tent. But I can’t.
Hey, I’m not trying to argue with you, I’m just trying to figure out what
I should eat. I’m OK with the idea that healthy eating might cost a bit
more and take a bit more time. But is it really that easy to avoid additives?
Well, you can get a long way by buying unprocessed foods or freshly-
prepared foods instead of foods that are processed and packaged
to sit on a shelf. If it doesn’t have a label with a list of ingredients, it
probably doesn’t have that many additives.
But even if I buy some raw vegetables, they might have some pesticides or
something on them, right?
You’re right, that’s true. We’ve talked about things that are added to
food when it’s processed but there all also plenty of things that are
added to food while it’s growing. In a sense, pesticides are just like
additives: there are a lot of them and we don’t really know that much
about their long-term effects on humans.
OK . . .
Wait, actually, that’s not quite true. It’s obvious that direct exposure
to some pesticides is harmful and humans who work with them or
near them, such as farm workers, suffer from all kinds of health
problems.7 But is it harmful to eat fruit that still has a small amount
of pesticide residue in it? We just don’t know. Again, how could we?
We can’t do a well-controlled study in which we expose humans to
chemicals that are known to be harmful –that’s not allowed and
it’s probably unethical. We can’t even look for correlations between
pesticides and long-term health problems because we really have no
accurate way to measure the amount of pesticides that people eat.
OK, so what are we supposed to do?
I’m sorry, I’m not trying to be difficult. I just think it’s important to
be clear about the fact that there is a lot that we don’t know about
the things in our food. Maybe there is no reason to worry, maybe all
this stuff is fine. Or maybe not. If I wanted to make you think that the
pesticides in food are harmful, I could. I could set the whole thing up
by telling you how many millions of pounds of pesticides are added
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to our food each year,8 and that the pesticides are still there when
the food gets to the grocery store.9 Then I could tug on your heartstrings and tell you that kids are especially vulnerable to pesticides,
because their little brains are still developing and their little bodies
are too weak to deal with pesticides the way adults can.10 And then
I could top it all off by telling you about a study that found that kids
with more pesticides in their urine are more likely to be diagnosed
with attention-deficit/hyperactivity disorder (ADHD).11
They are?
See! But I’m not going to try to make you think that the pesticides
in food are harmful. Nor am I going to try to make you think that
the pesticides in food are not harmful. The fact is that there is just
very little direct evidence to go on. Without well-controlled studies
in which animals are exposed to pesticides in the same way that we
would be in the real world, there is really no basis for a strong belief
one way or the other.
And studies with humans aren’t informative because they are poorly
controlled?
Well, there are different kinds of human studies. The best studies are
real experiments that try to test whether something has a helpful or
harmful effect.
Can you give me an example?
Sure. The studies used for the clinical testing of a new drug are a
good example. Those studies usually start by randomly splitting
people into two groups: one group that gets the drug being tested
and another group that gets only a placebo.
You mean that the second group thinks they are getting the drug but
they’re really just getting an empty pill or something like that, right?
Right. Assuming the groups are big enough, you can be confident
that any difference between the two groups at the end of a study like
that was caused by the drug.
But you can never be sure, right? Maybe everyone who got the chemical
also decided to take up yoga at the same time.
Sure. But the results of a study like that can still be pretty convincing. On the other hand, studies that just search through existing
data to look for correlations are a lot less convincing.
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Like the one with the pesticides and the kids with ADHD.
Right. Now, I’m not saying that those kinds of studies are pointless.
They can actually be really useful for identifying correlations that
can then be studied properly.
What exactly is a correlation?
If two things are correlated, it means that knowing one can help you
guess the other. But it doesn’t mean that one causes the other. For
example, people who live in warmer places are likely to swim more
often than people who don’t and they’re also likely to eat more ice
cream. So there’s a correlation between how often someone swims
and how often they eat ice cream. If you ask me to guess how often
someone swims, I’ll do better if you first tell me how often they eat
ice cream. But you would never think that swimming causes someone to eat ice cream, right?
Got it.
Good. So correlation studies usually aren’t very compelling on their
own. There was a study a couple of years ago called something like
“Does everything we eat cause cancer?”12 The researchers chose
random ingredients from cookbook recipes and then looked for
studies involving those ingredients. They found that almost half of
the ingredients were correlated with some kind of cancer. Give it a
few years and there won’t be anything left that we can eat at all!
OK, that’s all fine. I can accept that we’re really not sure whether pesticides in food are harmful or not and I appreciate that you aren’t trying
to convince me one way or the other without strong evidence. What I’m
more upset about is the idea that pesticides do seem to be harmful to the
people who work with them and they might also be harmful to the rest of
us, yet there’s really no push to cut back on them.

Genetically-modified foods
Well, I think there is a push to cut back on pesticides to some extent.
For example, that’s one of the motivations for genetically-modified
foods.13
Oh, right, GM foods. I hear that term a lot but I don’t really know what
it means.
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Well, typically, a genetic modification is the addition of a gene that
results in some specific new trait or function.
Yeah, like I said, I don’t really know what that means.
Right. OK, well, a gene is a piece of DNA that contains the recipe for
a specific chemical. All cells –human, animal, plant, bacteria, etc. –
are constantly making chemicals. They do this by following the recipes in their DNA. There are a lot of different factors that determine
how much of a particular chemical gets made by a particular cell
but, basically, if you add a new recipe into a cell’s DNA, it will start
making that chemical.
OK, I think I get it. Can you give me an example?
Sure, a good example is GM corn that is pest-resistant. Farmers often
have problems with insects eating their corn and, until recently, they
would usually try to solve the problem by using pesticides. But now,
they can use GM corn to solve the problem.
How?
The GM corn produces its own pesticide.
What? How?
There are bacteria that produce a chemical that is poisonous to
insects. Someone took the recipe for that chemical from the DNA
of the bacteria and stuck it into the DNA of the corn. Now the corn
makes the chemical and, whenever an insect takes a bite of the corn,
the insect dies.
Whoa. OK, that’s both cool and a little bit crazy. Hold on, how is that any
different from using normal pesticides?
Well, I guess in some sense it’s not that different. In both cases, we’re
adding a chemical into our food without really knowing the long-
term consequences. But it really does seem like this particular chemical is not harmful to humans at all.14
OK, so why all the fuss over GM foods?
Oh, I don’t think the fuss is ever really about any specific threat to
human health. Some people are just generally opposed to any kind
of genetic modification. You know, “Who are we to play God?”, “It’s
a slippery slope,” and so on. There are also a lot of specific concerns
but they’re usually about the effects on the environment.
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Like what?
Well, for example, GM corn has been accused of somehow killing
bees.15
OK . . .
Well, bees are really important because they help many other plants
reproduce –they basically take sperm from one plant and carry it to
the eggs of other plants –so killing bees can have knock-on effects
on the rest of the environment. But I don’t want to get too far off
track; let’s stick to human health.

Organic foods
OK. Well, anyway, if I want to avoid all of this stuff –additives, pesticides,
GM, etc. –I can just eat organic food, right?
Sort of. Organic food is generally free of artificial chemicals but it
may still contain natural additives or pesticides.16 For example,
emulsifiers, the preservatives that we were discussing earlier, are
often made from soy and are commonly used in organic foods. And,
actually, the bacteria that were used to make the GM corn are often
used directly as a pesticide on organic farms. They just spray the
bacteria directly on to the plants.
Um, OK. So is organic food actually any better than non-organic food?
Probably. Even though organic foods might still contain some additives, they typically contain fewer than non-organic foods.
OK. And since there is a lot that we don’t know about a lot of additives,
we’re probably better off eating food that contains fewer of them.
I think so. But this is where a skeptic would say, “But there is no
proof that eating organic food is better for you.” And they’d be right,
there is no proof.17
Well, you said that we can never really prove anything when it comes to
real-world, long-term effects on human health because we can never do a
perfect study. But there might still be strong evidence to support a belief
one way or the other.
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Oh, right. But, in this case, there is hardly any evidence to consider
at all. There just haven’t been many studies comparing animals or
people who eat organic food and people who don’t.
So would you recommend organic food?
I would, yes. But not because I can make a definitive case that organic
food is healthier.
So why bother?
Well, in the absence of strong evidence one way or another, what
do we do?
We make our best guess based on first principles.
Right. So I tend to eat organic food simply because it tends to be less
processed than non-organic food.

Processed foods

101

2
0
1

7
Interactions between the immune
system and gut bacteria

Antibiotics
OK, and what about meat? What does it mean for meat to be organic?
First of all, it means the animals that the meat came from ate only
organic food. But it also means that the animals weren’t given any
growth hormones or antibiotics.
Antibiotics? I can imagine why you would give growth hormones to
animals. But why would you give them antibiotics? To keep them from
getting sick?
That might be part of it. But it’s really for the same reason that you
would give them growth hormones: antibiotics make animals bigger.
Really? Like, a lot bigger?
I guess it depends what you mean by a lot but, yeah, something like
10 per cent or 20 per cent.1
OK, yeah, that’s a lot . . . damn.
What?
Well, I thought I was starting to understand everything but this doesn’t
make any sense to me. Gut bacteria help with digestion so getting rid
of them should make it harder to digest food, right? So, if anything,
shouldn’t animals that take antibiotics be smaller because they are actually digesting fewer calories?
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Good! You are getting it! It’s true that if you raise animals without
any gut bacteria at all, like the bacteria-free mice that we discussed
earlier, they end up a lot smaller. That’s been demonstrated many
times. What I haven’t told you is that farm animals are given very
low doses of antibiotics –not enough to wipe out all of their gut bacteria but enough so that the animals end up with more of some bacteria and less of others.
I see. So they end up with more of the bacteria that are really helpful for
digestion?
That’s right.
Do we know that? I mean, are we sure that’s why antibiotics make animals bigger? Antibiotics must have all kinds of effects, right?
You’re right, there is a bit more to it than just better digestion. There
have been a few studies of this recently.2 Shall I tell you about them?
Please.
OK. First, researchers split mice into two groups at birth: one group
that was raised normally and another group that was raised on
antibiotics.
Using the same low doses that you would give to farm animals?
Right.
OK, and what happened?
Well, the mice that were on antibiotics gained extra weight, just like
the farm animals would.
Right. And were the researchers able to figure out why?
They started by looking at the effects of the antibiotics on gut bacteria. At first glance, the gut bacteria from the two groups of mice
weren’t all that different.
OK, so the antibiotics weren’t wiping out the gut bacteria completely or
anything like that?
Right. But when they took a closer look, they did see differences in
the relative numbers of certain bacteria.
And were the bacteria from the mice that were on antibiotics better at
digestion?
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Yes, it seems like they were. When the researchers fed the two groups
of mice the same amount of food, they found that the mice that were
on antibiotics had fewer calories left in their feces.
OK. And did they do an experiment where they took gut bacteria from
mice that were on antibiotics and put them into mice that weren’t?
They did.
And?
And the mice that got the new gut bacteria gained extra weight.
Even though they were never on antibiotics themselves?
Right.
OK, so doesn’t that settle it?
Not exactly. They also tried giving mice antibiotics for just a short
time while they were young. They found that after the mice were
taken off the antibiotics, their gut bacteria went back to normal but
they still kept gaining extra weight.
Oh. Right, OK, so I guess that means there’s more to the story . . . but what?
Well, I mentioned that gut bacteria do a lot of things besides just
help with digestion . . .
Right.
One of the other important things that they do –maybe the most
important, actually –is control the development of your immune
system.3 So if something happens to your gut bacteria when you’re
young, your immune system will never work properly, even if your
gut bacteria go back to normal when you’re older.
Hold on. Are you saying that, in order for my immune system to work
properly, I have to have the right gut bacteria?
Yes, that’s what I’m saying.
But, why? I mean, doesn’t that seem risky? It puts me in such a vulnerable
position.
Well, I don’t think it was all that risky until recently. There was really
no reason that you wouldn’t have the right bacteria. It’s only nowadays that things have started changing.
If you say so.
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OK, you’re right that there is some risk in being dependent on bacteria. I’m just saying that the risk is or at least was, relatively small
and the benefits are huge.
And what are the benefits exactly?

Evolution
Fast evolution!
Oh, right.
You understand how evolution works, right?
More or less.
Well, it’s pretty simple. Whenever we or any other living thing reproduce, our offspring are born with mutations.
You mean our children’s DNA is different from ours? Why?
Just because the process of copying DNA isn’t perfect. Every time
your body makes a copy of your DNA to stick into an egg or a sperm,
there are errors –some of the chemical recipes get changed.
OK.
Now, most of the time these errors don’t matter at all. But every now
and then, one of the mutations will result in a change that is helpful
and the offspring that get it will have a better chance of living longer
and reproducing more than the rest of the population.
Right.
Good. So then the offspring with the mutation will pass it on to their
offspring, who will, in turn, pass it on to their offspring . . .
Wait, why would the mutation get passed on?
Well, once the mutation happens, it becomes just like any other
bit of DNA. There’s nothing special about it. It just gets copied and
passed on like all the rest.
Oh, OK, sorry – go on.
OK, so the mutation keeps getting passed on and, because it’s helpful for survival and reproduction, more and more of the population
will end up with the mutation as time goes on.
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OK, I’m pretty sure I get it. But can you give me an example?
Sure. The ability to digest milk is a great example. As of 10,000 years
ago, no humans could digest milk.4
What?
Wait, of course, that’s not true –human babies have always been
able to digest milk. But adults couldn’t.
Why not?
Because milk contains its own kind of sugar called lactose. You need
a special enzyme to break it down and, until recently, adults couldn’t
make it.
What does the enzyme do?
The enzyme breaks lactose into its basic parts, which are glucose,
which you already know all about, and galactose, which is found
only in milk.
OK. And then the glucose and galactose go from my intestines into my
blood just like everything else?
Right.
And what happens to the galactose?
Your liver converts it into glucose.
Is that bad?
No.
OK. But it’s bad when my liver converts fructose into glucose or fat, right?
How is converting galactose to glucose any different?
Well, it’s just a totally different process. Converting fructose into
glucose or fat is difficult for your liver cells and produces a lot of
waste. Converting galactose into glucose isn’t and doesn’t.
OK. So what happens if I don’t have the enzyme? Is that what it means to
be lactose intolerant?
That’s right.
So then the lactose just passes right through me?
Nope.
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Oh, my gut bacteria digest it, right?
Yup.
And they release gas.
Yup.
Got it. OK, so you’re saying that a few thousand years ago, someone
was born with a mutation that caused them to keep making the lactose
enzyme as an adult.
Right. And remember, at this point, food was still pretty scarce. We’d
already begun farming but it wasn’t like it is today. So, since milk is
a great source of energy and other nutrients, the ability to digest it
was a major advantage.
So people with the mutation lived a little longer and reproduced a little more and, as a result, there were more and more of them in every
generation.
Exactly. And now, just a few thousand years later, half of us have the
mutation.
OK, I get it. So you were saying that the benefit of being dependent on gut
bacteria is that this kind of thing can happen much faster?
Right, simply because bacteria reproduce much faster than we
do; we might reproduce every 20 years but they reproduce every
20 minutes. And faster reproduction means more chances for mutation. If one of our gut bacteria is born with a mutation that causes
it to make a chemical that helps us live longer and reproduce more,
it’s also going to help the bacteria live longer and reproduce more.
Because we provide them with food and shelter.
Right.

Immune development
OK, so how does it work? I mean, how do my gut bacteria actually control
the development of my immune system?
Well, a lot of the details are still being worked out.
OK . . .
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Maybe I should tell you about a few studies.5
Yes, please do.
OK, first of all, researchers examined the immune systems of mice
with no gut bacteria that were born and raised in a sterile lab.
And these bacteria-free mice are otherwise perfectly normal, right? The
only thing that’s different about them is that they’re born and raised
without being exposed to bacteria?
Right. So the bacteria-free mice had an immune system and it kind
of worked. But they had the wrong mix of different immune cells.
What do you mean?
There are many different kinds of immune cells that all have different jobs. So if you’ve got too many of one kind and not enough of
another kind, the whole system won’t work properly.
I see.
Good. So then the researchers put just one type of bacteria into the
guts of the bacteria-free mice right after they were born.
And?
And their immune systems turned out to be relatively normal.
Just from this one type of bacteria?
Right.
OK, hold on. Would this have worked with any bacteria or did they happen to somehow choose the right one?
They chose the right one but for a good reason. We have a lot of this
type in our guts and some older studies had already shown that it
was somehow communicating with our immune cells.
OK, so somehow the chemical produced by this one type of bacteria made
it so that the mice ended up with the right mix of immune cells?
Right. And we can be sure about that because the researchers also
did the same experiment with mutant bacteria that couldn’t produce the chemical . . .
You mean they used the same bacteria as before, except that they deleted
the recipe for the chemical from the bacteria’s DNA?
Right.
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And?
And without the chemical, the bacteria had no effect. The mice still
had the wrong mix of immune cells.
OK. So did they really need the bacteria at all then? Did they try just giving the chemical to the mice directly?
They did and it worked. The chemical alone was enough to cause the
mice to end up with the right mix of immune cells. And the researchers also did a lot of other experiments with the chemical and immune
cells in a dish to see exactly how it all worked. But I don’t think we
need to go into the details.
No, that’s fine. OK, so how exactly does this explain what we were talking
about before?
I’ve forgotten what we were talking about before.
You were explaining why low doses of antibiotics make mice keep gaining extra weight, even after they go off the antibiotics and their gut bacteria go back to normal.
Oh, right. Well, the researchers who did those experiments also
showed that giving mice low doses of antibiotics had the same kind
of effects on the development of their immune system as raising
them bacteria-free.
You mean they ended up with the wrong mix of immune cells.
Right. But, actually, there’s more to it than that. For your immune
system to work properly, it’s not enough to just have the right mix of
immune cells; those cells also need to learn what they should attack
and what they shouldn’t.
And gut bacteria are the teachers?
Exactly! In those same experiments we were just talking about, where
the researchers found the bacterial chemical that was required for
mice to end up with the right mix of immune cells, the researchers
also showed that the same chemical was required to prevent the
immune cells from attacking harmless bacteria.
But does it really matter whether or not immune cells attack harmless
bacteria?
It might. These harmless bacteria might actually have some other
important job. And, remember, the chemicals that your immune
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cells release when they take action in one part of your body can leak
out into other parts of your body and have unintended consequences.
Like interfering with insulin or leptin.
Right. And when your immune system wants to get rid of bacteria in
your gut, it can do a lot more than just release a few chemicals.
Like what?
Like give you cramps or diarrhea or make you vomit. Those are all
really effective ways to get bacteria out of your gut but they’re also
pretty miserable. And that’s a trade-off you have to make every now
and then to protect yourself from something harmful. But if your
immune system is constantly trying to get rid of harmless bacteria . . .
Then you spend your life miserable. Does that actually happen to people?
Sure. It’s called inflammatory bowel disease (IBD). It affects something like a million people in the US alone.6
Yikes. OK. But if it’s all down to this one bacterial chemical, can’t we just
give the chemical to people who need it?
Oh, I didn’t really mean to suggest that it’s all down to this one
chemical, I was just using that as an example. In fact, there are many
different bacterial chemicals that are required for your immune system to work properly. For example, do you remember what I said
about fiber fat?
I think so. You said that my gut bacteria turn the fiber that I eat into fat and
that the cells that make up the walls of my intestines use that fat for energy.
That’s right. But fiber fat is important for a lot of other reasons too
and one of them is that it helps your immune system work properly.
Really? Yet another reason to eat fiber . . .

Allergies
That’s right. It’s the same as with the other bacterial chemical that
we were just discussing. If you don’t get enough fiber fats, you won’t
end up with the right mix of immune cells.7 And when you don’t have
the right mix of immune cells, the cells that you do have will then
attack all sorts of things that they shouldn’t –not just harmless bacteria but other things as well.
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Like what?
Dust, pollen, gluten, nuts . . .
Hold on, are you saying that the reason that people have all of these allergies nowadays is because they have problems with their gut bacteria?
Well, that is the most likely explanation. But, like most other things
related to human health, it’s hard to say for sure.
Have there been animal studies showing that disrupting gut bacteria can
cause allergies?
Oh, sure. There have been a lot of studies showing that disrupting gut bacteria in mice can cause allergies.8 If mice are raised
bacteria-free or given antibiotics or even just given food without
enough fiber, they’ll develop allergies that normal mice don’t.
But as long as they’re given the right gut bacteria or even just the right
bacterial chemicals, they’ll be fine?
Right. And for a lot of allergies, researchers have even been able to
figure out exactly where the interactions between gut bacteria and
immune cells are going wrong.
Are you serious? I can’t believe I didn’t know this.
Oh, it gets even worse. If your immune cells end up really confused,
they will even start attacking your other cells. Do you remember the
difference between Type 1 diabetes and Type 2 diabetes?
I think so. Type 1 diabetes is the one where you’re born with a pancreas
that doesn’t work and Type 2 diabetes is the one caused by overeating
and inflammation.
Sort of. You’re not really born with Type 1 diabetes. It does seem that
some people are more likely than others to develop Type 1 diabetes
because of their genes. But there isn’t any one mutation that causes
it. Even if one identical twin has it, the other twin probably won’t.9
Oh. Well, if Type 1 diabetes isn’t caused directly by a mutation, then what
is it caused by?
Inflammation. If you have Type 1 diabetes, the reason that your pancreas doesn’t work is that your immune cells have killed all of your
pancreas cells.
Really? Why would they do that? Oh, wait, is it related to gut bacteria?
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It does seem like it. Researchers have been able to make mice
more or less likely to develop Type 1 diabetes by changing their gut
bacteria.10 Of course, there’s no guarantee that the same thing happens in humans. But there is also no reason to think that it doesn’t.
Wow. OK, I know that researchers probably can’t do experimental
studies of the interactions between gut bacteria and immune cells in
humans but they can at least do correlation studies, right? Do people
with allergies or Type 1 diabetes have different gut bacteria from people
who don’t?
They do,11 but the interactions between gut bacteria and immune
cells actually go both ways, so it can be hard to know whether gut
bacteria are causing problems with immune cells or vice versa.
I’m not sure I understand.
Well, we’ve talked a lot about how disruptions of your gut bacteria
can cause problems with your immune system, right?
Right.
It can also work the other way around. If you have a problem with
your immune system, it can cause disruptions in your gut bacteria.
Why?
Because your immune cells are constantly patrolling the walls of
your intestines and they have a say over which of your gut bacteria
get to stay and which don’t.12
Oh, so if there is a problem with my immune system, my immune cells
might get rid of the wrong bacteria?
Exactly. If your immune cells are having trouble telling apart different bacteria or if they’re making and releasing the wrong chemicals,
it can cause disruptions in your gut bacteria, which can then, in turn,
lead to other problems.13 So when someone has a problem with their
immune system and disrupted gut bacteria, it’s hard to know which
came first.
OK, this is getting pretty complicated.
Well, that’s exactly the point. I really want you to appreciate how
complicated the interactions between your gut bacteria and your
immune system are and how a small change to either of them can
have all kinds of effects.
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Leaky gut
OK, well, I think you’ve definitely made that point. But I still don’t see
exactly what this has to do with what we were talking about before.
What were we talking about before?
The mice that were given low doses of antibiotics when they were young
but then kept gaining extra weight even after their gut bacteria went
back to normal.
Oh, right. Well, we know that taking antibiotics will cause a change
in your gut bacteria, right?
Right.
And we know a change in your gut bacteria, especially when you’re
young, can cause problems in your immune system, right?
Right, because your gut bacteria help make sure that you end up with the
right mix of immune cells, and they teach those cells what they should
and shouldn’t attack.
Right. So the reason that the mice raised on antibiotics kept gaining extra weight even after their gut bacteria went back to normal
is that their immune systems never went back to normal. The mix
of immune cells that you have as an adult, and what they attack and
what they don’t, is partly determined by the interactions between
your gut bacteria and your immune system when you’re young. If
those interactions go wrong, your immune system might never be
normal.
OK, I get that. But how exactly were the problems that these mice had
with their immune system causing them to gain extra weight?
Oh, OK, now I understand your question. Right. I guess I haven’t
explicitly described how problems with your immune system in your
gut can cause you to gain weight.
Well, I get that too much inflammation anywhere is generally a bad thing
because the chemicals released by immune cells can leak out into other
places and interfere with insulin or leptin. But is that all there is to it? Is
it just that when I don’t have the right gut bacteria and the immune cells
in my gut start attacking harmless things, some of the chemicals leak out
into the rest of my body and prevent my metabolic and weight regulation
systems from working properly?

Interactions between the immune system and gut b acteria

113

4
1

Sort of. But there’s a little more to it than that. It’s not just about the
immune cells in your gut attacking the wrong things. If you don’t
have the right gut bacteria and your immune system isn’t working properly, your intestinal wall cells will start letting things into
your blood that really shouldn’t be there. And then, of course, your
immune cells will start attacking them.
Oh, right, that’s the leaky gut problem you were talking about earlier.
Right. What I said earlier was that you can get a leaky gut if you don’t
eat enough fiber and your intestinal wall cells don’t have enough
fiber fats for energy. But that’s only part of it. First of all, your intestinal wall cells have a layer of mucus that separates them from your
gut bacteria and everything else in your intestines.
Right, you told me about it before when we were talking about
preservatives.
Oh, right. So if that mucus layer shrinks or disappears for some reason, it’s going to be easier for things to get into your blood.
OK. And when you say “things,” what exactly do you mean?
I mean bits of dead bacteria.
Which my immune cells will then attack?
Right.
OK. And if that happens a lot, then the chemicals from my immune cells
will leak out into the rest of my body and interfere with my insulin and
leptin and so on.
Yeah, that’s more or less the idea.
OK, and how do my gut bacteria –I mean, the living ones –fit into all
of this?
Your gut bacteria help to make the mucus layer that separates your
intestinal wall cells from everything else in your intestines.
Do they make the mucus themselves?
No, you make the mucus. But you won’t make it properly if your gut
bacteria are not there. Remember the bacteria-free mice that we
talked about, the ones raised in a sterile lab?
Sure.
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Those mice don’t make mucus properly.14
I see. So my gut bacteria release a chemical that tells my intestinal wall
cells to make the mucus?
That’s right.
Why would my gut bacteria want me to make the mucus? Just because
it keeps me healthy, which, in turn, keeps them alive and reproducing?
I’m sure that’s part of it. But, actually, some of your gut bacteria also
eat your mucus and use it for energy.
So these mucus bacteria release a chemical that tells me to make the
mucus and then they eat it?
Right, which is great for them and, since having the mucus layer
helps keep you healthy, it’s also great for you.
OK.
But, again, helping to make the mucus layer is just one example of
how your gut bacteria can prevent things from getting into your
blood that shouldn’t. They also do all kinds of other things, like help
make sure that your intestinal wall cells have the right shape and
pack themselves together tightly.15
OK, I think I get it. If I don’t have the right gut bacteria, I’ll end up with the
wrong mix of immune cells and those cells won’t know what they should
and shouldn’t attack, so they might start attacking harmless things. Also,
my mucus layer and my intestinal wall cells won’t work properly, so bits
of dead bacteria will slip past them into my blood and my immune cells
will have to take action.
Right.
And all of this extra inflammation is bad because the chemicals released
by my immune cells can leak out into other parts of my body and interfere
with my insulin and leptin.
Right.
And when my insulin and leptin aren’t working, then my metabolic and
weight regulation systems won’t work property and I’ll have all kinds of
problems.
Exactly.
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Antibiotics II
OK, so now I think I understand why animals that are raised on antibiotics gain extra weight. But what about people? Are antibiotics making
people gain extra weight?
Well, remember, the animals are raised on a constant low dose of
antibiotics and, as a result, they always have gut bacteria that are
better at digestion and worse at helping their intestines and immune
system work properly than their normal gut bacteria would be. But if
you take antibiotics, it’s going to be a high dose that wipes out most
of your bacteria.
Right, but then things will go back to normal when I stop taking the
antibiotics, right?
It depends what you mean by “normal.” There’s no guarantee that
you’ll end up with exactly the same mix of gut bacteria as you had
before but the new mix you end up with won’t necessarily be any
worse for you.16 If you take antibiotics once every few years, it’s
probably no big deal. The problem is that some people take them a
lot more frequently than that, especially kids.
Oh, right – and that’s especially bad because kids need the right gut
bacteria to help their immune system develop properly.
Exactly.
But is there any evidence that people who take a lot of antibiotics actually
end up having problems later on?
Oh, sure, there are a lot of correlation studies. For example, one
study just came out where researchers compared the medical histories of random people and people who were just diagnosed with
diabetes.17
Oh, let me guess. They found that the people who became diabetic took
a lot more antibiotics before their diagnosis than the random people did
during the same time.
That’s right.
But that doesn’t necessarily mean that the antibiotics caused the diabetes.
No, of course not. But it’s consistent with the results of the animal
studies that we’ve been talking about. Now that researchers have
recognized the potential problems with antibiotics, they’re going
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to do a lot more of these correlation studies. We’ve known for a
long time that antibiotics kill bacteria and we understand exactly
how they do it. And now we’ve done all of these well-controlled animal studies that directly link antibiotics to changes in gut bacteria
and health problems. If the results of the correlation studies continue to point in the same direction, then the whole chain of evidence will be in place to support a strong belief that heavy use of
antibiotics, especially when you’re young, may be harmful to your
health.
But we can’t just stop taking antibiotics, right?
No, we can’t. It’s a very tricky problem. And, actually, the direct
effects of antibiotics on human health that we’ve been discussing
aren’t even the main worry. What’s really starting to scare people is
the rise of antibiotic resistance.18
What do you mean?
Bacteria that cannot be killed by antibiotics are becoming much
more common.
Why?
Oh, there’s nothing complicated about it, it’s just evolution.
Sometimes bacteria are born with a mutation that makes them
resistant to antibiotics. In an environment with a lot of antibiotics,
they’re obviously going to be a lot more likely to survive and reproduce than normal bacteria. As time goes on, there will be more and
more of the resistant bacteria.
OK, that’s scary.
It is. But it was always part of the deal. It’s the same as any other
arms race: we’ll keep making better antibiotics and bacteria will
keep evolving to be resistant to them. As long as we take the problem seriously, I think we’ll be fine. But let’s get back to eating.
OK, so what does all of this mean when it comes to eating animals
raised on antibiotics? Are the antibiotics still in the meat when it gets to
the store?
Yes. But the situation is the same as with pesticides: there really
isn’t any direct evidence to suggest that eating meat from an animal
raised on antibiotics is harmful. It might be, but we just don’t know.
So you don’t worry about it?
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Well, I often eat organic, which, for meat, means that the animals
were not raised on antibiotics. But I do it based on first principles
rather than because of any specific concerns. And the worries about
antibiotic resistance, of course, apply to animals as well. Far more
antibiotics are used on animals than are used on people. Do you
know how many chickens are killed in the US each day?
Oh, um . . . no, I have no idea.
23 million!19 Each day! And most of them were raised on antibiotics.
Right. And each of their guts is an environment that encourages the survival of resistant bacteria.
Right. So if you want to eat organic just to avoid contributing to the
rise of antibiotic resistance, I think that’s reasonable.
OK. But, in general, the message I’m getting is that we really don’t know
that much about the direct effects of food additives on human health.
Well, we do know that they’re very unlikely to immediately kill us.
OK, fine. But, we still don’t know that much about their impact on our
ability to stay lean and healthy because there simply haven’t been that
many studies. And even if there have been well-controlled animal studies
for some additives, like the preservatives and artificial sweeteners that
we discussed, we’re still not sure about their impact on humans eating
real food in the real world.
That sounds about right. But, again, why not just eat unprocessed
foods and avoid additives whenever you can?
Right. It might cost a bit more to buy unprocessed foods but at least I’ll be
avoiding a lot of potential risks.
Right. Now, of course, not everyone has that option. And if everyone
did all of a sudden decide to buy only unprocessed foods without
additives, there probably wouldn’t be enough food to go around.20
But those are separate problems.
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8
Good and bad fats

Inflammation II
OK. I have to admit, I find it surprising that there have been so few studies
of the effects of food on long-term health. Considering how many people
have become obese and unhealthy in recent years, shouldn’t these studies be a top priority?
Well, we’ve only been talking about additives. There have been many
more studies of food itself. And those studies are, in a sense, much
more important: you might be able to avoid additives but you can’t
avoid food.
Right, I have to eat something.
Right.
OK, so, additives aside, do we know which foods are good for us and
which are bad for us?
Well, not exactly. Just because there have been a lot of studies doesn’t
mean that the results are clear. The perfectly-controlled studies of
cells in a dish and the well-controlled animal studies might be clear
but often the link to real-world human health is not.
Oh, c’mon. Surely there are some foods that we are pretty sure are good
or bad for us, right?
Yes, you’re right, there are. Trans fats, for example: everyone agrees
that they’re bad for us.1
Right, you said we would talk about good and bad fats but we never did.
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Oh, right, sorry. This is actually a perfect time to do it. It used to
be that fats were thought of as good or bad depending on how
they affected your “bad cholesterol.” Do you remember what “bad
cholesterol” is?
It’s the depleted liver fat packages right? Because they’re the ones that
are most likely to get stuck in my blood vessels.
Right. So it used to be that saturated fats, which mostly come from
animals, were considered bad because they increased the number
of depleted liver fat packages in your blood, and unsaturated fats,
which mostly come from fish and plants, were considered good
because they didn’t.
That sounds reasonable.
Sort of. But, remember, we now know that fat packages are only
likely to get stuck in your blood vessels if they end up really small
when they’re depleted.
Right.
So even if you have a lot of depleted liver fat packages, you’re probably fine as long as they don’t end up really small.
Right.
Good. So it turns out that, while saturated fats do increase the total
number of depleted liver fat packages in your blood, they also make
those packages end up larger when they’re depleted and, therefore,
less likely to get stuck in your blood vessels. So in the end, the effects
of saturated fats on your liver fat packages might not actually be
that bad.2
Oh, OK. So there’s no such thing as good and bad fats after all?
Hold on, not so fast. Now we know that inflammation is the real
problem, so we’ve started classifying fats as good or bad depending
on whether they increase or decrease inflammation.
Can a particular kind of fat really increase or decrease inflammation?
Oh, sure. If you take a dish full of immune cells and drop in different kinds of fats, you will get very different reactions. Some fats
will cause immune cells to take action but other fats will calm them
down.
Why would immune cells take action against a fat?
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Because some fats actually look a lot like bacteria.
What do you mean?
When your immune cells are deciding whether or not to take action
against something, they check to see whether it has a chemical pattern they recognize. Some fats have a chemical pattern that looks
just like a chemical pattern that is on certain bacteria.
Why? Is that just a coincidence?
Not really. Bacteria are just cells and the walls of all cells are made of
fats. So, in order for your immune cells to recognize different bacteria, they need to be able to recognize different fats.
But my blood is full of fats, right?
Right. But when fats are in digested or liver fat packages, your
immune cells won’t notice them. It’s only when fats are in the simple
packages released by your fat cells that they might be mistaken for
bacteria.
Oh, I see. So that’s another reason that insulin resistance is a problem.
If my insulin isn’t working and my fat cells are constantly releasing fat,
there’s more of a chance that my immune cells might notice it.
Which will lead to even more inflammation.
Right. OK, so which kinds of fats do immune cells take action against?

Trans fats
Well, like I said, everyone agrees that trans fats are bad for you and
one of the reasons is that they cause a lot of inflammation.
And what do trans fats come from, animals or plants?
Neither. We invented them.3 Trans fats are created by taking unsaturated fats that are normally liquid at room temperature, like vegetable oil, and changing them so that they become solid.
OK, and why would anyone want to do that?
For two reasons. First of all, trans fats are very stable, so if you use
them in processed food, the food can be kept on the shelf for ages
without any problem. But, more importantly, we actually thought
trans fats were healthy, simply because they aren’t saturated fats.
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But saturated fats aren’t even bad, right?
Well, hold on, we’re going to come back to saturated fats in a minute.
I said that the effects of saturated fats on liver fat packages might not
be that bad but there is more to it than that.
Oh, right. Inflammation.
Right. But, anyway, nobody knew any of this 30 or 40 years ago. Back
then, everyone thought that saturated fats were bad, so they started
replacing them with trans fats.
Can you give me an example?
Sure. I guess one of the most obvious examples was replacing butter
with margarine.
Right, OK. But that backfired because trans fats are actually bad for you?
That’s right. Trans fats actually do what we used to think saturated
fats did.
What do you mean?
We used to think that saturated fats increased our chances of having
a heart attack or stroke because of the effect that they had on our
depleted liver fat packages. Now we know they don’t. But trans fats do.4
I see. So eating trans fats will increase the number of small depleted liver
fat packages in my blood?
Exactly. And they can also cause inflammation directly. If they’re
floating around in your blood, your immune cells will notice them
and take action.5
Got it. So trans fats are bad.
That’s right. The whole chain of evidence is in place: the experiments with cells in a dish, the well-controlled animal studies and
the human correlation studies all point in the same direction. But
trans fats are easy to avoid. If you avoid processed foods, you’ll avoid
trans fats.

Saturated fats
OK, and I guess you’re going to tell me that saturated fats will also get
noticed by my immune cells?
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That’s right.
So saturated fats are bad after all?
Maybe, maybe not. Remember, just because something happens in
a dish or in an animal doesn’t mean that it will happen in a human
eating real food in the real world.
OK, hold on, we need to get into some details here. I eat a lot of meat, so
I really need to know whether saturated fats are bad or not.
OK, let me tell you about a few studies.
Yes, please do.
Let’s start with what we know from experiments with cells in a dish.6
Like I said before, if you drop different kinds of fats into a dish full
of immune cells, you will get very different reactions. Saturated fats,
in particular, evoke a very strong reaction: immune cells attack saturated fats just as if they were harmful bacteria.
OK. And that’s because saturated fats have the same chemical pattern as
the fats that make up the walls of certain bacteria?
Exactly. And we know this because researchers did the same experiment where they dropped saturated fats into a dish full of immune
cells but, instead of using normal immune cells, they used mutant
immune cells that had their chemical pattern detectors deactivated.
So when the chemical pattern detectors were deactivated, the immune
cells stopped attacking the saturated fats?
Right. But only when one type of detector was deactivated: the
detector for the pattern on certain bacteria. When they deactivated
the detectors for other patterns, the immune cells still attacked the
saturated fats.
OK, so immune cells attack saturated fats because they mistake them for
bacteria.
Right. Now, in their next experiment, the researchers added a piece
of muscle to the dish.
Why?
To find out whether the inflammation caused by the saturated fats
would cause insulin resistance. Do you remember what we said
about inflammation interfering with insulin?
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Sure, we’ve been through it a few times now. When my cells are overwhelmed with glucose or fat, a lot of waste and half-processed glucose
and fat will build up. My immune cells will notice the build-up and they’ll
start interfering with my insulin so that my cells have time to clear out
the backlog. The chemicals released by my immune cells will interfere
with the escort that lets glucose into my cells and prevent my fat cells
from storing any more fat.
Right. So in the case of the backlog-driven inflammation, interfering
with insulin is the whole point. But the fat-driven inflammation that
we’ve been discussing has nothing do with a build-up of waste or
anything like that, it happens because the immune cells mistake fats
for bacteria.
I see. So the chemicals released by immune cells when they attack fats
may not actually interfere with insulin?
Right, that was something that needed to be tested. So the researchers added a piece of muscle to a dish full of immune cells. Then
they added saturated fats and, of course, that caused inflammation.
Then they added glucose and insulin to the dish and they found that
hardly any of the glucose actually got into the muscle cells.
Could they actually see the chemicals from the immune cells interfering
with the insulin?
Yes. I mean, they didn’t actually see it with their eyes but they did
other tests to be sure about what was going on.
OK. Did they try the same experiment with the mutant immune cells that
had their bacterial pattern detector deactivated?
They did. And they found that the glucose got into the muscle cells
just fine.
OK. So saturated fats can cause inflammation and that inflammation can
cause insulin resistance.
In a dish.
Right; we’ve still got a long way to go to get to humans eating real food
in the real world.
Right. So let’s move on to some more realistic experiments in mice.7
First of all, researchers took mice and injected fat directly into
their blood.
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Is that really your idea of “more realistic?”
Hey, you asked for details, so I’m taking you through all the different
kinds of experiments that have been done.
OK, sorry, go on. So the researchers gave the mice fat injections.
Right; they found that the injections had all the effects on the mice
that you’d expect: the mice developed inflammation and insulin
resistance and their cells stopped using glucose because the chemicals from their immune cells interfered with their insulin.
But how did the researchers know the inflammation in the mice was
caused by their immune cells mistaking fat for bacteria? Couldn’t it just
be backlog-driven inflammation? If the researchers just kept injecting
more and more fat into the mice, their fat cells wouldn’t be able to store
it all and their immune cells would step in to help them clear out the
backlog, right?
Oh, right, sorry. First of all, I should have said that the injection of
fat was a one-off and that the researchers only measured the effects
in the few hours after the injection. They didn’t give the mice weeks
of injections to fatten them up or anything like that. But, the real
answer to your question is that the researchers also gave fat injections to the mutant mice that had their bacterial pattern detectors
deactivated and nothing happened. So the mice didn’t develop
inflammation and insulin resistance because their fat cells became
overwhelmed or because the fat itself was somehow disrupting their
metabolic systems. The problem really was that their immune cells
were attacking the fat.
But does this really happen when fat enters the blood naturally? If I eat
fat, it will enter my blood from my intestines in digested fat packages, so
my immune cells won’t notice it, right?
That’s right. On a meal-by-meal basis, this kind of fat-driven inflammation may not be a problem. But what if you’re overweight and the
backlog-driven inflammation has kicked in?
Oh, right, then my insulin wouldn’t be working and my fat cells would
constantly be releasing fat.
Right. And that fat might get noticed by your immune cells.
Which would make them release even more chemicals and make my
insulin resistance even worse.
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Exactly. And the researchers did an experiment to show that this
can actually happen. When they took normal mice and the mutant
mice that had their bacterial pattern detectors deactivated and overfed them for a few months, they found that the normal mice gained
much more weight than the mutant mice and also developed more
inflammation and insulin resistance.
OK. And both the normal and mutant mice would have had backlog-
driven inflammation from overeating but only the normal mice would
have had the extra fat-driven inflammation on top of that, right? So any
problems that the normal mice had and the mutants didn’t had to be
caused by the fat-driven inflammation.
That’s the idea. Now, before we move on, there’s one more study
I want to tell you about.8 We’ve been talking a lot about body inflammation but it’s important to remember that brain inflammation can
be just as problematic.
Oh, don’t worry, I remember.
Summarize it for me.
If my brain gets inflamed, my leptin won’t work properly. As a result, my
brain will think that I’m below my natural weight, even if I’m actually
above it, so the systems that control how many calories I eat and burn will
act to make me gain weight rather than lose it.
Right.
Without leptin to amplify my gut signals, I’ll eat more than I should
because it will take more food for me to feel full. And without leptin to
weaken my pleasure system and strengthen my self-control system, I’ll
have trouble resisting my cravings.
Good.
I’ll also be less active and fidget less. And my brain will tell my cells to
save energy when they should be wasting it, so I’ll burn fewer calories.
Excellent.
So I guess the same kinds of experiments that have been done to study
fat-driven body inflammation have also been done to study fat-driven
brain inflammation?
That’s right. When researchers took mice and injected saturated fats
directly into their brains, they saw the same thing they saw in their
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bodies: the injections led to inflammation, which caused insulin and
leptin resistance.
Because when the chemicals from immune cells interfere with insulin,
they also interfere with leptin.
Right.
And the researchers were sure that this was the same kind of fat-driven
inflammation? Did they inject fat into the brains of the mutant mice that
had their bacterial pattern detectors deactivated?
They did and the injections had no effect on the mutant mice.
OK, OK. I’m willing to believe that saturated fats can cause inflammation.
But if fat-driven inflammation really only becomes a problem when my
fat cells are constantly releasing fat because I’ve gained weight and my
backlog-driven inflammation is interfering with my insulin, then I can
eat saturated fats without any problems as long as I stay lean, right?
Well, not necessarily. It’s true that you might not need to worry
about the kind of fat-driven inflammation that we’ve been discussing. But there are other potential problems.
Damn, I knew it sounded too good to be true. OK, keep going.

Leaky gut II
OK, do you remember the leaky gut problem?
I think so. If my intestines aren’t working properly, things will get into
my blood that really shouldn’t be there. I can get a leaky gut if I don’t eat
enough fiber because my intestinal wall cells won’t have enough fiber fats
to use for energy. Or, I can also get a leaky gut if the interactions between
my gut bacteria and my immune system get disrupted. In that case, the
mucus layer that separates my intestinal wall cells from everything else
in my intestines might disappear or my intestinal wall cells might not
pack themselves tightly enough to keep things from slipping past them.
Good. And do you remember what kinds of things might get into
your blood that shouldn’t?
Bits of dead bacteria?
That’s right. If bits of dead bacteria get into your blood, your immune
cells will start attacking them.
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Because they can’t tell whether the bacteria are alive or dead?
Well, I suppose not. But, dead or alive, you can’t really have a lot of
bacteria floating around in your blood, right? So, either way, your
immune cells need to take action.
Right. And then the chemicals released by my immune cells can leak out
into other parts of my body and cause insulin resistance and all of the
other problems that come with it.
Exactly. Now, it turns out that bits of dead bacteria can still get into
your blood even when your intestines are working properly.
How?
They sneak in as part of digested fat packages.9
Ugh. How?
Well, obviously it’s not intentional –they’re dead, after all. Remember,
some bacteria have a chemical pattern that is similar to some of the
fats that we eat. So when your intestinal wall cells are making digested
fat packages, sometimes they put bits of dead bacteria in by mistake.
And this will happen more often if I eat saturated fats?
That’s right.
Because it’s saturated fats that have the same chemical pattern as bacteria, so my intestinal wall cells will have trouble telling them apart?
That’s the idea.
But how often does this happen? I mean, is this really something I need
to worry about?
Should I tell you about some studies?10
Yes, please.
OK, so first researchers took normal mice and injected bits of dead
bacteria into their blood. As you might expect, they saw that the
injections triggered inflammation.
Sure.
Right, not too surprising. So then they kept giving the injections day
after day for a few weeks. They found that the mice gained weight
and developed insulin resistance and all of the other problems that
you would expect.
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But that’s pretty unrealistic.
It is. But it’s also pretty remarkable. The mice were only getting
injections of dead bacteria. They weren’t getting fat injections or
being overfed or anything like that. Yet they still gained weight.
Oh I see. OK, that is remarkable. I guess I’m just getting used to the idea
that my weight is going to depend on a lot more than just what I eat.
But if you had told me before we started this discussion that bits of dead
bacteria in my blood could make me gain weight, I probably would have
thought that was crazy.
Me too.
OK, so does this actually happen when bits of dead bacteria get into my
blood naturally?
It seems like it. The researchers did another experiment where they
just overfed the mice for a few weeks. They found that the overfed
mice gained weight, obviously, but they also found that the overfed
mice had a lot more dead bacteria in their blood than mice that were
fed normally.
Even though the overfed mice weren’t actually injected with any dead
bacteria?
Right. And they also did another set of experiments with the same
mutant mice that we’ve been talking about.
The mice that had their bacterial pattern detectors deactivated?
Right. Those mice didn’t develop any problems after the injections
of dead bacteria and they gained a lot less weight when they were
overfed.
I see. OK, so the idea is that if I eat a lot of fats, particularly saturated
fats, bits of dead bacteria will get put into my digested fat packages. Once
those dead bacteria get into my blood, my immune cells will notice them
and things will start going downhill from there.
That’s right. But there’s still a bit more to the story.
Gut bacteria?
Exactly!
I should’ve known.
It turns out that eating a lot of saturated fat can cause a change in
your gut bacteria.
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Well, like you said, the make-up of my gut bacteria will always reflect the
make-up of my diet.
That’s right. But saturated fats, in particular, seem to have a harmful
effect. The mix of bacteria that you end up with when you eat a lot of
saturated fats can cause you to develop a leaky gut. For example, do
you remember the mucus bacteria that I told you about?
I think so. The mucus bacteria release a chemical that tells me to make
the mucus layer on my intestines and then they eat some of it, right?
Right. And you won’t make the mucus properly unless they tell you
to, so having these bacteria in your gut is really important. Without
them, you won’t have the mucus layer to protect your intestinal wall
cells and bits of dead bacteria will be able to get in.
Right. And if I eat a lot of saturated fats, I’ll end up with fewer of the
mucus bacteria?
That’s right. Now, in the last experiment that we discussed, the
researchers overfed mice and found that they had a lot more dead
bacteria in their blood than mice that were fed normally.
Right. Did the overfed mice also have fewer of the mucus bacteria?
That’s right, they did. So the researchers did something very simple: they gave the overfed mice extra mucus bacteria.
And?
And they found giving the overfed mice extra mucus bacteria
reduced the amount of dead bacteria in their blood.
OK, well, I’m not surprised that the mucus bacteria helped fix the leaky
gut problem –that seems pretty obvious. But how do the researchers
know that it was really the saturated fats that were causing the leaky gut
problem? Maybe the problem was just that they were overfed in general?
Right. So another group of researchers did a study to show that it
really was the saturated fats that were the problem.11 They split mice
into two groups and put them on diets that were the same except for
one small difference: one group got saturated fats while the other
group got unsaturated fats.
But the total amount of fat was the same for both groups?
That’s right.
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OK, and what did they find?
The mice that ate the saturated fats gained weight and developed
inflammation and insulin resistance but the other mice were fine.
I see. So the problem really was the saturated fats, not just fats in general.
Right. And when the researchers compared the gut bacteria from
the two groups of mice, they found a lot of differences. For example,
the mice that were eating the saturated fats had a lot fewer of the
mucus bacteria.
OK, and did the researchers do the experiment where they put the gut
bacteria from one set of mice into the other set of mice?
They did. They took normal mice that were raised on normal food
and split them into two groups: one group that got gut bacteria from
the mice that were eating the saturated fats and another group that
got gut bacteria from the mice that were eating the unsaturated fats.
Then the researchers fed both groups of mice saturated fats for a
few weeks.
And?
And the mice that got the saturated fat gut bacteria gained more
weight and had more inflammation than the mice that got the unsaturated fat gut bacteria.
Even though they ate exactly the same food?
Right.

Summary V
OK, so let me see if I get it.
Go ahead.
When I eat saturated fats, dead bacteria can sneak into my blood along
with them in digested fat packages.
Right.
Or the saturated fats can cause a change in my gut bacteria that will leave
me with a leaky gut, allowing dead bacteria to get into my blood that way.
Right.
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OK. And if dead bacteria start getting into my blood, my immune cells
will attack them and release chemicals that can leak out into other parts
of my body and start interfering with my insulin.
Right. And once your insulin isn’t working . . .
Then my fat cells will start constantly releasing fat.
Right.
And that can lead to even more inflammation, because my immune cells
can mistake some of that fat for bacteria.
Exactly.
OK, I’m confused.
What? No you’re not, you just nailed it.
No, I understand the different ways that saturated fats can cause inflammation but I don’t see why the mice in these experiments gained weight.
I mean, I understand how inflammation can cause me to gain weight in
the real world: if inflammation interferes with my insulin and leptin, my
brain will think I’m underweight and it will push me to overeat. But these
mice couldn’t overeat because their eating was controlled, right?
Oh, actually, the mice in these studies could eat as much as they wanted
to. But whether they were on the saturated fat diet or the unsaturated
fat diet, the total amount that they ate wasn’t all that different.
OK, so what happened?
Well, you’re right that when your inflammation gets going and your
leptin isn’t working properly, your brain will make you want to eat
more. But that’s only half the story, right?
Oh, right. I’ll also become less active and burn fewer calories. So is that
what happened?
Yup. Actually, in these experiments both groups of mice were similarly active but the mice that were on the saturated fat diet burned a
lot fewer calories for the same amount of activity.
And that’s because their leptin wasn’t working properly, so their brains
were telling their cells to save energy when they should have been wasting it, right?
Well, the researchers didn’t actually show that. But, yes, I’m sure
that was the problem.
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Saturated fats II
OK, so what I’m getting from all of this is that I really shouldn’t eat
saturated fats.
Well, hold on. It’s clear that saturated fats can cause inflammation
in a lot of different ways, so you probably shouldn’t eat a lot of them.
And if you’re overweight and backlog-
driven inflammation has
already kicked in, you should really try to avoid them. If I was trying to lose weight, I would try to avoid anything that might increase
inflammation.
Right.
So there’s no question that saturated fats can cause inflammation.
But here’s the thing: the diets that the researchers used in these
experiments were pretty unrealistic.
What do you mean?
I mean that when the researchers overfed the mice with a lot of fat,
they really overfed them with a lot of fat. In some of these experiments, the researchers fed the mice food that was almost 75 per cent
fat, which is pretty extreme. Even in these last experiments that we
were just discussing, the researchers fed the mice food that was
45 per cent fat, all of which was either saturated or unsaturated.
Those numbers don’t really mean much to me.
Well, if you ate only Big Macs . . .
Like in Super Size Me?
Right, if you ate like the guy in Super Size Me, you still wouldn’t be
eating as much fat as these mice were eating. On the other hand, the
researchers have to use such large amounts of fat because they need
to be able to see effects within a few weeks or months. It’s possible that foods with a lot less saturated fat would have similar effects
over the course of several decades.
I see. But there must be studies that have looked at what happens to
humans when they eat different fats. I know those studies wouldn’t be as
well controlled as the animal studies but they still might be able to tell us
something, right?
You’re right. In fact, there have been quite a few studies but, as we’ve
already discussed, they’re often hard to interpret. A human study

Good an d b ad fats

133

4
3
1

can be well-controlled or it can be long but it cannot be both. When
it comes to the effects of food on human health, it’s really the long-
term effects that we’re interested in, right? Let’s say you kept a group
of people in a lab for a month –which would be a very long time for
a well-controlled human study –and fed them a lot of saturated fats.
And let’s say that nothing really happened –no major weight gain or
inflammation. What would that tell you?
That eating a lot of saturated fats for one month isn’t all that bad for me?
Exactly. But you don’t need to decide whether or not to eat saturated
fats for one month, you need to decide whether or not to eat them
for 1,000 months! Now, if eating something for one month did cause
problems, you’d know that you should really avoid it altogether.
But the fact that eating something for one month doesn’t cause any
problems tells you almost nothing.
OK . . .
So we’re left trying to interpret the results of long-term studies,
which have other problems. Since long-term studies aren’t conducted in a lab, they usually rely on people keeping track of what
they eat or, even worse, just trying to remember what they ate when
they’re asked. Obviously, that isn’t going to be very accurate.12
And there are also all kinds of other factors that can’t be controlled.
For example, people who eat a lot of saturated fats also seem to
smoke more, exercise less and eat less fiber.13
But if you have a large enough group of people, can’t you factor those
other things out somehow?
You can try. But that’s a lot easier said than done because it’s impossible to know how all of those things interact. Now, having said all of
that, we do have one thing going for us.
And what’s that?
Trans fats.
Huh?
Well, like I said, it’s clear that trans fats are pretty bad for you but,
since we only figured that out recently, there were actually several
decades during which people were eating a lot of them.
Right. But how does that help?
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We can use trans fats as a sort of a model for unhealthy food: they
may not be that harmful in the short term but they’re likely to cause
serious problems in the long term. In fact, even the short-term
studies of trans fats almost always found that things were already
heading in a bad direction. After a few weeks of eating a lot of trans
fats, people would typically have more of the small depleted liver fat
packages in their blood –you know, the ones that are likely to get stuck
in blood vessels –and they would also have more inflammation. Now,
of course, people weren’t getting diabetes or having heart attacks
after just a few weeks, but the long-term studies of trans fats almost
always found strong correlations with serious health problems.
But those studies must have suffered from the same problems as any
other studies of human eating, right?
Exactly. But we can use that to our advantage. The trans fats studies
tell us what the results of a study should look like if something is
actually bad for you. When we look at a study of a different kind of
fat or any other kind of food, we can try to judge how bad it seems
relative to trans fats.
OK, I get it: so we can use trans fats as a kind of benchmark.
Exactly.
OK, so how do saturated fats look relative to trans fats?
Not nearly as bad.14 Like I said earlier, the effects of saturated fats on
all of the different fat packages seems to be neutral. And the associations with inflammation and health problems are there but they’re
much weaker than for trans fats.
Excellent; so I can eat as much meat as I want!
Well, I wouldn’t overdo it. While parts of the animal studies that we
discussed might be a bit unrealistic, I think there is still enough evidence to suggest that when it comes to saturated fats you should proceed with caution. Plus, there is more to meat than just saturated fat.
Oh, no, please don’t. Actually, you know what, I’ve gotta go. I just remembered that I have an appointment.
Oh, c’mon, don’t worry. I’m not going to tell you that you should stop
eating meat altogether. But there are a few other things to consider.
Fine, go on.
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Science II
It turns out that meats, especially red meats, have certain chemicals
in them that can be problematic.
Do you mean added chemicals or chemicals that are in the meat naturally?
Oh, I mean chemicals that are in the meat naturally. But, of course,
there are added chemicals that are problematic as well. For example,
there are preservatives called nitrates that are used in a lot of processed meats, like cold cuts or sausages. I was actually reading about
them the other day. They haven’t really been studied that much but
there’s a fair amount of evidence suggesting that they’re harmful.
Personally, from a decision-making standpoint, I don’t care: I avoid
processed foods, so I don’t need to worry about nitrates. But I still
found it interesting to read about them. I came across one study15 that
started with a summary paragraph saying something like “Nitrates
are totally fine, nothing to worry about.” I thought that was strange,
so I skipped to the end of the study where the conflicts of interest are
mentioned and it said something like “The researchers who did this
study own a company that sells nitrates” and “This study was funded
by the American Meat Association.” What a joke! I mean, how am
I supposed to believe anything those researchers say?
I see the problem. But you’re a scientist. You can read the study and
decide for yourself whether to believe it or not, right?
Oh. Right. I can see why you would think that, but that’s not really
how it works. Hmm . . . I think it’s time for me to come clean about
something.
What?
Well, you see, the thing is that science is very complicated. So complicated, in fact, that it’s often hard for scientists to identify the
problems with studies in their own field, let alone in a different
field.
What do you mean?
Let me give you an example. I told you that when researchers put
saturated fats into a dish full of immune cells, the immune cells
attacked the fats.
Right.
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Well, that is, in fact, true. But, a few years after that first experiment,
other researchers started asking questions about whether it was
really the fats themselves that the immune cells were attacking.16 It
turns out that when the researchers made the saturated fat mixture,
they also used another chemical that could cause inflammation. In
the end, they did more experiments without the other chemical to
prove that their original conclusion was correct.17 But, unless you’re
someone who has experience making fat mixtures, you’d never even
know to ask about the other chemicals that were used. The problem
is that every experiment involves dozens of little details like that and
only people who have done similar experiments themselves would
know to ask about them.
OK. You’re a neuroscientist, so you study the brain. Are you saying that
you don’t really have the knowledge or experience to judge the quality of
a study about immune cells or gut bacteria?
Yes, that’s what I’m saying. I mean, I know bad science when I see it.
Logical flaws, too few data points, bad statistics –you don’t need to
be an expert in a field to notice things like that. But am I qualified to
evaluate every detail of an experiment outside of my field? No, I’m
not. And do those details matter? Yes, they do.
OK, so, not to be rude or anything, but why am I listening to you, then?
That’s a fair question. But think about all of the things that we’ve
talked about: metabolism, digestion, hormones, inflammation,
brain function, stress, gut bacteria, food, exercise and so on –nobody
is an expert on all of those things or even most of those things. But
if you really want to understand how eating affects your health, you
have to consider all of those things and understand how they all fit
together.
OK, I see the problem. But then how can I trust you or anyone else to be
giving me the right information? Maybe there are problems with some of
the studies we’ve been discussing that you haven’t noticed?
That’s entirely possible and you certainly shouldn’t trust any one
person to be your only source of information on any topic as wide
ranging as this one. It would be great if a group of experts that could
cover all of the relevant topics got together and wrote a book that
non-scientists could understand, but that hasn’t happened. There
are some very good books by experts on specific topics and some of
them are actually pretty readable. But, unless you can already see
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the big picture, it’s difficult to see how all of the information in those
different books fits together. Now, my hope is that when we’re done
here, you’ll not only see the big picture but you’ll also feel like you
have a good understanding of the important details. Even if you’re
not fully convinced by what I’ve told you and you decide you want
more details, you should know enough to go off and read some of
the other books or even the original research studies.
But would there really be any point in that? I mean, how am I supposed
to judge the quality of studies if you can’t?
That’s a good question. First of all, if the researchers who did a study
had a direct financial conflict of interest –like the nitrate salesmen
I mentioned earlier –you should just ignore it entirely. Experts in the
field might be able to judge how serious the conflict is and whether
they should believe the results of the study or not. But you’ll never
be able to judge that yourself. If the results of a study are correct and
important, they’ll be replicated in other studies that don’t have any
conflicts, so you’ll find out about them eventually.
OK, that sounds simple enough.
Now, I don’t mean to suggest that financial conflicts of interest are
the only kind. Even “pure” academic researchers have their problems: maybe they have a pet theory that they really want to prove or
they’ve spent decades arguing in support of something and it’s too
late for them to backtrack now. There isn’t much you can do about
that kind of stuff. But, on the other hand, it’s not something that
I really worry about.
Why not?
Well, while you may want to be careful not to put too much trust
in any one scientist, I think you can safely put a lot of trust in science itself. If a field is large enough –and many of those that we’ve
been discussing involve thousands of researchers –no one group of
researchers is going to be able to control it. Given enough time, scientists will always converge on a solid, evidence-based consensus on
any important topic.
So says the scientist.
Oh, c’mon.
No, I’m happy to believe that science does generally come up with the
right answers in the end, but how do I know what to think about any one
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study? Let’s a say a new study comes out and it says something controversial, how do I know if I should believe it?
Well, the best thing to do would be to ask an expert in the field.
Oh, yeah, sure, hold on, let me get my Rolodex out.
OK, well, I think the best thing to do is just wait a few years for scientists to reach a consensus. Scientists are constantly publishing
reviews that summarize the consensus in a field. If you’re not an
expert, you’re better off ignoring individual studies and just focusing on those reviews.
But that means I’m always going to be a few years behind, right?
Does that really matter? Let’s assume that your diet is already a reasonable mix of mostly unprocessed foods. What kind of study could
come out that would cause you to make an immediate and substantial change to what you eat? There’s never going to be a study that
says “Actually, you know what, we just figured out that eating garlic
will kill you.” What you want to keep track of is, for example, how
the consensus regarding saturated fats changes over time. Maybe
over the next 10 years, scientists will be able to say “Yes, we are now
pretty sure that eating a lot of saturated fats causes inflammation
even in lean people.” Then you’ll know that you should really try
to avoid them – or maybe they’ll say the opposite. Then you’ll know
that you can eat them without worrying. In the meantime, just make
sure to eat a lot of different unprocessed foods to hedge your bets
and you’ll probably be fine.

Red meat
But not too much red meat?
Well, there do seem to be chemicals in red meat that have the potential to cause problems.
What kind of problems?
Oh, a lot of different kinds. There have been a few recent animal studies18 showing how chemicals from red meat can cause inflammation
or lead to a leaky gut the same way that saturated fats can. But, even
though these studies were well controlled and clearly demonstrate
that chemicals from red meat can be harmful, they were also pretty
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unrealistic. So it’s impossible to say at the moment whether or not
you would have problems if you ate a lot of red meat.
OK, so do I really need to worry?
Well, there’s another way that red meat can cause problems. There
are chemicals in red meat that can be harmful because of a particular effect they have on your immune cells. They make your immune
cells more likely to take action against depleted liver fat packages
that are stuck in your blood vessels but less likely to actually break
them up. So the plaques in your blood vessels grow faster and
end up bigger than they would otherwise, which makes it more
likely that one of them will break off and cause a heart attack or a
stroke19.
Yikes. And how much red meat do I need to eat for this to happen?
Exactly 6.25 ounces per week.
What? Oh, c’mon, I wasn’t suggesting there is some magic number, I just
want to know how much I should worry. Like I said, I really like meat.
I know, I was just kidding. As with everything else, it’s very hard to
say how much is too much when it comes to humans eating real food
in the real world. But I can tell you about a few studies20 that might
help you understand the problem a bit better.
Yes, please do.
OK, the first thing you need to know is that your gut bacteria play a
critical role in digesting red meat.
Of course they do.
Researchers fed red meat chemicals to normal mice . . .
Wait, they just fed them the chemicals, not the meat itself?
That’s right, but don’t worry, we’ll get to more realistic studies in a
minute. So when they fed red meat chemicals to normal mice, they
found that the mice ended up with a lot of the harmful chemicals in
their blood. But when they fed the same red meat chemicals to bacteria-free mice, the bacteria-free mice didn’t end up with any of the
harmful chemicals in their blood.
Oh, so the mice couldn’t digest the harmful red meat chemicals without
gut bacteria?
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Sort of. It’s really that certain gut bacteria change the chemicals to
make them harmful. If the chemicals just stayed the way they were
in the meat, they actually wouldn’t be harmful: they only become
harmful after gut bacteria get hold of them and change them.
OK, so what’s the upside here? I mean, why would evolution leave me
with gut bacteria that change harmless chemicals into harmful ones?
Well, you actually need some of these red meat chemicals to survive.
It’s only in large quantities that they become harmful.
So how do vegetarians survive?
Oh, the chemicals aren’t only found in red meat. Red meat just has
more of them than other foods.21 And, of course, we are eating way
more red meat now than our ancestors would have, so it’s only
recently that we would have any reason to worry.
OK, so mice without gut bacteria don’t end up with harmful red meat
chemicals in their blood.
That’s right. And the same is true of humans. The same researchers
fed red meat to humans that were on antibiotics and they didn’t end
up with any of the harmful chemicals in their blood either.
Oh, I see. And are we sure that having more of these chemicals in your
blood is actually harmful?
Yeah, we’re pretty sure. The researchers did another experiment
with mutant mice that had a mutation in their liver that prevented
them from recycling their depleted fat packages.
So the depleted fat packages just kept floating around in their blood?
Right, so these mutant mice end up with a lot of plaques in their
blood vessels even when they just eat normal food. But when the
researchers fed the red meat chemicals to these mice, they ended up
with twice as many plaques as they normally do.
And did they give antibiotics to these mutant mice?
They did. And they found that giving them antibiotics reduced the
number of plaques in their blood vessels. After the antibiotics, the
mutant mice that were eating the red meat chemicals had the same
number of plaques as the mutant mice that were eating normal
food.
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OK, listen, I’ll admit that these are interesting experiments, but you’re
going to have to do better than red meat chemicals and mutant mice if
you expect me to cut back on steak.
OK, hold on, there are few more experiments I want to tell you
about. First of all, researchers took blood samples from two groups
of humans – vegetarians and meat eaters – and they found that the
meat eaters had a lot of the harmful red meat chemicals floating
around in their blood but the vegetarians didn’t.
I guess that’s not too surprising.
No. But then the researchers fed the two groups of people the same
amount of red meat chemicals. They found that the meat eaters
ended up with the harmful chemicals in their blood, which, again,
is not too surprising. But they also found that the vegetarians didn’t,
which is surprising.
You mean that, even though the vegetarians ate the red meat chemicals, they didn’t end up with any of the harmful chemicals in their
blood?
Right.
Were they on antibiotics or something?
Nope.
OK, so what happened?
Well, it’s just another example of how your gut bacteria will adapt
to your diet. If you stop eating meat, then bacteria that digest
meat won’t be able to survive in your gut, right? Instead, they’ll be
replaced by other bacteria that digest fiber or whatever it is that you
do eat.22 Once that happens, even if you do start eating meat again,
you won’t have any of the bacteria that change the red meat chemicals into their harmful form.
Oh, right, I see. But that wouldn’t last, right? If I went back to eating
meat, wouldn’t the meat bacteria eventually come back?
That’s right, they would, because you’re constantly exposed to bacteria from other people. If some meat bacteria from other people
happen to get into your gut, and you’ve started eating meat again,
those bacteria will be able to survive and reproduce.
Got it.
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Good, because I think this is a really key point. Your gut bacteria
are always going to amplify the effects of the food that you eat.23 If
you eat a lot of meat, you’ll end up with a lot of meat bacteria and,
therefore, a lot of harmful chemicals in your blood every time you
eat meat. So if you eat a lot of meat and I don’t, then you’re going
to get more harmful chemicals from the same piece of steak than
I will, right?
Right, I’m with you. But if it’s so important to have the right mix of gut
bacteria, why don’t doctors do gut bacteria transfers between people?
You know, like researchers do with mice?
Now you’re talking. I’m sure that will become common practice in
the future. But it isn’t yet.24
Why not?
Because there’s still a lot that we don’t know. We still don’t know
what the best mix of gut bacteria is in general, let alone for individual people with specific problems. And we still don’t really know
how to actually make a transfer work.
What do you mean?
Well, it’s easy enough to get bacteria into your gut one way or
another. But there is no guarantee that they will survive. That’s
going to depend a lot on the environment inside your gut. So it’s not
just about giving you the right bacteria, it’s also about changing the
environment inside your gut so that they can survive.25
I see.
And, of course, there’s no point in giving you the right bacteria if
you’re not going to feed them properly. You could get a transfer to
replace meat bacteria with fiber bacteria,26 but if you’re just going to
keep eating a lot of meat and very little fiber, then you’re just going
to end up back where you started anyway.
Right.
So all you can really do at the moment is try to eat a mix of different
unprocessed foods: at least that will prevent your gut bacteria from
getting too specialized one way or the other. Maybe there is a particular set of gut bacteria that is best for you but there is no way of
knowing that at the moment, so you should probably just hedge your
bets and play it safe. There have been a number of studies showing
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that healthy people have a much larger mix of different types of gut
bacteria than unhealthy people.27 Now, that could be for any number
of reasons but it does reinforce the idea that it’s good to have a mix of
different gut bacteria and, therefore, to eat a mix of different foods.
Sure, that makes sense. But a mix of different foods could include red
meat several times per week or it could include red meat several times
per month. I’d prefer to eat it several times per week but, from what
you’ve told me, I still don’t know whether or not that is a bad idea. It’s
great that researchers have figured out how gut bacteria can change red
meat chemicals in a way that can lead to more plaques but, well . . .
Just because we know a lot about something doesn’t mean that it’s
important?
Exactly.
You’re right, and I can see how you might find all of this a bit unsatisfying. But there is a fundamental problem that we simply cannot
overcome: we want to know the long-term effects of different foods
on human health, but we cannot do controlled studies to test them.
So when it comes to deciding exactly which mix of foods to eat,
we’re left with no choice but to guess. I’d love to be able to tell you
exactly how much red meat you should eat per week but I just can’t.
Here’s what I can tell you: there’s a well-understood way in which
the chemicals in red meat can cause problems in animals and there’s
a strong correlation between how much of these red meat chemicals
humans have in their blood and how likely they are to have a heart
attack or a stroke.28
Oh, you didn’t tell me that last part before. Is the correlation in humans
stronger than it is for trans fats?
Oh, much stronger.
Oh, so doesn’t that mean that I should really try to avoid red meat, then?
Not necessarily. It’s not fair to compare the risk associated with
having something in your blood to the risk associated with eating
something, because not all of what you eat will actually get into your
blood. It seems pretty clear that having a lot of these red meat chemicals in your blood is bad for you but it’s not clear how much the
amount of these chemicals in your blood actually depends on what
you eat.
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Oh, right – like cholesterol.
Right: if you eat a lot of cholesterol, your body will make less. If you
only eat a little cholesterol, your body will make more. Now, these
red meat chemicals are different from cholesterol because we can’t
make them ourselves. But maybe some people are better at digesting the chemicals than other people or worse at clearing the chemicals out of their blood and into their urine. Those people might have
a lot of the chemicals in their blood even if they don’t eat a lot of
meat. The problem is that when you look directly at the correlation
between how much red meat people eat and how likely they are to
have a heart attack or a stroke, it’s much, much weaker.29
How weak?
Well, the studies usually conclude by saying something like “If an
average person ate an extra serving of red meat per day, their chance
of having a heart attack or a stroke would increase by 10 per cent.”
Oh, only a 10 per cent increase for an extra serving of meat every day?
That doesn’t sound that bad after all.
No, it doesn’t. But, remember, these correlation studies are based
on information that can be very inaccurate. And the risk associated
with that inaccuracy runs both ways: not only can it make it seem
like there’s a correlation between two things when there really isn’t,
it can also mask a correlation that is, in fact, really strong.
Right.
So here’s what I’m willing to say: eating red meat several times per
month is probably fine but eating it several times per week might
not be. That’s as far as you’ll get me to go. Personally, given all of the
evidence, I’d keep it to a few times per month.
OK, fine. But what should I eat then? You’ve told me about a lot of things
that I shouldn’t eat. I’m not sure what’s left.
Oh, stop it. What have I really told you not to eat? I’ve said that
you should avoid processed foods. Beyond that, I’ve suggested that
maybe you should go easy on saturated fats, especially red meat. If
you think that leaves you with nothing left to eat, you’ve really got
the wrong idea about food.
OK, then tell me something I can eat a lot of.
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Vegetables.
Right. Vegetables are great and all, but I can tell you right now that
I would get bored of them pretty quickly.
Well, I’m not saying you should eat only vegetables, but if you want
to be healthy, vegetables need to be a big part of your diet. You’re
going to have to come to terms with that sooner or later. But what
about fish?

Fish fats
I like fish.
Good, because there is a specific type of unsaturated fat in fish that
actually seems to be good for you.30
Why would fish fats be good for me?
Well, do you remember what we said about saturated fats?
Sure. The problem with saturated fats is that they can cause inflammation.
How?
There are a few different ways. Saturated fats look a lot like a certain kind
of bacteria, so my immune cells might take action against them directly.
Right.
Or they can cause inflammation indirectly by making it so that dead bacteria get into my blood.
How?
When my intestinal wall cells are making digested fat packages with saturated fats, they might put in some dead bacteria by mistake.
Or?
Or saturated fats can change my gut bacteria in a way that leaves me with
a leaky gut, so dead bacteria can get into my blood that way.
Right. Now, the exact opposite of what you just said about saturated
fats seems to be true about fish fats.
Do you mean that fish fats actually decrease inflammation?
That’s right.
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How?
Normally, when something is in your blood that shouldn’t be there,
your immune cells will recognize it with one of their pattern detectors and release chemicals to deal with it. Fish fats stop those chemicals from being released.31
How?
Your immune cells also have a pattern detector that can recognize
fish fats. When that detector is activated, it prevents the immune
cells from releasing chemicals.
Why?
Well, when GPR120 couples with β-arrestin-2 and is internalized, it
prevents the association of TAB1 with TAK1, which in turn prevents
downstream signaling to IKKβ/NFkB and JNK1/AP1.32
What? OK, first of all, I want you to promise to never say anything like
that again. Second of all, you misunderstood my question. Why would
fish fat prevent immune cells from releasing chemicals? I mean, what’s
the point? Surely this isn’t some elaborate scheme that evolution concocted in anticipation of a day when we would need to decrease our
inflammation by eating a lot of fish . . .
Oh. That’s a good question. Just like with saturated fats, it seems to
be a case of mistaken identity. Fish fats actually look a lot like another
chemical that your body uses to decrease inflammation.33 The same
way saturated fats can increase inflammation because immune
cells mistake them for bacteria, fish fats can decrease inflammation
because immune cells mistake them for this other chemical.
I see. OK, so does this really work? I mean, should I be eating a lot of fish
for this reason?
Maybe.
Arrgh!
Let me tell you about a few studies.34
OK, go ahead.
OK, first of all, do you remember the experiments I told you about
where the researchers dropped saturated fats into a dish full of
immune cells?
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I think so. The immune cells attack the saturated fats, right?
Right. But when they dropped fish fats into the dish at the same
time, it stopped the immune cells from attacking the saturated fats.
I see.
And they did the same experiment with mutant immune cells that
had their fish fat pattern detectors deactivated.
Let me guess: because the mutant immune cells couldn’t detect the fish
fats, they kept attacking the saturated fats even when the researchers
dropped fish fats into the dish at the same time?
Right. So then the researchers did another set of experiments. First,
they overfed normal mice with a lot of fat –not fish fats but a mix of
other fats –and the mice gained weight and developed inflammation
and insulin resistance.
Sure.
Then the researchers split the mice into two groups: one group that
they kept overfeeding as before and another group that got fish fats
instead of some of the other fats.
And?
And the group that got the fish fats stopped gaining weight and their
inflammation and insulin resistance decreased.
Right. And then they did the same experiment with the mutant mice that
had their fish fat pattern detectors deactivated, right?
Right. And?
And the effect of the fish fats went away. It didn’t matter whether or not
the mutant mice got the fish fats because their immune cells couldn’t
detect them, so they had similar weight gain, inflammation and insulin
resistance either way.
Very good. Then what?
Well, maybe they checked whether fish fats decreased brain inflammation as well?
That’s right, they did. They found that brain immune cells have the
same fish fat pattern detector as body immune cells and when they
injected fish fats into the brains of the normal mice that they were
overfeeding, the mice started eating less and losing weight.
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And that’s because the fish fats decreased the inflammation and leptin
resistance in their brains.
Exactly.
OK, then they must have also done some experiments to see if gut bacteria were involved, right?
That’s right. I’ll spare you the details but you can imagine what the
results were, right?
I assume that fish fats had the opposite effect of saturated fats.
Meaning?
Meaning that fish fats had a positive effect on gut bacteria and helped
prevent a leaky gut.
That’s right. For example, when they fed mice a lot of fish fats, the
mice ended up with more of the mucus bacteria that tell intestinal
wall cells to make the protective mucus layer.
Right. OK, so, again, we have a good understanding of how fish fats
can decrease inflammation in a dish and in animals. But what about in
humans eating real food in the real world?
Well, there is evidence that people who eat a lot of fish fats are less
likely to have a heart attack or a stroke, but it’s pretty weak.35
But the effects in the animal studies were really strong, right? So what’s
the problem? Is it that the human studies were poorly controlled or that
the animal studies used unrealistic amounts of fish fat?
A bit of both. And you have to remember that humans are not animals. It’s entirely possible that something could have a strong effect
in an animal but not in a human.36
Why?
Well, there are differences between animal immune cells and human
immune cells. The differences appear to be pretty minor but they
could still be important. For example, mouse immune cells are better at detecting fish fats than human immune cells are.37
Oh, so does that explain why the mouse studies found strong effects and
the human studies didn’t’?
That might be part of it, but it’s very hard to know.
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OK. Listen, I’m pretty sure I’ve followed most of what you’ve said, but
these experiments are all starting to sound the same to me. It seems like
if I want to know whether a particular food is healthy or unhealthy, what
I really need to know is how that food affects my immune system and my
gut bacteria.
That’s exactly right. But I would add one more thing: if you want
to know whether a particular food is healthy or unhealthy, you also
need to know how eating that food will affect your eating in the
future.
What do you mean?
Well, we’ve just spent a lot time discussing how inflammation can
be caused by specific foods, but you shouldn’t forget about backlog-
driven inflammation. The worst kind of food is too much food. The
surest way to get your inflammation going is to overeat.
So you’re saying that if I want to know whether a particular food is
healthy or unhealthy, I need to know how it affects my immune system
and my gut bacteria but also how much it encourages overeating?
Exactly.
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Sugar and drinks

Fructose II
And that brings us back to the one thing that you should worry
about more than any other: sugar. Sugar ticks all of the unhealthy
boxes: it causes inflammation, it disrupts your gut bacteria and it
promotes overeating.1
OK. Do you want to tell me about some experiments?
I could, but I’m not sure it would be that helpful. It’s all the same stuff
you’ve heard before: mutant mice, leaky guts, pattern detectors,
antibiotics, gut bacteria swaps.2 The bottom line is that the fructose
in sugar can disrupt your gut bacteria and cause inflammation.
OK, yeah, I suppose there’s no point in going through the experiments if
they’re just the same as all of the others.
Good. But what makes fructose even worse than all of the other
things that disrupt gut bacteria and cause inflammation is the additional effects it can have on your liver.
Right. Because my other cells can’t really use fructose for energy, so it all
has to get processed in my liver.
Right. And the parts of your liver that process fructose simply aren’t
designed for heavy use. A small amount of fructose is fine. But the
huge amounts that are in processed foods with added sugar are
dangerous.
But fruits also have fructose, right?
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Yes, but not enough to worry about. What’s your favorite fruit?
Um, probably raspberries.
OK. A large coke from McDonald’s has 50 grams of fructose.3 Do
you know how many raspberries you have to eat to get 50 grams of
fructose?
I’m sorry, I don’t know. I have no intuition for things like that.
1,000!
What?
You heard me. You have to eat 1,000 raspberries to the get the same
amount of fructose that you get from a large coke.4
Oh.
Right. Now, the problem is that when you eat processed foods that
have a lot of sugar and your liver has to process it all, a huge amount
of waste is created. And that gets the attention of your immune cells.
So what you’re saying is that fructose causes backlog-driven inflammation much more easily than glucose or fat would, right?
Right. And your liver is a particularly bad place to have inflammation and insulin resistance. Do you remember what insulin does in
your liver?
It tells my liver to stop making and releasing glucose, right?
Right. When you’re between meals and your blood glucose and insulin are low, your liver will make and release glucose to keep your
brain going. But if you’ve just eaten a lot of glucose, your insulin will
go up and your liver will know that it can stop making and releasing
glucose for a while.
Right. But if I have inflammation in my liver and my insulin isn’t working,
it’ll just keep making and releasing glucose all the time –glucose I don’t
actually need.
Right, which means that your blood glucose will always be high. And
if you also have inflammation and insulin resistance in the rest of
your body, then none of that glucose will be able to get into your
cells. It will just keep floating around in your blood.
And that’s diabetes, right?
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Right.
OK, got it.
Good. And do you remember what your liver actually does with
fructose?
It converts it to either glucose or fat, right?
Right. And it usually chooses fat. Now, that isn’t necessarily a problem, but it can become one. Having a lot of fat in your liver is not a
good thing.
Right, because my liver will put the fat into the packages it releases into
my blood. And if those packages start off with a lot of fat in them, they’ll
end up smaller when they’re depleted. And small depleted liver fat packages are the ones that are likely to get stuck in my blood vessels, cause a
plaque to build up and give me a heart attack or a stroke.
Exactly. And if you’re eating so much fructose that your liver can’t
package all of the fat quickly enough, the fat will build up in your
liver and prevent it from functioning properly. That’s fatty liver
disease.
Right. OK, so if there’s one thing I should really try to cut down on,
it’s sugar.
Right. But, of course, that’s a lot easier said than done.
Because sugar tastes so good.
That’s definitely a big part of it, but there’s more to it as well. Do
you remember all of the signals that your brain monitors in order to
decide when to make you feel full?
Oh, I don’t know: let’s see. The hunger cells in my hypothalamus monitor
my gut signals, like the hunger hormone ghrelin, to know how much food
is in my stomach and intestines and what’s coming into my blood.
Right.
And it also monitors how much insulin, glucose and fat are in my blood.
Right.
And, of course, it monitors my leptin to know how much fat I have stored.
Good. Another one of the many problems with fructose is that it has
no effect on any of those signals, at least not right away: it doesn’t
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decrease ghrelin, it doesn’t increase the amount of insulin, glucose
or fat in your blood and it doesn’t increase leptin.5
Hold on, hold on. Let’s take those one at a time. Why doesn’t fructose
increase ghrelin?
Because the cells in your gut that release ghrelin don’t notice fructose. They don’t have a detector for it. I mean, why would they? Until
recently, fructose didn’t matter.
What do you mean?
Until recently, our ancestors ate only unprocessed foods, right?
Right.
Well, that means that they weren’t getting many calories from fructose, so they never developed a way to count them. Even if one of
our ancestors had been born with a mutation that allowed them to
count the calories in fructose, the mutation wouldn’t have become
common because it wouldn’t have been that helpful.
Oh, right. OK.
And fructose doesn’t increase the amount of insulin, glucose or fat in
your blood because, well, it’s not glucose or fat. It will get converted
to glucose or fat eventually but not in time to make you feel full from
your current meal.
OK. But I don’t understand why you would say that fructose doesn’t
increase leptin. I mean, if fructose gets converted to fat and that fat gets
stored in my fat cells, then my leptin will go up, right?
Oh, right. It’s true that whether your leptin is high or low depends
mostly on how much fat you have stored, but it also fluctuates
throughout the day as you eat.6 Eating glucose, for example, will
increase your leptin temporarily. But eating fructose will not.
Oh, I see. OK, I think I get it. When I eat glucose and fat, my ghrelin goes
down, the amount of insulin, glucose and fat in my blood goes up and
my leptin goes up, at least a bit. And when my brain notices all of these
signals, it makes me feel full so that I stop eating. But when I eat fructose,
none of that happens.
That’s right.
So if I’m eating food with a lot of sugar, I’m likely to keep eating for longer
than I would otherwise, even for reasons that have nothing to do with taste.
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Exactly. And this has been shown a number of times in experiments
with humans. For example, in one study,7 researchers brought hungry
people into a lab and split them into two groups: one group that got
a meal with fructose in it and another group that got a different meal
with the same number of calories but with the fructose replaced by
glucose. Then they asked them how hungry they were after the meal.
And the group that got the fructose meal was hungrier than the group
that got the glucose meal?
Right. And when the experiment was over, they gave everyone a choice
between getting more food or getting paid and, as you might expect,
the people in the fructose group were more likely to choose the food.
Right.
The researchers also monitored brain activity in both groups while
they were eating. They saw that the glucose meal caused changes in
the hypothalamus but the fructose meal had no effect.
Right, because fructose doesn’t affect any of the signals that the hypothalamus is monitoring.
Exactly.
So, basically, one of the many reasons that sugar is a problem is that
when my brain is keeping track of how many calories I’ve eaten, the fructose doesn’t get counted properly.

Drinks
That’s right. And the problem is much worse if the sugar is part of a
drink, like soda.
Soda is just empty calories, right?
Actually, I think saying that soda is just empty calories is giving it too
much credit. It suggests that soda is just energy without any other
nutrients.
Oh, so the real empty calories are starches like white bread and pasta
because they’re just long strings of glucose.
Exactly. Soda is much worse than that. First of all, it has fructose,
which is bad for all the reasons we just discussed. And second of all,
it’s a drink.
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Why does that matter?
Because the calories in drinks don’t get counted properly.8 So if
something is both a drink and high in fructose, it’s barely going to
register. So soda isn’t just empty calories –soda is invisible calories.
Right. Wait, why don’t the calories in drinks get counted properly?
For the same reason that the calories in fructose don’t get counted
properly: until recently, the calories in drinks didn’t matter. I mean,
until recently, there were no calories in drinks. There was only water.
What about milk?
Like I said earlier, adult humans only started drinking milk a few
thousand years ago.
Right. OK, hold on, I get why fructose might not get counted like glucose
or fat if, for example, the cells in my gut that release ghrelin don’t have
a detector for it. But are you saying that if I eat the same exact thing as
either a liquid or a solid, it will get counted differently?
Yes, that’s what I’m saying.
How can that matter? I mean, by the time it actually gets digested, it’s all
going to be a mush anyway, right? How can my body tell the difference?
Well, there are a few differences between how liquids and solids are
digested: liquids are usually digested a bit faster, for example. But
the problem is not that your body can tell the difference between
liquids and solids, it’s that your brain can.
OK, sure. But why does that matter?
Remember, your brain controls a lot of what happens in your gut.
Like the way it tells your pancreas to start releasing insulin at your
normal lunch time even before you start eating. It can also control
your ghrelin and a lot of your other gut signals.9
Um, OK.
Let me tell you about a simple experiment.10 Researchers took two
groups of people and fed them exactly the same snack. The only difference was that one group got the snack in a box describing it as an
“indulgent, decadent dessert,” while the other group got the snack
in a box describing it as a “guilt-free, healthy snack.”
And?
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And when the researchers monitored changes in ghrelin after the
snack, they saw that ghrelin went down in the people who thought
they were eating a dessert but not in the people who thought they
were eating a healthy snack.
Even though they ate exactly the same thing?
Right. So while your ghrelin, insulin and other gut signals do, of
course, reflect what you actually eat, they’re also strongly influenced
by what your brain thinks you’re eating.
OK, I understand what you’re saying, but that doesn’t sound like a very
good system. If my brain controls my gut signals based on what it thinks
I’m eating and then monitors those same signals in order to know what
I’m really eating, isn’t that circular?
Sort of. There’s definitely a trade-off involved. On the one hand, by
guessing about what you’re eating, your brain can prepare your gut
to process all the food that’s about to come in. For example, by the
time any glucose starts coming into your blood, there will already
be insulin there to tell your muscles to start using it. If your brain is
right about what you’re eating, it’s going to make things a lot more
efficient. On the other hand, if your brain is wrong, it can definitely
cause problems. But it’s only going to be wrong about processed
foods. After millions of years of evolution in an environment with
unprocessed foods, your brain is pretty familiar with them. So if you
eat mostly unprocessed foods, this system is going to be helpful.
But it won’t be helpful if I drink something like soda, because my brain
just doesn’t think of it as food?
That’s right. Let me tell you about a few more experiments.11
Go ahead.
OK. In one experiment, researchers took two groups of people and
fed them exactly the same food in either liquid or solid form.
So it had the same number of calories and all that?
Yes, it was literally the same food. Like the same number of apples
either whole or juiced.
OK, and what happened?
Well, I’m sure you can guess by now. The group that got the solid
food had bigger changes in their gut signals, like ghrelin, and they
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also reported feeling more full. But the important thing is that the
researchers also monitored what the two groups ate over the next
24 hours and they found that the group that got the solid food ate
hundreds fewer calories than the group that got the liquid food.
Oh, wow.
Yeah. This experiment has been repeated many times with different
kinds of liquid and solid food.12 Basically, if you replace a solid meal
with a liquid one that has the same number of calories, you’ll end up
eating something like 10–20 per cent more over the next 24 hours.
And all because my brain just doesn’t think of liquids as food.
Pretty much. But these effects can be complicated. For example,
researchers did another version of the same experiment where they
told one half of the liquid group that they were getting “juice” and
the other half of the liquid group that they were getting “soup.”
But they were actually getting the same exact liquid?
Right, they just called it juice or soup depending on which group
they were talking to.
OK, and what happened?
Over the next 24 hours, the juice group ate an extra few hundred
calories, the same way the original liquid group did. But the soup
group didn’t: they only ate as much as the original solid group.
What? Why? Just because we think of soup as a food, not a drink?
Well, that’s really the only possible explanation.
OK, I think I get the point. Drinks are trouble because my brain doesn’t
think of them as food, so it doesn’t count the calories in them properly.
And sugary drinks, like soda, are double trouble because fructose also
doesn’t get counted properly.
That’s right. And just to be clear, juice is no better than soda.
What do you mean?
I mean that fruit juice has pretty much the same number of calories
and the same amount of sugar as soda.13
But juice is healthy, right?
Why?
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Because, you know, it’s juice.
Right.
No, I mean, juice has vitamins and stuff.
OK. If I took a vitamin pill and dropped it into a soda, would you consider that to be healthy?
No.
So why would juice be healthy, then?
Well, fruit is healthy, right?
Right.
So are you saying that fruit becomes unhealthy all of the sudden when it
gets turned into a liquid?
That’s exactly what I’m saying. Remember, one of the key factors
that determines if something is healthy is whether or not it encourages overeating.
And juice encourages overeating because the calories in it don’t get
counted correctly.
Right.
But what if it’s fresh juice without any added sugar? I get that it will still
be a bit of a problem because it’s a liquid but it won’t be as bad as soda
because it will have a lot less sugar, right?
Well, I told you before that a large coke from McDonald’s has
50 grams of fructose.
Right. So how many grams of fructose would be in the same amount of
apple juice?
50 grams.14
What? That’s with no added sugar?
Right.
But I thought you said that fruit didn’t actually have that much sugar in it.
It doesn’t. To get that much juice, you need to use more than a dozen
apples.15 Are you ever going to eat that many apples?
No.

Sugar an d drin ks

159

0
6
1

Well . . .
But at least juice has real sugar, rather than the fake stuff that’s in soda.
What do you mean?
Isn’t soda usually made with high-fructose corn syrup or something
like that?
I suppose so. But why does that matter?
Well, isn’t high-fructose corn syrup worse for you than regular sugar?
No. Why would it be? Oh, because it’s “high-fructose?”
Yeah, for one thing.
Right. The name is a bit misleading. High-fructose corn syrup is
actually not much higher in fructose than regular sugar: it’s usually
55 per cent or 60 per cent fructose instead of 50 per cent.16
Oh. But at least real sugar is natural.
Regular sugar isn’t any more or less natural than high-fructose
corn syrup. In both cases, the sugar is extracted directly from plants.
It’s just a lot cheaper to extract the sugar from corn than it is from
other plants. Sugar, high-fructose corn syrup, honey, molasses –
they’re all pretty much the same.
OK, fine. So juice is just soda with vitamins?
That’s right.
But what about smoothies? Those are a lot thicker, so maybe my brain
thinks of them as food. And smoothies have a lot more of the fiber and
other stuff from the fruit, right?
Yeah, sure, a smoothie is probably a better choice than juice. But
why not just eat the fruit?
OK, fine.
Good. Now, let’s get back to sugar.
Hold on, can I ask one more question first?
Sure, go ahead.
What about alcohol?
Well, in terms of metabolism, alcohol is just like fructose.17
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Right. I know that both are processed in my liver.
Right. But if you drink too much alcohol too fast, your liver won’t be
able to keep up and some of it will get processed in your brain.
Oh, I see. So that’s why I’ll end up drunk if I drink quickly but not if I drink
slowly?
Right.
OK. But does an alcoholic drink have a lot of calories?
That depends on how much alcohol is in it. A weak drink like beer
has about the same number of calories as soda or juice.18
What about wine?
Well, wine is usually about two or three times stronger than beer, so
it has about two or three times as many calories.19
And I guess a really strong drink like vodka or gin has many more?
Right.20
OK. And do the calories in alcoholic drinks get counted properly?
Oh, no, alcoholic drinks are invisible calories just like soda or juice.
There have been a lot of studies showing that people eat the same
amount whether or not they have alcoholic drinks before or during
a meal.21
And they don’t make up for it by eating less later on?
No.
But I thought having one drink per day was supposed to be good for you?
Well, I wouldn’t go that far. That idea is based on correlation studies
that found that people who have one drink per day are less likely to
have a heart attack or a stroke than people who don’t drink at all.22
But that could be for a lot of reasons.
Right. Now, it may well be that one drink per day really is good
for you. But there have never been any experimental studies on
humans to really test that and the correlation studies are too poorly
controlled to be convincing on their own.
But what about animal studies? Or studies of cells in a dish? I mean,
alcohol is a big deal, so we must know a lot about it, right?

Sugar an d drin ks

161

2
6
1

Oh, sure. It’s clear that drinking a lot of alcohol is bad for you –that’s
obvious. Processing too much alcohol can damage your liver just like
fructose. What isn’t clear is whether drinking a little bit of alcohol is
better for you than drinking no alcohol at all. There are reasons to
believe that it might be –for example, small amounts of alcohol can
decrease inflammation –but it’s hard to be sure.23
Oh, I see. But if I want to have a drink, I’m probably better off having a
beer than a soda.
I suppose. But in either case, you’re going to be stuck with a few
hundred extra calories that won’t get counted properly. So if you
don’t really want the beer or the soda then you should just have
water.
Right.
Good. Now, let’s get back to sugar.
Hold on, while we’re talking about drinks, I just want to ask one more
question. What about coffee?
Coffee itself doesn’t have any calories.24 Neither does tea.
Oh, so does that mean that coffee has no effect on my metabolism or
weight regulation systems? I drink like three or four cups per day, so
I need to know if that’s something to worry about.
Well, while coffee doesn’t have any calories, it does have a lot of
chemicals in it.
Like caffeine?
Right. But also many others. Some of those chemicals can have
strong effects on their own. But when you drink them all together
in the small amounts that are in a real cup of coffee, the overall
effect on your metabolic and weight regulation systems seems to be
neutral.25
OK, so I don’t need to worry about drinking too much coffee, then?
I wouldn’t. If anything, drinking coffee is probably good for you.
Correlation studies suggest that you’re less likely to have a heart
attack or a stroke if you drink a few cups of coffee per day than if you
drink none at all.26 So, if you like coffee, keep drinking it.
OK, good. Sorry, we can get back to sugar now.
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Addiction II
Good. So it’s important to recognize all of the effects that sugar has
on your body: it causes inflammation, it disrupts your gut bacteria, it
damages your liver, it doesn’t make you feel full. But, ultimately, the
real problem is the effect that sugar has on your brain. It just tastes
too good. How many times have you heard someone say, “Oh, I’m
really trying to lose weight but I just can’t stop eating these vegetables!”? It just doesn’t happen.
Right. So it comes back to the addiction idea that we were talking about
a while back.
Listen, the scientists who study addiction still argue about whether
sugar, or food in general, is really addictive, and they’re going to keep
arguing about it because that’s what scientists do. But what they’re
arguing about are the details of the different chemical reactions that
take place in your brain when you take a drug or eat something tasty.
If you’re just a regular person who is interested in healthy eating, I’m
not sure how much those details matter. What matters is whether
tasty foods can cause us to behave like people who are addicted to a
drug. Remember, there’s no blood test or brain scan that can be used
to diagnose addiction or dependence. The diagnosis is based solely
on behavioral patterns.
Right. Sorry, but what’s the difference between addiction and
dependence?
Oh, actually, there is no difference anymore.27 Now there is only one
“substance use disorder.” The diagnosis is based on a list of behaviors: the more of those behaviors you display, the stronger your
disorder. Why don’t I take you through the list and you can tell me
whether or not you think each behavior can be caused by tasty foods?
OK, sure.
OK. First is “taking the substance in larger amounts or for longer
than you intended to.”
Well, sure, isn’t that just overeating?
Kind of. If you went into a meal intending to stuff yourself, I guess
that wouldn’t count. It only counts if you end up eating more than
you intended to when you started the meal.
OK, sure, that happens all the time.
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Right. Next is “wanting to cut down or stop using the substance but
not managing to.”
OK, that’s every failed diet.
Yeah, that’s a clear one. How about “spending a lot of time getting,
using or recovering from use of the substance?”
Hmm. I don’t know about that one. People obviously do put a lot of
time and effort into getting food but they need to do that in order to
survive, right?
That’s right. That’s one of the main problems with trying compare
food and drugs: you actually need food to survive. Now you don’t
actually need sugar, so you could, at least in theory, treat sugar as
if it were a drug. But, of course, we usually eat sugar together with
other foods that we do need, so looking at the effects of sugar on
behavior separately from everything else really isn’t possible.
Right.
OK, what about “having cravings and urges to use the substance?”
That’s a tricky one too, right? I guess hunger is a craving for food but it’s
also a perfectly normal feeling.
Right, because, again, you need food to survive. But what about
when you feel full and stop eating your main meal and then suddenly
find room for dessert? It’s hard to see how that could have anything
to do with survival. But you’re right, the distinction between normal
hunger and unhealthy cravings for food is always going to be a bit
blurry. What about “not managing to do what you should at work,
home or school, because of substance use?”
I don’t know, maybe. But that probably only applies to people who end up
really obese and lose their ability to function normally.
You’re right, that one probably only applies to people who really
overdo it. But, depending on where you draw the line, between
5 per cent and 10 per cent of all Americans would be classified as
“severely obese.”28 That’s pretty similar to the number that would be
classified as having drug use disorders.29 OK, how about “continuing
to use the substance, even when it causes problems in relationships?”
Oh, sure. If someone ends up unhealthy, that can be difficult for everyone
in their life.
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No doubt. Next is “giving up important social, occupational or recreational activities because of substance use.”
Again, I think that one probably only applies in extreme cases.
OK, what about “using the substance again and again, even when it
puts you in danger?”
Sure. Everyone knows that overeating is bad for their health but a lot of
people continue to do it anyway.
Right. And “continuing to use the substance, even when you know
you have a physical or psychological problem that could have been
caused or made worse by the substance?”
Sure. But isn’t that the same as the last one?
Yeah, more or less. “Needing more of the substance to get the effect
you want?”
That’s tolerance, right? I don’t know. Does that happen?
Well, this is another tricky one. I mean, bigger people need more calories
to maintain their weight, so it makes sense that as you continue to overeat and gain weight, you will need to eat more to feel full. But, beyond
that, it does seem that the same tasty foods can bring you less and less
pleasure over time.30 The last one is “development of withdrawal symptoms, which can be relieved by taking more of the substance.”
Well, that’s just hunger, right? So that’s another tricky one.
Right. OK, so if we ignore the behaviors that might be caused by normal hunger, we’re left with five behaviors that are common in many
people who are overweight. That’s enough to qualify as a “moderate”
use disorder. And if we add in the two that we said probably only
apply in extreme cases, we’re up to seven, which qualifies as a
“severe” disorder. Now, if you want to get technical like the scientists and start comparing the changes happening inside your brain
when you take drugs or eat tasty food, you’ll find some differences.
But you’ll also find a lot of similarities. Do you remember what we
said about how your pleasure system works?
Oh, well . . . actually, no, I don’t, I’m sorry.
That’s OK, it’s been a while since we talked about it. Let me remind
you. When you eat something tasty, cells in your brain release opioids and cannabinoids, which are the two pleasure chemicals.
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Right, so tasty food causes my brain to release its own heroin and
marijuana.
Right. And once your brain learns that a certain food tastes good, it
will start to release the craving chemical, dopamine, whenever you
see it.
Or anything that reminds me of it.
Right. And the dopamine will tell other parts of your brain to do
whatever they need to do to get the food.
OK, I remember now. And the only way I can resist these cravings is if my
self-control system cancels the orders sent by the dopamine.
Right. Your self-control system can shut down the brain cells that
would have carried out the order sent by the dopamine.
Right. My self-control system can inhibit the behavior but not the craving.
Exactly, so if the cravings are too strong or you have them too often,
your self-control will eventually break down.
OK, got it.
Good. So what do you think happens when you become addicted to
something?
Well, I guess my cravings for it keep getting stronger and stronger and
become harder and harder to satisfy.
Right. Now, normally, when you’re hungry and you start eating a
food that you haven’t eaten in a while, your brain will release a lot
of dopamine at first but it will gradually release less and less as you
keep eating it.
Why, because I’ll start getting full?
Oh, yes, if you’re just talking about one meal. But I’m talking about
what happens after many meals over several days. If you eat the
same thing day after day, your brain will release less and less dopamine each time.
Why?
Well, from an evolutionary perspective, this makes sense because it
encourages you to eat a mix of different foods. That way, you’re sure
to get all of the different nutrients that you need.
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Oh, OK, sure.
But with drugs, this doesn’t happen. If you take a drug regularly,
your brain will release more and more dopamine each time and your
craving for it will just keep getting stronger.31
Right.
Now, here’s the thing: that also happens with sugar.32
Really?
Really. I mean, this kind of thing is hard to measure directly in
humans but it’s very clear in animals. Researchers have been doing
experiments to test the effects of drugs on animals for a long time
and they see all of the behaviors that you would expect to see in
addicted humans: bingeing, craving, tolerance, withdrawal. Now,
they’ve started doing the same experiments with sugar and they see
a lot of the same things.33
Wow.
I really don’t want to get into this too deeply but let me just tell you
about one study.34
Go ahead.
OK. So researchers did a series of experiments in which they took
rats and put them into a box with two levers. At the beginning of
each day, the rats were allowed to push each lever twice to see what
happened. After those initial presses, they were allowed eight more
presses of whichever lever they wanted. After those eight presses,
they were done for the day.
OK . . .
For one group of rats, they used a box where one lever gave them
cocaine but the other lever did nothing. What do you think happened?
I guess the rats used their initial presses to figure out which lever gave
them the cocaine and they used all of their other eight presses on
that one?
That’s right. For a second group of rats, they used a different box
where one lever gave them sugar but the other lever did nothing.
OK. And I guess those rats figured out which lever gave them the sugar
and they used all of their eight presses on that one?
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Right. Nothing too surprising so far. But now, for a third group of
rats, they used a different box where one lever gave them sugar and
the other lever gave them cocaine.
Oh, don’t tell me they chose the sugar!
Almost every time.
C’mon.
I’m serious.
OK, was it a huge dose of sugar and a tiny dose of cocaine?
No, they tried it with a lot of different doses and always got the same
results. But, wait, there’s more. Next, they took the rats that had
been in the cocaine-only box for a few weeks and started putting
them in the cocaine-and-sugar box.
Don’t tell me they started choosing the sugar over the cocaine?
Almost every one of them.
Stop it.
I know. It’s hard to believe but the results were very consistent.
So you’re saying that sugar is more addictive than cocaine?
I don’t know. I’m not saying anything. I only brought it up just to
give you some idea about the kinds of experiments that are being
done. Whether or not sugar or other foods are technically addictive
doesn’t matter.
So what does matter?
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10
Diets

Knowledge
What matters is that many, many people are unhealthy and unhappy
because they are overweight and they want to stop overeating but
they can’t seem to manage it.
You’re right that there are a lot of people who want to stop overeating
and can’t. But it’s not as if they’re not trying. Listen, I’m not trying to be
rude, I really appreciate the time you’ve taken to tell me all of this. But, in
the end, what you’re telling me is that unprocessed foods are healthy and
processed foods are not. Don’t most people kind of know that already?
I mean, you’ve made the problem very clear: people eat too many processed foods. But you haven’t really offered a solution.
Well, now, hold on, I think your overall point is a fair one and I’ll
come back to it. But there are a couple things I’d like to clarify. First
of all, I think there are actually a lot of people who don’t think in
terms of processed and unprocessed and might not have the right
idea about which foods are healthy and which aren’t. For example,
I think there are a lot of people who would think that they were making a healthy choice by buying something that said “low fat” on the
front and they wouldn’t necessarily look at the back to see if it had
a lot of sugar in it. I mean, a few minutes ago, you thought that fruit
juice was healthy, didn’t you?
Maybe.
Right. So I think there are still a lot of misunderstandings about
which foods are healthy and which aren’t. And, also, I do think that
there is a difference between just knowing whether a food is healthy
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or unhealthy and really understanding why it’s healthy or unhealthy.
I think that if you really understand the details of why processed
foods are unhealthy, it’s going to be easier to avoid them.
Why?
Well, let’s say it’s time for an afternoon snack and you have to choose
between a piece of cake and a piece of fruit. You might say to yourself, “Oh, that cake looks good but it’s unhealthy, so I should eat the
fruit instead.”
Right.
The problem is that if you don’t understand the details of exactly
why cake is unhealthy, you might be able to talk yourself into the
cake by saying something like “Wait, am I really sure that cake is
unhealthy? It seems like the experts change their minds every week
about which foods are healthy and which foods aren’t. Am I depriving myself for no good reason?”
Right.
But since you do understand the details of exactly why cake is
unhealthy, that kind of argument isn’t going to work. You can respond
with “What are you talking about? The real experts aren’t changing
their minds about anything. The consensus among scientists about
which foods are healthy or unhealthy, and why, hasn’t changed for
years. The reasons why cake is unhealthy are perfectly clear. The biggest problem is that cake has a lot of sugar in it. Sugar will increase my
inflammation, disrupt my gut bacteria, damage my liver and encourage me to overeat because it tastes so good and the calories in it aren’t
counted properly. And the fact that cake doesn’t have any fiber doesn’t
help either. Because cake doesn’t have any fiber, it doesn’t feed the gut
bacteria that feed my intestinal wall cells, it’s more calorie dense and
the glucose in it gets digested quickly and causes an insulin overshoot.
The extra insulin will cause my blood glucose to drop below normal
and prevent my fat cells from releasing fat. And my brain will respond
to the low blood glucose and fat by making me feel of hungry or tired,
which will just encourage me to eat even more and be less active. So,
yeah, I’m sure that cake is unhealthy.”
OK, I see your point. If I understand the details of why processed foods
are unhealthy, it’s going to be hard for me to ignore those details and
make the decision to eat processed foods anyway.
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Well, maybe not hard but at least harder. I mean, even if you know
all the details and really believe that processed foods are unhealthy,
resisting them might still be a struggle. Which brings us back to
your original point: there are many people who know perfectly well
which foods are healthy and unhealthy and why but still end up
overweight.
Right. So what’s the solution? What kind of diet actually works?

Diets
Well, that’s the billion dollar question, isn’t it? I do think there is an
answer but it’s unlikely to be any kind of traditional diet –you know,
a plan that prescribes eating specific foods in specific amounts.
I think those kinds of plans are really missing the point.
What do you mean?
First of all, there really isn’t any strong evidence suggesting that any
particular foods are better or worse for you than others.
Wait, what? What have we been talking about this whole time? Aren’t
foods that cause inflammation, disrupt gut bacteria or promote overeating worse than foods that don’t?
Oh, of course. Wait, hold on, I’m assuming that we’re only talking
about unprocessed foods. I mean, if you’re still not convinced that
processed foods are generally unhealthy then I give up.
No, sure, that’s fine. I was just confused.
OK, so processed foods are out. What I’m saying is that, beyond that,
it’s hard to make the case for any one particular mix of unprocessed
foods over any other.1 Maybe being a vegetarian is a little better than
going paleo or maybe the Mediterranean diet is a little better than
the South Beach diet . . .
Wait, what’s the South Beach diet again?
I don’t know; forget it. The point is that it’s impossible to say that
any one of those diets is that much better than any other. And there’s
really no reason to think that any one particular mix of unprocessed
foods should be that much better than any other. We’re generalists,
not specialists.
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What do you mean?
Our ancestors had very little control over the particular mix of foods
they ate; they had no choice but to eat whatever they could find.
So we evolved to be able to stay healthy while eating a range of different foods, not to thrive on any one particular mix. Anyway, you
can always find one study that favors a particular mix of foods over
others if you want to. But if you really consider all of the available
evidence, they all look about the same in the end.
So none of them work?
No, all of them work! Or at least all of them can work, because they
all focus on unprocessed foods. If you’re worried about inflammation, gut bacteria and overeating, then the important thing to do is
to cut out processed foods. If you can do that –and I mean really do
it –then you’re going to be fine. Any diet that is a mix of all the different kinds of unprocessed foods –vegetables, fruits, meats, poultry, fish, whole grains, nuts and dairy –is going to work if you can
stick to it.
Wait, aren’t dairy products processed?
Oh, that’s a good question. Technically, yes. Unless you’re drinking
milk straight from the cow, any dairy products that you buy will have
been processed. But most dairy processing involves either removing or adding bacteria, both of which are fine. Milk is usually heated
to kill bacteria and cheese and yogurt usually have bacteria added
to them.
Oh, do the bacteria that are added to cheese and yogurt interact with gut
bacteria?
Probably,2 but those interactions haven’t really been studied in detail
yet, so it’s hard to say for sure. If anything, it seems like the bacteria
added to cheese and yogurt are helpful, not harmful, so that’s not
the kind of processing you need to worry about.3 What you need to
worry about are all of the other additives that you would find in any
processed food.
Like preservatives or sugar?
Right. But dairy products without additives aren’t that hard to find.
Any big grocery store will usually have a few choices. And if you
can get to a farmer’s market or something like that, it’ll really be no
problem.
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Personalized advice
OK, hold on. So you’re saying that it doesn’t matter whether my diet is
high in fat and low in carbs or vice versa?
Well, most of your cells are happy to use either glucose or fat for
energy, right? What I’m saying is that when your metabolic systems
are working properly, your body is going to be able to adapt to whatever you eat –within reason, of course.4 If you eat a lot of glucose,
your pancreas will release a lot of insulin and your cells will use a lot
of glucose for energy. If you eat a lot of fat, your pancreas will release
very little insulin and your cells will use a lot of fat for energy. There
have been a lot of experimental studies where humans are put on
diets that are high in fat and low in carbs or vice versa and, on average, the results are usually pretty similar.5 Now, it may well be that
you would be better off eating more fat than carbs or vice versa, but
we can never really know that.
Why not?
How could we? I mean, if we had thousands of identical copies of
you and a few decades to run experiments on them, we might be
able to figure out your ideal diet but, obviously, that’s not going to
happen.
But can’t I just get my genes scanned? Or get a blood test?
That’s not going to help. Unfortunately, at the moment, it’s not really
possible to get personalized dietary advice that is both detailed and
accurate. Let me give you a simple example.6 Dietary advice for
people with diabetes usually has one primary goal: to keep blood
glucose levels as low as possible. So the general advice would be to
avoid foods with a lot of glucose that is easily digested.
Right. So that means avoiding foods with a high glycemic index, right?
Sort of. It’s really glycemic load, not glycemic index, that’s important.
What’s the difference?
Glycemic index tells you how easily the glucose in a food is digested
but it doesn’t tell you how much glucose is actually in the food.
Glycemic load tells you both.
Oh, I see. So something can have a high glycemic index but, if it doesn’t
actually have much glucose in it, then it doesn’t really matter?
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Right. Carrots, for example, have a high glycemic index but a low
glycemic load.7 So if you eat a carrot, the glucose from it will go
straight into your blood but, since carrots don’t actually have that
much glucose in them, it doesn’t really matter. Something like pasta,
on the other hand, that has a lot of easily digestible glucose will have
both a high glycemic index and a high glycemic load.8
OK, so it’s really the glycemic load that matters.
Right. So the general advice given to people with diabetes is to avoid
foods with a high glycemic load. And this, of course, is perfectly good
advice that is generally effective for most people. However, there are
also huge differences between people: the same food can make one person’s blood glucose jump but have almost no effect on someone else.
Why?
Well, it could be for a lot of reasons. Maybe it has to do with the exact
details of how and where their inflammation is interfering with their
insulin. Or maybe one person’s gut bacteria are really helpful for
digesting a certain kind of starch and the other person’s aren’t. The
problem is that many of the relevant details are impossible to measure,
at least with current technology. And, even if we could measure them,
we still don’t know enough to be able to use them to predict how a
particular food is going to change a particular person’s blood glucose.
So giving diabetic people more personalized eating advice doesn’t help?
Not really. They just have to learn by trial and error. Now, don’t get
me wrong, when we finally do have the technology and knowledge
to give people personalized eating advice that is accurate, it’s going
to be incredibly useful. I fantasize about having a smart toilet that
knows all about me and can analyze my urine and feces and tell me
what I should be eating.
Don’t we all . . .
Unfortunately, we’re just not there yet. So all you can really do is just
eat a reasonable mix of unprocessed foods and see what happens.

Salt
OK. But what about saturated fats and red meat? Wouldn’t we all be better off if we cut those out? The evidence that they might cause inflammation and disrupt gut bacteria seemed strong enough.
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You’re right, the animal studies have certainly made it very clear
how saturated fats and red meat can cause inflammation and disrupt gut bacteria. And the human studies do suggest that a diet that
is very high in either or both might be harmful. So, OK, I guess you’re
right, going easy on the saturated fats and red meat is probably a
good idea. But there are two reasons why you might not want to cut
them out altogether. First of all, if you do, you’re going to have to put
a lot more thought into what you eat.
What do you mean?
We’ve spent a lot of time talking about different kinds of carbs and
fats but there are a lot of other things in food that we haven’t discussed at all.
Right, like protein or vitamins and minerals.
Right. Those things are incredibly important,9 but as long as you eat
a reasonable mix of unprocessed foods, you’ll get everything you
need and you won’t have to think about them.
What about salt? I know it’s important but we haven’t talked about it at
all yet.
You’re right, salt is important. But it’s another thing you don’t have
to think about as long as you eat mostly unprocessed foods. It’s only
the large amounts of salt that are added to processed foods that can
become a problem.10
But why would too much salt ever be a problem? Salt doesn’t have any
calories, right? Oh, wait, it has something to do with blood pressure,
doesn’t it?
That’s right. Salt doesn’t have any calories, so you can’t use it for
energy. But it’s one of the key chemicals in your body, like oxygen or
water, and keeping the right amount of it in your blood is extremely
important.11 So one of the main jobs of your kidneys is to filter any
extra salt out of your blood and into your urine.
But what does that have to do with blood pressure?
Blood pressure is a measure of how hard your heart is pushing your
blood through your body. The harder your blood is pushed through
your kidneys, the more salt they will filter out.
Oh, OK. So if I eat too much salt, my blood pressure will increase to help
my kidneys get rid of the extra salt?

Diets

175

6
7
1

That’s right. But that only happens as a last resort. When your kidneys are working properly, they’ll actually simply adjust themselves
to filter out more or less salt as needed and your blood pressure
won’t change. But if you start gaining weight and fat starts building
up around your kidneys, they’ll eventually stop working properly.12
When that happens, then your blood pressure will increase because
that will be the only way to get extra salt out.
I see. And why is high blood pressure a problem? It’s supposed to make a
heart attack or a stroke more likely, right?
That’s right.13 If you have high blood pressure, it means that your
heart is always pushing hard.
And if it has to push too hard for too long, it eventually burns out?
Right, that’s heart failure.14 But high blood pressure isn’t only bad
for your heart, it’s also bad for your blood vessels. The high pressure
can damage the walls of your blood vessels and make it easier for fat
packages to get stuck and for plaques to build up.15
Oh, OK. So that’s why having high blood pressure makes a heart attack
or a stroke more likely?
Right.
OK, got it. But I don’t need to worry about any of this as long as my kidneys are working properly. So as long as I’m lean and healthy, I don’t need
to think about how much salt I eat?
Not really. I mean, I guess it’s possible to overdo it if you eat a lot of
processed foods,16 but otherwise the amount of salt in your blood
will stay pretty much the same no matter what you eat.17
OK. But if I’m overweight and my kidneys aren’t working properly, I need
to be more careful.
Exactly.18 But all you would have to do is switch from eating processed foods to eating unprocessed foods, which, if you’re overweight, is something you should be doing anyway.
OK, so as long as I stick to mostly unprocessed foods, I’ll get enough of all
the vitamins and minerals and everything else that I need and I’ll avoid
getting too much of anything that might be harmful.
That’s right.
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Supplements and superfoods
And are there any particular vitamins or minerals that I should really try
to get a lot of?
How, with supplements? No. As long as you’re eating a reasonable
mix of unprocessed foods, you’ll get all the vitamins and minerals
you need and getting more of them isn’t going to help. In fact, if anything, it’s going to hurt: the huge amounts of vitamins and minerals
that you get from supplements can cause problems.19
So you wouldn’t even take a multi-vitamin?
No. Why would I? There is no evidence that multi-vitamins or any
other supplements are helpful.20 Even fish fats, which we know have
the potential to be helpful, don’t seem to have much of an effect
when you take them as supplements.21
But how can fish fats be good for me when I eat them in fish but not when
I take them as supplements?
Well, hold on. I never said that there was any direct evidence that
fish fats are good for you when you eat them in fish. What I said
was that people who eat a lot of fish fats are healthier than people
who don’t.22 Now, that might be because of the fish fats –they certainly had strong effects in the animal studies that we discussed. But
there’s another possibility that’s much simpler. If you’re eating more
fish, that means that you’re eating less of something else and that
something else might be processed foods.
So people who eat a lot of fish fats might be healthier simply because they
eat fewer processed foods?
Maybe. When you eat fish, not only are you eating something that
might be good for you, you’re also not eating something that might
be bad for you. But if you just take fish fat supplements without
changing what you eat otherwise, that’s not the case.
Right.
Listen, even if researchers do eventually find out that particular
foods or supplements really are good for you, they’re not going to be
that good for you. Any direct benefits that you can get from eating
particular foods are going to be tiny compared to the damage that
you can do by overeating processed foods. This is why I think it’s
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misleading to talk about “healthy foods” versus “unhealthy foods.”
Those terms suggest that there is some sort of symmetry, which is
just not the case.
What do you mean?
I mean that you can harm yourself much more by eating a lot of
“unhealthy foods” than you can help yourself by eating a lot of
“healthy foods.”
Right. I guess you can’t undo the effects of eating fast food for lunch
everyday just by eating salads for dinner.
Right. The best thing about “healthy foods” is really just that they’re
not “unhealthy foods.” So instead of talking about “healthy foods”
versus “unhealthy foods,” it would be better to just talk about
“foods” versus “unhealthy foods.”
So I guess you’re not into “superfoods” then?23
Oh, sure I am. Blueberries, spinach, almonds –I love all of those
things and I eat them all the time. But I don’t believe that the chemicals in them are going to somehow keep me lean and healthy even if
I overeat processed foods the rest of the time.

Diets II
OK, OK. So I should just generally stick to unprocessed foods and not
overthink it.
That’s right. Unless you decide to start cutting out whole categories
of food –that’s a different story. For example, you suggested earlier
that we might be better off if we cut out saturated fats because they
can increase inflammation and disrupt gut bacteria.
Right. But you said there were two reasons why that might not be a
good idea.
Right. First of all, you’d have to put a lot more thought into what
you ate. Cutting out saturated fats would basically mean cutting out
meat and dairy. But if you did that, there would be a lot of important
things that you might not get enough of, like calcium, iodine, iron or
zinc. If your diet includes meat and dairy, then you’re going to get
plenty of those things. But if it doesn’t, then you have to be careful
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about choosing the particular mix of foods that you eat. You can still
get everything you need but it’s going to require some thought.24
I see.
So if you feel really strongly that cutting out meat and dairy is the
right thing to do for ethical or environmental reasons, then go for
it. But if you’re worried only about your health, then I think you’re
better off including them in your diet. The risks associated with having some –not a lot but some –saturated fats and red meats in your
diet appear to be minimal,25 and the benefit of not having to think
so much about what you eat is, at least for me, huge. I mean, eating
only unprocessed foods is enough of an effort as it is; do you really
want to be worrying, “Oh, did I get enough zinc this week?” From a
health perspective, I don’t think it’s worth the hassle.
Right.
But there’s another really good reason to include meat and dairy in
your diet: you like them. If you want to have any hope of sticking
to a diet, you have to enjoy it. You want to know what kind of diet
actually works? One that you can actually stick to.26 We can agree
now that if you want to be lean and healthy, you need to eat a mix of
unprocessed foods, right?
Right.
Good. So that also means that, if you want to be lean and healthy,
you need to avoid eating processed foods, right?
Right, and I guess that’s the really hard part.
Of course it is! Processed foods are convenient and cheap and they
taste really, really good. Remember, eating, just like all behavior, is
a battle between your pleasure system and your self-control system.
If you have to use your self-control system to overrule your pleasure
system every time you make a decision about eating, you’re eventually going to break down and end up back on the processed foods.
If you want to have any hope of sticking to a diet, you have to enjoy
it. Forget about which mix of unprocessed foods is the healthiest.
Like I said, there’s no real evidence to favor any one particular mix
anyway. The important thing is to find the mix of unprocessed foods
that you enjoy the most because that’s the one you’re most likely to
be able to stick to.
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OK, listen, I’m fine with the idea that any reasonable mix of unprocessed
food is going to be healthy. But the suggestion that everyone is going to
magically be able to resist processed foods just by finding their favorite
mix of unprocessed foods sounds pretty naïve. I mean, what about people
who try all kinds of different diets but can’t stick to any of them? Are you
just saying they haven’t found the right one? I think resisting processed
foods is a lot harder than you’re making it out to be. Do you really not eat
any processed foods?
Of course I do! Haven’t you detected a clear personal undertone
in all of our discussions of sugar addiction? I tried giving up sugar
once –I didn’t even make it through the afternoon.
Are you serious? So you still haven’t solved the problem?
Hold on, I’m not saying that you need to eat only unprocessed foods. I’m
saying that you need to eat mostly unprocessed foods. If you wanted to
be as healthy as possible, you might need to exclude processed foods
altogether. But you don’t need to be as healthy as possible –you just
need to be healthy. Most people can eat a terrible diet that is mostly
processed foods and still only gain a few pounds per year.
But if you do that for too long, you’re going to end up obese.
Of course. I’m not suggesting that anyone should eat mostly processed foods. I’m simply saying that your diet doesn’t need to be
perfect. The problem with trying to eat a perfect diet is that you
probably won’t enjoy it enough to stick to it. Now, that would be fine
if you eventually settled on a diet that was less than perfect but still
mostly unprocessed foods. But that’s not what happens, right? Most
people who fail to stick to a perfect diet end up all the way back at an
unhealthy diet that is mostly processed foods.
OK, sure, a perfect diet probably isn’t going to work. But there are plenty
of people who have tried more realistic diets that include some processed
foods and haven’t been able to stick to those either.
You’re right. Recognizing that your diet doesn’t need to be perfect is
just the first step. If you want to avoid sliding back into an unhealthy
diet, you also need to establish a regular eating routine and make a
lot of changes to your environment.
Oh, c’mon. Are you trying to tell me that eating breakfast at the same
time every morning with the right music in the background is going to
solve all of my problems?
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Of course not. There’s never going to be any one change that will
solve all of your problems. But a lot of small changes together can
make a big difference. And, actually, eating all of your meals at the
same time each day is a great place to start. Meal timing is something that scientists have been studying a lot but, for whatever reason, hasn’t got a lot of media attention.27
But why does it matter when you eat? Isn’t it what you eat that’s important?
What you eat is extremely important, of course, and we’ve established that what you eat should be mostly a mix of unprocessed
foods. But if you try just telling yourself “OK, from now on, I’m going
to eat mostly a mix of unprocessed foods,” you’re probably not going
to stick to it. So you should do whatever else you can to give yourself
every advantage, right?
Sure. But is eating at the right times really going to help?
Absolutely.
But why?
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11
Daily rhythms and meal timing

Daily rhythms
When you eat is important for several reasons. The first has to do
with the daily rhythms in your body and brain.1 If you eat at the right
times, you’ll reinforce your daily rhythms and they will work to your
advantage. If you eat at the wrong times, you’ll disrupt your daily
rhythms and you’ll be in trouble. The bottom line is that if you do
most of your eating during the day when it’s light outside, you’ll be
leaner and healthier than if you eat the same exact food at random
times throughout the day and night.
Oh, c’mon. How is that possible? I’m sorry, but if you want me to believe
any of this you’re going to have to give me a lot more detail. First of all,
what are these daily rhythms that you’re talking about?
All of the cells in your body have daily rhythms: they do more of
some things during the day and more of other things at night.
Why?
For efficiency. Our ancestors had no electricity, so they were forced
to stick to a pretty regular schedule: they would seek and eat food
during the day and they would rest and sleep at night.
Sure.
So if you know that you’re going to stick to a schedule like that, there’s
no point in, for example, wasting energy preparing your intestinal
wall cells for incoming food in the middle of the night, right?
I guess not.
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Nor is there any point in trying to do maintenance work inside those
cells during the day when incoming food is likely to keep getting
in the way. It’s better to leave the maintenance until it can be done
without interruption.
Right, like the way office buildings are cleaned overnight rather than
during the day when all of the workers are there.
Right. So our ancestors evolved daily rhythms to organize the activity in their cells around their normal schedule. During the day, cells
prepare for activity in general and also for whatever it is they do
during eating: intestinal wall cells get ready to digest food, pancreas
cells get ready to release insulin, liver cells get ready to store glucose
and so on. At night, cells clean up waste and repair damaged parts
and prepare for whatever it is that they do during sleep.
OK, that makes sense. But how do my cells know whether it’s day or night?
There’s a tiny part of your brain –your brain clock –that sends them
messages.2
How?
The usual ways. Your brain clock can use hormones to send indirect chemical messages or it can use nerves to send direct electrical
messages.
And how does my brain clock know what time it is?
It mostly just keeps track of light and dark.
Fine.
Good. So you can imagine that these daily rhythms gave our ancestors a big advantage: because they were more efficient, they could
survive on less food.
Right, I’m with you.
OK. But, of course, nowadays, we don’t limit our eating to the
daylight hours.
Right, but why is that a problem? I mean, food isn’t scarce anymore, so
we can afford to be a little less efficient, can’t we?
Right. But it’s not just about energy efficiency. When you eat at night,
you catch your cells off guard and force them to process and store
glucose and fat when they’re unprepared.
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Why does that matter?
Well, remember, overwhelming your cells with glucose or fat is one
of the surest ways to increase inflammation.
Right, that’s the backlog-driven inflammation that we talked about: if my
immune cells notice a build-up of waste and half-processed glucose and
fat, they’ll take action.
Right. And if your cells are unprepared, they’re going to be more easily overwhelmed.
I see.
And if you eat late at night and then again early in the morning, you
won’t be giving your cells a long enough break to get their maintenance done. So they might end up with a build-up of junk or damage,
which will also increase inflammation.
Right.
Now, as with most things, eating at night is no big deal if you do
it every once in a while. But if you do it all the time, your cells will
never have time to do their maintenance and, eventually, your daily
rhythms will break down.
Why?
Because if your brain clock and your behavior are always out of sync,
your cells will end up confused. On the one hand, when it’s dark outside, your brain clock will be telling them that they should be doing
their maintenance and preparing for what they normally do at night.
But, on the other hand, if you keep eating at night, you’ll keep forcing your cells to do the things they normally do during the day.
OK, so if my brain clock is telling my cells to do one thing but my behavior
is forcing them to do another, my daily rhythms will break down.
Right. It’s like when two people try to push a child on a swing: it’ll
only work if they both push at the same time. Your brain clock is
always going to push your cells one way during the day and the
other way at night. If you want your daily rhythms to stay strong,
you need to make sure that your behavior is always pushing your
cells the same way as your brain clock.
OK, I understand why catching my cells off guard and not giving them time
to do their maintenance might be a problem. But why is it a problem if my
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daily rhythms break down? I mean, shouldn’t that actually help? If my cells
just start doing a bit of everything all the time then maybe they’ll be less
unprepared when I eat at night. Or maybe they’ll be able to get a little
maintenance done during the day. It seems like having no rhythms at all
would be better than having rhythms that are out of sync with my behavior.
Right. Unfortunately, your cells don’t just start doing a bit of everything all the time when your daily rhythms break down. In fact, what
happens is that instead of doing more or less of certain things at certain times, your cells just start doing more or less of certain things
all of the time.3 For example, when your daily rhythms are working,
your liver will make and release a large amount of glucose at night
but only a small amount during the day. But when your rhythms
break down, your liver doesn’t just release a medium amount of glucose all the time, it releases a large amount of glucose all the time,
which means that it will release more glucose overall.
I see.
And the same kind of thing happens in all of your cells: when your
daily rhythms break down, your pancreas cells will release more
insulin overall, your fat cells will release less leptin overall, the cells
in your gut will release less ghrelin overall. I could go on and on but
I’m sure you get the point.

Daily rhythms II
OK, so, basically, if my daily rhythms break down, everything goes
haywire.
Yeah, pretty much.
OK, I can see why that would be a problem, but does it really happen?
Oh, definitely. Should I tell you about some experiments?
Yes, please.
OK, let’s start with some animal experiments.4 In the first one,
researchers split mice into two groups and overfed both groups with
food that had a lot of sugar and fat. The only difference was that
one group could access the food anytime they wanted but the other
group could only access it during the half of the day that they were
normally active.
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So the half-day mice were forced to keep their behavior in sync with their
brain clock but the all-day mice weren’t?
Exactly. The all-day mice just ate at random times throughout the
day and night.
OK, so the daily rhythms broke down in the all-day mice but not in the
half-day mice?
Right.
And I guess you’re going to tell me that the all-day mice gained weight
and the half-day mice didn’t?
That’s right. And the all-day mice developed all of the usual problems that go along with being overweight –inflammation, insulin
resistance, liver damage –but the half-day mice didn’t. In fact, the
half-day mice were just as healthy as mice would normally be on
their natural diet.
But isn’t that just because the all-day mice ate more than the half-day
mice?
No, that’s the thing, they didn’t. Both groups of mice ate the same
amount of food overall. The only difference was that the all-day mice
spread their eating throughout the day and night.
OK, so were the all-
day mice less active? Did they just sit around
between meals?
Nope. Both groups of mice were equally active.
So the half-
day mice just magically burned more calories than the
all-day mice?
Well, there’s really nothing magical about it. The metabolic and
weight regulation systems in the all-day mice weren’t working properly at all: their livers were constantly making glucose, their fat cells
were constantly storing fat rather than releasing it and so on.
But if two mice eat the same amount of food and do the same amount of
activity, then shouldn’t they be the same weight?
No! We talked about how you can burn a different number of calories doing the same amount of activity depending on whether your
cells are trying to save energy or trying to waste it by creating heat.
Oh, right, I remember. So the half-day mice burned off a lot of extra calories by wasting energy and the all-day mice didn’t?
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Right.
Wow, OK. I know you said that wasting energy was a big deal but I didn’t
realize it was that big of a deal. I mean, I didn’t realize it could make the
difference between being overweight or not.
Oh, sure.
Are there mutant mice that are unable to waste energy by creating heat?
Yes, and they gain much more weight when they’re overfed than
normal mice.5 In fact, they even become obese on a normal diet.
Really? And that’s not because they eat more or are less active than
normal mice?
Nope. It’s just because their cells are unable to waste energy.
That’s pretty amazing.
I agree.

Gut bacteria rhythms
OK, and the all-day mice had all of these problems just because the daily
rhythms in their cells were disrupted?
Right. And the daily rhythms in their gut bacteria as well, of course.
Right. Wait, what? Gut bacteria also have daily rhythms?
Sure. Well, the individual bacteria themselves don’t, of course,
because they never live for a whole day. But the changes in the
particular mix of bacteria in your gut will have a daily rhythm that
reflects your behavior.6 For example, if you eat mostly during the
day, then bacteria that live off food or chemicals related to digestion
will have a better chance of surviving and reproducing during the
day than they will at night.
But how does that affect me?
The daily rhythms in your bacteria are important for reinforcing the
daily rhythms in some of the cells that are close to your gut. When
researchers did experiments comparing the daily rhythms in normal
mice with the daily rhythms in bacteria-free mice or mice that were
on antibiotics, they saw that the mice without gut bacteria had much
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weaker rhythms in their intestinal wall cells, their gut immune cells
and even in their livers.7
Sorry, hold on. I don’t really see how the rhythms in my gut bacteria can
influence the rhythms in my other cells?
The rhythms in your “other cells?” I like that –it sounds like you’re
starting to think of your gut bacteria as a part of you! Anyway, it’s not
so different from the way that eating influences your daily rhythms.
The same way your cells normally expect to receive incoming glucose and fat at certain times, they also expect to receive things from
your bacteria at certain times.
Like what?
Like the fat that your gut bacteria make when they digest fiber. When
those fiber fats stop coming, it disrupts your daily rhythms.
OK, so it’s not the bacteria themselves, it’s just the things that they make?
It’s both. In the same experiments, the researchers gave the mice
that were on antibiotics injections of fiber fats at the same time
each day and they saw that some of the daily rhythms in their livers
returned but others didn’t. So the rhythms that didn’t return after
the fiber fat injections were probably dependent directly on the bacteria themselves.
But why?
Remember, your gut immune cells are constantly patrolling your
intestinal walls and they’re used to detecting more of some bacteria during the day and more of other bacteria at night. If you start
eating at random times throughout the day and night and disrupt
the rhythms in your gut bacteria, your gut immune cells will end up
making the wrong detectors and chemicals at the wrong times. And
you can imagine how that can lead to a leaky gut with bacteria getting into your blood, increased inflammation and so on.
OK, I get it. But does this kind of thing actually happen in humans?

Meal timing
Well, there are a lot of correlation studies that suggest that behaviors that are out of sync with your brain clock cause problems.
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People who work the night shift, for example, are much more likely
than other people to be overweight or have diabetes, heart attacks
or strokes.8 And people who are obese and diabetic generally have
weaker daily rhythms than people who are lean and healthy.9
But those correlations could have a lot of different causes, right? Have
there been any experimental studies?
There have and the results seem to point in the same direction as
the correlation studies. There have been a few studies where people
were brought into a lab for a week or so and forced to eat at different
times throughout the day and night.10 Studies like that are always
too short to tell us anything about long-term effects but they’re helpful for trying to understand how the problems start. For example,
one study found that even after just a few days of eating at night,
your fat cells will release a lot less leptin overall.
But the basic idea is that doing most of your eating during the day is better than eating at random times throughout the day and night, right?
Right.
So why don’t researchers just get a group of overweight people to
start eating only during the day for a few months to see if that helps
them lose weight? Even if it’s not well-controlled, they might still see
something, right?
Right. That’s a good idea and it has been done.11
Oh. And?
It works.
Great! So what exactly did they do?
Just what you suggested. Researchers got a group of overweight
people and told them to keep eating whatever they wanted to, and
as much as they wanted to, but only during the day. Everyone chose
exactly when they wanted to eat but most people stuck to the period
between 9am and 8pm.
Was the study done in a lab?
No.
OK, so how did the researchers know if the people really followed the
instructions?
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They gave them a smartphone app and told them to take a photo
of every meal and snack they ate. The app sent the photos to the
researchers automatically, so they were able to keep track of what,
when and how much everyone ate.
But surely the people didn’t photograph everything.
No, I‘m sure they didn’t. That’s the problem with doing a long-term
study in the real world instead of a lab. But the photos are probably
better than asking people to write everything down.
OK, so they lost weight?
Right. After 16 weeks, they lost an average of seven pounds.
Hey, that’s pretty good!
It is. And what’s even better is that the people in the study actually
liked doing most of their eating during the day. In fact, they all voluntarily agreed to keep it up. And when the researchers checked
them again after a year, they hadn’t regained any of the weight.
Wow.
Yeah. But there was one problem.
What?
Well, it’s not really a problem, it’s just a complication: the people in
the study didn’t just change when they ate, they also changed how
much they ate. They actually ate an average of 20 per cent less overall.
So they ate less without being told to?
Right.
OK, so that’s different from the study with the all-day and half-day mice,
right? The half-day mice just ate the same amount of food in less time.
These people actually ate less food in less time.
Right.
But if they had just tried to eat 20 per cent less without changing when
they ate, they probably would have had trouble sticking to it. I mean,
then it would have just been a traditional calorie-cutting diet and those
don’t usually work, right?
Right. It’s just not clear whether the people lost weight because they
were eating only during the day or because they were eating less
overall.
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OK, either way, eating only during the day seems like a good idea, even if
all it does is help you eat less overall.
Right.

Fasting
OK, let me ask another question. Even in the mouse study, where the all-
day mice and the half-day mice ate the same amount of food overall, it
seems like there could be two explanations for why the all-day mice had
problems and the half-day mice didn’t. Did the all-day mice have problems because they were eating at the wrong times or because they were
eating all the time?
I don’t understand the question.
Well, it seems like eating all the time can cause problems for two reasons: one is that it will keep my behavior out of sync with my brain clock
and the other is that it won’t give my cells enough time to do their maintenance. Which of those is actually the problem? I mean, what if I ate only
at night? Would I have problems because my behavior and brain clock
would be out of sync? Or would I be fine because my cells would still get a
long break every day? Obviously, I recognize that this is not practical, I’m
just wondering what would happen in theory.
Oh, I see, that’s a good question. You’re right, from the mouse experiment that I told you about, it’s impossible to know whether the
half-day mice stayed lean and healthy because their eating was in
sync with their brain clock or because they went for long periods
each day without eating at all. In fact, there have been a lot of other
experiments done to try to figure that out:12 experiments with mice
that had a damaged brain clock, mutant mice that had no brain clock
at all, mice that were kept in constant light or constant darkness,
mice that were forced to eat or be active during one half of the day or
the other. Basically, any experiment that you can think of has been
done. In the end, it’s clear that both eating in sync with your brain
clock and taking long breaks from eating are important.
Oh, OK.
But, actually, there’s one other set of experiments along these lines
that I think we should talk about. There have been a lot experiments
that have tried to look only at the effects of taking a long break from
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eating by letting animals or people do whatever they want on most
days but then giving them almost no food on other days.
Oh, like the 5:2 diet, where you eat whatever you want on five days each
week and then fast or eat very little on the other two days?
Yes, exactly.
Does that work?
Well, yes, but it’s not exactly clear why. Let me tell you about some
experiments.13
OK, go ahead.
In the first experiment, researchers raised two groups of mice normally and then kept one group on a normal diet and put the other
group on a 10:4 diet.
So the 10:4 mice could eat whatever they wanted for 10 days and then
they got very little food for four days?
Right. And the 10:4 mice were kept on that diet for the rest of
their lives.
So what happened?
Well, just like in the other experiment with the all-day mice and the
half-day mice, the two groups of mice in this experiment ended up
eating the same amount of food overall.
So the 10:4 mice ate more on their free days than the normal mice?
Right.
But I suppose the 10:4 mice somehow ended up weighing less than the
normal mice?
Oh, yeah. But it wasn’t just that. The 10:4 mice were healthier in
every way. They even lived 10 per cent longer.
Oh, wow. Why?
Well, it has to be that taking such long breaks from eating gave their
cells a lot of time to get their maintenance done.14
Right, OK. But I don’t think I could go four straight days with very little
food. That sounds really hard.

192

A Convers at ion a bout Health y Eati ng

3
9
1

No, me neither. But the 5:2 diet is probably more manageable and
the results from experimental studies of humans on the 5:2 diet
suggest that it works.15 Unfortunately, these studies are also hard
to interpret because when the people on the 5:2 diet ate very little
on two days each week, they didn’t make up for it by eating more
on their five free days than they would have normally eaten. In fact,
they ate less on their free days than they would have normally.
Really? I was always skeptical of the 5:2 diet because I was worried that
I would overeat on my free days.
Me too. But, apparently, a lot of people don’t. So, it seems like the
5:2 diet works but it’s not clear whether it works because it forces
people to take a long break from eating to give their cells time to do
their maintenance or because they just eat less overall.
Right. But, hold on. Wouldn’t a diet like the 5:2 disrupt my daily rhythms?
There’d be two days per week when my cells would be expecting me to
eat but I wouldn’t.
That’s true. But your daily rhythms aren’t that fragile. Actually, the
same researchers who did the experiment with the all-day mice and
the half-day mice did another experiment where they gave the half-
day mice access to food anytime they wanted on the weekends and it
didn’t seem to disrupt their rhythms too badly.16
But did those mice actually eat at random times throughout the day and
night on the weekends?
Yes, they did and it didn’t seem to do them much harm.
Oh, OK. So it’s probably fine to eat at night sometimes.
Of course it is. It’s just a bad idea to do it too often.
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12
Behavioral change

Personalized advice II
OK, I think I understand why meal timing is important. But it’s still not
clear to me if I’m better off with a regular routine where I eat at the same
times each day to keep my daily rhythms really strong or with a routine
like the 5:2 where I eat very little a few days per week to give my cells a
long break to do their maintenance.
You’re better off with whichever routine you prefer. Arguing about
different eating routines is the same as arguing about different mixes
of unprocessed foods: maybe some are better than others but it’s
certainly not clear from the existing evidence. You can find studies
that support a lot of different specific routines: a big breakfast and
a small dinner,1 a lot of small meals,2 fat in the morning and carbs at
night3 –the list goes on and on. The bottom line is that any routine
where you eat most of your food during the day and often take long
breaks from eating is going to be fine.
OK, I get that, but I still have to choose what and when to eat, so I might
as well try to eat the best foods at the best times, right?
What I’m trying to tell you is that, generally speaking, there really
are no best foods or best times. As I said, if you look at the average
effects of different diets and eating routines across large groups of
people, all of them that are a mix of mostly unprocessed foods eaten
mostly during the day are equally good. And, again, it may well be
that some foods or times are better than others for you, but we can
never really know that. So all you can do is pick the diet and eating
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routine that you think are the best fit for your tastes and schedule
and give them a try.
But how do I even know where to start?
Listen, if you’re lean and healthy now, you should probably just keep
doing what you’re doing. But it still might be worth tracking exactly
what, when and where you eat for a few weeks.
Why?
Well, if you notice a certain situation in which you eat a lot of processed foods or eat late at night, you could try to find a way to change
or avoid it –you never know, it might be easy. When I tracked myself
a few years ago, I found that I often ate a pastry at breakfast –you
know, like a croissant or a muffin –and that I often had a cookie or a
piece of cake with my afternoon coffee.
And you managed to change that?
Yes and no. I was worried that both the breakfast pastries and the
afternoon sweets would be very difficult for me to give up, not just
because I enjoyed eating them but also because I enjoyed the whole
routine that was associated with eating them. I liked going to the
café for coffee and a pastry on my way to work in the morning. And
I liked taking a break in the afternoon for coffee and sweets.
So what did you do?
Well, it turned out that giving up the breakfast pastries was
really easy.
Why?
Because there are so many other eggcellent unprocessed foods to
eat for breakfast . . .
Did you really just say “eggcellent?”
What? No. Anyway, there are so many other excellent unprocessed
foods to eat for breakfast. And even though I enjoyed going to the café
on my way to work, it was also a little bit stressful because I always
had to squeeze onto a packed subway train afterwards. Now I eat at
home and get on the train earlier, which is much more comfortable.
So my new breakfast routine is both more enjoyable and healthier.
Great. And what about the afternoon sweets?
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I still haven’t given those up.
Why not?
I don’t know, it’s just too hard for me. I mean, what else am I going
to have with my coffee?
I don’t know. Fruit?
Are you serious? Fruit and coffee? I don’t think so.
But don’t you have fruit and coffee together at breakfast?
That’s different.
Why?
Because it’s breakfast!
Oh, right, I see.
Anyway, I’m sticking with my afternoon sweets because I can. The
rest of my diet is good enough that I can get away with it. I’m not
trying to win a prize for being the world’s healthiest eater. In fact,
all I’m trying to do is live a long and happy life. I know that I have to
stay lean and healthy in order to do that but I’m not going to give up
things I enjoy if I don’t have to.
OK, fair enough.
And I do think that having my afternoon sweets helps me avoid eating other processed foods. My pleasure system knows it’s going to
get its way each afternoon and that seems to be enough to get it to
behave itself the rest of the time. On most days, my afternoon sweets
are really the only processed food I eat.
Really?
Sure. I mean, breakfast is easy, right? Eggs, either alone or with
some vegetables mixed in, whole grain cereal with milk, yogurt,
fruit, nuts, avocados, raw fish . . .
Yeah, breakfast is easy.
Dinner is also pretty easy if you cook. I usually just have a piece of
meat or fish with a pile of vegetables on the side and some fruit for
dessert. I guess lunch can be trickier but it’s easy for me because
I have a lot of great lunch options where I live and work.
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OK, so you think having the afternoon sweets every day is what allows
you to stick to unprocessed foods the rest of the time?
I think that the afternoon sweets work really well for me but they
might be disastrous for someone else. I have trouble going a whole
day without sweets but I have no problem eating just one cookie or a
small piece of cake and then stopping. I’m sure there are other people who can easily go a whole day without sweets but are more likely
to end up overdoing it whenever they do eat them. For someone like
that, it might better to avoid sweets entirely during the week and eat
them only on the weekends or something like that.
Right. So what you’re saying is that you can’t really help me improve my
eating without knowing a lot more about me.
Well, I can tell you to eat mostly unprocessed foods and to eat mostly
during the day. But, as we’ve established, that’s a lot easier said than
done and the strategies that work for other people may not work for
you at all. If you track yourself over a few weeks, I’m sure you’ll be
able to come up with some that might.
You make it sound so easy.
Well, honestly, I do find it to be easy. I mean, I have some clear advantages: I live in a place where unprocessed foods are easy to find and
I have enough money to afford them. Maybe I’m also just lucky.
Maybe my genes make it easier for me to deal with all the things
about the modern environment that are causing problems for other
people.4 But I’m not sure about that. I actually have a lot of trouble
resisting tasty foods when they’re right in front of me. I think the
reason I’m able to stick to a diet of mostly unprocessed foods is that
I’ve developed a deliberate approach to eating that takes advantage
of my strengths and protects me from my weaknesses.
What do you mean?
Well, for example, I know that I have a weakness for sweets. Basically,
if I see them, I’m going to eat them. On the other hand, I’m a good
shopper: if I go with a list, I’ll stick to it. So I have a rule that I can
only buy the sweets I’m going to eat that afternoon. That way, there
are never any sweets around the house after dinner.
But you could just go out and get more sweets after dinner, right?
Right, but I don’t.
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Why not?
Because it’s inconvenient. Apparently, the time and effort that it
would take for me to go out and buy something after dinner are
enough to stop me from going.
I see.
But this approach only works for me because I’m a good shopper. It
wouldn’t work at all for someone who loses control when they shop
and ends up with a lot of things they don’t need. Someone like that
might want to try to get their groceries delivered or get someone
else to do their shopping for them.
OK, hold on, now you’re starting to sound like some article on the internet. You know, “10 ways to effortlessly melt away the pounds.”
What do you mean?
Well, I always see tips like “Don’t keep sweets in the house” or “Don’t shop
when you’re hungry,” but none of those things really help, do they?
Oh, they certainly can. Why are you so skeptical?
I don’t know, I guess they sound too simple.
Well, I don’t think something needs to be complicated in order to
work. Tips like that are based on the idea that unhealthy eating
is ultimately about being unable to resist processed foods, which,
when it comes down to it, is just true.
So we’re back to being animals with no control over ourselves?
Why do you have such a big problem with that? Just because we
put a man on the moon, everything about us has to be complicated?
I’m sorry, but that doesn’t make any sense. The reason that so many
people are overweight is not complicated: we’ve created an environment with processed foods that are unnaturally tasty, unnaturally
free of fiber and unnaturally abundant, but we’re stuck with bodies
and brains that are designed for an environment with unprocessed
foods that are bland, full of fiber and scarce. Sure, there are plenty
of other factors that can makes things worse –stress, lack of sleep,
cultural pressures and so on –but if there weren’t processed foods
everywhere, it’s pretty unlikely that those other factors alone would
be making people gain weight.
OK, OK, calm down.
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Sorry. What is definitely complicated, however, is figuring out how
to stay lean and healthy in our modern environment. And a lot of
what makes that so complicated is the fact that we’re all different
from each other: we all have different genes, different tastes, different lifestyles, different cultures and different resources, so there’s
never going to be a one-size-fits-all solution. We’re all trying to
achieve the same thing –finding a healthy diet and eating routine
we can actually stick to –but the best way to achieve it is going to be
different for each of us.

Simple strategies
And you think simple strategies can help?
Sure. Anything that makes it easier for you to resist eating processed
foods can help. One way to avoid making bad decisions is to avoid
making any decisions at all. So something as simple as keeping all of
your foods in closed cabinets can be extremely powerful: if you don’t
notice them, you won’t have to decide not to eat them.
Out of sight, out of mind, right?
Exactly. I know it sounds simple but that kind of idea can go a long
way. There have been a lot of studies showing how powerful the “out
of sight, out of mind” concept can be.5 For example, researchers took
a group of people and gave each one a bowl of candy to put on their
desk every day for four weeks.6 On half of the days, the bowl was
clear but on the other half of the days, the bowl was opaque.
So on half of the days, the people could see the candy and on the other
half of the days they couldn’t?
Right. And, on average, they ate almost twice as much candy on the
days when they could see it.
Wow.
Yeah. And the same kind of effect has been found in a lot of different studies. If you track yourself for a few weeks, I guarantee you’ll
notice that you have unplanned snacks just because you happened
to see a particular food or something that reminds you of it. And
if you find that your unplanned snacking often happens in a particular situation, you should be able to find a way to prevent it.
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If it’s something as simple as walking into the kitchen and seeing the
cookie jar, you can just get rid of the cookie jar or put it inside a cabinet or replace it with a fruit bowl.
That sounds easy enough.
Well, the cookie jar example is a simple one. It’s possible that the
important factors in the situations that trigger your unplanned
snacking might be harder to identify –maybe you always end up
snacking after you have a meeting with your boss or something like
that –but, if you can identify the important factors, you should be
able to think of a way to change them.
But what if the factors aren’t entirely under my control? I mean, the rest
of my family may not want to see the cookie jar go.
Well, I hope that you’d be able to sell them the benefits of getting rid
of the cookie jar, both for them and for you. But, whatever situations
you identify, you probably won’t even need to change them completely.
It may be enough just to make snacking a bit more inconvenient. For
example, in the same study that I just told you about with the candy
bowls, just moving the clear bowl to another table a few metres away –
but still in sight –had almost the same effect as making the bowl
opaque. So whatever changes you’re trying to make, you can probably
find a way to make them without bothering other people too much.
I see. OK, I think I will track myself like you’re suggesting. If nothing else,
I think it would be interesting to see what kinds of situations lead me to
eat unplanned snacks.
Good. You should also try to identify any situations that lead you
to overeat –I mean, situations that lead you to eat more than you
intended to when you started the meal. Again, I think you’ll find
that you often overeat in particular situations. Maybe it’s when you
watch TV or when you’ve had alcohol before dinner or when you
serve the meal “family style.”
What do you mean “family style?”
I mean when you just put all of the food on the dinner table and then
let everyone serve themselves. That can be a dangerous situation
because it makes it very easy to keep refilling your plate.
Right. But I guess that’s an easy situation to avoid. I can just serve the
food in the kitchen and only take the plates to the dinner table, right?
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Sure. Simply having to get up and go to the kitchen might be enough
to prevent you from overeating. And, if it’s not, there are plenty of
other things you can try: you can make sure to only cook enough for
one serving or you can package leftovers and put them in the fridge
before you even start eating.7 I’m sure you’ll be able to figure something out. The key is to make good decisions before a meal in order
to avoid making bad decisions during it.
OK, hold on, let’s take a step back. You started off by spending a lot
of time telling me about all the systems in my body and brain that try
to help me match the number of calories that I eat and burn –you
know, assuming that my leptin is working properly, my brain will adjust
how hungry I am, how active I am, how much I fidget and how much
energy my cells waste by creating heat to keep me at my natural weight,
right?
Right . . .
And if I remember correctly, you even got angry with me for questioning
how effective those systems were.
Oh, c’mon, I didn’t get angry with you.
Either way, now it seems like you’re telling me that these systems aren’t
really that important. I mean, if something as simple as hiding the cookie
jar is really going to have an effect on my weight, my weight regulation
systems can’t really be all that effective, right?
OK, I see your point. If you’re lean and healthy, and your weight regulation systems are working properly, it’s likely that these strategies
for avoiding unplanned snacking and overeating may not have any
effect. Even if you do manage to lose weight by hiding the cookie jar,
your brain will notice that you’re underweight and it will make you
hungry or tired or tell your cells to waste less energy and you’ll end
up back at your natural weight one way or another. On the other
hand, the systems that try to match the calories that you eat and
burn obviously aren’t perfect. For example, we talked about how
the calories in sugar and drinks don’t get counted properly. So all
the things we’ve been discussing –eating mostly unprocessed foods,
eating mostly during the day and avoiding situations in which you’re
likely to eat unplanned snacks or overeat –are all ways that you can
make it easier for your metabolic and weight regulation systems to
do their jobs.
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Losing weight
OK, so the strategies that we’ve been discussing for avoiding unplanned
snacks and overeating might only help a little bit if I’m lean and
healthy but what if I’m already overweight? Would they be a lot more
helpful then?
Definitely. I mean, if you’re overweight and your immune cells are
interfering with your insulin and your leptin, your weight regulation
systems definitely aren’t working properly and you need all the help
that you can get, right?
OK, so what would you do if you were overweight?
Well, I can tell you what I wouldn’t do: I wouldn’t try any kind of
traditional diet where I eat very little and attempt to lose weight
quickly.
Why not?
Because that kind of diet hardly ever works.
What do you mean?
I mean that even if you lose weight initially, you’re probably just
going to gain it back and end up overweight again.8 It’s always the
same: you lose weight quickly and easily in the beginning but then
your weight loss slows down and it becomes harder and harder to
stick to the diet and eventually you just go back to your old ways
and your old weight. All that stress and sacrifice only to end up back
where you started. It’s sad.
Yeah, you’re right. I know a lot of people who keep going through that
cycle. Why is it that weight loss always slows down as a diet goes on?
For a few reasons. First of all, a lot of the weight that you lose when
you start a diet is just water. Do you remember why you store most
of your energy as fat rather than as glucose?
Because fat packs together well but glucose doesn’t, right?
Right. If you want to pack glucose together for storage, you have to
add water. Now, while most of your stored energy is fat, you do also
store some glucose.
Right. My liver will store some of the glucose that I eat during the day and
release it to keep my brain going at night, right?

202

A Convers at ion a bout Health y Eati ng

3
0
2

Right. And your muscles will actually store some as well. But when
you start a diet and go a few days without eating much, all of that
glucose will get released from storage. And when you release your
glucose from storage, the water that was stored with it gets released
as well.
Oh, OK, I didn’t know that. I’ve heard people talk about “water weight”
but I didn’t really know what it was. So that’s why it’s so easy to lose a lot
of weight quickly at the beginning of a diet?
Right. And, of course, as soon as you start eating normally and storing glucose again, that water weight will immediately come back.
Right.
But there are also several other reasons why weight loss slows down
as a diet goes on. One is very simple: as you lose more and more
weight, you need fewer and fewer calories just to maintain your
weight.9
Right. So if I want to keep losing weight, I need to keep eating less and
less, right?
Right. Let’s say you’re overweight and you need 2,500 calories per
day just to maintain your weight. If you start eating 2,400 calories
per day, you’re not just going to keep losing weight forever until you
disappear, right?
No, I’m going to lose a few pounds and then stay at whatever weight
requires 2,400 calories per day to maintain.
Exactly. So if you want to keep losing weight, then you need to drop
down to 2,300 calories per day and then 2,200, and so on, which is
not going to be easy.
Right.
But the biggest reason why weight loss slows down as a diet goes
on is that your weight regulation systems are going to work against
you.10 If your immune cells are interfering with your insulin and
leptin then your brain is going to think that you are below your natural weight already and it’s going to do everything it can to stop you
from losing even more.
Right. I’ll normally burn hundreds of extra calories automatically by fidgeting or wasting energy as heat. But if my brain thinks that I’m below
my natural weight and I save those calories instead, I’ll have to either
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exercise more or eat less to make up for it. And doing either of those
things is going to be very difficult, because, again, my immune cells are
interfering with my leptin, which means that my self-control system will
be much weaker than it should be.
Right. It’s hard enough to stay lean when our weight regulation
systems are working properly. Once they start working against us,
well . . .
OK, well, I guess it’s easy to see why most diets fail.
Yeah, it’s not exactly surprising. And yet we still beat ourselves up
about it. Being overweight is not something to be ashamed of. It
doesn’t make you a bad person. In fact, for millions of years, having
a strong drive to seek and eat food was a big advantage because food
was scarce. Now, all of the sudden, food is everywhere and we blame
ourselves for eating it? It’s really perverse.
So you’re saying that if I’m overweight, it’s not really my fault?
Well, it may not be your fault but it is still your problem. The fact is
that having a strong drive to seek and eat food has become a disadvantage. Recognizing that you are overweight because of a mismatch between your genes and your environment, rather than some
character flaw, is helpful but it doesn’t solve the problem. It’s still up
to you to figure out how to overcome that disadvantage.
But if our environment is such a big problem, why don’t we just
change it?
That’s exactly what all of these little strategies for avoiding
unplanned snacking and overeating are designed to do. Obviously
you can’t control everything about your environment but you can
control the places where you spend most of your time –you know,
like your home and your office. If you want to give yourself the best
chance to lose weight, you need to try to transform your local environment from one with convenient, processed foods to one with
inconvenient, unprocessed foods. If your big problem is unplanned
snacking, changing your environment might help a lot.
And what if my problem is overeating at planned meals?
Then I guess you’d need to get really aggressive about portion control. There are plenty of strategies you can try, like getting smaller
plates and bowls or repacking all of your food into single servings
or decreasing the variety of your individual meals. There have been

204

A Convers at ion about Healthy Eating

5
0
2

a lot studies showing that strategies like that can make people eat a
lot less without even noticing.11 Of course, there’s no guarantee that
something like that will work but there’s no harm in trying. Or you
could even try one of those programs that provides all of the meals
for you.
Does that work?
It can.12 Programs like that are good because they take a lot of the
decision making out of eating. And they also provide a community
for support, which can help a lot. But, honestly, if I were trying to
lose weight, I would just start off slow and try things that I thought
would be easy at first.
Is that really going to get me anywhere?
It might, you never know. And given that a traditional diet is unlikely
to get you anywhere, I don’t see the harm in trying something else
first. We have this idea that weight-loss strategies have to be difficult to be effective. And, of course, that’s true in general. If you do
something really easy, like continue to overeat and remain inactive,
you won’t lose any weight. If you do something really difficult, like
starve yourself and run marathons, you will. But it’s also true that
different things will be hard or easy for different people. It was easy
for me to give up breakfast pastries and hard for me to give up afternoon sweets but for someone else it might be the exact opposite. So
I would start with what I thought would be easy for me and work
from there. At least then I’d be developing an approach that I could
actually stick to. I mean, what good is losing weight if you’re just
going to put it back on again? That kind of cycle is actually really
stressful and frustrating.13
I see what you mean. It’s the same with different foods, right? In general,
it might be true that processed foods taste better than unprocessed foods
but different people have different tastes.
Exactly. In some cases, you might even be able to replace processed
foods with unprocessed foods that you actually prefer. Like I said,
part of the reason it was easy for me to give up breakfast pastries
was that I really enjoy a lot of other unprocessed breakfast foods. If
I was trying to lose weight, I would make sure that everything I ate –
processed or unprocessed –was something that I really enjoyed.
That way, I’d always be keeping my pleasure system as happy as possible and saving my self-control system for the times when I really
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needed it. It’s important to have some variety, of course, but there
are so many different foods. You should be able to find plenty that
you like, so there is really no point in eating any that you don’t.
Yeah, that makes sense.

Exercise II
And, of course, if I was trying to lose weight, I would exercise a lot.
Right. Because exercise doesn’t just burn calories, it also reduces inflammation directly, right?
That’s right. But there’s a lot more to it than that.
Like what?
Actually, we still don’t know all of the reasons why exercise is so beneficial. The benefits of e
 xercise –in terms of reducing the risk of a
heart attack or a stroke or something like that –are about double
what you would predict based on how much weight loss the exercise
causes or how much it decreases inflammation.14 So there is clearly
a lot more going on.
I see. But the biggest benefit of exercise is still just the fact that it burns a
lot of calories, right?
Right, and, in particular, it burns fat. If you want to lose weight, you
have to burn the fat that is stored in your fat cells rather than just the
glucose and fat that are already in your blood. One way to do that is
to go for long periods without eating.
Right, because my blood glucose will be low, which means my insulin will
be low, so my fat cells will start releasing fat rather than storing it.
Exactly. That’s one of the reasons why it’s good to eat mostly during
the day. If you eat dinner early, then a lot of the energy your body
uses when you’re sleeping will have to come from your fat cells,
rather than from food.
Right.
The other way to burn the fat that is stored in your fat cells is to exercise. When you exercise, your muscles need a lot of energy.15 They’ll
start by using whatever glucose and fat are already in your blood,
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as well as the little bit of glucose that they have stored. But that’s
probably not going to be enough. Your brain knows your muscles
are going to need a lot of energy so it releases the stress hormone
adrenaline, which tells your fat cells to start releasing fat and tells
your liver to start making and releasing glucose.
Right, I remember.
And the longer you exercise, the more fat you will burn. Once your
muscles use up the glucose and fat already in your blood, and the
glucose they have stored, they’ll have to depend entirely on glucose
from your liver and fat from your fat cells. The amount of glucose
your liver can make and release is limited so, as you exercise for longer and longer, your muscles will have no choice but to burn more
and more fat from your fat cells.
I see.
And, actually, even after you’re done exercising, you’ll still burn
more calories, and more fat, over the next day or two than you normally would.16
Why?
Well, you’ll burn more fat than normal simply because some of the
glucose you eat will be put back into storage in your muscles and
liver. And you’ll burn more calories than normal because your cells
will be doing a lot of repair and improvement work.
Like making my muscles bigger?
Right. I mean, it’s not so much about making things bigger, it’s more
about making them better. Your body responds to exercise by making
changes to help glucose and fat get to your cells more quickly and also
to help your cells process them more quickly once they get there.17
Oh, right, I remember now. One way to get fat to my cells more quickly is
to build more blood vessels in between my fat cells so they can release fat
more easily. And that’s helpful not only for exercise but also for reducing
inflammation.
That’s right. Do you remember why?
Because part of the problem with overeating and gaining weight is that
my fat cells keep growing and some of them end up far away from any
blood vessels. If things get really bad, some of my fat cells will start dying
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because they don’t get enough oxygen and my immune cells will notice
and take action. But if I build more blood vessels in between my fat cells,
that’s less likely to happen.
Exactly. And the changes that help your cells process glucose and fat
more quickly are also really important.
Why? Oh, because those changes are also helpful for reducing inflammation, right? If they leave my cells better prepared to process glucose and
fat in general, that means there will be less of a build-up of waste and
half-processed glucose and fat when I overeat, so I’ll have less backlog-
driven inflammation.
Very good. And, as we discussed, exercise also decreases inflammation directly.
Right, because exercise also causes my brain to release the other stress
hormone cortisol, which decreases inflammation.
Right, that’s a big part of it. But your muscles also release their own
hormones to decrease inflammation.
Oh, muscles release hormones too?
Sure. And they can have really strong effects.18 Let me tell you about
an experiment.19
Go ahead.
OK, so researchers took rats and overfed them for a few months until
they became overweight, inflamed, and insulin and leptin resistant.
Then they split the rats into two groups: one group that just stayed
in their normal cages and another group that was forced to exercise.
How did they force the second group to exercise?
They put them into water so they no choice but to swim for a while.
Oh, OK.
So then, after one group exercised and the other group didn’t, the
researchers kept track of how much food the rats ate over the next
12 hours.
And?
The rats that exercised actually ate a lot less than the rats that didn’t.
What? Why? Shouldn’t they have eaten more to make up for the calories
they burned during the exercise?
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Well, the researchers did a lot of other experiments to figure out
what was going on. In the end, they found that the reason that the
rats ate less after exercise was because the hormones released by
their muscles decreased their inflammation.
But why did decreasing their inflammation make them eat less?
Because it temporarily stopped the immune cells in their brains from
interfering with their insulin and leptin.
Oh, the hormones from their muscles made it all the way into their
brains?
Yes, and they had strong effects on the immune cells there. So the
exercise actually made the rats’ weight-regulation systems work
properly again, at least for a while. Instead of thinking that the rats
were below their natural weight because their leptin wasn’t working, their brains were able to see that they were actually overweight
and made them less hungry.
Oh, I get it. If I’m overweight and inflammation is disrupting my metabolic and weight-regulation systems, I can use exercise to make those
systems temporarily work properly again. So exercising a lot won’t just
help me burn more calories, it will also help me eat less.
That’s the idea. And there do seem to be some studies of obese
humans which support the idea that exercise does decrease appetite.20 And, of course, the hormones released by your muscles don’t
just go to your brain, they go everywhere and decrease inflammation all over your body. For example, exercise even decreases the
amount of inflammation caused by bits of dead bacteria that get into
your blood from your intestines.21
Really. Wow. OK, so if I want to lose weight I should definitely exercise as
much as possible.
Right.
OK, so what’s the best exercise plan? Should I just try to do a little bit of
cardio every day? Or should I try to lift weights a few times per week?
You know what I’m going to say by now.
Oh, right. The best exercise plan is the one that I enjoy the most because
that’s the one that I’ll actually stick to.
Yup. Now, I’m not trying to say that all exercises are equally effective. Prolonged, low-intensity exercises like jogging will probably
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help you burn more fat and lose more weight than short, high-
intensity exercises like weight lifting.22
Why?
Because, as I said before, you really start burning a lot of fat after
you use up the glucose that was already in your blood or stored in
your muscles. If you only do short bouts of exercise, you may never
get to that point.
Oh, right.
But, on the other hand, inflammation seems to decrease much more
after high-intensity exercise than it does after low-intensity exercise.23
Oh. So then I guess the best plan would probably combine prolonged,
low-intensity exercise to burn fat with short, high-intensity exercise to
decrease inflammation.
Probably. But comparing different exercise plans is just like comparing different mixes of foods or eating routines: some may be better
for you than others but there is no way of really knowing until you
try them.
Right.
And, anyway, even more than with choosing foods or eating routines, choosing exercises that you actually enjoy is critical. There is
no point in forcing yourself to jog if you really hate it, because you’re
not going to stick with it. And you’re not just going to start jogging
more slowly or for less time, you’re going to quit altogether.
But what if my weight regulation systems are making it miserable for me
to exercise because my immune cells are interfering with my leptin and
my brain thinks that I’m below my natural weight? Am I really going to be
able to find any exercise I enjoy?
Maybe. The only way to find out is to try. I’ve tried a lot of different
kinds of exercise in my life and I’ve been amazed at how much I enjoy
some and hate others. For example, I think I could play squash or
basketball all day long and love every minute of it. But jogging is
almost impossible for me: whenever I try to jog, all I can think about
is how much I hate it and I end up stopping pretty quickly. If I’d only
ever tried jogging –or biking or swimming or any other kind of pure
cardio –I would probably think that I hated all exercise. But, fortunately, I tried a lot of other things and found plenty of them that
I like.
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Right.
But if I was overweight and just trying to get started with exercise,
I would definitely ease into it. I would just start by walking every
day. And I’d be very careful not to overdo it at first. What you really
want is for exercise to become a regular part of your daily routine –
you know, something that you just kind of do each day, rather than
something that you have to make a decision to do each day.24
Sure, that would be great, but it’s wishful thinking, isn’t it?
Not if you enjoy the exercise. And if the exercise itself isn’t enjoyable
enough, you need to try other ways to make it enjoyable. For example, you could try walking with other people that you like to talk to.
Or listening to podcasts or audio books.
Or walking on a treadmill with a TV.
Exactly. If you’re the kind of person who gets sucked into binge-
watching TV shows, you could take advantage of that to keep yourself
exercising. You know how it works: if your pleasure system learns that
getting on the treadmill and turning on the TV leads to the release of
opioids and cannabinoids, then it will release dopamine to make sure
that you do it. Whether the pleasure comes from the exercise itself or
something else related to it doesn’t really matter.
Right. So you’ve managed to make exercise a part of your daily routine?
Sort of. My routine is more weekly than daily. For example, I play
squash with the same group of friends every Monday night. And it’s
not a decision I make each week. I don’t have to check my schedule
or clear it with my family. It’s just a given. The same way I leave home
to go to work every Monday morning, I leave work to go to squash
every Monday night. And because I’m not really making a decision
about whether or not to go, I never stop to think about how tired
I am or anything like that. But even if I was tired and didn’t really feel
like playing squash, I’d probably go and play because I look forward
to seeing my friends.

Counting calories
Right, OK. So let’s say that I find some good eating and exercise routines
that I can actually stick to. If I want to lose weight, how many extra calories should I try to burn per day?
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What do you mean?
Well, if I want to lose weight, I have to burn more calories than I eat,
right? You said a pound of fat was 3,000 calories?
3,500.
Right, 3,500. So if I want to lose a pound per week, then I have to burn . . .
let’s see . . . 500 more calories per day than I eat. So shouldn’t I track the
number of calories that I eat and burn to make sure that I’m maintaining
that 500-calorie difference?
How are you going to do that?
How am I going to do what?
Track the number of calories that you eat and burn.
I don’t know. Is it really that hard? There are calorie counts on food
labels, right?
OK, first of all, the numbers on labels are way off.25 In fact, they’re
allowed to be: the law allows a margin of error up to 20 per cent. So
something that says 500 calories on it might actually be 400 or 600.
But that doesn’t even matter.
Why not?
Because most unprocessed foods aren’t going to have labels on them.
Oh, right. But I could weigh everything, right?
You could, but that isn’t going to get you an accurate calorie count
either. And even if you could find a way to measure how many calories you eat, you have absolutely no chance of accurately measuring
how many calories you burn.
Why not?
How are you going to do it?
Well, if I know my height, weight, age, percent body fat and all that, can’t
I calculate how many calories I’ll burn during a particular exercise? Isn’t
that what fancy treadmills do?
C’mon.
What?
You know that you can burn a different number of calories from
the same amount of activity depending on whether your cells are
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saving or wasting energy. How is your treadmill going to account for
that?
I don’t know.
And even if you could measure the calories you burned while exercising, you’d still only solve a small part of the problem. You burn
most of your calories when you’re just sitting around.26
You mean because of fidgeting and stuff like that?
Yes. But also just staying warm and keeping your organs going. The
only way to really measure how many calories you eat and burn in a
day is to lock yourself up in an air-tight lab with some very expensive
equipment. And even then, the accuracy of the measurements would
only be barely enough to be useful.27
So counting calories is pointless.
Counting calories inaccurately is pointless because it’s only going to
mislead you. But that doesn’t mean you shouldn’t keep track of anything. First of all, you have to keep track of your weight. If you keep
losing weight slowly and steadily over time, you know that you can
just keep doing whatever you’re doing. On the other hand, if you go
a month or two without losing weight, you know that you have to try
something else. And if you want to be at least a little bit systematic
about trying different strategies, then you also have keep track of
your eating and exercising.
But not in terms of calories?
No.
So something like “today I walked two miles in 30 minutes,” rather than
“today, I burned 300 calories while walking.”
Exactly.
What about for eating?
You could keep track of how many unplanned snacks you have each
day and how many times you eat more than you intend to and how
many of your meals and snacks contain processed foods.
I see. And if I’m not losing weight then I know that I need to either
increase the exercise or decrease the unplanned snacks, overeating and
processed foods.
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Right. Keeping track of your eating and exercising that way is going
to be much more effective than trying to count calories.
OK, so is it fair to say that we know enough to be confident about some
general guidelines –eat a mix of mostly unprocessed foods, eat mostly
during the day and exercise a lot –but we’re not really sure about much
beyond that?
Yes, I think that’s fair. You’re never going to be able to figure out
exactly which mix of foods or exercises is best for you. Maybe someday you’ll be able to get some tests to find out, but not yet. And,
anyway, any differences in the health benefits of different foods or
exercises are probably going to be small compared to the differences
in how much you enjoy them.
Right. And if I don’t enjoy a particular food or exercise, it doesn’t really
matter how healthy it is because I won’t stick with it.
Right. So just make sure that you follow the general guidelines and
try not to worry too much about the details. If you want to worry
about the details of something, it should be your environment. If
you can figure out exactly what triggers your unplanned snacking or
your overeating, and find a way to change it, that’s going to be much
more helpful than trying any particular mix of foods or exercises.

The end
Right. So is that it, then?
Pretty much.
Good, I’m starving. Do you want to get dinner?
Sure, where?
I don’t know, McDonald’s?
What?
Just kidding!
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Glossary

If you want to learn more about anything, you can use this table to find
the relevant scientific term.
Conversational term/phase

Scientific term/phrase

Glucose
Stored glucose

Glycogen

Making glucose

Gluconeogenesis

Releasing glucose

Glycogenolysis

High/low blood glucose

Hyper/Hypoglycemia

Fat
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Stored fat

Triglyceride

Making fat

De novo lipogenesis

Releasing fat

Lipolysis

High/low blood fat

Hyper/Hypolipidemia or Hyper/
Hypotriglyceridemia

Fat cell

Adipocyte

Body fat

Adipose tissue

Fat package

Lipoprotein

Digested fat package

Chylomicron

Liver fat package

Very-low-density lipoprotein (VLDL)

Waste package

High-density lipoprotein (HDL),
“Good” cholesterol

Depleted digested fat package

Chylomicron remnant

Depleted liver fat package

Low-density lipoprotein (LDL),
“Bad” cholesterol

Fat cell hormone

Adipokine

Fiber fats

Short-chain fatty acids (SCFAs)

3
2

Conversational term/phase

Scientific term/phrase

Fish fat

Omega-3 polyunsaturated fat

Belly fat

Visceral fat

Insulin
Insulin overshoot

Reactive postprandial hypoglycemia

High/low insulin

Hyper/Hypoinsulinemia

Pre-meal insulin release

Cephalic phase insulin response

Inflammation and disease
Build-up of waste

Oxidative stress

Waste

Reactive oxygen species (ROS)

Cells get overwhelmed

Endoplasmic reticulum (ER) stress

Immune cell chemical

Cytokine

Escort

Transporter

Cells get bigger and bigger

Hypertrophy

Cells don’t get enough oxygen

Hypoxia

Build-up of plaques

Atherosclerosis

Bacterial pattern detector

Toll-like receptor

Fish fat pattern detector

GPR120

High blood pressure

Hypertension

Brain
Brain cell

Neuron

Pleasure system

Mesolimbic reward system

Self-control system

Dorsolateral prefrontal cortex

Stress system

Hypothalamic-pituitary-adrenal
(HPA) axis

Cortisol

Glucocorticoids

Fidgeting

Non-exercise activity thermogenesis
(NEAT)

Brain clock

Suprachiasmatic nucleus

Gut
Gut bacteria

Gut microbiota

Half-digested mush

Chyme

Gloss ary
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Conversational term/phase

Scientific term/phrase

Chemicals released by bacteria

Metabolites

Intestinal wall cells

Enterocytes

Ulcer bacteria

Helicobacter pylori

Bacteria-free mice

Germ-free or gnotobiotic mice

Bit of dead bacteria

Lipopolysaccharide (LPS)

Mucus bacteria

Akkermansia muciniphila

Other

224

Daily rhythms

Circadian rhythms

Red meat chemicals

Phosphatidylcholine, trimethylamine,
trimethylamine-N-oxide

Muscle hormones

Myokines

Wasting energy by creating heat

(Diet-induced) thermogenesis

Gloss ary
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What constitutes a healthy diet? Mainstream media and advertisers
would like you to think that the answer to this question is
complicated and controversial. But science, fortunately, tells us
otherwise.
A Conversation about Healthy Eating brings together all the relevant science
about healthy eating in one place, and it’s exactly that – a conversation; an
informal discussion between a scientist and a friend about their eating habits,
keeping the science firmly rooted in everyday life. The conversation moves
from topics such as metabolism and digestion to gut bacteria, hormones,
neuroscience and the immune system. All of these concepts are explained in
accessible terms to help you understand the roles they play in maintaining a
healthy diet.
The conversation leads to the conclusion that staying lean and healthy simply
requires avoiding the overconsumption of processed foods. While this is, of
course, easier said than done, science also provides clear recommendations for
how you can adapt your environment and lifestyle to make it possible.
Rather than simply presenting you with the principles of healthy eating, this
book will help you to develop a comprehensive understanding of the science
behind the principles, including the evolutionary facts that affect the way we eat
today. This understanding will allow you to ignore the noise in the media and to
move forward with a healthy lifestyle that work for you.
Nicholas A. Lesica is Wellcome Trust Senior Research Fellow at UCL. He is a
neuroscientist with an active research program dedicated to understanding
how the brain processes sensory information. He received his undergraduate
degree from MIT and his PhD from Harvard. During his research career, he
has led dozens of scientific studies and published numerous journal articles.

Cover design:
www.ironicitalics.com
Free open access versions available from
www.ucl.ac.uk/ucl-press

£45.00

A CONVERSATION ABOUT

HEALTHY EATING

