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            Foreword

         

         In my quest to explore the limits of human performance and health, I’ve encountered many stories that challenge conventional wisdom. My journey began with my overcoming fatigue, brain fog and a 300-pound body. This quest led me down an uncharted path, where I experimented with everything from all the diets to cutting-edge technology, spending over two million dollars on biohacking my own biology. This led to developing the Bulletproof Diet, at the time a radically different nutritional strategy to reach peak health, grounded in the belief that we can really take control of our own biology.

         The creation of the Bulletproof Diet was not just about shedding pounds or gaining a sharper mind; it was a deep dive into how we, as humans, can reach an optimal state of being. It was about understanding how every bite of food, every decision we make, impacts our biology.

         Felix has taken these principles and discovered how they can be applied to one of the world’s most common inherited diseases – polycystic kidney disease – in ways that the field of medicine didn’t know until now. I actually only have one kidney, so I’m very aware of how important it is to keep it healthy.

         The fact that Felix is able to deduce from existing research what nobody else was able to see shows his deep understanding of biology and his scientific mind. He puts this mind to use for millions of people affected by PKD, coming up with new actionable ways to mitigate this condition, which makes this viiibook a must-read for anyone with PKD or even other genetic conditions.

         Felix’s story is a vivid illustration of how the principles of biohacking can be tailored to improve even genetic conditions which some people believe to be incurable. By harnessing a state of intermittent ketosis and fasting combined with highly nutritious foods, he has uncovered a profound truth: our genetic destiny is not a script that is set in stone but a narrative that we can rewrite with the right diet, lifestyle and supplementation.

         But this book is not just about his personal victory; it’s a blueprint for all patients with PKD and beyond. By adapting the principles of the Bulletproof Diet to manage PKD, Felix shows the substantial role diet plays in upgrading our health. Just as I learned through my experiments and research, Felix demonstrates that the right dietary strategy can improve or, dare I say, even reverse a condition as daunting as PKD. He offers a pragmatic, science-backed approach to a complex genetic condition, underlining the power of personalized dietary strategies.

         Reversing Polycystic Kidney Disease goes beyond the discouraging recommendations found at doctors’ offices or on PKD websites, which are often about restrictions, medication and transplants. It introduces a proactive nutrition-focused approach to improving kidney function and even kidney size in PKD, underpinned by the same principles I developed in the Bulletproof Diet. It‘s a detailed exploration of the science behind PKD and ketosis and a hands-on guide to how to implement the PKDproof program, along with everything you need to know so you don‘t hurt yourself in the process. It cuts through the noise of confusing health recommendations and clearly highlights the fallacies in other popular approaches, making this book an invaluable resource for anyone affected by PKD looking for a solution to regain their health.

         As you immerse yourself in the pages of this book, prepare for ixa journey that is both personal and universal. It’s an exploration that challenges our understanding of what’s possible, pushing the boundaries of conventional health wisdom.

         Felix’s story, much like my own adventures in biohacking, is an example of the incredible potential that lies within each of us to transform our health and our lives.

         
             

         

         Dave Asprey

Founder, Bulletproof
New York Times Best-Selling Author

Pioneer of Biohacking
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            Preface

         

         Hi, I’m Felix. I’m the guy who has been reversing his polycystic kidney disease (PKD) successfully since 2014. Many have followed after me since then, and now you can do so too. My glomerular filtration rate (GFR) went from its lowest point in the mid-80s to over 130 in a few years, while simultaneously my kidney volume reduced by 7% over the first three years as assessed by MRI. How did I do it? Well, hold on to your hats, because I wrote this book to teach you exactly that!

         This book starts off with a deep dive into the causes of PKD and its progression, but if you want to skip all those details and just know what to do, please feel free to go straight to the ‘Quick Start’ guide on page 209 and the practical chapters that begin with Chapter 4, The template for the PKD program. I highly recommend you read the rest of the book though, as the more you know about your condition and your body the more motivated you will be to actually follow the guide and stick to the strategies outlined in this book.
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            Introduction

         

         As you probably know, polycystic kidney disease (PKD) is one of the most common genetically inherited conditions worldwide. Up to 12 million people are affected by this mutation. There are several different types of PKD, such as ADPKD type 1 and 2, as well as ARPKD. All of these mutations lead to multiple cysts in the kidneys, but cysts can also develop in the liver, spleen, pancreas, ovaries and large bowel. Many people only get diagnosed later in life because no symptoms have been present up until that point, and many might get diagnosed by accident when getting imaging done for other reasons.

         The importance of diet for PKD

         For many years, as in a multitude of conditions, we have been told that there is nothing that can be done about PKD. This is what I was told when I was diagnosed at 12 years old. I got the standard advice to keep my kidneys warm, limit protein and brace for impact. Knowing that this point was far into the future, I lived most of my teenage years without thinking much about this condition, even though it always remained in the back of my mind. Asking doctors every couple of years if there had been any new developments, and then finally finding out the first medication approved for PKD only slightly slowed down the condition, I had to recognize that the medical system was probably not going to give me any answers in the near future.

         In my early 20s, I began studying film directing at a German xiiuniversity. Throughout my studies, my stress levels steadily increased and when I was about to finish, I was in full-blown burnout. Back then, I didn’t even know what to call my state of health. The only thing I knew was that getting up in the morning seemed excruciating to me and that I needed to rest.

         In a very lucky chain of events, I discovered the world of podcasting and immediately proceeded to gobble up everything I could find on health and physical wellness in the hope of finding something that could remedy my situation. It didn’t take long for me to find an interview with Dr Dan Kalish, introducing me to the hormonal aspects of so-called ‘adrenal fatigue’, which is a more scientific term for what many people call burnout.

         I found an experienced practitioner well versed in treating adrenal fatigue and it took me about six months to recover. This is what got me hooked on health and from then on I proceeded to change everything in my diet and lifestyle to make it as conducive to health and longevity as I possibly could. And this is when I got the surprise information from my nephrologist, that my kidney volume had ‘possibly decreased’. In the back of my mind, I had been hoping for something like this but, mind you, this was back in 2014 and nobody had discovered a link between diet and the progression of PKD at that time, nor were there any documented cases of PKD reversal.

         Fast forward to today, and it turns out that, by changing my diet and lifestyle and adding targeted supplements, I have been able to reduce my kidney volume by 7% and improve my kidney function, as measured by glomerular filtration rate (GFR) from the low 80s to over 130. This has been shown in MRI scans and repeated blood tests.

         Needless to say, this kind of improvement has previously been deemed impossible. If you ask your doctor, PKD only goes in one direction: downhill. Well… Maybe not anymore.

         To tell the world about this, I founded a Facebook group called ‘healing polycystic kidney disease naturally’ and we have just (at xiiithe time of going to print) passed 5000 members. I am writing this book for anyone who suffers from this disease and is looking to improve their health and their kidney function, and possibly even reduce their cyst size or kidney volume just like I did.

         My story and what is possible

         Background

         The standard American diet is abbreviated as ‘SAD’ for a reason. It’s really a sad state we have come to in our society. Our foods are so far from what we evolved to eat that I can’t even begin to imagine how many diseases are being caused or exacerbated by diet alone. However, some new diet paradigms have emerged over the past few years; most notably, the keto and paleo diets are gaining popularity. I myself decided to switch to a version of those back in 2014. I was suffering from severe heart arrhythmias from mold toxicity and ‘burnout’ (or adrenal fatigue, as explained) and was looking to make some significant changes in my life. The diet that I adopted was called the Bulletproof Diet and it’s the cleverest implementation of a ketogenic diet that I have come across. It is very detailed in the foods that are in the red (avoid) and green (good to eat) zones and whatever you decide to eat, you always know where you stand.

         After being on the Bulletproof Diet for a long time, I was feeling better than I had for years, in addition to the stellar results I got at my nephrologist visit. This led me to investigate why this diet and lifestyle regimen might have worked and I began to delve deep into the scientific literature. Four years later, a team at UC Santa Barbara also found this mechanism, which was then published in a 2019 study on animal models of PKD.1 xiv

         What next?

         Before we go into the ‘how’ of the PKDprogram or discuss any other studies in detail, let’s get some basic biology and underlying science out of the way.

         Throughout this book you will find three different types of evidence: my personal experience (matching that of many others), basic molecular mechanisms, and initial studies on animals as well as human studies directly investigating the effects of a ketogenic state for PKD.

         
            To both my parents, who always believed in me.

Thank you for making me feel that anything is possible.

         

         
            References

            1. Torres JA, Kruger SL, Broderick C, Amarlkhagva T, Agrawal S, Dodam JR, Mrug M, Lyons LA, Weimbs T. Ketosis Ameliorates Renal Cyst Growth in Polycystic Kidney Disease. Cell Metab 2019; 30(6): 1007-1023.e5. doi: 10.1016/j.cmet.2019.09.012. PMID: 31631001; PMCID: PMC6904245.
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            Chapter 1

            What is PKD and why do some get it worse than others?

         

         So, before we delve deep into how to reverse PKD, let’s get some basic biology and underlying science out of the way.

         The mutation

         There are two main types of PKD: autosomal dominant PKD and autosomal recessive PKD.

         Autosomal dominant PKD is caused by a change or mutation in either the PKD1 or PKD2 gene. This type of PKD is passed down from a parent to their child and only one copy of the changed gene is needed for the disease to devealop.

         Autosomal recessive PKD is caused by changes in both copies of the PKHD1 gene. This type of PKD is less common and occurs when a person inherits two changed copies of the gene, one from each parent. This book will be mostly focusing on the dominant form; however, I would encourage you to make your own experiments with the strategies in this book if you are affected by the recessive form as well.

         PKD1 encodes polycystin-1 (PC-1), a large ‘integral membrane protein’. This means it is permanently part of the cell membrane. Membrane proteins are part of cellular processes, including signaling, transport and maintaining the structure of the cell. In the case of the polycystin proteins, they also help 2cells ‘stick together’ as they play a role in cell adhesion.

         PKD2 encodes polycystin-2 (PC-2), which is a ‘transient receptor potential calcium ion channel’, meaning it helps to control calcium levels inside the cell. You can think of PC-2 as a gate that opens and closes to let a specific amount of calcium ions into the cell, while PC-1 is a sensor that controls this gate and decides when to open or close it, depending on several factors, including intracellular oxygen levels. Cells need to have sufficient internal calcium levels to efficiently use oxygen for energy production, a process known as ‘respiration’. However, since the PKD mutations result in less calcium making it into the cells, it impairs their ability to use oxygen and produce energy. This leads to a continuous state of low cellular energy, which over time results in the effects I will now describe.

         Effects on the kidneys

         Cells that have the PC-1 and PC-2 proteins in their membranes are found primarily in the kidneys but also in other parts of the body, including the liver, pancreas, blood vessels and heart.

         When either of the PKD genes has a mutation that is ‘expressed’, meaning the genetic code is actually being used to make the proteins it encodes, it can affect how cells develop, grow and respond, as well as how accurately they can maintain their intracellular calcium levels. So over the long term, a mutation in either of the proteins can lead to a chronic calcium-deficiency state within cells, suppressing their ability to efficiently produce energy using respiration. This is the key point to understanding PKD. If cells are unable to efficiently produce energy using respiration, over the long term they revert to their ancient, prehistoric alternative mode of energy production: fermentation. For this, they can use one of two fermentable fuels: glucose or glutamine. These processes are called ‘aerobic glycolysis’ and ‘glutaminolysis’ respectively, 3and they are the prime characteristics of cystic cells as well as of tumors, and even cells in other diseases of uncontrolled proliferation like endometriosis, benign prostatic hyperplasia (prostate enlargement), and others. In the case of PKD, this increased intake of glucose (and, by extension, likely glutamine) seems to be part of the reason for fluid accumulation: with more fermentable fuels, by osmosis the cells also pull in more fluid, which then accumulates, 1 forming a cyst, pulling in and trapping all sorts of other substances inside with it.

         Knowing that these cells are dependent on fermentation for energy also exposes their Achilles heel, which is their continuous access to fermentable fuels (glucose and glutamine). Restricting access to these fuels while keeping the rest of the body’s healthy cells thriving will be a core strategy in this book.

         Effects on the gut lining

         Our gut lining is what separates the contents of our intestines and large bowel from our blood supply. There is a thin layer of cells deciding at all times what to absorb and what to keep in the gut for later excretion. This layer of cells is held together by so-called ‘tight junctions’. Now these tight junctions can become compromised through different types of insults/traumas in our daily life; some of the worst offenders are gluten (the protein in wheat and some other grains) and other lectins. Spices such as black pepper and chili can also damage it, as well as alcohol, artificial sweeteners, trans-fats (fats damaged by over-heating) and so on.

         When the tight junctions don’t close properly, this is called ‘leaky gut’.

         Now with the PKD mutation affecting membrane proteins, the composition of the tight junctions is altered, so it stands to reason that PKD patients might be especially prone to acquiring leaky gut. Once this happens, toxins from the gut have an easy 4way to get into the bloodstream and finally to the kidneys where they then can cause injury, ultimately increasing cyst growth.

         This means that keeping the integrity of our gut lining optimal should be one of the top priorities for any PKD patient.

         Effects on blood vessels

         The fact that membrane proteins are altered in PKD patients also gives patients a higher propensity for all kinds of issues related to the elasticity of our body tissues, as the mutation gives our tissues increased elasticity. This can result in cysts in the kidneys or liver, where there is ample fluid secretion, but it may also be expressed in other areas of the body, leading to the following issues, among others:

         
	Aneurysms: weakened blood vessels (usually arteries) that bulge and can burst, leading to serious bleeding.

            	Heart valve prolapse: a condition where one or more heart valves don't close properly.

            	Arterial dissection: a tear in the inner lining of an artery.

            	Aortic root dilatation: a condition where the main blood vessel (aorta) from the heart becomes enlarged

         

There is reason to believe, that the measures proposed in this book could have a positive impact not only on cyst growth but also on these other problems, as we are addressing the pathology resulting from the mutation at its root.

         
            Notes

            1. Li SR, Gulieva RE, Helms L, Cruz NM, Vincent T, Fu H, Himmelfarb J, Freedman BS. Glucose absorption drives cystogenesis in a human organoid-on-chip model of polycystic kidney disease. Nat Commun 2022; 13(1): 7918.

doi: 10.1038/s41467-022-35537-2. PMID: 36564419.
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            Chapter 2

            Basic molecular mechanisms of PKD

         

         Why do PKD cells grow and keep growing?

         It is not known how many people out there actually carry the PKD mutation without ever exhibiting actual cyst growth. However, there are some studies suggesting that PKD mutations are more common than previously suspected based on imaging data alone.1 Lifestyle factors may in fact be the main difference between a hypothetical person carrying the PKD mutation without any symptoms and someone exhibiting classical PKD. When we are born, most of us don’t express any cysts in the kidney or liver even though we carry the mutation. What’s happening here?

         Injury

         There is something called the ‘second-hit model’. This model basically dictates that if one of your chromosomes still carries a functional version of the PKD1 or PKD2 gene, initially your body might be able to silence the incorrect one, or if it expresses just 50% correctly this still might be sufficient for normal function. However, when there is injury to a specific kidney cell or liver cell later in life, it can lead to a new mutation in the healthy copy of the gene. Now the affected cell has only mutated versions of the gene left, so that is what it expresses. According to the second-hit model, only then do we actually begin to see cyst growth.2 6

         Now, what does ‘cell injury’ actually mean? Like all cells, kidney cells can be injured by a wide variety of overt (actual physical trauma) and hidden factors, including stress, ionizing and/or non-ionizing radiation and toxic chemicals, such as the herbicide glyphosate (Roundup). They can also be injured by ROS (radical oxygen species) produced by damaged mitochondria in neighboring cystic cells, contributing to a type of domino-effect. In general, all mitochondrial and DNA-damaging toxins are of concern. To learn more about hidden sources of injury, refer to page 158.

         Now, what happens as a result? What are some of the differences that we can observe between healthy kidney cells and PKD cells? An important main difference is in their metabolic function. PKD cells behave similarly to most cancer cells, fueling their growth through metabolism without oxygen.

         The Warburg effect

         Healthy cells make energy inside their little power plants called mitochondria. They take in energy substrates like glucose and combine them with oxygen to create energy in the form of ATP. This is a very efficient process and produces a lot of energy. This energy can then be used by the cell.

         In the same process the mitochondria also produce NADH, which is an essential ‘coenzyme’ involved in electron transport. Think of ATP as the gasoline that keeps cells going, while NAD+ (made from NADH) is the oil of the engine, and NADH is used up oil that can be recycled. NAD+ is also the oil that greases the rapid cyst growth in PKD. Cells expressing the PKD mutation have an upregulated recycling mechanism (the enzyme lactate dehydrogenase or ‘LDH’), so most of the NADH that is produced gets converted to NAD+, which makes it all the more important to keep NADH production at bay. The ratio of ATP to NADH is high in healthy aerobic metabolism ('respiration', i.e., using oxygen). In fact, slightly more than three molecules of ATP are 7produced for every molecule of NADH. This yields a total of 36-38 molecules of ATP and 10 molecules of NADH for every molecule of glucose, or 21.5 molecules of ATP and 6.5 molecules of NADH on average for every ketone (see Figure 1, which illustrates these proportions).

         
            
[image: ]Figure 1: Glycolysis and glutaminolysis versus aerobic metabolism showing relative ATP to NADH production (NB: This is a ratio, not an absolute number)

            

         

         8When an individual cell starts expressing the PKD mutation after the second copy of the gene mutates due to injury, or mitochondria are sufficiently harmed, the cell switches its metabolism to fermentation processes called ‘aerobic glycolysis’ and 'glutaminolysis', meaning it will ferment glucose (glycolysis) or glutamine (glutaminolysis) in the presence of oxygen, without actually using the oxygen. Glycolysis takes place in the body of the cell itself, without using the mitochondria. This is way less efficient than using oxygen in the process (respiration), but that is not the only problem: metabolizing one molecule of glucose only reaps a measly two molecules of ATP, but also two molecules of NADH. This means the cell is starving for energy and needs to crank up the speed of this reaction almost 20-fold to get the same amount of energy per second that it would’ve gotten through respiration.

         This fallback process now produces a lot more NADH, which is then quickly recycled to NAD+ in mutated cells and acts as miracle-grow for cell proliferation and cyst growth. You could also say it removes the rate-limiting effect that ATP generated through respiration usually has on fueling cell growth.

         Another way to think of it is that PKD cells need NADH to recycle so they can fuel their growth, but have to use up energy in the form of ATP before producing more. The more energy is produced from the substrate, the longer it takes for the cell to grow. This is called the Warburg effect and it is what happens in the growth of most cancers. Named after its discoverer, Nobel prize-winner Otto Warburg, the Warburg effect describes this metabolic shift present in most cancer cells, relying on glycolysis and glutaminolysis (instead of the more efficient oxygen-based 9respiration), which leads to increased NADH production and increased conversion from NADH to NAD+, which in turn stimulates rapid cell proliferation.

         
            
[image: ]Figure 2: The Warburg effect - Comparison of cellular energy production in cells with healthy and damaged mitochondria. Healthy mitochondria metabolize glucose or ketones with oxygen into high amounts of energy in the form of ATP, while only outputting low amounts of NADH. Damaged mitochondria don't produce any energy, so the cell switches to fermentation of either glucose or glutamine, producing high amounts of NADH in the process, fueling growth.

            

         

         10Glutaminolysis is even worse than aerobic glycolysis. While it does take place even inside damaged mitochondria, it only produces 1 molecule of ATP per molecule of glutamine metabolized, but it produces a whopping 3-4 molecules of NADH, likely leading to even faster cell growth.

         You could also think of it like this: our mitochondria, as long as they function properly, are the controllers of cell growth. When they don’t function anymore, the brakes are disabled and cells grow in an uncontrolled manner.

         It follows then, that if we can increase the ATP to NADH ratio back to roughly three to one by switching the cells back to aerobic metabolism, we can stop rapid growth of PKD cells, as this way the cell can only produce a much smaller amount of NAD+ from available NADH while using up the large amount of energy that is available in the form of ATP – in other words, growth, proportional to NAD+, becomes normal again.

         If cells, and most importantly their mitochondria, are damaged beyond repair and therefore are unable to switch back to aerobic metabolism, they will slowly die off as long as their access to the fermentable fuels glucose and glutamine is restricted.

         In cancer research, it has been found that chemically blocking the cell's ability to use glycolysis is a valuable tool in limiting tumor growth. The same applies to PKD cells. If we can block any of the steps needed to perform glycolysis while providing everything needed for aerobic metabolism, the cell will have no other option than to revert to healthy aerobic metabolism or die. Now, while cancer researchers are using different chemicals to reach this state and are having some success with this approach, we are of course interested in sustainable natural methods to do so and are looking for approaches with the lowest risk but the highest possible reward. 11

         Blocking glucose uptake

         This is where ketones come into play. Ketones are your body’s alternative fuel source to glucose. I’m sure you’ve heard of blood glucose; ketones are the alternative. Glucose comes from carbohydrates like sugar and starch or from glycogen stores, mostly in the muscles and liver. In contrast, ketones are produced from stored body fat or dietary fats, at least if your body is trained to do it. This is called ketosis.

         So how do we use ketones to our advantage in PKD? They simply cannot be metabolized without oxygen (anaerobically), so whenever a PKD cell metabolizes ketones instead of glucose, it switches back to healthy aerobic metabolism or dies.

         Aerobic metabolism is great for energy, but not great for uncontrolled cell proliferation that leads to cyst growth. In other words, ketones block the Warburg effect by switching the cell’s energy metabolism to using oxygen, producing more than three molecules of ATP for every molecule of NADH, and thereby exhibiting a sort of time-release effect for the cell’s production and usage of NAD+, which is needed for growth.

         Some researchers have seen good results from blocking glucose uptake altogether, which can force PKD cells into suicide. While researchers are using patentable drugs like 2DG to achieve this, Mother Nature has prepared a similar molecule with very few side effects: ascorbic acid, also known as vitamin C. Vitamin C has a structure strikingly similar to glucose and can be taken up by our cells. Some research has shown that high-dose vitamin C actually interferes with the Warburg effect by blocking the flow of energy.

         Now, it is true that vitamin C is metabolized to oxalic acid, which in turn can increase the risk of kidney stones. The scientific literature is quite divided on this, but it makes sense to take care of one’s own urine pH balance to prevent stone formation altogether. We will go into this in further detail later in the book 12(page 152). It should be noted that humans are among the only mammals, except for guinea pigs, certain primates and bats, that do not produce their own vitamin C from glucose.

         For reference, a healthy ape the same size as a human will produce somewhere around 2000 to 4000 mg of vitamin C on a normal day, whereas goats, being among the highest producers of vitamin C, can produce up to 100,000 mg per day when they are sick. Of course, it would make sense to distribute any kind of supplementation throughout the day to mimic natural production; just keep in mind that all antioxidants like vitamin C break a fast and therefore should only be taken in the ‘eating window’ of your daily schedule (often called the ‘feeding window’ in research). I describe this schedule and how to balance eating with fasting to reverse PKD on page 90.

         Promoting autophagy and suppressing mTOR

         It turns out that there are multiple molecular mechanisms at work in producing the cysts that manifest in PKD. One of the most important ones is ‘mTOR’, short for ‘mammalian target of rapamycin’ (a common immunosuppressive drug with surprising health benefits), a signal to the body to build new tissues, be it for repair, growing cysts or building muscle. mTOR is needed for cyst growth to take place, much like NAD+, but it is also needed to repair damaged tissues and prevent muscle loss. Consequently, the only rational approach seems to be to activate it sometimes and inhibit it at other times. That is the effect of intermittent fasting, which I describe in detail later. Whenever you fast for somewhere between 12 and 18 hours, mTOR begins to be inhibited, and cysts slow or stop their growth, depending on how much mTOR inhibition is going on. Concurrently, the opposite mechanism is then activated, which is called autophagy.3,4

         The term ‘autophagy’ has its origin in Greek and means ‘eating oneself’. Whenever you inhibit mTOR and thereby 13activate autophagy, your body scours all the tissues for damaged proteins and damaged mitochondria – the power-plants of your cells as mentioned above. This is fortunate because PKD tissues are damaged, both from a protein and a mitochondrial perspective. This means, that whenever autophagy is active, your body will gobble up PKD-affected cells. Whenever that happens, the damaged cells are gobbled up and dissolved into their individual amino acids, which can then be a source for building new and healthy tissues. Sounds good, right?

         So why don’t we do this all the time? Why don’t we fast all the time? Well, simply put, fasting indefinitely is also called starving to death. So that obviously will not work. However, we can employ the technique of intermittent fasting and get the benefits of autophagy for a couple of hours every day, while using mTOR to rebuild our tissues later.

         Over a long period, this dance can significantly improve your kidney function and even volume, as it has mine and that of many others. However, there are of course many factors that increase cyst growth and, if you don’t take care of these, you might not be able to tip the scales in your favor. Our goal has to be to remove as many cyst-promoting factors as we can while simultaneously getting enough autophagy to remove more cystic tissue than we are building.

         Slowing cyst growth with ketones

         So now that we know what gets our kidneys to shrink, what do we have to remove from our lives to slow cyst growth while we are in our eating window?

         The science will probably never be complete in this area since human studies on lifestyle factors are few and far between and very difficult to conduct. The most prudent approach to the matter is therefore to remove as many things as possible that negatively impact human health and performance in general,
14while maximizing the autophagy we are getting in our fasting window.

         One of the ways to slow the metabolism and thereby the growth of these damaged PKD cells is to become ‘fat adapted’ and run most of our body’s metabolism on ketones, the alternative fuel to glucose mentioned above.

         Ketones are an essential part of fueling the human body. We actually come into this world in a state of ketosis, but in our current society we eat large amounts of carbohydrates daily, which can lead to high blood glucose and the loss of the ability to metabolize ketones in the long term. We call this a state of metabolic inflexibility.

         When you start on a ketogenic diet there is an adaptation window of a few weeks to up to three months that you need for your body to fully adapt and develop the ability to metabolize ketones as fuel. Once you have reached this stage called ‘fat adaptation’ you will be able to go without food for prolonged periods of time and you will feel less of a need to eat frequently. Instead, you will feel relaxed around food and be able to decide if you are going to eat or not. It will make it far easier to stick to the intermittent fasting regimen that I am recommending.

         Bulletproof coffee

         To make it even easier, and even add some additional benefits to the diet, in the mornings, instead of your traditional breakfast you will have a delicious cup of ‘bulletproof coffee’. That is, a cup of coffee made from mold-free beans that have been lab tested (you don’t want any mold toxins from your coffee burdening your kidneys every day) combined with a tablespoon or more of grass-fed butter and a tablespoon or more of MCT oil, preferably from a glass bottle and with at least 60% C8 content. (‘MCT’ stands for ‘medium-chain triglycerides’, a type of fat found in coconut and palm oil. Check out the manufacturer's description 15to make sure.) Some preliminary data suggest a dose of around 18 grams of C8 yields the highest increase in blood ketones, which is around 0.5 mmol/l.5

         I have been drinking bulletproof coffee on the majority of my mornings since I started on this diet and, in my research, I then discovered many distinct mechanisms that explain why exactly this drink might be so powerful. More on those later in the section on why bulletproof coffee works (see page 55).

         Confirmation: The first study

         Now, after I had already started seeing positive results from people all over the world, plus receiving a whole lot of skepticism from medical and patient advocate groups, finally the first study investigating the glucose-dependent mechanisms of PKD was published. This research by J. A. Torres and colleagues6 was the first to investigate the effects of ketosis on the progression of PKD, albeit in an animal model – in other words, not in humans in a real-life situation. It finally confirmed that the mechanisms I’ve described really are at play and it demonstrated that ketosis, induced through either a ketogenic diet or intermittent or acute fasting, can actually inhibit cyst growth in PKD animal models. The study confirmed that ketosis likely works by exploiting the metabolic inflexibility of cystic cells, also called the Warburg effect, as described above. The researchers agreed that this inflexibility led to the observed reduction in cyst volume and progression. They continued by adding that the ketogenic state inhibits mTOR signaling, essential for cell proliferation and thereby cyst growth in affected kidneys.

         One of the most important findings of the study was that ketosis was able to reduce cyst growth and improve kidney function even in rats in an advanced stage of PKD. This suggests that ketosis might be a viable treatment option for people at all stages of PKD.
16

         So, knowing all this, let’s continue to elaborate on mechanisms we can influence in PKD and how to do it.

         Reducing glutamine levels

         Now that we’ve discussed the uptake and metabolism of glucose as the primary fuel for cyst growth, let’s turn again to this slightly more recent advance in the area of cancer metabolism that applies to PKD, adding a critical part to this puzzle. While restricting glucose is the most important part of reversing PKD as it creates the environment for cyst growth to slow down or even go into reverse, as you already know by now, there is another fuel that cysts can use to grow: glutamine.

         Glutamine is an amino acid which is integral to our body’s function. While most of our healthy cells have evolved to do just fine without glucose whenever ketones are present, glutamine is so essential that our bodies make sure levels in the blood are mostly stable, independent of dietary factors. Glutamine is needed for all sorts of bodily functions, most importantly the immune system. When glutamine is low, immune cells are paralyzed and the risk of infection runs high. Cancer cells and even PKD cells use this to their advantage by fermenting glutamine to, among other things, make energy, very similar to fermenting glucose in aerobic glycolysis.

         Professor Thomas N. Seyfried discovered this missing link in cancer therapy and subsequently published the paper, ‘Press-pulse: a novel therapeutic strategy for the metabolic management of cancer’.7 In this paper, he outlines the need for combining glucose-lowering diets like the Bulletproof Diet, which he calls a ‘press’ on the cancer, with strategic ‘pulses’, meaning short bursts of extreme stress on the cells in the body, which will then selectively target and affect the weakest cells. The cancer cells in Seyfried’s case being the only ones unable to use ketones for their energy needs, will then be the first to 17die, as their secondary fuel, glutamine, is being restricted by the ‘pulse’ intervention. Giving cells the ‘pulse’ on its own, without the ‘press’ environment will yield far inferior results. The combination of both is key, as the cells can otherwise get their energy from the fuel that is not restricted.

         It’s important to understand, that, contrary to glucose, healthy cells will always need glutamine. Consequently, constant, extreme lowering of glutamine levels is impossible. As previously mentioned, proper levels are needed for many functions in the body, such as the synthesis of proteins, the production of antioxidants like glutathione, and the support of the immune system's ability to fight infections. Glutamine also plays a crucial role in maintaining the integrity of the intestinal lining, preventing harmful bacteria and toxins from leaking into the bloodstream — which is another important point we will return to later (see page 146).

         All of this research in cancer, it turns out, is highly relevant for PKD. A 2018 paper found there are similar changes to glutamine metabolism in PKD cells.8 This makes sense as their growth and energy production patterns, as well as mitochondrial changes, are strikingly similar to those of cancer, as we discussed already.

         What then is the ‘pulse’ intervention? Since no dietary intervention can lower glutamine levels much over the long term, this is one area where specific drugs and supplements are the only option. Glutamine levels can be lowered by inhibiting several different enzymes that are involved in its metabolism. The strongest drug is DON (6-diazo-5-oxo-L-norleucine), a glutamine analog (meaning its structure resembles that of glutamine). Because of its structure, it acts on a multitude of pathways involved in glutamine metabolism, efficiently inhibiting glutamine uptake. Sadly, at the moment DON is mostly used by researchers and only a very few cancer patients, which makes it quite expensive. It's also dangerous to dose DON without knowing exactly what to do, as, among other 18things, the immune system becomes acutely paralyzed.

         Since the options for lowering glutamine blood levels are quite limited, we will focus on limiting glucose, increasing ketones and targeting additional mechanisms through diet and supplements for most of this book. However, some strategies and drugs to limit glutamine will be discussed later in the chapter on supplements and medications (page 152).

         Exercising to optimize intermittent fasting

         While intermittent fasting is a cornerstone of our approach to reduce cyst growth, a 2018 study by Dethlefsen and colleagues went into further detail in assessing how effective it really is, and the key take-away from that study was that the effectiveness of intermittent fasting highly depends on your fitness.3 Let me explain. When you fast, your body quickly gets to a state of nutrient deficiency, which is why it needs to tap into its stores. This goes for all nutrients. For example, your body needs to consume at least enough calories to keep your basic functions going, which is why you will lose weight when fasting. Optimally, you would lose body fat and convert it into energy.

         Now, the cyst walls in PKD aren’t made of fat, as you probably know; they’re made of protein. So naturally when we want to reduce cysts, we need to be in a protein-deficient state. When our bodies are not actively building up tissues, there is not a high requirement for protein so this protein-deficiency state can slowly build up within an intermittent fasting window. That 2018 study showed that autophagy slowly starts increasing around the 36-hour mark in ‘untrained’ individuals, meaning those not in the top 25% of their age group for fitness.3

         Now, this leads us to a huge realization: the effectiveness of an intermittent fast is highly dependent on how much we exercise. People who performed in the top 25% of their age group in terms of fitness (which is what the researchers called 19‘trained’) started seeing the benefits of autophagy during the fast very quickly, starting even as soon as the two-hour mark. It took people who did not exercise enough to be considered in the top 25% a whopping 36 hours to reach the same level of mTOR inhibition that the trained subjects got after two hours of fasting. This makes intuitive sense because individuals who train regularly need lots of protein to repair and build muscle, while individuals who do not are just in maintenance mode, making their protein demands lower. The time it takes for actual protein deficiency to occur is therefore a lot higher.

         
            
[image: ]Figure 3: Comparison of the degree of mTOR inhibition between people who exercise regularly and those who do not: The chart shows mTOR levels in study participants after different durations of fasting. Lower is better, meaning more autophagy, e.g. more dissolution of damaged proteins. Untrained individuals took 36 hours of fasting to reach levels of 1.0, while trained individuals took just two hours.

            

         

         The researchers defined ‘trained’ people as being the top 25% (75th percentile) of their age group in terms of fitness as 20measured by their maximum oxygen uptake during training. This value is also called VO2 max. To get an accurate reading of your VO2 max, some fitness centers and clinics offer a test that is usually done on a stationary bike with an oxygen mask that measures how much oxygen you’re actually taking up. A test like this can be pretty costly so you can employ an alternative option. If you’re sedentary, you can just use the simple formula below: put in your age and resting heart rate (HRrest). Measure this with a sleep tracker, smart watch or manually after sitting down for a couple of minutes.

         VO2 max = 15 x (220-age/HRrest)

         So, to spell it out, subtract your age from 220, divide that by your resting heart rate and multiply the result by 15.

         If you want a more accurate way to test using a stationary treadmill or a digital map, you can use the ‘Cooper 1.5 Mile Run Test’. It will give you a more accurate measurement without breaking the bank: find out how long it takes you to run 1.5 miles as fast as possible (2.4 km). Either use a treadmill or use a digital map to measure out a track for you to run. Then you can calculate your VO2 max as follows:

         VO2 max = (483/time) + 3.54

         There are also some smart watches on the market that estimate your VO2 max. An honorable mention goes to the Garmin models and the Apple Watch, as these come from the only manufacturers that regularly offer an option to turn off Bluetooth so you are not stressing your body with EMFs during your run. To save money, you can get an older used model that just does heart rate and calculate the results yourself. 21

         
            
               Table 1: Estimated threshold for autophagy to begin depending on age extrapolated from marathon times of elite runners

               

	Age
            
                        
                        	20
            
                        
                        	25
            
                        
                        	30
            
                        
                        	35
            
                        
                        	40
            
                        
                        	45
            
                        
                        	50
            
                        
                        	55
            
                        
                        	60
            
                        
                        	65
            
                        
                        	70
            
                        
                        	75
            
                        
                        	80
            
                        
                        	85
            
                        
                        	90



	
VO2max threshold male

            
                        
                        	55
            
                        
                        	55
            
                        
                        	55
            
                        
                        	55
            
                        
                        	53
            
                        
                        	51
            
                        
                        	48
            
                        
                        	46
            
                        
                        	43
            
                        
                        	41
            
                        
                        	38
            
                        
                        	35
            
                        
                        	31
            
                        
                        	26
            
                        
                        	20



	
VO2max threshold female

            
                        
                        	45
            
                        
                        	45
            
                        
                        	45
            
                        
                        	45
            
                        
                        	44
            
                        
                        	42
            
                        
                        	39
            
                        
                        	36
            
                        
                        	33
            
                        
                        	31
            
                        
                        	28
            
                        
                        	25
            
                        
                        	21
            
                        
                        	17
            
                        
                        	11




Source: VO2 max thresholds for optimal autophagy are extrapolated based on declining elite runner marathon speeds over age, starting from the known point of 55/ml/min at 25-30 years.9

            

         

         Table 1 represents an estimate of where the threshold for autophagy for each age group may lie. We only know the definite value in the 25-30 age group; all other values are based on the assumption that the threshold follows the same curve that VO2 max in athletes follows over time. Now if you don’t find yourself above the threshold of your gender and age group, most people can definitely get there with enough training. One HIRT heavy-weight-training session per week as outlined later in this book (page 135), one to two HIRT cardio training sessions and daily brisk walks or an extended hike on the weekends can go a long way towards reaching your threshold VO2 max. Of course this is likely a sliding scale, so every improvement in the right direction is worthwhile. You will be able to harness the benefits of intermittent fasting in a much more pronounced way, because you will be using up protein more quickly to build muscle. This will force your body into autophagy quickly when you’re fasting, dissolving injured kidney tissues multiple times faster than it would otherwise. With the right exercise regimen, you can expect improvements in VO2 max after two to 12 months, depending on where you’re starting from.10 You can find details on how to train later in this book (page 135). 22

         What if I don’t exercise?

         Of course it’s up to you if you exercise or not and how much. The study mentioned above makes it extremely clear that exercise with fasting is multiple times more powerful than fasting alone. To say it more clearly: to get the benefits of a daily 16-hour intermittent fast in a trained person, an untrained person would have to fast for 52 hours. The difference is that monumental. So if you are able, there’s really no excuse not to increase your VO2 max starting today.

         If you are overweight, or for some other reason cannot immediately begin raising your cardiovascular fitness this way, it would be very sensible to include a three-day protein fast once a month or a two-day protein fast twice a month to get considerable levels of autophagy going regularly. This is not to say that intermittent fasting is not an essential part of the diet even for untrained individuals, as the alternative would be to eat for a longer period of time, which would increase mTOR and therefore cyst growth during the day for longer periods of time than necessary with normal food consumption.

         Molecular triggers

         The initial PKD mutation leads to many different imbalances and to changes in a multitude of pathways in the body. Some of them can be positively impacted by over-the-counter supplements and dietary strategies. I call them molecular triggers. Some of the most prominent and easy to influence ones include:

         
	Autophagy

            	mTOR

            	AMPK

            	NAD+

            	SIRT1

            	HDACs 23


            	Intracellular calcium (Ca2+)

            	p53

            	TNF-alpha

         

Some of these mechanisms interact with and modify each other – for example, inhibition of mTOR directly leads to autophagy, which tends to clean up mutated cells in PKD kidneys. So, autophagy acts as a cellular clean-up crew, helping to eliminate unnecessary components and limit cell growth, and mTOR is like a fuel pump for cell growth, including necessary growth such as muscle cells, as well as growth of mutated PKD cells. Most people nowadays live in a constant state of mTOR activation and therefore never experience autophagy. Stopping food intake for somewhere around 12-18 hours has been shown to increase autophagy,11,12 making this mechanism a great target for diet and supplements to positively influence PKD.

         AMPK is an enzyme that is involved in energy regulation of the cell. Activating AMPK inhibits mTOR, which then activates autophagy. You can think of it as a see-saw effect.

         SIRT1 is a gene-regulating enzyme, which exists in a tight relationship with AMPK. SIRT1 is also an intermediate for NAD+ to exhibit its cyst growth-promoting effect. Unsurprisingly, studies have shown that inhibition of SIRT1 led to inhibition of cyst growth in mice.13 However, efforts to try and inhibit SIRT1 directly in the whole body to limit cyst growth would adversely impact longevity and long-term health, so this is not a strategy we will explore further. There are supplements on the market that claim to boost SIRT1 for longevity effects, like resveratrol, but there has been some controversy around these claims.14

         HDACs (histone-deacetylases) are a class of enzymes that regulate gene expression, including the genes implicated in PKD. They also influence the calcium signal triggered by fluid flow in kidney epithelial cells. Cystic epithelial cells tend to 24show increased levels of HDAC6 expression15 and researchers have discovered that inhibiting multiple HDACs can reduce the formation of cysts16 and slow down the decline of kidney function in a mouse study modeling human PKD.

         Optimizing your epigenetics

         Epigenetics is the science of how your lifestyle and external as well as internal environment influence the expression of your genes. Since PKD is a genetic disease, this field should be of particular interest to us. You see, it’s not as much about the genes we are born with as we are led to believe. It is more about the genes that we currently express. And we do have some wriggle room here.

         There is research that is showing the inhibition of certain HDACs to be beneficial. Now, we can’t hit all HDACs that were targeted in studies with food and supplements for now, but at least some of them we can.

         There are several classes of HDAC. Most notably, class I HDAC inhibition has shown promising results in PKD. One potent inhibitor of class I HDAC is butyric acid, also known as butyrate, which is a type of ketone, and the most prominent ketone, beta-hydroxybutyrate (BHB) can do it, too. Besides upregulating your blood ketones, butyrate is also produced by gut bacteria when they metabolize vegetables and even apple cider vinegar.

         Why didn’t my doctor tell me this?

         After hearing about all the different mechanisms and options to start addressing PKD from different angles, you might be wondering why you haven’t heard about any of these from your family doctor or nephrologist. The answer is simple: they don’t know. Why don’t they know? In our current medical 25system, doctors get the bulk of their education upfront, in medical schools that are mostly funded by the pharmaceutical industry where the emphasis is on pharmaceutical treatments. Therefore, nutritional interventions and even most supplements are barely talked about, if not actually deemed dangerous. Continuing education in these areas exists, but isn’t mandatory. In this environment, there is little incentive to learn more about nutritional approaches, especially since doctors might even get sued if they don’t offer the official standard of care. Also, it is generally not the doctor’s role to try out new approaches, since they usually rely on information that has filtered through to them from published research; again, much of this is funded by the pharmaceutical industry so is inevitably biased towards treatment with drugs.

         The pharmaceutical industry on the other hand has little interest in developing methods to heal your condition for good. It is more incentivized to make your condition tolerable, so that you will come back for more. Some readers will have come to this realization a long time ago, while others might still be oblivious to this fact.

         Western pharmaceutical- and surgery-based medicine is usually highly effective for addressing infections and acute trauma. That’s where we are seeing great results. Most doctors are usually not qualified to give nutritional advice or equipped to address the causes of chronic conditions.

         But even if your doctor is one of the few that is actually open to alternative strategies, how would they know about this new approach? There have been very few studies investigating the effect of the ketogenic diet on PKD. In fact, when I started writing about this, there were zero studies. Some evidence already existed in the scientific literature, but it needed to be put together by somebody who saw the parallels between other conditions – like cancer and PKD – and the evidence for different treatment methods. Generally, your doctor is not 26going to have time to spend days or weeks reading studies about your condition to find a new approach. That is what patients have to do.

         And even now that we are seeing results in PKD patients who are actually reducing their kidney volume and increasing kidney function, these results are often times brushed aside as being anecdotal. Mind you, anecdotal evidence is still evidence, but it’s going to take a long time before there are large double-blind placebo-controlled studies on ketosis in PKD, much less on a ketogenic diet, which is pretty hard to design a placebo for, considering you know what you’re putting in your mouth when you’re eating.

         So, anecdotal evidence and animal models are all we have for now and it might stay that way for some time. You can ask your doctor what they think you should do. Wait on the sidelines until your function declines to the point of needing dialysis? Or go ahead and try what’s been working for other patients anecdotally and find out for yourself? You’re going to have to eat food anyway, so it might as well be the right food. Your doctor’s answer will show you what their priorities are.

         Understanding balance

         In our bodies, there is a delicate balance between growth and breakdown, between building new tissues and getting rid of old and damaged ones, keeping everything just right. Well, at least there should be. This balance, however, has long been lost to our unnatural relationship with food.

         Let’s be real. Most of society is eating for the majority of the day. They get up, they have breakfast, then there is a snack, lunch, another snack, dinner, some more snacks, and finally, they go to bed for too little sleep just to get up and eat again. Most people only stop eating when they sleep. And I was the same. 27

         However, our bodies did not evolve to live this way. We used to have periods of scarcity, even starvation. And evolution came up with a clever way to make use of these periods. Whenever there was little food, our bodies switched into autophagy, as mentioned above. Little molecules called lysosomes traveled around the bloodstream and gobbled up proteins that they could then reuse to build new tissues. Which proteins did they gobble up? They were looking for damaged proteins that were no longer working, which our body neatly tags whenever they are discovered. Even in healthy people, up to 30% of proteins are misfolded right from the time they are produced, so there is a lot of damage to be repaired.

         Because we don’t experience these times of starvation anymore, these damaged proteins now instead accumulate over years and decades and gum up our whole system; they lead to warts, skin blemishes, abscesses, tumors and much more. A cyst inside a PKD kidney contains a lot of that damaged protein. So is it being dissolved by the lysosomes? It does not seem that way considering the unrelenting growth seen in most PKD patients. So what’s up with the lysosomes? After all, that’s their job, right?

         We are simply eating too frequently. A period of scarcity is recognized by our body whenever we stop eating for 15 hours or longer. So it’s not about how much we eat, but rather when we eat.

         The sweet spot for intermittent fasting seems to be somewhere between 15 and 18 hours of fasting per day on most days, especially when you are metabolically fit. Multiple days of protein fasting might be required for people who don’t exercise regularly, as we’ve seen (page 21). When we trigger autophagy like that, we restore this delicate balance between growth and breakdown. And this is where we begin to tip the scales a little further in our favor so that ultimately we may be able to break down a little more cystic tissue during our fast 28than we are building up during the day.

         That’s the goal. If you can tip these scales in your favor, if you are able to break down more cystic tissue than you build up during any 24-hour period, you win.

         This is the definition of reversing PKD.

         Summary

         So it’s a simple formula: break down more cystic tissue while fasting than you are building up in the eating window. Remember, you will probably always be building up cystic tissues while you are eating; that’s the nature of the genetic defect as far as we know it for now.

         Your blood glucose level will not go below a certain level as it is tightly regulated by your body, but glucose can always be utilized to promote growth of cystic tissues. The higher your ketone levels, the lower your blood glucose can go as it is not needed by the body. The more PKD cells can metabolize ketones, the more will either revert back to a healthy state or commit suicide. Additionally, the more you trigger autophagy, the more damaged cells you will remove.

         It’s a delicate balance and you just have to tip it in your favor very slightly. Then you might see a slow and steady reduction in kidney volume and an increase in function over time. Everybody’s different and everybody might need to do a different amount of work to tip the scales in their favor. For some people it might be very easy and they might already see results with only the ketogenic diet or intermittent fasting. Other people might have to go to greater lengths to achieve higher levels of ketones during the day. They might have to get fit, fast for longer periods to inhibit mTOR and trigger some other mechanisms overnight using strategic supplementation. The mechanisms are all laid out in this book so you can find the approach that works best for you.
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