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Shawn Green, LaVerkin Utah 

 
 
 
 

  



More Light  
Chapter 3: The Biology of Change (Part 1: Neuroplasticity)  Page 3-1-2 
 
 
 

Chapter Objectives 3-1-2 

Chapter Introduction 3-1-3  

Part I: Neuroplasticity  3-1-4 to 3-1-32 

Part 2: Epigenetics 3-2- to 3-2-27 

Part 3: The Microbiome 3-3- to 3-3-26 

 
 

Chapter Objectives 
 
After reading this chapter you will be able to: 
 Discover that the brain and body change constantly and realize you can influence this 

change through your thoughts, feelings and behavior. 
 Identify ways you can influence your biology through altering neuroplasticity, 

epigenetics and the microbiome. 
 Make a list of things you can do to improve your neuroplasticity, epigenetics and 

microbiome. 
 Design an action plan prioritizing your goals. 
 Take one or more steps toward your goals. 

 
 
Chapter 3 Introduction 

 
Like all other living creatures, our biology is not set in stone by our genetic inheritance. This 
chapter explains three ways in which our daily choices and experiences directly affect our 
biology. Neuroplasticity, epigenetics and alterations to the microbiome allow humans to adapt 
quickly to changing circumstances throughout the lifespan. This ability contributes to 
evolutionary success. The cover photo for this chapter shows a famous tree in Zion National 
Park growing out of solid rock. How did this tree survive when many others surely did not? All 
living beings, even plants, have the ability to adapt. Humans, however, have an advantage over 
all other beings. We can direct the adaptation of our brains and bodies through purposeful 
changes in our daily behavior. This executive function is likely one reason humans have been so 
successful as a species. 
 
Many practices used for centuries, such as meditation, diet and exercise, work via biological 
mechanisms. They are at the interface between the mind, behavior and the body. The benefits 
of these practices have been long recognized but it is only relatively recently that we are 



More Light  
Chapter 3: The Biology of Change (Part 1: Neuroplasticity)  Page 3-1-3 
 
 
 
learning what goes on behind the scenes at the cellular level. By understanding the biology of 
change, you can design interventions that lead to outcomes you want rather than being a victim 
of your body’s default settings. 
 
There are many ways we can change our biology including changes to autonomic, muscular, 
mitochondrial and immune function. I have chosen three to discuss — neuroplasticity, 
epigenetics and the microbiome — because: 
 
 They work together. As an example, which will become clearer as you read through the 

chapter, neuroplasticity relies on the production of nerve growth factors which requires 
the nerve growth factor genes to be turned on (epigenetics). And the neurons are in 
constant receipt of messages from the microbiome about the state of the body. 

 The evidence of our ability to directly affect these modalities is extensive.  
 Self-management strategies affecting these modalities are affordable and accessible to 

most.  
 

However, these strategies are not a miracle cure. The science presented in this chapter 
suggests that self-management is not merely the appetizer while waiting for the main course of 
bio-medical intervention. Self-management influences neuroplasticity, the epigenome and the 
microbiome in powerful ways and has a powerful impact on health and happiness. 
 
At its core, this chapter is about hope — the hope that we can influence our health and quality 
of life. Many with ME/CFS, FM and ES have lost hope. You may have been told that you have to 
accept your symptoms and limitations. I beg to differ. If you are interested in learning more, 
keep reading. 
 

 
 
  



More Light  
Chapter 3: The Biology of Change (Part 1: Neuroplasticity)  Page 3-1-4 
 
 
 
Part 1: Neuroplasticity 

 

 
 

Objectives 
 
After reading this section you will be able to: 
 
1. Discover that neuroplasticity is why and how we learn. 
2. Implement self-management strategies to optimize brain health. 
3. Create an individual plan to begin rewiring your brain using the steps in this section. 
4. Seek expert coaching if you want to learn more. 
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Why Discuss Neuroplasticity? 
 
I have immersed myself in the world of neuroplastic change since 2007 when Dr. Norman 
Doidge’s first book, The Brain That Changes Itself, was published (Doidge, 2007). That book 
explained how neuroplastic change works, and reading it made me aware that there is more 
potential for healing than I had realized or observed. My quest began: to figure out how to 
apply the scientific principles of neuroplasticity to my diseases and those of my patients. 
Through reading books, taking courses, discussing with colleagues and establishing a daily 
practice, I have experienced significant changes in my health and my life. Since then, I have met 
and heard of dozens of people with significant impairments who have improved, in some cases 
more than I have. Part 1 of this chapter summarizes what I have learned so far. 
 
Throughout More Light I focus on self-management strategies supported by scientific evidence. 
Although the rationale for using neuroplastic strategies is strong, research on neuroplastic 
interventions is in its infancy. If I hadn’t experienced significant changes myself and observed it 
in a growing number of patients, I wouldn’t have believed it could be effective. By adding 
neuroplasticity-based strategies to their repertoire, more people in my practice are making 
larger improvements in health and function than with other self-management strategies alone. 
Patients in my psychotherapy groups have reported significant decreases in pain and chemical 
sensitivity. They have also reported increases in their capacity for activity and in their general 
enjoyment of life. These changes have been reported in people across the lifespan and 
irrespective of the duration or severity of symptoms.  
 
 
 
 
 
 
 
 
People think of neuroplasticity as being an almost magical force for good. However, 
neuroplasticity is neutral. It can make our health better or worse. It contributes to the 
development of many chronic conditions, including chronic pain, and enables recovery from 
chronic conditions and injuries. Neuroplasticity refers to change — the direction of change is, in 
part, up to us. 
 
In this first part of the chapter, I explain the key research findings that inform therapeutic 
strategies based on neuroplasticity. I lay the groundwork for strategies you can try to improve 
your health. In subsequent chapters, I introduce specific symptom-directed strategies to 
improve sleep, recover from environmental sensitivities and reverse persistent pain. I explain 
why they work — how you can change your biology.  

Neuroplasticity is neutral. 
It can make health better or worse. 
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Improvements in health are not only possible, but probable, if you consistently and thoughtfully 
implement strategies that are right for you. But the information will only help you if you put it 
into action. Although some of you may be able to use the information in this chapter to 
improve your health, most will need more guidance. If what you read in this part excites you, I 
encourage you find a neuroplasticity-based program to guide you. 
 
 
What Is Neuroplasticity? 
 

 
 

           Image of Neuronal Connections from Flickr Creative Commons 
 
The term neuroplasticity refers to the brain’s ability to change. Plasticity means malleability. 
Brain structure constantly changes as a result of daily experience — our thoughts, feelings and 
actions. Plasticity enables us to learn. The rate of change is greatest in childhood. Children are 
like sponges; they don’t have to pay attention to learn, they soak in what goes on around them. 
This short video from the Center on the Developing Child at Harvard University demonstrates 
how neurons form new connections and prune others as a result of daily experience 
(https://www.youtube.com/watch?v=VNNsN9IJkws). 
 

https://www.youtube.com/watch?v=VNNsN9IJkws
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After the age of 25, learning is still very possible, but we must set out deliberately to learn 
something new and it takes more effort. Neuroplasticity is more effective and the changes are 
longer lived if certain conditions are met. I will describe these conditions later in this chapter. 
Once armed with this knowledge, you can direct changes in your neural circuits to accomplish 
your goals and dreams. Even people who have had problematic symptoms or behavioral 
patterns for decades can change with concerted practice. 
 
 
 
 
 

 

 
 
 
 
When I went to medical school in the increasingly remote 1980s, we were taught that the brain 
was static and if damaged could not be repaired. It turns out that this is only partially true. 
Unlike the skin, gut and liver which grow new cells constantly, the brain’s ability to grow new 
cells is very limited. In adults, only the memory center called the hippocampus and the lateral 
ventricles are thought to generate new cells and even this is contested (Dyall, 2015). The 
balance of this debate has gone back and forth even during the time I have been writing and 
revising this section. To sum up the current thinking on this, there is some ability for adult 
humans to grow new neurons but it is limited and not the primary method of recovery from 
injury. 
 
Even so, there is good news. We do not need new brain cells to recover lost function or to learn 
new skills. Learning takes place through the growth of new neural connections called synapses. 
The average human brain contains 86–100 billion neurons. Each of these neurons connect with 
up to 10,000 other neurons. New synapses are continually forming. How does the brain know 
which new connections to create? 
 
The First Law of Neuroplasticity 
 
“Neurons that fire together wire together” is the first law of neuroplasticity, also known as 
Hebb’s Law, named after Canadian researcher Donald Hebb. For more on his interesting life go 
to https://en.wikipedia.org/wiki/Donald_O._Hebb. Every thought, feeling and behavior requires 
the coordinated firing of thousands of neurons distributed throughout the brain. Each time a 
group of neurons fires together, the brain keeps track of the map of which neurons fired. This 
memory makes it easier to do the same thing again.  
 

Neuroplasticity is the brain’s lifelong ability to change 
structure and function with or without our conscious 

awareness. 

https://en.wikipedia.org/wiki/Donald_O._Hebb
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But not every thought, feeling and action is treated equally by the brain. Experiences that are 
novel, interesting, important for survival or associated with a strong mood (positive or 
negative) are wired more securely than experiences that are routine and don’t require much 
thought. The information from a firing map is stored in the hippocampus for the short term and 
is transferred to the more secure long-term storage in the brain’s cortex during deep sleep.  
 
Figure 3.1 shows the proximity of the hippocampus to the amygdala, which pays attention to 
danger. This may be why we remember dangerous things so strongly. The hippocampus is also 
near the prefrontal cortex, which helps us pay attention and change behavior. We will revisit 
this diagram in the discussion on the neuroscience of meditation.  
 

 
Figure 3.1.1 

Key Brain Areas for Neuroplasticity 
Artwork copyright © 2000 Ann L. Myers 

First law of neuroplasticity: 
Neurons that fire together wire together. 
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Each time you have a thought or feeling or complete an action, the brain map created from 
previous similar experiences makes your task easier. Repetition of an experience creates more 
new synapses specific to that learning. As we practice new behaviors, the brain maps are 
refined and precision increases. A professional musician can hear and play much more precisely 
than a beginner and uses less energy than a novice. This is because repetition creates efficiency. 
There are pros and cons to this efficiency. A benefit is that as activities become routine, energy 
and resources are freed up for other purposes. A disadvantage is that people can easily get 
stuck in ruts of automatic behavior because they are easier than trying something new. 
 
As an example, if you sink into depression and frequently rehearse the problems in your life, 
the brain maps for negativity and hopelessness will become more precise, more efficient and 
harder to dismantle. Unless you become aware of the pattern and make the decision to change 
it, you will become an expert at depression. As a psychiatrist, I know how hard it is for people to 
change ingrained habits even with strong motivation. During depression, we typically believe 
that our pessimism is realistic and become reluctant to consider other options. But change is 
possible.  
 
The Second Law of Neuroplasticity 
 
Contrary to popular belief, the brain does not have infinite capacity. It is surrounded by the 
skull and has a finite supply of oxygen and nutrients. This is the basis of the second law of 
neuroplasticity, “When you make them, you break them, and when you break them, you make 
them.” As new synapses and neural circuits are created, there are fewer resources available to 
the remaining circuits. Neuronal circuits that are used less often will degrade and the molecules 
will be recycled and used for other things. So to break a habit, you must discontinue the 
repeated thoughts, feelings and behaviors related to the habit.  
 

 
 
 
 
 
 
 
 
 
 

 
I refer to habits as being on “autopilot.” Our brains naturally default to what we have done 
before unless we make an effort to change it. Change requires awareness and focused 

Second law of neuroplasticity: 
When you make them, you break them. 
When you break them, you make them. 

 
Moskowitz, M. H., & Golden, M. (2013). Neuroplastic Transformation 
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attention. Many examples will be discussed throughout this book including that of meditation, 
discussed later in this chapter. 
 
If you want to read more about neuroplasticity, I recommend both of Norman Doidge’s books: 
The Brain that Changes Itself and The Brain’s Way of Healing (Doidge, 2007, 2015). Doidge is a 
Toronto-based psychiatrist and psychoanalyst. He has spent the last couple of decades studying 
neuroplasticity and meeting leading researchers and clinicians who are putting the research 
into action. His books document some of the foundational studies proving that change is 
possible, even in adults and even in long-lived conditions. Each book has been featured in a 
documentary on CBC television’s The Nature of Things 
(https://www.youtube.com/playlist?list=PL77A7359E49522204, 
https://www.cbc.ca/natureofthings/episodes/the-brains-way-of-healing). The recordings are a 
good introduction to Doidge’s work and give examples of healing in conditions previously 
thought untreatable. If you are feeling short on hope, these recordings may give you a needed 
boost.  
 
 
Recovery From Brain Injury Is Possible 
 
Most people with ME/CFS, FM and ES experience cognitive dysfunction. They often have 
symptoms similar to people with brain injury, including difficulty thinking quickly or accurately 
and being very sensitive to stimulation such as light, sound and movement. Both groups 
experience severe fatigue and decreased stamina for mental activity. There is evidence of low-
grade neuroinflammation in ME/CFS (Mueller, Lin, Sheriff, Maudsley, & Younger, 2019), 
Fibromyalgia (Littlejohn & Guymer, 2018) and MCS (Meggs, 2017) similar to that found in 
people after head injuries. The process may share some biology in common across disease 
groups.  
 
When the brain is damaged, neurons are damaged or killed, causing inflammation that 
negatively affects the function of the remaining healthy neurons. As a result, the neurons don’t 
communicate in sync. It is like a symphony played by an orchestra in which each musician is 
keeping their own time. You can imagine how grating this would be: instead of being pleasing, 
the noise would be unbearable. Many people with head injuries and with ME/CFS and FM 
experience sound in this way. 
 
When neurons are not firing in sync, they produce messages that are ineffective and confusing. 
These messages further impede the function of the healthy neurons, resulting in a greater 
impairment of function than can be accounted for by the extent of the measurable damage. 
When the brain is “noisy,” cognitive processes are slower and more prone to error. However, 
the neurons can be brought back into collaboration and substantial recovery is possible. 

https://www.youtube.com/playlist?list=PL77A7359E49522204
https://www.cbc.ca/natureofthings/episodes/the-brains-way-of-healing
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Examples of this resyncing are discussed in detail in both Doidge’s books. I summarize some 
strategies in the next section, Steps to Heal the Injured Brain.  
 
Michael Merzenich, PhD, is considered a father of modern neuroplasticity research. His lab 
published some of the early reports showing that changes in behavior result in changes to the 
brain map — the area of the brain that is activated by certain activities. He reports that even in 
cases where 90 percent of the neurons are offline due to injury, inflammation or death, 
recovery is possible. Dr. Merzenich is an immensely optimistic man. If you feel in need of hope, 
search for Dr. Merzenich on YouTube. To learn more about his work, go to 
https://www.michaelmerzenich.com/. There you will find information about his book Soft-
Wired (2013). The PBS special Brain Secrets with Dr. Michael Merzenich is succinct and 
affecting. I recommend it. Sadly, it is hard to access outside the United States.  
 
 

Steps to Ready the Brain for Change 
 
Dr. Norman Doidge believes that brain healing is most successful if certain steps are taken in 
order. You will notice as you read the following section that embarking on new learning is the 
last step in the process. The steps to recovery described below are adapted from Dr. Doidge’s 
book The Brain’s Way of Healing. Many teachers of neuroplasticity-informed programs for 
change agree with Dr. Doidge on these basic steps. The four steps are: improve cellular health, 
stimulate the brain (neurostimulation), calm and synchronize the brain (neuromodulation) and, 
finally, neurodifferentiation and learning.  
 
1. Improve Cellular Health 
 
There are many aspects to good cellular health. I list a few of the most important ones here.  
 
Cellular health requires excellent nutrition. What does this mean in a world with so many 
different opinions about what constitutes a healthy diet? Sixty percent of the brain is composed 
of fat. Our cell membranes are made of fat. The myelin, which enables neurons to transmit 
messages quickly, is also made of fat. So in this context, “healthy” means eating enough fat of 
the types needed for essential brain functions. Many of you know that omega-3 fatty acids, 
especially DHA (docosahexaenoic acid), are important for brain health. They have been shown 
to increase the growth of neurons and the formation of synapses. Omega-3 fatty acids naturally 
decrease with age. In fact, lower levels of DHA, the most common omega-3 fatty acid in brain 
tissue, is associated with a higher risk of dementia (Dyall, 2015).  
 
Even though this makes sense, it is a controversial recommendation. If you go to mainstream 
websites, you will read that high-fat diets increase risk of stroke and neurodegenerative 

https://www.michaelmerzenich.com/
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diseases such as Alzheimer’s disease. This research is starting to be questioned as new 
information is published. Although most mainstream health care professionals recommend a 
low-fat diet for brain health, proponents of keto and low carbohydrate/healthy fat approaches 
believe that the brain benefits from healthy fats. I will discuss the debate about fat intake in 
more detail in Chapter 6: Diet.  
 
A healthy brain also means one that is free from infection and toxins. In regular clinical care, 
there are no tools to easily identify the presence of toxins or infections in the brain. 
Conventional medicine is excellent at identifying serious, acute infections such as meningitis 
and encephalitis but the idea of low-grade, smoldering infection is not yet widely accepted. 
Similarly, the impact of elevated levels of toxins from living in a polluted world is ignored by 
mainstream medicine. People interested in identifying toxin levels will need to find a functional 
medicine, environmental medicine or naturopathic doctor to work with.  
 
Dr. Dale Bredesen has developed a treatment plan, based on a modest amount of research, 
that he claims can delay, prevent or even reverse Alzheimer’s disease (Bredesen, 2017). He 
suggests that neurodegeneration occurs in response to infection and inflammation in the brain 
and that treating the causes of brain inflammation, such as toxins and infections, is part of a 
holistic approach to Alzheimer’s Disease.  
 
There is growing evidence that dementias such as Alzheimer’s disease are associated with brain 
inflammation and damage to the blood-brain barrier (Komaroff, 2020). Being able to measure 
neuroinflammation in patients and identify treatments is becoming a high research priority.  
 
As will be discussed in Chapter 4: Sleep, adequate sleep is critical for good brain health. There is 
a recently discovered system in the brain called the glymphatic system (Jessen, Munk, 
Lundgaard, & Nedergaard, 2015). Its primary role seems to be to get rid of molecular garbage 
from the central nervous system and distribute needed molecules in the brain. The glymphatic 
system functions mostly during sleep (https://www.nih.gov/news-events/nih-research-
matters/how-sleep-clears-brain). Among the molecules cleared during sleep is amyloid beta, 
one of the key molecules associated with Alzheimer’s disease (Fultz et al., 2019). Neuroscientist 
Dr. Matthew Walker, author of the book Why We Sleep, discusses the connection between 
sleep and Alzheimer’s disease in this short TED Talk 
(https://www.ted.com/talks/matt_walker_what_s_the_connection_between_sleep_and_alzhei
mer_s_disease). 
 
So, for good brain health, we need enough essential fatty acids, freedom from infection and 
toxins and consistent good-quality sleep. 
 
 
 

https://www.nih.gov/news-events/nih-research-matters/how-sleep-clears-brain
https://www.nih.gov/news-events/nih-research-matters/how-sleep-clears-brain
https://www.ted.com/talks/matt_walker_what_s_the_connection_between_sleep_and_alzheimer_s_disease
https://www.ted.com/talks/matt_walker_what_s_the_connection_between_sleep_and_alzheimer_s_disease
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2. Neurostimulation 
 
During mental or physical activity, increased oxygen and nutrients are delivered through the 
blood to the active brain areas. Blood flow and nutrition to our brains increases when we use 
our brains. The brain can be stimulated in many ways. Examples include external stimuli such as 
light, sound, touch, smell, vibration, electricity and magnetism as well as internal strategies 
such as thoughts, imagination and movement. Psychotherapy, visualization and hypnosis are all 
neurostimulating activities. For neuroplastic strategies to be most effective, the brain has to be 
active and able to respond. 
 
3. Neuromodulation 
 
In Dr. Doidge’s model of healing, modulation refers to calming and synchronizing the brain. A 
calm brain is necessary for learning. Otherwise, the brain and body are too focused on survival 
and ignore opportunities for learning or creativity. In addition to calmness, synchrony among 
the various parts of the brain is also important. Consider the example already mentioned of a 
symphony orchestra. Not only do each of the musicians need to be healthy and skilled, but they 
have to play in sync for a good result. Similarly, even if each part of the brain is working well, 
unless they work together, the output will be slow and ineffective. 
 
Strategies that calm and synchronize the brain often involve increasing parasympathetic tone. 
This is referred to as the “rest and digest” branch of the autonomic nervous system. In general, 
strategies that increase parasympathetic tone restore the balance between excitation and 
inhibition and encourage the brain cells to fire in synchrony. Examples include meditation, 
paced breathing, singing, humming, walking in nature, yoga, qigong, listening to calming music 
and HeartMath®. 
 
HeartMath® is a heart rate variability biofeedback app designed to improve the balance of the 
sympathetic (fight/flight) and parasympathetic (rest/digest) branches of the autonomic nervous 
system (ANS). According to research by the HeartMath® Institute, regulating breathing while 
focusing on positive thoughts and emotions allows one to “better manage life’s challenges and 
improve overall health, emotional wellness and resilience” (https://www.heartmath.com/). 
When the ANS is in balance (or coherence), one’s body and mind will be in a state of safety, and 
vice versa. Most patients I have observed getting better have taken ANS balance seriously. 
 

Try This 
 
Spend a few minutes now to practice calming your brain. Sit comfortably with your feet 
flat on the floor and feel the chair or couch supporting your “sit bones.” Sit straight as if 
a thread was gently suspending you from the top of your head. Without changing 
anything, bring your attention to the breath. Feel the breath as it moves in and out of 

https://www.heartmath.com/


More Light  
Chapter 3: The Biology of Change (Part 1: Neuroplasticity)  Page 3-1-14 
 
 
 

your nose, throat or lungs. Notice the diaphragm moving up and down or the stomach 
moving in and out. Each time your mind wanders, which it will, gently bring your 
attention back to your breath. Do this for 10 breaths. See how you feel afterwards. In 
this simple exercise, many things are happening at once. Your breath is a neutral focus 
of attention. As long as you are focused on the present moment, you are less likely to 
think about regrets from the past or worries about the future. Not convinced? Try it 
again.  
 

4. Neurodifferentiation and Learning  
 
When the brain is well fed and healthy, has enough oxygen and blood passing through, is 
relaxed and in sync, it is best able to engage in self-directed change. The next section (and 
indeed most of the rest of Part 1) describes the steps we can take to create structural and 
functional brain changes and what happens at the cellular level to make neuroplasticity 
possible.  
 
 
How to Optimize Neuroplasticity at the Cellular Level 
 
In putting this section together, I draw heavily from the Huberman Lab Podcast by Stanford 
neuroscientist Dr. Andrew Huberman 
(https://www.youtube.com/results?search_query=huberman+lab+podcast). Podcast episodes 
6–9 discuss the cellular and neurochemical conditions needed for neuroplastic change to occur 
and to be enduring: optimize alertness, focus your attention, practice a new skill, utilize errors 
to enhance learning, take breaks, and get deep rest or sleep. I’ll discuss each of them in turn.  
 
1. Optimize Alertness 
 
Neuroplasticity works best when you are in an ideal state of alertness: not too wired and not 
too drowsy. Just the right amount of adrenaline/epinephrine is needed for neurons to be 
active. Regulating arousal or alertness is a continual challenge for most people with ME/CFS, 
FM and ES. These diseases can lead to either too much or too little arousal. The ideal state for 
learning is a combination of alert and calm. Controlled breathing is one of the most effective 
ways to modulate alertness. If you want to become more alert, breathing fast with more 
emphasis on the in-breath is recommended. If you want to become calmer, slower breathing 
with emphasis on the out-breath is helpful. Dr. Andrew Weil demonstrates three breathing 
techniques — one activating, one relaxing and one meditative — on his web page: 
(https://www.drweil.com/health-wellness/body-mind-spirit/stress-anxiety/breathing-three-
exercises/). Take a minute to note your state of alertness. Would you like to be more alert or 
calmer? Practice one of the three exercises and see if you can detect a difference. 
 

https://www.youtube.com/results?search_query=huberman+lab+podcast
https://www.drweil.com/health-wellness/body-mind-spirit/stress-anxiety/breathing-three-exercises/
https://www.drweil.com/health-wellness/body-mind-spirit/stress-anxiety/breathing-three-exercises/
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2. Focus Your Attention 
 
Once you and your neurons are alert, you must pay close attention to what you want to learn 
or change. If you don’t notice the problem or symptom bothering you, you won’t do anything 
different than usual. There is a neurochemical reason for paying attention. When you pay 
attention, the neurotransmitter acetylcholine (ACh) is released from the brainstem. ACh acts 
like a highlighter to mark the neuronal pathways being used, tagging them for hardwiring in the 
cortex later, during deep sleep. I discuss the process of memory consolidation during deep 
sleep in more depth in Chapter 4: Sleep.  
 
You might wonder whether a coffee or stimulant would work as well and save you a lot of time 
and effort. The problem with using substances to assist you is three-fold. The first is state-
dependent learning. The brain learns to link the learning with the substance and you will only 
be able to pay attention well with the substance on-board. Second, the substance will increase 
your adrenaline/noradrenaline for you and you won’t develop the skill yourself. Lastly, with the 
substance in your system you don’t have control over whether to pay attention and to what. It 
has an indiscriminate effect. What are the alternatives? Mindfulness is a common method of 
improving attention. Mindfulness and meditation have been studied extensively and serve as a 
good case study of the neuroplastic impact of behavior on brain structure and function. I 
discuss the research on meditation and mindfulness-based stress reduction (MBSR) later in this 
section. 

 
3. Practice a New Skill 
 
Start practicing the new skill you are trying to master. Stick with it for 90 minutes at the very 
most and then take a break. Our bodies function in 90-minute ultradian cycles; trying to 
concentrate for longer than this without a break will lead to diminishing returns. If you have 
decreased energy due to ME/CFS, FM or ES, choose a practice time that is within your energy 
envelope. For the severely ill this may be one or two minutes at a time. You can read about how 
to determine your energy envelope in Session #3 of my manual Let Your Light Shine Through. I 
will update these ideas and the emerging research on energy in More Light, Chapter 5: Energy 
and Activity.  

 
4. Utilize Mistakes to Learn 
 
As you engage in the new learning, you will make mistakes. This is inevitable. If you were 
already skilled at the activity, you would not have set it as a goal. Luckily, errors and 
mismatches activate neuroplasticity. The brain rewires when it senses something isn’t as it 
“should” be and needs to be changed. It responds to mismatches or errors by producing the 
neurotransmitters needed for new synapses to form to reconcile the problem.  
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Typically, when we make repeated errors, we get frustrated. The key is to stick with the activity 
a bit longer (somewhere between 7–20 minutes is ideal) when you are frustrated. Tolerating 
frustration and persisting despite errors increases neuroplasticity and leads to improved 
performance in the long term. Walking away too soon is counterproductive from a 
neuroplasticity perspective. When you quit too soon, you hardwire defeat and the belief the 
new skill is too hard.  
 
Instead, hang in until you notice some tiny sign of progress. Progress, no matter how small, 
leads to the release of the neurotransmitter dopamine. Dopamine is sometimes called the 
molecule of motivation. It helps you stay with the task a bit longer and try again later. Instead 
of judging a mistake as a sign of failure, celebrate it as the first step toward change.  
 
5. Rest and Recover 
 
After a bout of learning, take a break. During the break, do something non-cognitive. Go 
outside, look at the horizon, let your mind wander, listen to music, hum along and smell the 
roses. If you feel fatigued, lie down with your feet up and do something restful such as 
meditating, counting your breaths, practicing yoga nidra or listening to a self-hypnosis audio 
file. Lying with the feet up increases blood return to the heart and activates the 
parasympathetic (rest and digest) component of the autonomic nervous system. As little as 20 
minutes of deep rest after focused learning helps you remember it for next time. Getting a 
good night’s sleep both the night before and the night after learning something ensures the 
new learning is transferred to the cortex, where it will be stored long term. Again, more on the 
impact of sleep on learning in Chapter 4: Sleep. 
 
Understanding the processes that enhance neuroplasticity at the cellular level helps you 
develop your own neuroplastic training. Be alert, focus attention, practice a new skill, stick with 
it when you make mistakes and take frequent breaks to allow your body to consolidate your 
efforts. 
 
 
What Does Neuroplasticity Practice Look Like and How Does it Work? 
 
There are two types of practice, scheduled daily practice and practice when you are 
experiencing a symptom or something you want to rewire. Recommended daily practices 
include meditation, yoga or tai chi. This type of practice is best done at the same time every 
day, ideally early in the morning to get your day off to a good start. What does “good” mean? 
For the purpose of neuroplasticity training, good means achieving a state in which your mind is 
able to focus on activities you have planned rather than being preoccupied with symptoms or 
worries. In terms of biology, good means bringing your autonomic nervous system into a state 
of calm alertness. The more you practice becoming calm in the present moment, the more  
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Figure 3.1.2 
Stages of Neuroplastic Practice 

 
 

easily you will be able to become calm when you most want and need to. Practice many 
strategies and notice which work best for you. You can use a tracker to see if you are able to 
bring your heart rate down (a sign of calm). The goal is to become good enough at the practice 
that when you are upset or preoccupied, you have a reliable tool to use. 
 
The other type of practice, equally important, is what you do each time you become aware of 
the symptom or reaction you are trying to change. This practice is done throughout the day 
whenever and as often as is necessary. For example, if you are working to decrease 
environmental sensitivity, have a list of strategies you can put into action each time you notice 
a symptom you attribute to chemical or electromagnetic (EMF) exposure. Examples include: 
 

Thoughts: 
“This symptom is being caused by my brain trying to protect me, not by my body 
– I am safe.” 

 “My body is healthy and is able to manage this small, everyday exposure.” 
 “I notice how pleasing this fragrance is.” 
 
Emotions/Sensations:  

Notice one thing in this moment that makes you feel good (happy, calm, 
grateful) and focus on it for at least 15 seconds. 
Notice one part of your body which is comfortable. 
Remember a past experience in which you felt good (loved, joyous, peaceful) 
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Actions: 
Focus your attention on something real or in your imagination that is interesting, 
meaningful or mood elevating eg. a favorite comedian, funny cat videos, 
beautiful art. 
Call or visit a friend who is uplifting and validating. 
Go outside and experience nature (even if it is a small patch of grass and one 
tree).  
 

The goal of neuroplasticity practice is to break the connection between a symptom or exposure 
and your body’s habitual response. To do this, change from a symptom focus to something that 
is fun, meaningful or creative. Examples include painting a picture, knitting a sweater with a 
difficult pattern you haven’t used before, practicing a new physical skill, especially one that 
requires balance, or doing something kind or helpful for someone else. Notice also that some 
strategies involve the imagination in lieu of actions in real life. Imagined activity activates 
neuronal pathways almost as much as real experience. For people with ME/CFS, FM and ES who 
have fatigue and other symptoms, imagination offers a way to start the process of change while 
moderately to severely ill.  
 
 
 
 
 
 
 
 
 
Why might this work? Neurons have multiple roles and are part of multiple circuits in the brain. 
However, a neuron can only do one thing at a time. After firing, a neuron enters a period of 
latency while its electric charge is re-established. If you fire many, many neurons doing 
something enjoyable, calming, meaningful, active or creative, your brain is too busy to do 
something contrary to this at the same time, such as being stressed or scared. At the level of 
the neuron, multitasking is not possible.  
 
As you switch your focus from symptoms to fun, engrossing, meaningful activities, the 
unconscious connections between triggers and symptoms will be weakened. The manual 
Neuroplastic Transformation by Drs. Michael Moskowitz and Marla Golden lists hundreds of 
things you can think, say and do when you become aware of unwanted symptoms (Moskowitz 
& Golden, 2013). The same strategies can be used for other types of symptoms. Neurons in 
different brain pathways react similarly.  
 

Change your focus and behavior to something 
that takes your full attention —  

something fun, meaningful or creative. 
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So, what could you do exactly when you notice a symptom? You could imagine the outcome 
you are hoping for, or the state associated with your desired outcome. To get some ideas of 
how to imagine the outcome you are working toward, I recommend The Remembering Process 
(D. Barrett, Vitale J., 2014). The book is informative, but the free online course is even better 
(http://www.rememberingprocesscourse.com/). Some of my patients liked it so much they 
formed a study group to learn and practice it together.  
 
In The Remembering Process, you are instructed to imagine that your hoped-for future goal has 
already been attained and you are remembering the moment it occurred. By imagining a 
hoped-for experience, you are changing your brain structure and function and your body 
physiology to be more like the imagined future. To quote Barratt and Vitale, “you are not faking 
it; you are becoming it.”  
 

 
When you imagine an experience you want, use as many senses as possible. For example, 
imagine what it looks like, how it smells, who is there, what they said, the ambient temperature 
and so on. It is said that multisensory imagery is more powerful and better able to change your 
physiology in the moment. Genes associated with discouragement and hopelessness will turn 
off and those associated with hope and joy will turn on. At first you will notice change only 
during practice. But with practice your habitual default state will begin to shift to feeling better. 
 
What if you are experiencing persistent pain? As soon as you become aware of pain, remember 
that it is a result of brain function and that you can influence your brain function. One of the 
most successful strategies in the groups I facilitate for people with persistent pain is suggested 
by Dr. Michael Moskowitz, the author of Neuroplastic Transformation. He suggests imagining an 
image like Figure 3.2. It represents the nine pain processing centers “on fire” i.e. processing a 
lot of pain.  
 
Then imagine the brain with those centers cool and calm, functioning normally to protect you 
only if there is actual danger. Figure 3.2 illustrates the pain processing areas of the brain. If you 
go to http://www.neuroplastix.com/styled-2/page1/styled-16/persistentvsacute.html, you will 
see an animation of acute versus persistent pain in the brain. You can use this image as a 
contrast to the “brain on fire”. In your imagination move between the two images. It may take 

If you imagine your desired outcome is occurring now,  
your body will produce the neurochemicals and 

hormones associated with the hoped-for experience.  
 

http://www.rememberingprocesscourse.com/
http://www.neuroplastix.com/styled-2/page1/styled-16/persistentvsacute.html
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many practices before you notice even a glimmer of improvement. With more practice, 
improvement will come more easily and last longer. With enough practice, you will notice pain 
is decreased even when you are not practicing.  
 

 
 

Figure 3.1.3 
Pain Processing Centers in the Brain 

From http://www.neuroplastix.com/styled-2/page1/styled-16/persistentvsacute.html  
Used with permission. 

 
Note: neuroplasticity interventions won’t work if you feel, or are, in danger. For example, if you 
developed MCS after a mold exposure and you are still working or living in the moldy 
environment, you are in danger and should work to change your circumstances before 
attempting to convince your brain it is safe.  
 
 
Neuroplasticity Practice Strategies 
 
In this section I describe some of the strategies recommended by leaders in the field. In the 
following section, I give specific examples and implementation tips. 
 
 

http://www.neuroplastix.com/styled-2/page1/styled-16/persistentvsacute.html
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1. Imagine What Success Will Feel Like 
 
Take time to figure out how you want your life to change. Neuroplasticity teacher Dr. Joe 
Dispenza includes many exercises in his courses guiding people to figure out, in detail, what 
they want (Dispenza, 2012). He argues that unless you know what you want, you won’t look for 
or notice opportunities. It’s like the often-mentioned example of shopping for a new car: you 
suddenly notice that make or type of car everywhere, whereas when you weren’t in the market 
you didn’t pay attention. It turns out that imagining is part of the path to success. 
 
What if you are quite disabled by your condition and cannot do any part of the activity that is 
your goal? Luckily, imagining doing an activity creates almost as much neuroplastic change as 
actually doing it. In the famous “piano player” experiment, Harvard neuroscientist Dr. Alvaro 
Pascual-Leone asked a group of subjects to practice a simple piano scale for two hours a day for 
five days. The study doesn’t say how he got them to practice an incredibly boring exercise for 
that long. Functional MRI scans were done before and after the five days of practice and the 
scans showed that the brains of the subjects had changed. The part of the motor cortex used to 
create the finger movements expanded to take over some areas previously used for other 
movements. Even more interesting, Dr. Pascual-Leone asked a second group to imagine playing 
the scale for the same amount of time without actually moving their fingers. At the end of the 
week, these subjects also had a measurable change in the brain map of the motor cortex for 
the fingers (http://content.time.com/time/magazine/article/0,9171,1580438,00.html). This 
suggests that mental imagery of an action stimulates the same parts of the brain as the action 
itself. This imagery doesn’t have to be visual. Imagining experiences in any of our senses 
stimulates neural activity in the brain areas serving those functions. This is why high-level 
athletes and performers use mental rehearsal.  
 
What experience would you like to have more of? It could be an action such as hiking in the 
forest if you have fatigue or post-exertional malaise, the sensation of water on your skin if you 
have neuropathy, or the sensation of breathing deeply with complete comfort if you have 
Multiple Chemical Sensitivity. Can you imagine it? 
 
What if you don’t know what to work on? You may want to consult your health plan from 
Chapter 1: Self-Management to identify your priorities. To have the best chances of success, 
your goal should be something important to you, something worth working for, something that 
will maintain your motivation and sense of purpose. 
 
2. Take Baby Steps 
 
Often people feel overwhelmed by the giant chasm between their current abilities and where 
they would like them to be. This gap can be so huge that people feel it’s impossible and give up. 

http://content.time.com/time/magazine/article/0,9171,1580438,00.html
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Again, research comes to the rescue, suggesting that taking baby steps may be more successful 
than large leaps.  
 
A classical neuroplasticity experiment involves the use of prism glasses — glasses that make 
things seem to the side of where they actually are. Glasses that shift the visual field by 10–20 
degrees result in people missing their targets when asked to aim or reach for something. In one 
experiment, college students were given prism glasses and asked to throw a beanbag at a 
target. At first, they all missed. But they quickly learned to adjust to the glasses and began to 
throw accurately in as few as 10 throws. Once the students adapted to the prism glasses, the 
experiment was run in reverse. The students had a visual field error in the opposite direction 
and had to unlearn the new behavior to get back to normal  (https://sfa.cems.umn.edu/neural-
plasticity-prism-goggle-experiment).  
 
Change is even possible in people  who have experienced a stroke and neglect one side of their 
visual field. In 10 –20 sessions of up to an hour, stroke survivors with right-sided neglect can 
make significant improvement in daily function using prism glasses (A. M. Barrett & Houston, 
2019). If the distortion produced by the prisms is too small or too large, progress is less.  
 
We can learn from this research. The challenge you set for yourself, whether in real life or in 
your imagination, should be right on the edge of your capacity: hard enough that it takes 
focused attention but not so difficult to be demoralizing. 
 
3. Practice One Hour Daily 
 
There is a consensus among neuroplasticity coaches that brain remodeling (learning) requires 
at least one hour a day of practice. The practice does not have to be one hour at a time, in fact 
breaking it up throughout the day may be more powerful. Practice and repetition are necessary 
to create enough new synapses to wire new habits. The brain uses a lot of energy. Many people 
with post exertional malaise (PEM) find even mental practice exhausting. It may be necessary to 
pace practicing by splitting it into shorter segments and resting the brain between bouts to 
make progress while avoiding PEM. More on this in Chapter 5: Energy and Activity. Examples of 
mental rehearsal might include imagining a body part moving with comfort and ease, an 
interpersonal interaction progressing successfully toward a desired outcome, or a task 
successfully completed.  
 
Practice a thought, feeling or behavior that will move you closer to your goals and take baby 
steps. 
 
 
 
 

https://sfa.cems.umn.edu/neural-plasticity-prism-goggle-experiment
https://sfa.cems.umn.edu/neural-plasticity-prism-goggle-experiment
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4. Elevate Your Mood 
 
Learning is more effective in the presence of a strong emotion — positive or negative. Learning 
that occurs in the context of fear creates a strong memory trace to protect us from making the 
same mistake again. But that is not the learning you are seeking.  
 
Psychologist Rick Hanson has spent his career studying how to install and strengthen positive 
experiences (Hanson, 2013). He recommends creating positive experiences many times a day. 
You can do this by taking time to enjoy the moment, notice the good, imagine good, find good 
in others and see life as an opportunity. Dr. Merzenich suggests that helping others (altruism) 
activates the neurotransmitters that enhance learning (Merzenich, 2013).  
 
Generally, appreciate the little things. Then enrich the experience by staying with it for 5–10 
seconds or longer. Take time to feel it sink in. Then, once you have elevated your mood, do 
your neuroplastic practice. 
 
5. Use Symptoms as a Reminder  
 
The brain unconsciously attaches negative emotions to unpleasant symptoms. Since negative 
emotions strengthen learning even more than positive ones, this unconscious process has the 
potential to strengthen the very symptoms you don’t want. If, instead, you use each awareness 
of a symptom as a reminder to embark on a new, rewarding activity, this unconscious 
conditioning will be weakened (Moskowitz & Golden, 2013).  
 
The new activity can be something relaxing; it doesn’t have to be working out or an elaborate 
new hobby. It could be as simple as focusing on the present moment, considering what you are 
grateful for or remembering to take a few deep breaths. 
 
6. Challenge Yourself  
 
Remember neuroplasticity is triggered by errors. You have to try new things to release the 
neurotransmitters adrenaline, acetylcholine and dopamine that are needed to rewire your 
brain. Instead of withdrawing from life in search of safety, Dr. Michael Merzenich recommends 
challenging yourself. He believes that passive activities (such as computer games) are not 
challenging enough to promote brain health. Other neuroplasticity teachers suggest random or 
unusual changes to your daily routines to jolt your brain out of autopilot. Things like brushing 
your teeth with the non-dominant hand, eating at a different time or place than usual, or 
changing your bedtime routine are examples of ways to shake up your life so your brain gets 
the message that change is on the agenda. Many possibilities will be discussed throughout 
subsequent chapters. 
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7. Find a Coach 
 
As adults we may think that we can learn new things solely through books or online materials. 
However, top performers, musicians and athletes continue to have coaches throughout their 
careers, even as they may coach others. The Dalai Lama seeks teaching from monks and 
scientists who have more knowledge than he in specific areas. Experienced teachers have 
walked the path and can guide you in how to put these steps into practice. They know the 
potential pitfalls you may encounter and when you hit an obstacle, they may be able to suggest 
strategies to overcome it. Teachers can make learning easier and more enjoyable. If you can’t  
afford a trained coach, consider embarking on your neuroplastic practice with a buddy or a 
group. You will hold each other accountable, provide motivation and support and be able to 
brainstorm together when you hit inevitable obstacles. Often others are more able to think of 
solutions for your obstacles and vice versa.  
 
 

 
 

Figure 3.1.4  
Neuroplasticity Practice Strategies 
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The Case that Persistent Pain and Environmental Sensitivities are Neuroplastic 
 
If you have read this far, you might be thinking, “This is exciting but how do I put this into action 
for myself?” In this section, I offer examples of ways to put the science into action and 
resources to help you do so. In my experience, although neuroplasticity can help a wide range 
of symptoms and experiences, two symptom types— chemical sensitivities and persistent pain 
— respond the fastest and most fully. If you have one of these symptom clusters, I suggest you 
target it first. If you have even a small glimmer of success, it will be evidence that the strategy 
can work for you. This will motivate you to learn and practice more. Of course, we are all 
different and this is a generalization which may not apply to you. Nevertheless, I will focus on 
these two symptom types in this section.   
 
Why might these two symptom types be the low-hanging fruit for neuroplasticity-based 
interventions? It is because neuroplasticity is strongly implicated in the development of these 
symptoms. This leads to what I am coining the third law of neuroplasticity. “If neuroplasticity 
got us into this mess, it can get us out of it.” This quote is often attributed to David Butler and 
Lorimer Moseley, pain neuroscience researchers and educators. 
 
 
 
 
 
 
 
 
In the case of persistent pain, the research on the causal role of neuroplasticity is substantial. In 
the case of environmental sensitivities, the evidence hasn’t been gathered. It is hypothesized to 
be the case by Annie Hopper, founder of the Dynamic Neural Retraining Program (DNRS) 
(Hopper, 2014). She noted the similarities between the progression of persistent pain and 
environmental sensitivities. If she is correct that neuroplasticity contributes to ES, then it 
should be possible to reverse symptoms by changing the inputs to the brain. 
 
Many of you reading this will not believe that your symptoms — whether pain, reactions to 
environmental exposures or other symptoms — are caused or worsened by your brain. These 
symptoms feel as if they are caused by the body and are reflective of tissue or cellular damage. 
I must stress here that the symptoms of ES, persistent pain and all the other symptoms of 
ME/CFS, FM and ES are real. As an example, if you review Session #7 in my manual Let Your 
Light Shine Through, I list some of the research showing that the pain experienced by people 
with FM is real and measurable. This research has become even more convincing since I wrote 
the manual. So, this isn’t an argument about whether symptoms caused or influenced by the 

If neuroplasticity got us into this mess, 
it can get us out of it. 
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brain are real. It is about understanding the biology of the symptoms and identifying ways to 
lessen them. 
 
Furthermore, just because a symptom is worsened by neuroplasticity doesn’t mean it is easy to 
reverse. There is very little research on which symptoms respond to which interventions or 
what factors improve success. The information in this chapter is cutting edge. And the edge is 
out in front of the research. Some in the helping professions are using neuroplasticity to blame 
and invalidate patients — blaming them for their symptoms, invalidating the seriousness of the 
symptoms and expecting them to overcome their symptoms without any professional guidance 
or support.  
 
This dismissive view minimizes the seriousness of symptoms and how hard it can be to change 
them even when one has tools and tips at one’s disposal. It can cause guilt and self-blame in 
people who don’t improve. This is a potentially harmful outcome. The reality is that this type of 
practice is not easy. Compare it to learning a new language or to playing a musical instrument. 
It is not easy but he more you practice, the better you get. There are ups and downs, good days 
and bad days, but with persistence, change is probable.  
 
 
 
 
 
 
 
 
 
 
I will talk about the power of mindset in the second part of this chapter, Part 2: Epigenetics. 
However, it may encourage you to know that these strategies can work even if you are 
skeptical. I knew about some of the neuroplasticity-based treatment programs for years before 
I tried them. I was closed-minded. I didn’t understand that utilizing the brain’s ability to change 
is a biomedical intervention and could have an impact on my biomedical symptoms. Even as I 
began learning and using the strategies, I had no expectation they would help. And yet, within a 
few days of practice, my lifelong multiple chemical sensitivity (MCS) symptoms lifted. Ever since 
2014, I can go into any environment with ease and comfort. This is not to say that I enjoy strong 
artificial fragrances or choose to have them in my house, but I can be around them if I must 
without ill effects.  
 
 
 
 

Symptoms affected by neuroplasticity are REAL. 
They are not psychological. 

They are measurable in research settings. 
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Implementing Neuroplasticity Strategies (How to Do It) 
 
This section describes actual practice tools you can use. As you read, consider whether there is 
any information that makes sense to you and which of the strategies are things you could 
implement.  
 

1. Optimize Alertness 
 
Choose the time of day when you feel most alert. This can vary from day to day but for 
many this is 2–4 hours after waking. If you want to increase alertness, consider the 
following: 
 
 Expose yourself to outdoor sunlight soon after waking. 
 Do some light exercise if this is within your energy envelope. 
 Have a low-carb meal or continue fasting. Fasting increases alertness and 

carbohydrates blunt it.  
 Try the activating breathing from Dr. Weil’s website: 

https://www.drweil.com/health-wellness/body-mind-spirit/stress-
anxiety/breathing-three-exercises/.  

 Plan a consistent time each day to engage in some aspect of your neuroplasticity 
practice so that it becomes a habitual part of your day, otherwise it tends to go 
by the wayside when other priorities arise. For many people with ME/CFS, FM 
and ES, this may be around “midday,” whenever that is for you. 

 
2. Choose a Goal 
 
Figure out the goal you are working toward and the incremental steps you intend to 
take to get there. It’s useful to write these down. Writing out your plan will bring to light 
inconsistencies or obstacles you may not notice if you rely on thought alone. The goal-
setting section in Chapter 1: Self-Management may be helpful in this regard.  
 
Say that your goal is to lessen sensitivity to personal fragrances you cannot avoid when 
out in public. Become aware each time you notice a symptom flare attributable to 
chemical exposure. If you’re in the habit of ignoring your symptoms, this may take 
practice. Each time you become aware of an opportunity to change, you will get a shot 
of acetylcholine. Then if you successfully make a behavioral change during the day, it 
will be tagged for consolidation (memory) that night. Note that paying attention to 
symptoms without changing behavior will not lead to improvement. Instead it is likely to 
lead to more and more symptom-focus and sensitivity. Awareness is only the first step. 
Then you have to do something different. 
 

https://www.drweil.com/health-wellness/body-mind-spirit/stress-anxiety/breathing-three-exercises/
https://www.drweil.com/health-wellness/body-mind-spirit/stress-anxiety/breathing-three-exercises/
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3. Practice the New Skill as Often as Possible  
 
Each time you become aware of a symptom, you could stop the automatic thought 
process that you are the helpless victim of other people’s insensitive behavior (e.g., a 
person continuing to use personal fragrances despite being asked not to) and instead 
imagine yourself breathing easily, feeling well and happy despite the exposure. You 
could remember a time in your life when this was true — maybe on a fun holiday or 
doing an enjoyable activity — or you can fabricate a scene that never happened for the 
sole purpose of elevating your mood. Immerse yourself in the imagery using whatever 
senses are most accessible to you. Remember the warm sun, the sound of the ocean 
waves, the children playing ball, the smell of the salt water, to create or recreate the 
experience as fully as possible. 
 
You may feel you don’t have enough time for neuroplasticity practice. However, 
teachers such as Rick Hanson suggest that you need only shift your focus for as little as 
15 seconds to shift  biology (Hanson, 2013). If you have the time, you can prolong and 
enhance the experience by adding more details in your imagination, including how this 
memory makes you feel emotionally and physically. The more times you successfully 
stop a habitual response to a trigger or a symptom and create an elevated or calm state, 
the more your brain will rewire.  
 
4. Utilize Errors to Further Learning 
 
When you start changing your behavior, your brain may rebel. You will notice thoughts 
like: “This is stupid and won’t work,” “My biomedical symptoms are serious and won’t 
be fooled by self-management,” “I have been ill too long to improve,” or 
“neuroplasticity is %*#(@#,” and the like. Try to tolerate the frustration and doubt and 
stick with your planned practice for 7–20 minutes. Whether you are using imagery, 
yoga, meditation, calling a friend, doing a creative activity or going for a walk, stick with 
it if you can. Embrace your frustration. It is inevitable when you try to change that your 
brain protests. The frustration will generate the release of the neurochemicals needed 
to rewire your brain — you are on the way to change.  
 
5. Rest or Sleep  
 
Reward yourself with a break. Put your feet up, close your eyes and feel your body relax. 
Try listening to a self-hypnosis or yoga nidra script to restore yourself and consolidate 
your work. If you fall asleep (and this doesn’t ruin your night-time sleep) all the better. 
You will restart your day more refreshed. 
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The Neuroscience of Meditation 
 
You might be wondering at this point whether there is a shred of evidence that changes in 
behavior can change the brain and the body. Although the study of neuroplasticity-based 
strategies is in its infancy, there is a field which has been carefully studied for decades, one that 
provides proof that repeated mental experience does change the brain and the body.  
Meditation is the practice of focused attention. It has been used for millennia as a spiritual 
practice, a way to quiet the brain enough to experience something beyond daily cares and 
worries. In recent decades, meditation has been shown to improve many aspects of health and 
improve outcomes in many illness conditions. In their book Altered Traits, Drs. Daniel Goleman 
and Richard Davidson review this research and brain imaging figures prominently among the 
evidence (Goleman, 2017).  
 
Brain changes are most pronounced in experienced meditators but meditation training for as 
little as 10 hours produces some positive changes. This is encouraging to those considering 
taking up the practice. There are many approaches to meditation and a discussion of the 
various methods is well beyond my expertise. Most of the research has been done on 
mindfulness meditation and mindfulness-based stress reduction, (MBSR) in particular. Most of 
the information below, except where otherwise referenced, is summarized from Goleman and 
Davidson’s book.  
 
Mindfulness-Based Stress Reduction (MBSR) Improves Cognitive Function  
 
MBSR, developed by former Harvard professor, Dr. Jon Kabat-Zinn, is one of the most widely 
available, practiced and researched forms of mindfulness meditation. It was developed for use 
in health-care settings, intentionally free of religious context. The official MBSR website at the 
University of Massachusetts Medical School will allow you to find a certified teacher or program 
(https://www.umassmed.edu/cfm/mindfulness-based-programs/). However, if you enter 
“MBSR” in your browser you will find thousands of resources. Dr. Kabat-Zinn has written 
several books that are considered classics including his first book Full Catastrophe Living: Using 
the Wisdom of Your Body and Mind to Face Stress, Pain, and Illness. To access videos of Kabat-
Zinn’s teaching, go to https://www.mindfulnesscds.com/. 
 
How does mindfulness meditation work? It strengthens the impact of the prefrontal cortex (our 
conscious mind) on the limbic brain (unconscious reactions). The limbic system, of which the 
amygdala is a part, receives direct input from our senses. In the case of danger, the amygdala 
generates intense emotions that motivate us to act. It does this, in part, by activating the 
sympathetic nervous system (SNS), often referred to as the fight/flight system. This system acts 
to ensure our safety and survival. In the case of imminent danger, it increases our chances of 
survival by increasing heart rate and breathing, sending blood to the muscles so that we can run 
or fight.  

https://www.umassmed.edu/cfm/mindfulness-based-programs/
https://www.mindfulnesscds.com/
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Many of us experience chronic stress from life situations, which while not life threatening, 
threaten our security — things like financial stress, relationship stress or stress from severe 
health problems. The limbic brain reacts to these stresses as if they were life threatening and 
turns on the genes and neurochemicals of survival. Over the long term, this negatively affects 
health. I discuss stress and the autonomic nervous system further in Chapter 9: Emotions. 
 
 
 
 
 
 
 
 
 
Please refer to Figure 3.1 for a discussion about the relationship between our unconscious 
reactions to life experiences mediated by the amygdala and our ability to mitigate those 
reactions with the prefrontal cortex. The prefrontal cortex is a more recently developed part of 
the brain. It is referred to as the executive center of the brain. As you can see in Figure 3.1, the 
prefrontal cortex and amygdala (a key part of the limbic brain) are in close proximity, and there 
are strong connections between the two. This amazing video from the Mark and Mary Stevens 
Neuroimaging and Informatics Institute at the University of Southern California shows real 
images of the extensive two-way connection between the amygdala and the prefrontal cortex 
(https://www.youtube.com/watch?v=m0rHZ_RDdyQ). 
 
Each of these brain areas has the ability to influence or even hijack the other’s agenda. The 
prefrontal cortex allows us to plan, problem solve, be creative and direct our learning to make 
conscious, well-thought-out choices. If the prefrontal cortex assesses that everything is OK and 
we are safe, it can override the automatic responses of the limbic system, preventing or 
calming the fight/flight response. After a three-month meditation retreat, students were found 
to have increased activity in the pre-frontal cortex (Goleman, 2017)  
 
Of interest to people with ME/CFS, FM and ES who experience brain fog and poor short-term 
memory, attention is required to consolidate new memories. Patients with ME/CFS and FM 
consistently have low scores on tests of working memory (Majer et al., 2008; Wu, Huang, Fang, 
Ko, & Tsai, 2018). As little as 13 minutes of meditation daily for eight weeks can lead to 
improvements in many cognitive functions, including memory and working memory (Basso, 
McHale, Ende, Oberlin, & Suzuki, 2019). Of note this research was not done in people with 
ME/CFS or FM. 
 

When the limbic brain is activated 
the brain and body focus on survival. 

https://www.youtube.com/watch?v=m0rHZ_RDdyQ


More Light  
Chapter 3: The Biology of Change (Part 1: Neuroplasticity)  Page 3-1-31 
 
 
 
As we practice meditation, we become less attached to our thoughts, feelings and sense of self. 
When instructed to avoid getting caught up in the melodrama of the self, novice meditators 
utilize a lot of effort and energy, especially in the prefrontal cortex. By comparison, seasoned 
meditators with thousands of hours of practice maintain a quiet mind with little activation of 
the prefrontal cortex. This suggests that mental calm can become second nature with practice. 
 
Meditation Lessens Physical Symptoms  
 
Many treatment programs offer meditation as part of a multi-modal therapy to patients with 
chronic medical conditions. A meta-analysis of dozens of such studies concludes that MBSR 
doesn’t change people’s ratings of pain severity. But the research subjects report that their pain 
doesn’t bother or impede them as much. Similar findings are reported in research subjects with 
FM who train in meditation. In one study, FM patients reported decreased perceived stress and 
being less bothered by pain and other symptoms after taking a meditation course (Adler-Neal & 
Zeidan, 2017; Cash et al., 2015). 
 
In keeping with the theme of this chapter and book — that self-management can change 
biology, there is growing evidence that meditation changes biology as well as perception. In as 
few as 30 hours of meditation (one hour daily for a month), biologic markers of inflammation 
called cytokines decrease in novice meditators. After an eight-hour meditation retreat, 
seasoned meditators show decreased expression of inflammatory genes. I will have more to say 
about genetic expression later in this chapter. The connection between the autonomic nervous 
and immune systems will be discussed in Chapter 9: Emotions. 
 
Meditation Improves Mental Health 
 
The ability of mindfulness to decrease perceived stress is one of the most consistent findings in 
meditation research (Tang, Holzel, & Posner, 2015). A review of 47 studies on this topic 
concludes that mindfulness meditation has a positive impact on mental health, especially 
symptoms of anxiety and depression (Goyal et al., 2014). The amount of improvement is about 
the same as that noted with prescribed drugs but without the side effects.  
 
Of course, like all other interventions, meditation is not a panacea. Meditation has not been 
found to improve eating habits, weight management, sleep or substance use problems. This 
doesn’t mean it’s not worth trying. Even if the average research participant doesn’t improve in 
a study, some people may benefit. I tell my patients that if they are participating in a 
management strategy that is helping, as long as the strategy isn’t too dangerous or expensive, 
they should continue. Remember that every intervention carries some risk even those which 
are “natural” and seem harmless. Many of my patients have developed a daily meditation 
practice and report they feel calmer and less anxious. In the interests of full disclosure, despite 
years of practice, I myself have not experienced the benefits of meditation. 
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For beginner meditators, the amygdala shows less reactivity to stress after as little as 30 hours 
of practice. Improvements in attention occur in as little as two weeks. Inflammatory markers 
measured in the blood decrease after as few as 30 hours of practice. For longer term 
meditators with at least 1,000 hours of practice, there is a decrease in stress reactivity, 
attention improves and there is less attachment to thoughts. For yogis with thousands of hours 
of meditation practice, the changes to the brain function are present all the time, not only 
while meditating. Their brains have rewired through persistent practice. 
 
 
Conclusions  
 
My hope is that this first part of Chapter 3 will pique your interest in the possible contribution 
of neuroplasticity to your symptoms and encourage you to learn more. The neuroplasticity 
research demonstrates that changes to brain structure and function occur throughout life. By 
using the information on how to optimize neuroplasticity, you can take steps to change your 
brain and your health. In the section titled Steps to Heal an Injured Brain, I summarize the work 
of Dr. Norman Doidge on how to prepare your brain for change. In How to Optimize 
Neuroplasticity at the Cellular Level, I draw from the Huberman Lab Podcasts on how your 
actions stimulate the neurotransmitters that allow neuroplasticity to take place. Then I 
enumerated the steps for daily practice in Neuroplasticity Practice Strategies, drawing on the 
work of many prominent teachers in the field. In Examples and Tips, I provided examples of 
what to do and resources to learn more. The final section, The Neuroscience of Meditation, is a 
case study of an extensive body of research demonstrating that changes in mental practice 
(meditation) lead to changes in brain structure and function and changes in health-related 
measures such as inflammation. It is possible.  
 
 
Questions and Reflections 
 
1. Define neuroplasticity in your own words. 

2. How does neuroplasticity help you understand the connection between the brain and body? 

3. What physical or mental health symptom do you most want to change? 

4. Reread the section Neuroplasticity Practice Strategies. For the symptom you have identified, 
develop a plan based on the seven suggested steps. Make sure it is realistic for your energy and 
time availability. Start practicing and see if you can put neuroplasticity to work for you.   
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Objectives 
 
After reading this section on epigenetics you will be able to: 
 
1. Describe how your body adapts to your environment in real time by turning genes on and off 
as needed. 
2. Reflect on the influence you have over the epigenetic process. 
3. Plan to improve your quality of life through change of diet, activity and/or mindset. 
 
In this second part of Chapter 3: Biology of Change, I explain how epigenetics allows all living 
beings to continually adapt to the environment and to pass those adaptations down to our 
offspring. Epigenetic adaptation to emotional, social and physical challenges is biological; it 
affects which of our genes manufacture proteins and which remain turned off and silent. Some 
epigenetic changes, such as those caused by famine and trauma, increase the risk of mental and 
physical diseases. Others, including many we can influence through daily lifestyle decisions, can 
improve our health and mediate recovery from illness and trauma. 
 
I begin by defining some of the terms that will help you understand how epigenetics works. I 
describe three main epigenetic mechanisms and give examples of how each affects health. I 
discuss the importance of epigenetics in various critical life functions, such as how cells learn 
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their function and how we age. Research into epigenetics related to ME/CFS and FM is 
increasing, and there are exciting findings of a possible epigenetic biomarker for ME/CFS. The 
impact of environmental toxins on health via epigenetics is well accepted (Feil & Fraga, 2012). 
Extremely low frequency electromagnetic fields are being used to alter epigenetics as part of 
cancer therapy (Shayeghan, Forouzesh, Madjid Ansari, & Javidi, 2021) but as of the time or 
writing, I have not seen research on epigenetic mechanisms for Environmental Sensitivities. 
 
For those of you who are not interested in the hardcore science, you may choose to skim 
through the first pages to get to the section “How Self-Management Impacts Health Through 
Epigenetics” on page 3-2-14. There I discuss what you can do on a daily basis to positively 
influence your epigenome and your health. Yes, there is peer-reviewed research suggesting 
self-directed improvement is possible.  

Nothing works for every person with every disease in every situation. But most people can 
make changes in a positive direction. Accurate, research-based information such as that in this 
chapter is designed to help you identify steps you can take to improve your health and quality 
of life.  

 

 
Background  
 
Epigenetics is an emerging field and knowledge is accumulating quickly. While there is still 
much to learn, epigenetics provides an answer to one age-old question: which is more 
important, nature or nurture? The answer is that both nature and nurture shape our lives and 
our health. Nature is what we inherit from our parents: our DNA, our genetic blueprint. Nurture 
is what happens to us during our lives. Our life experiences are remembered at the cellular level 
through epigenetic marks — which control which of the genes we have inherited are turned on 
or off in any given moment. Like neuroplasticity, epigenetic processes assist cells to respond to 
their environment. Like neuroplasticity, our epigenome is plastic (able to change) throughout 
the lifespan. And, as with neuroplasticity, we affect our epigenomics on a daily basis through 
our lifestyle decisions. 

“Epigenetics is the study of how your behavior and 
environment cause changes that affect the way  

your genes work”. 
 

https://www.cdc.gov/genomics/disease/epigenetics.htm  

https://www.cdc.gov/genomics/disease/epigenetics.htm
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Of the three modes of biological adaptation described in this chapter, epigenetics is the most 
difficult for people to understand. In this five-minute Nature video: Epigenome: The symphony 
in your cells (https://www.youtube.com/watch?v=W3Kg9w-srFk#t), epigenetics is explained 
using the metaphor of music. I recommend you watch it before continuing. The video uses a 
music analogy, not the same one as used in the Neuroplasticity section of this chapter.  

As the video explains, our genome — the 20–25 thousand genes in each cell that we inherit 
from our parents — is like sheet music (the melody and harmony) written by a composer. The 
epigenome is the instruction for which musicians will play each note and how they could play 
the notes. These instructions allow the music to be interpreted according to the musicians’ 
taste and circumstances, creating variation without changing the underlying composition.  

Another analogy used to explain epigenetics is that of a computer, the genome being the 
hardware and the epigenome the software that provides instructions for how the genetic code 
will be expressed.   

Even once these basic analogies are understood, the mechanisms of epigenetics are difficult to 
understand. A full primer is beyond the scope of this chapter but I’ll provide some foundational 
definitions. (The links after each definition provide sources for those who want to read more.) 

DNA: Deoxyribonucleic acid is the hereditary (genetic) material in humans. 
https://medlineplus.gov/genetics/understanding/basics/dna/ 

RNA: Ribonucleic acid is similar in structure to DNA but with some subtle differences 
such as the use of the base uracil rather than thymine. There are a number of different 
types of RNA, each used for different tasks. In this chapter, I refer to messenger RNAs 
(mRNAs), which are responsible for transferring information from the genes to create 
proteins in cells. I also discuss non-coding RNAs, which are involved in regulating gene 
expression. https://www.genome.gov/genetics-glossary/RNA-Ribonucleic-Acid  

Genome: An organism’s complete set of DNA is called its genome. Virtually every 
single cell in the body contains a complete copy of the approximately three 

“The epigenome consists of chemical compounds that 
modify, or mark, the genome in a way that tells it what to 

do, where to do it and when to do it”.  

 

https://www.genome.gov/genetics-glossary/epigenome  

https://www.youtube.com/watch?v=W3Kg9w-srFk#t
https://medlineplus.gov/genetics/understanding/basics/dna/
https://www.genome.gov/genetics-glossary/RNA-Ribonucleic-Acid
https://www.genome.gov/genetics-glossary/epigenome
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billion DNA base pairs, or letters, that make up the human genome.  
https://www.genome.gov/about-genomics/fact-sheets/A-Brief-Guide-to-Genomics 

Epigenome: Epi is a Greek word meaning “above,” so the epigenome is above the 
genome. It is the complete set of epigenetic marks in a cell, composed of a multitude of 
chemical compounds that tell the genome what to do, where to do it and when to do it. 
https://www.genome.gov/about-genomics/fact-sheets/Epigenomics-Fact-Sheet 

Epigenetics: The study of how your behaviors and environment can cause changes in the 
way your genes work. https://www.cdc.gov/genomics/disease/epigenetics.htm and 
https://medlineplus.gov/genetics/understanding/howgeneswork/epigenome/ 

Gene expression: The process by which the information encoded in a gene is used to 
build proteins. This process involves the creation of messenger RNA (mRNA) molecules, 
which are the mirror image of the gene being expressed. When genes are turned on, 
they get made into protein. When they are turned off, they remain inactive. As an aside, 
mRNA is the molecule being used in mRNA vaccines for COVID-19. 
https://www.genome.gov/genetics-glossary/Gene-Expression 

 

Figure 3.2.1 
Image of RNA by Operon Science  

Flickr Creative Commons 
 

 
Epigenetic Mechanisms 
 
There are three main epigenetic mechanisms: histone modification, DNA methylation (DNAm) 
and non-coding RNA (ncRNA). Each mechanism leaves a fingerprint called an epigenetic mark 
on the DNA structure controlling how the genes will be expressed. These fingerprints are 

https://www.genome.gov/about-genomics/fact-sheets/A-Brief-Guide-to-Genomics
https://www.genome.gov/about-genomics/fact-sheets/Epigenomics-Fact-Sheet
https://www.cdc.gov/genomics/disease/epigenetics.htm
https://medlineplus.gov/genetics/understanding/howgeneswork/epigenome/
https://www.genome.gov/genetics-glossary/Gene-Expression
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affected not only by our own experience but also by the life experiences of our parents and 
ancestors several generations back. These experiences don’t change our genes but they 
influence how our genes are expressed: which ones will be active, where and when. What kind 
of experiences change our epigenome? Social environment, lifestyle factors and toxins such as 
chemicals and heavy metals all affect the epigenome (Pinel, Prainsack, & McKevitt, 2018). Some 
genes can only be affected during early life and some are changeable throughout the life span 
(National Scientific Council on the Developing Child, 2010). 
 
 

  
 

Figure 3.2.2 
Epigenetic Mechanisms Methylation and Histone Modification 

https://commonfund.nih.gov/epigenomics/figure 
 
 
Histone Modification 
 
Histone modification involves changes in how DNA is packaged and stored. Our genes form 
meters-long strands of DNA. Like long strands of yarn, the chromosomes would get hopelessly 
tangled if they weren’t wrapped in some way. Each of our 46 chromosomes of DNA is wrapped 
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like a garden hose around thousands of protein hubs called histones. These histones are then 
wound into bigger loops called chromatin. The genes on the inside of these spools are not 
accessible to the cell machinery that translates genetic information into RNA to create proteins 
— they are “turned off.” They are not made into proteins and remain inactive.  
 
The way the DNA is wrapped on the histones isn’t random. The genes that are used most 
frequently stay on the outside, so they are easier to access in future. If a cell needs a gene from 
the middle of the spool, the DNA garden hose is unwrapped and reconfigured so the needed 
genes can be accessed. If we change our behavior in a way that causes a gene to be needed 
more often, the epigenetic marks will adapt to allow this to happen. Just as our brains create 
neurological defaults to facilitate what we encounter most often, epigenetic marks encode our 
habitual behavior and exposures so our cells can respond quickly and efficiently. Histone 
modification is one of the ways maternal behavioral affects the long-term health of offspring.  
 
DNA Methylation 
 
A second important structural epigenetic mark is called DNA methylation (DNAm). Molecules 
called “methyl” groups bind to genes on the outside of the spools. The methyl groups block the 
genes from being expressed. Highly methylated areas of DNA are inactive, while lightly 
methylated areas of DNA are more active.  
 
In a now famous experiment, Drs. Waterland and Jirtle, then at Duke University, showed that 
diet could change gene expression in visible ways  (Waterland & Jirtle, 2003). They used mice 
with an altered version of a gene called agouti, which causes mice to become yellow and obese. 
One group of these pregnant mice was fed a diet rich in methyl groups (such as choline, 
betaine, folate and B12). The other group was fed usual lab mouse kibble. In the group with the 
methyl-enriched diet, the methyl groups attached to the mouse DNA and turned off the agouti 
gene. The offspring of the mothers fed the high-methyl diet were more likely to be brown, 
normal weight and healthy than the mothers fed the usual mouse kibble. Hair and fur color are 
genetically determined and we generally don’t think of them as changeable. This experiment 
shows the power of behavior, in this case diet, to change things we consider “hard-wired.” 
(https://www.nature.com/scitable/topicpage/obesity-epigenetics-and-gene-regulation-927/) 
 
 
 

https://www.nature.com/scitable/topicpage/obesity-epigenetics-and-gene-regulation-927/
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Figure 3.2.3 
Impact of Diet on Epigenetics 

From the open access website of the National Institute of Environmental Health Sciences 
https://www.niehs.nih.gov/health/topics/science/epigenetics/index.cfm#footnote2  

 
 
Non-Coding RNAs 
 
It had long been thought that all our genes code for structural proteins that our cells need to 
function, such as hemoglobin or the many enzymes. However, in 2003, the Human Genome 
Project delivered a very different result. It turns out that only two percent of our DNA codes for 
structural proteins. The other 98 percent doesn’t. At first, this genetic material was labeled 
“junk DNA” and wasn’t thought to have a purpose. Now we know that this isn’t the case. While 
there is still more to discover, we know that at least 80 percent of our DNA has an epigenetic 
regulatory function. These genes code for RNA molecules, which control which genes will be 
expressed as protein and which will not. They are called non-coding because they do not 
contribute to the creation of protein molecules.  
 
Non-coding RNAs come in different sizes and all play important epigenetic roles. Types of non-
coding RNAs include long non-coding RNAs (lncRNA), arbitrarily defined as longer than 200 
nucleotides. The nucleotides adenosine, uracil, cytosine and guanine are the building blocks of 
RNA. MicroRNAs (miRNA) are about 22 nucleotides in length and the primary function is to 
silence genes. Small interfering RNA (siRNA) are 20 – 25 nucleotides long and also decrease 
gene expression (which genes are turned on and off), by breaking down the RNA transcribed 
from the genes before it can go on to create a protein molecule.  I describe each briefly below.  
 

https://www.niehs.nih.gov/health/topics/science/epigenetics/index.cfm#footnote2
https://www.genome.gov/human-genome-project
https://www.genome.gov/human-genome-project
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Long non-coding RNAs (lncRNA) play many important roles in the body. They are responsible for 
turning off one of the X chromosomes in females. If both X chromosomes were turned on at the 
same time, the cell wouldn’t know which message to follow and confusion would ensue. Calico 
cats have different fur colors because a different X chromosome is turned on in different parts 
of the body. lncRNAs play clear roles in the development of many diseases, including heart 
disease, diabetes, dementia and cancer.                              
 
lncRNAs are being studied for their potential as drugs, and several clinical trials are investigating 
potential beneficial effects. Natural health products such as resveratrol, curcumin and 
berberine, for example, are said to have positive effects on lncRNAs (Chen, Li, Chen, & Zhang, 
2021). Because each lncRNA molecule affects tens or hundreds of genes, the effects of these 
substances are not specific and may have many unintended consequences. So far, the effects of 
the lncRNA drugs are not specific enough to be used clinically. 

 
MiRNA molecules influence which genes are turned on and how much of a protein is produced. 
Some miRNAs have anti-inflammatory effects and could potentially be beneficial in a disease 
like ME/CFS, which has an inflammatory component. miRNA molecules are routinely used as 
tools in laboratory experiments to influence genetic expression suggesting they may be ideal 
candidates for drugs acting upstream from many drugs currently on the market.  
 
In real life, things are often more complicated than in the lab. A single miRNA molecule often 
acts on tens or even hundreds of genes. This means there are a lot of unwanted effects from 
their use. As of 2020, 10 miRNA drugs and 57 engineered miRNA-like drugs were in clinical 
trials. Most miRNA trials have been abandoned due to side effects or lack of effectiveness 
(Zhang, Cheng, Wang, & Han, 2021). Two miRNA-like drugs have been approved, both for very 
rare conditions. Treatment with these injectable drugs costs more than $200,000 USD a year, 
putting them out of range for most.  
 
Just as I was putting the finishing touches on this chapter, one of my publications arrived 
announcing a new drug for high cholesterol approved in both Canada and the USA. The drug, 
called inclisiran is a small interfering RNA molecule designed in the lab rather than in the body 
to lower cholesterol in patients with familial (genetic) hypercholesterolemia for whom statin 
drugs are insufficient. The drug is given by injection twice a year and costs CAD$8518 for the 
first year’s therapy. https://www.leqviohcp.com/mechanism-of-action  
 
 
 
 
 
 
 

https://www.leqviohcp.com/mechanism-of-action
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How Epigenetics Shapes Our Biology 
 
The Epigenome Transmits Lived Experience to the Next Generation 
 
Whereas the information blueprint stored in the 20–25 thousand genes we inherit from each 
parent is unchanging throughout life, epigenomic information — the complete set of epigenetic 
marks in a cell — is constantly changing in response to our circumstances. We not only inherit 
our parents’ genes but also their epigenomic information. This information reflects their 
circumstances prior to our conception and during the first trimester of pregnancy. As with 
neuroplasticity, epigenomic inheritance can work in our favor or against it.  
 
A well-researched example is the impact of famine on offspring in utero in the Dutch 
population during the late stages of the Second World War. Similar findings have been 
confirmed in several other groups of famine survivors (Bleker, de Rooij, Painter, Ravelli, & 
Roseboom, 2021). Mothers who are pregnant during famine undergo adaptive epigenomic 
changes to enable them to derive every calorie from the little food that is available. These 
epigenetic marks are passed on to offspring who, when the famine ends, have access to more 
food. The offspring remain on course to derive maximal calories from their food even though 
their circumstances have changed. Many go on to have problems with excess weight, heart 
disease and even schizophrenia as adults. The infant’s genes have not changed due to the 
famine. And the adult outcomes are not only because they were fed more by their traumatized 
mothers when food became available, though certainly this may happen. It is because of the 
epigenetic changes in DNA methylation caused by the famine when the individuals were in 
utero (https://www.cdc.gov/genomics/disease/epigenetics.htm). 
 
The Epigenome Mediates the Impact of Adverse Childhood Experiences on Health Later in Life 
 
There is extensive research on the impact of adverse early childhood experiences (ACEs) such as 
abuse and neglect on later mental and physical health. In medical school and psychiatric 
training, I always wondered how exactly childhood experience caused health effects decades 
later. Was it because these patients inherited problem genes from their parents? Was it 
because they learned poor coping skills and lifestyle behaviors from their parents? Although 
both are often true and contribute to the increased risk of health problems in adults who 
experienced adverse childhood events, we have discovered another powerful mediator of 
growing up with adversity — epigenetics. For more research on ACEs go to 
https://www.cdc.gov/violenceprevention/acestudy/about_ace.html. 
 
Each time the child feels unsafe, the limbic system and fight/flight arm of the autonomic 
nervous system are activated. This leads the DNA to be wound on histone spools in such a way 
that the genes needed to manage stress are on the outside, available to be turned on easily 
whenever needed. Over time, the activation of the fight/flight genes becomes the default.  

https://www.cdc.gov/genomics/disease/epigenetics.htm
https://www.cdc.gov/violenceprevention/acestudy/about_ace.html
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Abuse, neglect and exposure to toxins have both immediate and long-term effects on children 
through changes in genetic expression. In the short term, brain development is affected in a 
way that can hinder children’s ability to learn. Children exposed to ACEs have more problems 
with behavior, learning and health than other children (National Scientific Council on the 
Developing Child, 2010).  
 
Epigenetic marks tend to endure into adult life even if the adverse circumstances are no longer 
present. Therefore, in the absence of an opportunity to change, the impact of adverse events in 
childhood may negatively affect how adults respond to stress. After years or decades of 
apparent good health, adults who have experienced adverse childhood events (ACEs) are more 
likely than those with a more secure history to develop any of a number of health conditions, 
including high blood pressure, obesity, heart disease and autoimmune conditions (Hughes et 
al., 2017).  
 
However, if you have experienced adverse childhood events, don’t despair. Donna Jackson 
Nakazawa’s book, Childhood Disrupted, explains that unlike genetics, epigenetics can be 
altered. She explains in understandable language how epigenetics mediates the impact of 
childhood adversity. The good news is that almost half of her book is devoted to how to 
improve your situation (Nakazawa, 2015). Although it is more difficult to change genetic 
expression after years of habitual patterns, it is possible!  
 
A study from the Netherlands on combat veterans with post-traumatic stress disorder shows 
that those who responded positively to trauma-focused therapy had a small but measurable 
epigenetic change in a DNA methylation region responsible for modulating the stress response   
(https://www.psychologytoday.com/us/blog/psychiatry-the-people/201910/can-
psychotherapy-reverse-post-traumatic-epigenetic-changes). There are also studies underway to 
evaluate whether meditation improves epigenetic influence on the stress response. If the 
results are positive, this would be good news because psychotherapy and meditation are less 
expensive and have fewer side effects than high-tech RNA drugs. This is an area where 
epigenetics and neuroplasticity work together – meditation sends messages to the autonomic 

Modification of the epigenome caused by stress during 
fetal and child development affects how well or poorly we 
respond to stress as adults and can result in increased risk 

of adult disease. 
Early Experiences Can Alter Gene Expression and Affect Long-Term Development. Retrieved 

from Cambridge, Mass: http://www.developingchild.net 

https://www.psychologytoday.com/us/blog/psychiatry-the-people/201910/can-psychotherapy-reverse-post-traumatic-epigenetic-changes
https://www.psychologytoday.com/us/blog/psychiatry-the-people/201910/can-psychotherapy-reverse-post-traumatic-epigenetic-changes
http://www.developingchild.net/


More Light  
Chapter 3: The Biology of Change (Part 2: Epigenetics)  Page 3-2-11 
 
 
 
nervous system resulting in stress genes turning off allowing return to a balanced, healthy 
physical and mental state.  
 
Trauma at any age, including the trauma of having a long-term chronic disease, impacts the 
biology of the brain and the body. The most successful approaches for trauma are therapies 
that help the brain and the body reconnect. These include therapies such as Somatic 
Experiencing, developed by Peter Levine (https://traumahealing.org/), and Sensorimotor 
Psychotherapy, developed by Pat Ogden (https://sensorimotorpsychotherapy.org/). A goal of 
these therapies is to reclaim the developmental trajectory that has been redirected by trauma. 
 
I will discuss more about coping with chronic disease, including the importance of calming the 
autonomic nervous system, in Chapter 9: Emotions and Coping. The more I experience and 
observe, the more I believe a daily calming practice is helpful. Most of the patients I know who 
have made significant improvements in ME/CFS, FM or ES have found a way to maintain 
equanimity in the face of unpredictable symptoms and an uncertain future. The method 
doesn’t seem important. Some people use meditation, others visualization, restorative yoga or 
tai chi. But developing the skill to maintain calm in the face of adversity seems helpful. 
 
In Let Your Light Shine Through, Session 4: Coping, I talk about how psychotherapy can be 
helpful to resolve past life events, particularly if you have had a history of childhood trauma, 
and how to find a therapist who is a good fit for you. If you are experiencing the aftereffects of 
trauma, I recommend finding a therapist whose practice is devoted to trauma and who has 
trained in several different modalities. This enables the therapist to be flexible enough to meet 
your individual needs. Recovering from trauma requires feeling safe in the therapeutic 
relationship. Trust your intuition. Ask hard questions. Make sure the therapist understands your 
complex physical and emotional challenges and has the skills to guide you to a more stable and 
empowered place.  
 
Epigenetics Is Why Twins Become More Different as They Age 
 

 
 

“Identical” butterflies (Flickr Creative Commons) 

https://traumahealing.org/
https://sensorimotorpsychotherapy.org/
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Identical twins do not remain identical as they age. Even in the womb they don’t receive equal 
amounts of nutrients. Whereas our genes remain the same over our lifespan, our epigenetics 
are constantly changing to help us adapt to circumstances. Even if twins grow up in the same 
household, attend the same school and are dressed in matching outfits, they have different 
lived experiences, different thoughts and different reactions to daily life. As well twins have 
different exposures to environmental toxins (see next section). As a result, as twins age their 
epigenetic marks diverge. When one identical twin has a certain health condition and the other 
doesn’t, the difference must be a result of experience or environment, and epigenetics may 
explain the difference (National Scientific Council on the Developing Child, 2010).  
 
Epigenetic Changes Caused by Environmental Toxins Increase Cancer Risk 
 
We usually think of the increased cancer risk of toxic chemicals and radition occurring due to 
damage to DNA (genetic toxicity). However research suggests that epigenetics plays a 
significant role (Stein, 2012). For example, 40% of cancer causing chemicals don’t damage DNA; 
they act through epigenetics. Some common examples include the hormone disrupting 
chemicals diethylstilbetrol (DES) and bisphenol A, used widely in plactics. Their negative effects 
on infant and reproductive health occur in part through changes to DNA methylation and 
miRNA. Some metals cause cancer in part through epigenetic mechanisms: nickel impacts 
histone modification and cadmium, DNA methylation. Benzene and other hydrocarbons found 
in forest fire and cigarette smoke and petrochemicals also affect health through epigenetics. In 
the case of cigarette smoke, changes in DNA methylation contribute to cancer risk. Even UVB 
radiation increases skin cancer risk in part through epigenetics. 
 
Epigenetics Influences Aging 
 
In young people, cells are strongly differentiated. They receive vital communication from 
surrounding cells and clear epigenetic instructions to ensure, for example, that a liver cell is 100 
percent a liver cell and a skin cell is 100 percent able to fulfil the tasks needed of a skin cell. As 
we age, our epigenetic marks become damaged by oxidative and other biological stresses. As 
this occurs, our cells start acting in ways that are less specific to their appointed jobs. Imagine if 
the professionals in your life started getting their roles mixed up. Eventually your taxes 
wouldn’t be done correctly, your massage would be less helpful and so on. As our epigenetic 
marks become less efficient, the body doesn’t work as well.  
 
Harvard professor Dr. David A. Sinclair, author of the book Lifespan, uses the analogy of a piano 
concert to describe what goes wrong with the epigenome as we age (Sinclair, 2019). In this 
analogy, the DNA is the sheet music, notes that have been preserved in print for centuries, and 
epigenetics is the pianist. As the epigenetic marks are damaged, the pianist begins playing 
wrong notes. As they make more and more mistakes, the concert is increasingly out of tune and 
off time.  
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This is what happens with aging. The epigenetic controls over genetic expression (which genes 
are turned on and off) become less precise and more mistakes occur. Cells spend more and 
more resources trying to repair the damage. As this occurs, fewer resources are available to 
function effectively. As genes are less precisely controlled, the cells show signs of aging and 
health conditions such as cancer and autoimmune diseases increase.  
 
It turns out that DNA methylation (DNAm), one of the epigenetic marks I mentioned at the start 
of this section, is one of the most accurate measures of biological age. Calculation of DNAm is 
sometimes called the “epigenetic clock.” Methylation is affected by environmental and lifestyle 
circumstances such as exposure to air pollution, obesity, infection, stress, diet and exercise. 
Some genes become more methylated with age and some less. But it is not a one-way street. 
Methylation status and other epigenetic changes can be improved (Ferioli et al., 2019). A 2021 
study showed that a lifestyle intervention focused on diet, sleep, activity, relaxation guidance, 
probiotic and phytonutrients resulted in a decrease in biological age of almost 2 years 
compared with the start of the study and over 3 years compared with a control group 
(Fitzgerald et al., 2021). I will describe shortly in more detail the type of changes you can 
implement to improve your biological age.  
 
Epigenetics Enables Tissue and Organs to Develop Their Unique Characteristics 
 
All cells in the body contain the same genetic material. Have you ever wondered how a cell in 
the liver knows to become a liver cell and not a skin cell? Each cell figures out what to do by the 
message it receives from the cells around it. The mature cells in each tissue tutor the new cells 
through the molecules they make and release in the course of their everyday function. These 
molecules influence the epigenomics of the new cells. Stem cells are cells that have not yet 
differentiated into specific cell types, and they have not yet had experiences to negatively alter 
their epigenomics. One of the promises of stem cell therapy is that we may be able to infuse 
people with healthy stem cells to correct genetic or epigenetic problems. This will be 
increasingly possible as we better understand the epigenetic changes cells go through as they 
mature. The goal is to create an epigenetic instruction manual for stem cells so they contribute 
to the positive health effects individuals need.  
 
 
Epigenetics in ME/CFS, FM and ES 
 
In medicine, we often wonder why some people exposed to difficult emotional or physical 
circumstances end up with health problems and others don’t. For example, why do 10 percent 
of people who contract Epstein Barr virus or Ross River fever (or COVID-19, if current trends 
continue) go on to develop ME/CFS, while 90 percent recover (Jones et al., 2004)? Why do 
some people develop FM after a motor vehicle accident and others recover within a few 
months? Why do some people exposed to toxic chemicals develop MCS, while others appear 
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unaffected? There are genetic variants that seem to confer higher risk for each of ME/CFS, FM 
and MCS. For example, some people with MCS have genes that are less effective at clearing 
toxins and repairing oxidative damage in cells (McKeown-Eyssen et al., 2004). However, genetic 
variants are not the complete answer since many people with these variants do not become ill.  
It could be that epigenetics plays a role. Perhaps, for example, the suppression of certain genes 
by DNA methylation or microRNAs (miRNAs) contributes to the pain in FM or the immune 
activation in ME/CFS. Research is underway to find epigenetic fingerprints for diseases including 
ME/CFS and FM. Environmental sensitivities have not been studied yet from an epigenetic 
perspective. However epigenetics is known to contribute to the adverse health effects of many 
pollutants, including heavy metals and diesel exhaust (Pinel et al., 2018).  
 
It is important to remember that epigenetic studies are correlational. Finding a unique 
epigenetic profile in a disease group doesn’t prove that that epigenetic mark causes the 
disease. It is equally possible that the disease caused the epigenetic fingerprint or that some 
other variable such as an environmental exposure caused both the disease and the epigenetic 
changes. Nevertheless, if a consistent profile were found for any of ME/CFS, FM or ES, it would 
provide valuable information about the biology of the diseases. 
 
A 2019 review of the studies of DNA methylation and miRNA findings in ME/CFS show a lot of 
variability among studies, with no consistent profile emerging (Almenar-Perez et al., 2019). This 
is not surprising given the heterogeneity of ME/CFS and the small number of participants in 
most of the studies.  
 
Although findings vary among studies, there is growing evidence that miRNA is associated with 
chronic pain, including the pain experienced by people with ME/CFS (Al-Rawaf, Alghadir, & 
Gabr, 2019) and FM. A large twin study of DNA methylation in people with chronic, widespread 
pain, most of whom had FM, found some differences compared with healthy controls (Burri et 
al., 2016). There is one intriguing study of participants with combined ME/CFS and FM that 
found undermethylation of the gene for brain-derived neurotropic factor (BDNF), a molecule 
that mediates neuroplastic changes in response to exercise (Polli et al., 2020). BDNF is critical 
for neuroplasticity and new learning. I mention BDNF again later in relation to how exercise 
benefits cognitive health.  
 
There are studies suggesting that both ME/CFS and FM are on the longlist of medical diseases 
for which adverse early childhood experiences (ACEs) place people at higher risk (Hauser, 
Kosseva, Uceyler, Klose, & Sommer, 2011; Heim et al., 2006). This is supported by studies 
showing epigenetic markers of increased stress response in both ME/CFS and FM (de Vega, 
Herrera, Vernon, & McGowan, 2017; Vangeel et al., 2018; Yeung, Davis, & Ciaramitaro, 2016). 
As I discuss in LYLST, this does not mean that many or most people with ME/CFS became ill 
because of stress. But it is a biological reality that chronic stress is a general mediator of 
disease. In this respect, ME/CFS and FM are no different from other common medical diseases. 
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Several groups have found differentially expressed miRNA after fatiguing exercise in individuals 
with ME/CFS (Baraniuk & Shivapurkar, 2017; Cheema et al., 2020; Nepotchatykh et al., 2020). 
Unfortunately, the findings are not consistent among studies, most of which are limited by 
small sample sizes. These biomedical advances are encouraging, but they are unlikely to result 
in affordable, safe treatment for ME/CFS, FM or ES in the near future. In the meantime, the way 
you manage your symptoms day-to-day offers the best chance at improving your quality of life 
through influencing your epigenetics.  
 
 
How You Can Change Your Health Through Epigenetics 
 
Diet 
 
Diet affects health in many ways. Food provides energy. Macronutrients contribute to cell 
structures, and micronutrients enable those structures to function. I will return to diet in 
Chapter 6: Diet. This section emphasizes the epigenetic benefits of certain diets and nutrients, 
both for cancer prevention and for overall health. 
 
The epigenetic impact of diet on cancer risk is well researched. Just as with the agouti mice 
mentioned earlier, humans also benefit from ensuring methyl donors are a regular part of the 
diet. Folate, most abundant in green leafy vegetables, is a well-studied methyl donor that helps 
decrease risk of some types of cancer, including colon and breast cancer. Folate works hand in 
hand with vitamin B12, found in meat and animal products. Cancer results from the activation 
of oncogenes and suppression of tumor suppressor genes. Methyl groups prevent cancer by 
binding to and inactivating cancer promoter genes (Ghazi, Arumugam, Foolchand, & 
Chuturgoon, 2020). 
 
Choline is a critical nutrient for the creation of acetylcholine, the main neurotransmitter of the 
parasympathetic (rest/digest) branch of the autonomic nervous system. Acetylcholine is also 
necessary for memory and learning and for the growth of healthy cell membranes. Choline is 
found in meat, eggs, dairy and cruciferous vegetables such as broccoli and Brussel sprouts. 
Choline is also a methyl donor and has anti-cancer and anti-aging effects. 
 
Curcumin, a spice and commonly recommended natural health remedy, contains powerful 
antioxidants and anti-inflammatory molecules. Curcumin shows benefits in arthritis, metabolic 
syndrome, anxiety and high lipid levels. Some of curcumin’s beneficial effects are through the 
epigenome. Curcumin affects methylation of tumor cells, turning down their growth. Other 
well-known compounds such as quercetin (found in colorful fruits and vegetables), resveratrol 
(found in red wine) and green tea extract cause positive health effects through epigenetic 
mechanisms (Hewlings & Kalman, 2017). 
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Substances found in food can also have 
negative health effects via epigenetics. An 
example is mold-produced mycotoxins found in 
many grains. The mold is most problematic 
when grains are stored for periods of time in 
humid and warm climates. Examples include 
ochratoxin and aflatoxin both of which cause 
negative epigenetic changes and increase the 
risk of cancer (Hewlings & Kalman, 2017). 
Evidence is growing that diet can increase or 
decrease cancer risk through epigenetics. 
 
What about epigenetic effects of diet on health 
apart from cancer? Many of you will have 
heard of the health benefits of the 
Mediterranean diet. The Mediterranean diet refers to the traditional way of eating in Spain, 
France, Italy and Greece. The diet is loaded with locally sourced, fresh, plant-based foods. It 
includes seven to 10 servings of vegetables and fruits a day 
(https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-
depth/mediterranean-diet/art-20047801). 
 
Healthy fats include daily servings of extra virgin olive oil. Fatty fish such as salmon and 
mackerel are suggested twice a week. Red meat is eaten less often than poultry and meat 
substitutes such as beans. Some dairy foods such as cheese and yoghurt, a source of natural 
probiotics, are included. Spices and herbs are abundant. The method of cooking is also 
important. In general, the Mediterranean diet uses boiling, frying, roasting, baking and grilling. 
Frying and grilling are done for the shortest amount of time necessary and at low heat.  
 
So how does this way of eating affect health, and how is epigenetics involved? Various foods 
and beverages in the Mediterranean diet act on each of the three main epigenetic mechanisms: 
DNA methylation, histone modification and non-coding RNAs (Caradonna, Consiglio, Luparello, 
& Gentile, 2020). Foods in the Mediterranean diet directly or indirectly act on miRNA 
expression.  
 
You will recall in the previous section that there is some excitement about the finding of 
specific miRNA profiles in ME/CFS. Compared with engineering miRNA drugs, it is relatively safe 
and inexpensive to use natural foods or nutritional supplements to modulate miRNA profiles. It 
is becoming clear that the effects of Mediterranean foods are cumulative. This means you can 
start with baby steps and add more healthy foods gradually. The more of the epigenetically 
favorable foods you eat, the greater the health benefits. 

Flickr creative commons 

https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/mediterranean-diet/art-20047801
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The Placebo and Nocebo Effects 
 
So far in this section I have discussed how diet — a body-focused self-management intervention 
—affects health through epigenetics. However, epigenetics is also at the intersection of the 
mind and body. There are studies showing that our mindset changes biology through genetic 
expression. What we believe, even if we are unaware of the belief, affects our biology. How 
might this work?  
 
The placebo effect is an example of the impact of the power of belief, or mindset. It refers to 
the likelihood of a positive outcome when we believe that we are receiving an effective 
treatment or intervention but are, in fact, getting a sham or inactive treatment. Common 
examples in research studies are the use of sugar pills, fake surgeries or other therapies that 
don’t contain the intervention thought to be helpful.  
 
The reverse is also true and is called the nocebo effect. The nocebo effect is when a negative 
outcome occurs when we believe we are being exposed to something harmful when, in fact, we 
are not. A common example of this is the development of side effects in research subjects who 
are receiving a sugar pill or sham therapy but believe they are getting a new drug or other 
treatment that may have side effects. 
 
Again, the question arises: how could a belief that one is getting an intervention lead to 
measurable positive or negative effects? 
 
Well-known scientist and public intellectual Dr. Bruce Lipton explains that epigenetics is at the 
core of the placebo and nocebo effects (Lipton, 2015). Epigenetics confers the ability to turn 
genes on and off as needed to allow us to adapt to our environment. This assumes that the cells 
are receiving accurate signals regarding their environment (our body and blood). But in the case 
of the placebo and nocebo effects, the cells are responding to a false belief. 
 
Dr. Ted Kaptchuk, the director of the Program in Placebo Studies and Therapeutic Encounter at 
Harvard Medical School, explains the placebo effect as a patient’s response to everything that 
happens in the therapeutic encounter apart from the active therapy. This includes patients’ 
beliefs about the effectiveness of a treatment. These beliefs are often unconscious. Participants 
may not be aware of their reactions to the setting, the equipment, whether the clinician is 
validating or seems knowledgeable, and the reputation of the clinic or clinician. All of these 
aspects of care affect patients’ beliefs about and trust in treatment. These beliefs exist whether 
or not the patient receives the treatment or a placebo. You can hear Dr. Kaptchuk describe the 
placebo effect in a short YouTube video (https://www.youtube.com/watch?v=1qFFcImQzSw).  
 
In a popular video on how the brain influences our perception of pain, Australian neuroscience 
researcher Dr. Lorimer Moseley describes a study in which people being touched with a cold 

https://www.youtube.com/watch?v=1qFFcImQzSw
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metal stimulus report more pain when simultaneously shown a red light than when shown a 
blue light. The brain associates red with danger and this unconscious association influences the 
experience (https://www.youtube.com/watch?v=gwd-wLdIHjs). There are thousands of similar 
experiments showing that our perception — conscious and unconscious, accurate or not —
affects our lived experience. 

Dr. Kaptchuk explains that the more serious an illness, the less likely that placebo interventions 
will be effective. Amyotrophic lateral sclerosis (ALS), an almost universally fatal condition, has 
such a low placebo response rate that ethicists argue whether placebo trials should be allowed 
(https://www.massgeneral.org/neurology/als/research/placebo-trials). According to Dr. 
Kaptchuk, a placebo is unlikely to shrink a malignant tumor, but it may lessen symptoms of 
cancer and cancer treatment such as nausea, pain and hot flushes (Kaptchuk & Miller, 2018).  

Psychiatrist and epidemiologist Dr. Simon Wessely and colleagues at King’s College London 
found that the placebo effect in Chronic Fatigue Syndrome, as they called it then, was less than 
in many other medical conditions (Cho, Hotopf, & Wessely, 2005). A very low placebo effect 
supports the seriousness and biomedical validity of ME/CFS and the low likelihood that people 
with ME/CFS will get better through belief or the passage of time alone. 
 
You may wonder whether people actually improve due to belief in a placebo or whether they 
just think or perceive improvement in subjective symptoms. In other words, can placebos and 
nocebos change objective biological measures?  
 
One of the best-studied areas of placebo response is so-called “placebo analgesia,” the 
response of pain to placebo interventions. Most of the research has been done in healthy 
individuals participating in carefully controlled studies of painful stimuli in the context of 
different placebo conditions. The international Placebo Imaging Consortium has compared 
multiple studies with a meta-analysis of 20 studies on placebo analgesia (Zunhammer et al., 
2021).  
 
The consortium found that research subjects who had a strong placebo response showed 
changes in brain activity in several brain areas relevant to pain processing. These brain areas 
include areas that process signals of pressure, temperature or inflammation from the body, 
those that construct the cognitive and emotional experience of pain, and the motivation 
centers in the midbrain. The authors conclude that the placebo response to pain is real and 
measurable. They also state that it is multifactorial and is likely to vary from person to person 
because we each respond differently to our experience and context.  

How Mindset Affects Biology 

Stanford psychologist and researcher Dr. Alia Crum has published classic studies showing that 
mindset affects aspects of biology that we could never change on purpose, no matter how hard 

https://www.youtube.com/watch?v=gwd-wLdIHjs
https://www.massgeneral.org/neurology/als/research/placebo-trials
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we try. She defines mindset as our core beliefs or assumptions, often outside our awareness, 
about how things work and what is likely to happen next.   

In the milkshake study, subjects were given two identical milkshakes at different times (A. J. 
Crum, Corbin, Brownell, & Salovey, 2011). On one occasion they were told the milkshake was 
low-calorie and full of good nutrients. The other time, they were told the same milkshake was 
an indulgent, high calorie treat. The hunger hormone ghrelin was measured after each 
milkshake was ingested. Ghrelin levels increase with hunger and decrease when we are full.  

When the research participants thought they were consuming the high fat, high-calorie 
milkshake, ghrelin levels dropped three times more than when participants thought the 
milkshake was low-calorie and “healthy.” This shows that a person’s belief about nutrition 
affects their ghrelin production — a hormone utterly outside our conscious control. If you 
struggle with eating or weight, consider how this knowledge may help you with your eating. 
What would happen if you believed that the food you were eating was healthy and would meet 
your body’s needs? 

In another famous study, Crum studied hotel housekeepers (Alia J. Crum & Langer, 2007). 
When measured, most hotel housekeepers get quite a bit of exercise in the course of a typical 
day. But they don’t identify themselves as getting “exercise” because it is part of their job and 
they are not going to the gym or going for runs. Crum divided the housekeepers into two 
groups. One group was told the type of exercise they were getting at work exceeded the 
surgeon general’s recommendations for daily exercise. The other group wasn’t given any 
information. Neither group was told to do anything differently. 

After four weeks, weight, body fat and blood pressure were measured in both groups. The 
housekeepers in the group that was told their physical activity was adequate lost weight, had 
decreased blood pressure and started feeling better and more confident about themselves and 
their bodies, even though they did nothing different. This implies that believing one is getting a 
healthy amount of exercise enhances the health benefits of exercise. In other words, the mind 
and the body work together when it comes to the benefits of exercise. What could you do to 
enhance the biological benefits of your self-management routines?  

Having learned about the significant impact of beliefs or mindset on the effectiveness of health 
interventions, I have changed my thinking about whether people may improve with a particular 
self-management strategy. I have adopted beginner’s mind — a stance of not knowing. I have 
no way of knowing the specifics of an individual’s biological state, nor what beliefs they harbor 
consciously or unconsciously about what may occur. And having seen so many people heal in 
significant ways, I am more inclined than before to believe that improvement is possible. 
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How to Use Belief to Your Benefit 
 
The next question on your mind may be how you could use belief to benefit you. Both 
neuroplasticity and epigenetics play a role in the placebo effect. If we think we are being given 
a helpful treatment, the neural pathways of hope will fire. You may recall the first law of 
neuroplasticity from Chapter 3, Part 1: Neuroplasticity: what fires together wires together. This 
means that when we experience hope, hope-related synapses and brain pathways will be 
created through neuroplasticity. This will occur whether or not the hope-engendering beliefs 
are true or not. The activated neurons will release hormones and neurochemicals related to 
hope. These molecules will travel throughout the body, changing the environment of the cells 
in the body. The cells in the body will sense the change in their environment and their genes 
will respond accordingly (epigenetics). The cells don’t know that the intervention is a sham. 
They respond to what the brain perceives to be true rather than what is actually true. 
 
Knowing this, that what we think and believe has an impact on biology, can we purposely bring 
about changes we want? If you knew that what you think builds neural pathways and turns on 
genes to support desired outcomes, would you be motivated to align your thinking and 
behavior with your goals? Consider how your cells might respond to repeated thoughts about 
how your illness is causing you suffering? Conversely, how might your cells and neurons 
respond to the belief that a content, meaningful life is possible or even probable? Which of 
these two scenarios do you want in your future?  
 
The capacity to change thoughts to improve mental and physical health is the basis of cognitive 
behavior therapy. I’m not talking here about the cognitive behavior therapy suggested by some 
for ME/CFS, designed to convince patients they are not physically ill. I’m talking about cognitive 
behavioral therapy, a first-line treatment to help people better cope with life. Cognitive 
behavioral therapy helps patients become aware of their repeated thoughts and to question 
those that are inaccurate or poorly aligned with their goals. The first step toward changing 
thoughts is to become aware of them. Though I haven’t been able to find a reference for this, it 
is said that 95 percent of our brain activity consists of subconscious programs.  
 
 
 
 
 
 
 
If you have a frequent subconscious program running in your mind checking your symptoms — 
a common situation in people with ME/CFS, FM and ES — you are unwittingly reinforcing the 
belief that these symptoms are undesirable and/or dangerous. The parts of the brain whose job 
it is to be on guard against danger, the limbic system, fires up. Frequent firing leads to wiring, 

The first step toward change is awareness. 
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and the brain becomes more sensitive to symptoms and symptom-related experiences. This is 
called central sensitization.  
 
Many people have periods of decreased hope and increased worry about their health. That is 
normal when experiencing a serious chronic disease. Whenever a new symptom arises or when 
a symptom changes or gets worse, please report it to your health-care team to investigate 
whether tests or treatments could help you. However, repeatedly noticing the same symptoms 
or variety of symptoms over and over in the absence of a solution is unhelpful and may, 
through neuroplasticity, increase sensitivity to the very symptoms you are hoping to decrease.  
 
If you have negative thoughts, it doesn’t mean that your thoughts caused your disease, nor 
does it mean that your symptoms are imagined or psychological. The symptoms of ME/CFS, FM 
and ES are measurable and real. Our perception of them is influenced not only by the cellular or 
organ biology but also by our beliefs about the symptoms. Shifting from symptom focus to life 
focus is a self-management strategy worth considering. 

Here are some tips on adjusting mindset from Dr. Crum as discussed in her interview on the 
Huberman Lab Podcast (https://hubermanlab.com/dr-alia-crum-science-of-mindsets-for-
health-performance/). 

1. Be aware that you have a mindset or set of beliefs about your health and your life. 

2. Think about the effects of mindset on life —- is your mindset helpful or harmful? 

3. Seek ways to adopt a more useful mindset, for example, that healthy foods are indulgent 
and delicious and that the amount of exercise you are getting is enough to sustain and 
improve your health. 

Is Radical Change Possible? 

If you need additional motivation to consider changing your thoughts, consider the concept of 
“radical remission.” Although mainstream physicians such as Dr. Kaptchuk (mentioned 
beginning on page 3-2-16) believe serious medical conditions cannot be cured with placebo 
interventions, other people believe they can. Psychologist Dr. Kelly Turner interviewed more 
than 100 people and studied the stories of more than 1,000 patients who recovered from 
“incurable” advanced cancer. She describes her findings in a New York Times bestselling book 
Radical Remission (Turner, 2014).  

Dr. Turner found nine behaviors commonly reported by people who survived so-called end-
stage cancer. All are self-management strategies, and all but one (herbs and supplements) cost 
very little. Throughout this book, I talk about trusting your intuition. Interestingly Dr. Turner 
identifies the unscientific experience of intuition as common to people who achieved remission. 

https://hubermanlab.com/dr-alia-crum-science-of-mindsets-for-health-performance/
https://hubermanlab.com/dr-alia-crum-science-of-mindsets-for-health-performance/
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If any of these strategies speaks to you, take the time to learn more. Here are the nine 
behaviors Dr. Turner mentions in her book. 

1. Radically change your diet. 

2. Take control of your health. 

3. Follow your intuition. 

4. Use herbs and supplements. 

5. Release suppressed emotions. 

6. Increase positive emotions. 

7. Embrace social support. 

8. Deepen your spiritual connection. 

9. Have strong reasons for living. 

While radical remission is not the norm, Dr. Turner’s research suggests it is possible to achieve 
the “impossible.” The more we learn about what people with good outcomes do, the better 
choices we can make in our own lives. For more on Dr. Turner’s work go to 
https://radicalremission.com/. 

 Try This 
 

In Chapter 1: Self-Management, I introduce an exercise called the Diamond of 
Awareness. In it, I suggest observing connections between your thoughts, emotions, 
perceptions (including symptoms) and actions. Observation is the first step toward 
change. If you notice any repeated pattern — such as certain thoughts often leading to 
certain emotions, or certain actions leading to certain symptoms — you can brainstorm 
whether there is a way to change the pattern and improve your lived experience. This is 
not a denial of problems. It is a choice that, all things being equal, focusing on the 
positive is associated with more contentment than a focus on the negative. The next 
time you become aware of an experience you do not enjoy, complete the Diamond of 
Awareness to see if you can learn more about it. 
 
Here is an alternative approach. In the notebook of ideas and reflections you are 
keeping as you read this book, create a thought diary, as shown below. Each time you 
notice a thought about your health or a health-related aspect of your life, write it down. 

https://radicalremission.com/
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Then notice any emotions or symptoms connected with the thought. Do this without 
judgment. Thoughts are not good or bad. They all exist for a reason. The goal of this 
exercise is not to judge yourself or your thoughts but to identify the thoughts you have 
most frequently. Use the thought count column to add a hashmark each time you have 
a thought you have already recorded so that you can easily identify which thoughts are 
most common. 
 
In the Emotions and Symptoms column, notice which emotions and symptoms occur 
with certain thoughts. Consider the direction of causality. Are certain thoughts 
associated with certain symptoms? For example, strong symptoms of pain, fatigue or 
nausea often lead to thoughts about how to reduce the symptoms and emotions of 
hopelessness. What most people don’t consider is that the thoughts and emotions may 
be influencing the symptoms. For now, we aren’t jumping to any conclusions. The goal is 
to identify whether you have thoughts that are out of sync with your goals of better 
health.  

 
Example 
 

Date Thought Count Emotions and Symptoms 

April 
10 

Headache pain is unbearable. What if it 
keeps getting worse? 

IIIII IIIII IIIII III fear, sadness, tight muscles, 
loose stools 

April 
11 

 

I will never be able to think without 
feeling like it is being filtered through 
cotton batting.  

IIIII  anger, sadness, sore neck, 
vision problems 

April 
12  

 

I am so exhausted I can hardly move. IIIII IIIII despair, hopelessness, 
heaviness, thirst   

April 
13 

 

Headache pain is gone  III relief, muscle aches are 
minimal 

 

 

   

 
Please create a chart for yourself in your notebook. You might use different colors for 
thoughts, emotions and symptoms so you can easily spot them. See what you can learn 
about how your body and mind work together.  
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Note that in the examples above, the severe symptoms are likely to be noticed much 
more often than the lack of symptoms. Humans are more likely to notice and remember 
negative experiences than positive ones. So don’t be discouraged if you notice a lot of 
negative thoughts. You could use that as a challenge to see how many positive thoughts 
or experiences are occurring — in other words change the focus of your attention to 
what is already going well. 

 
Exercise 
 
Although vigorous exercise is impossible for many people with ME/CFS and difficult for people 
with FM, for the sake of completeness I am including information on how exercise affects 
health through epigenetics. Recall that in the section on Neuroplasticity (e.g. pages 3-1-18 
onwards), I explain that you can activate neuronal pathways by imagining movement. This 
won’t give the same cardiovascular benefits as real exercise but will keep your brain in the 
exercise game. 
In the general population, exercise has many direct health benefits such as improved 
metabolism and insulin sensitivity, increased muscle size and strength, and enhanced 
cardiovascular fitness. In their literature review, Dr. Martina Ferioli from the University of 
Ferrara in Italy and colleagues explain that exercise also improves health in many indirect ways 
through epigenetics (Ferioli et al., 2019). Here are a few of the highlights. 
 
 Aerobic exercise lessens the DNA methylation changes associated with aging.  
 Exercise influences non-coding RNAs that reduce inflammation. 
 Exercise improves immune function. A single, intense two-minute bout of exercise has 

been shown to change the expression of up to 986 genes and 23 miRNAs in natural killer 
(NK) cells. NK cells are known to function poorly in some people with ME/CFS.  

 Exercise improves cancer outcomes. Cancer cells downregulate NK function through 
epigenetics. Exercise turns the NK genes back on. 

 Exercise turns on the genes for brain-derived neurotropic factor (BDNF). Through BDNF, 
exercise improves thinking and memory and decreases risk of degenerative diseases 
such as Alzheimer’s disease. I talk more about cognitive symptoms and how to address 
them in Chapter 5: Energy and Activity. 

 Exercise turns on the gene for vascular endothelial growth factor (VEGF). VEGF is critical 
for the growth of new blood vessels so organs like the heart and brain can heal after 
being damaged. 
 

 
Conclusions 
 
The study of epigenetics has revolutionized how we think about our ability to impact our health 
for better and worse. It explains how our daily decisions affect our biology in measurable ways. 



More Light  
Chapter 3: The Biology of Change (Part 2: Epigenetics)  Page 3-2-25 
 
 
 
Interventions such as the Mediterranean diet decrease our risk of serious biomedical diseases 
such as cancer and heart disease. There is no reason why ME/CFS, FM and ES should not be as 
amenable to change as these other conditions.  
 
We can’t change everything and change is not easy. Nevertheless, we are not helpless victims 
of our genetics or even of our early experiences, though of course these factors are important. 
Adopting carefully constructed, evidence-informed strategies to optimize our diet, thinking and 
actions can change our biology through the epigenome.  
 
 
Questions and Reflection 
 
1. Explain what epigenetics is in your own words. If you are not sure, reread the chapter and 
check out some of the resource links. 
 
2. We carry an epigenetic fingerprint from the experiences of our immediate ancestors. 
Consider how you can change your future rather than repeating the past?  
 
3. Diet, mindset and exercise are three evidence-based self-management strategies to affect 
health through epigenetics (which genes are turned on and off). Make a list of at least three 
things you will consider trying to improve your health using one or more of these strategies. 
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Objectives 
 
After reading this chapter, you will be able to: 
 
1. Describe the symbiotic relationship between your body and the microorganisms that live in 

and on you - how important they are for your wellbeing. 
2. Explain how your gut microbiome contributes to your physical and mental health. 
3. Make dietary changes to improve the health of your gut microbiome. 
 
 

Microbiome Background 
 
As with the sections on neuroplasticity and epigenetics, most of the information in this part of 
Chapter 3 is not specific to ME/CFS, FM or ES. As with neuroplasticity and epigenetics, the 
microbiome plays a significant, possibly essential, role in human health. The microbiome can be 
altered with some simple, affordable changes to diet and lifestyle. Therefore, all of us can 
benefit from understanding how we can improve our health through the microbiome. Once you 



More Light  
Chapter 3: The Biology of Change (Part 3: The Microbiome)  Page 3-3-2 
 
 
 
realize how big a role the microbiome plays, you will be more motivated to use it as a health 
tool. This is the power of science education and why much of this chapter summarizes the 
science of how the microbiome affects health.  
 
The gut microbiome is suboptimal in both ME/CFS and FM. ES has not been studied. I will 
discuss this in more detail toward the end of this section. First, I will introduce you to the 
microbiome and how it contributes to health and disease. Then I will review some research 
findings about the microbiome in ME/CFS and FM. Finally, I will discuss strategies to improve 
gut microbial health and your overall health. 

 
Let’s start by explaining the microbiome. The human microbiome is the total of all the micro-
organisms that live in and on the body, including bacteria, fungi and viruses. I focus mostly on  
the bacterial species growing in the large bowel. They are the most plentiful and most studied 
part of the human microbiome. The bowel microbiome, also known as the gut microbiome, is 
known to have significant physical and mental health impacts. The gut microbiome resides in 
the large intestine or colon. See Figure 3.3.1 to see where this is in the body. Less is known 
about the health impact of yeast, fungi, viruses or other life forms. However, there is emerging 
science that bacteriophages — viruses that infect the bacteria living in and on us — also play a 
role in human health.  
 
Bacterial, viral and fungal species have co-evolved with humans over millions of years. The 
relationship between us and our tiny hitchhikers is symbiotic, meaning we both benefit from 
the relationship.  
 

The microbiome is the collection of all microbes, such as 
bacteria, fungi, viruses, and their genes, that naturally 

live on our bodies and inside us. 
https://www.niehs.nih.gov/health/topics/science/microbiome/index.cfm  

https://www.niehs.nih.gov/health/topics/science/microbiome/index.cfm
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Figure 3.3.1 
Human Intestines  

by bodymybody from Pixabay 
 
Many of us think of bacteria as dangerous and we go to extreme lengths to avoid contact with 
them. I give you permission to let go of this fear if you have it. Avoiding contact with bacteria is 
impossible. Bacteria are everywhere, in and around us. It is a misconception that bacteria are 
all, or even mostly, harmful. The majority of bacteria in our environment and bodies are either 
neutral or beneficial. A healthy, prolific, diverse microbiome is strongly associated with better 
health.  
 
Throughout this section on the microbiome, I mention research reviewed by Canadian father 
and daughter microbiologists Brett and Jessica Finlay in their book The Whole Body Microbiome 
(Finlay, 2019). Unless otherwise noted, the references for statements in this section are from 
the Finlays’ book.  
 
Babies obtain a microbiome as they pass through the vagina during birth. Babies born by 
caesarian section have a less diverse microbiome (Dong & Gupta, 2019). It is believed but not 
conclusively proven that this less diverse microbiome is related to higher risk of health 
problems throughout their lives. Breastfeeding introduces bacteria that positively influence 
health into adulthood (Finlay, 2019). People who have been exposed to antibiotics in childhood 
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have long-lasting negative impacts on the variety of bacteria growing in their gut. The effects of 
a single course of antibiotics in early childhood is apparent a year later, maybe longer (Dong & 
Gupta, 2019).  

 

 
Figure 3.3.2  

The Co-Evolution of Man and Microbes informed by selective pressures including changes in 
climate, diet, exposure to famine, infections and industrialization 

From Santoro, A. et al (2020) 
 

The use of antibiotics, sanitizers and disinfectants indiscriminately kills the bacteria that 
support our health as well as those that cause infections. A book titled Let Them Eat Dirt by the 
Finlays argues that antibiotics, disinfectants and hand sanitizers are threatening the existence 
of a microbiome we depend on, and that the extinction of certain species could have grave 
consequences for humans (https://letthemeatdirt.com/). 
 
The 10-100 trillion bacteria living in the human gut, or gut microbiome, is the best studied of 
the human microbiomes. These bacteria collectively weigh between one and two kilograms 
(two and five pounds) — roughly the same weight as the brain. The microbes living in the 
human gut produce molecules that are absorbed into the blood and distributed throughout the 
body. These molecules make up part of the human metabolome — all the metabolites in our 
bodies — and can have a significant impact on our physical and mental health.  
 
I’ve included the microbiome in this book and this chapter because, like the brain and the 
epigenome, the microbiome responds quickly and dramatically in real time to our behavior, 

https://letthemeatdirt.com/
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particularly diet and exercise. If we understand how the microbiome works, we can choose 
behaviors and foods that benefit the microbiome and, in turn, our health. 
 
When we eat food, the residue that our bodies cannot digest or absorb in the small intestine, 
feeds the gut microbiome in the large intestine (Blaak et al., 2020). In turn, the gut microbiome:  
 Extracts energy through fermentation from food we cannot digest.  
 Produces molecules such as short chain fatty acids (SCFA) that we need but cannot 

produce. 
 Trains the immune system to balanced function (effective but not too aggressive). 
 Reduces the risk of infection by dangerous pathogens such as Clostridium difficile. 

 
 
How the Microbiome Affects Health 
 
Gut Health  
 
A healthy community of bacteria in the large bowel assists the cells that line the bowel to 
produce a thick layer of mucus. This layer protects human bodies from the bacteria, the 
molecules they produce as well as from food and anything else ingested. The bacteria also 
make molecules that assist the gut cells to maintain tight seals between them — further 
protection for us. When the microbiome is weakened, the mucus barrier becomes thinner. 
 
When these tight seals or junctions are damaged, the result is “leaky gut.” Leaky gut allows 
molecules from the bacteria and from our food to activate the immune cells that line the gut. 
This causes chronic low-level inflammation and a number of adverse health effects such as 
ulcerative colitis and irritable bowel syndrome as well as medical disorders including asthma, 
allergies, non-alcoholic fatty liver disease and heart disease (Santoro et al., 2020). Several 
researchers have found evidence of leaky gut in people with ME/CFS (Giloteaux et al., 2016; 
Maes et al., 2012).  
 
The microbiome also plays a central role in irritable bowel syndrome, known as IBS, a painful 
bowel condition experienced by 13 percent of people in the world and as many as half of 
people with ME/CFS, FM and ES.  
 
Key symptoms of IBS include: 
 Altered motility (movement of food through the digestive system) 
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 Abdominal pain (visceral hypersensitivity) 
 Leaky gut leading to immune activation 
 Altered microbiome  

 
Some people with IBS have increased motility of the intestines — they tend to have diarrhea. 
Others have decreased motility, which can cause constipation. Visceral hypersensitivity refers 
to a more intense feeling of pain in the internal organs than normal. Pain in the bowels is 
triggered by the intestine being distended by gas produced by the microbiome (Pimentel & 
Lembo, 2020). Many people develop IBS after a bout of bacterial or viral stomach flu. Mark 
Pimental, a gastroenterologist at Cedars-Sinai Medical Center in Los Angeles, has been a leader 
in raising awareness of the impact of the gut microbiome on IBS and human health. He has 
found different types of bacteria in the bowels of people with IBS with diarrhea (IBS-D) and IBS 
with constipation (IBS-C). This suggests that the bowel bacteria contribute to the symptoms of 
IBS. 
 
In cases of IBS-D, the bacteria produce hydrogen gas and a toxin called Cytolethal Distending 
Toxin B. The body mounts an immune response to this toxin, causing an autoimmune reaction 
that slows motility of the bowel. Slowed motility increases the risk of small intestinal bacterial 
overgrowth or SIBO. The vast majority of gut microbiota thrive in the colon. Stool moves slowly 
through the colon, giving the bacteria time to burrow into the mucus layer. This protects them 
and their human host. In certain circumstances, the bacteria overflow into the terminal part of 
the small bowel, causing a host of symptoms listed in Figure 3.3.3. 
 
 

Symptoms of SIBO 
Bloating and distention Passing gas 
Abdominal pain Malabsorption 
Chronic diarrhea Weight loss 
Fatigue  Osteoporosis 

 

Figure 3.3.3 
Symptoms of Small Intestinal Bacterial Overgrowth (SIBO) 

(from Dukowicz 2007) 
 

Risk factors for SIBO include decreased gastric acid (consider all the people taking acid blockers) 
and slowed motility. Diabetes and thyroid disease are conditions that slow motility of the gut. 
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People with ME/CFS often have dysmotility: the autonomic nervous system does not conduct 
the movement of the small bowel as it should. For some, food sits uncomfortably in the 
stomach after eating (Burnet & Chatterton, 2004). IBS-C has different bacteria predominating 
— those that produce methane. Methane slows contractions in the intestines and is associated 
with constipation.  
 
Small intestinal bacterial overgrowth can be diagnosed with a breath test. The patient is given a 
drink containing sugars such as glucose or lactulose. When the sugars reach the large intestine, 
they are converted into hydrogen and methane gases by the microbiome. These gases are 
measured with a breathalyzer at regular intervals. If gas levels increase from the baseline more 
than a certain amount within 90 minutes, this is suggestive of SIBO. The prevalence of SIBO in 
people with IBS ranges from 10 to 78 percent (Pyleris et al., 2012). This suggests SIBO may be a 
cause in many cases of IBS-D. Unfortunately, there are many false positive and negative results 
with breath tests. It would be better to have a tool to measure the small bowel microbial load 
directly rather than depending on an indirect measure like the breath test. Luckily, several 
potential tools are in development.  
 
I will discuss the treatments for IBS and SIBO in Chapter 6: Diet. 
 
Metabolism and Weight  
 
The microbiome plays a key role in metabolism and weight. We are often told that weight 
depends solely on how many calories we consume through our diet and how many are burned 
through metabolism and activity. However, some research suggests that the bacteria living in 
our bowel can play a significant role in metabolism and weight. Bacterial species can alter how 
many calories are absorbed from the food we eat. Some studies show that obese individuals 
have a higher percentage of bacteria called Firmicutes, which extract more calories from food 
than the Bacteroidetes species, which are more prevalent in lean individuals.  
 
A common tool in researching the microbiome is germ-free mice. These mice are specially bred 
and kept in sterile environments. No bacteria or other pathogens can be found on or in them — 
they lack a microbiome. By studying the health of germ-free mice compared with mice kept in 
an unsterile lab environment, researchers can learn about the impact of the microbiome on 
health and disease. As you will see in the information below, germ-free mice have many health 
differences compared with their bacteria-laden lab mates, some positive, some negative.  
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When the feces of obese individuals, humans or mice, are transferred into lean mice (it is best 
not to know how some of these studies are done), the mouse recipients become obese. The 
reverse is also true. Obese mice infused with the feces of lean humans and mice begin to lose 
weight. Bariatric surgery (surgery done for the purpose of weight loss) is also associated with a 
change in the gut microbiome (Magne et al., 2020). So, it seems the connection between the 
bacteria living in our bowels and our weight is bidirectional — the bacteria influence weight and 
weight influences which bacteria make their home in the human colon.  
 
Not all researchers agree there is a clear connection between the Firmicutes/Bacteroidetes 
ratio in the colon and human body weight. Dr. Fabian Magne and colleagues at the University of 
Chile in Santiago summarize the research in support of and against these species having a clear 
impact on body weight (Magne et al., 2020) concluding that while influential, other variables 
play an important role. For example, diet (the types and amounts of food eaten) affect 
metabolism and weight. And exercise influences gut motility and thus influences the gut 
microbiome irrespective of weight. 
 
 

  
 

Figure 3.3.4 
The Relationship Between the Microbiome and Metabolism 

 

Metabolism 
and Weight

Exercise

Gut 
Microbiome

Diet
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As I note repeatedly in this book More Light, human health is always multifactorial. It is 
extremely unlikely one or even a small number of interventions will benefit everyone with a 
complex chronic condition. Learning as much about self-management as you can and applying 
the strategies most relevant to your unique biopsychosocial profile will give you the best 
chance of improvement. 
 
Doctors Eran Elinav and Eran Segal from the Weizmann Institute of Science in Israel have 
published more than 25 papers in top journals like Cell, Nature and Science, including several 
influential studies on the microbiome (https://genie.weizmann.ac.il/selected.html). They have 
found evidence of microbial memory — a microbiome default that makes it hard for dieters to 
keep weight off. To maintain weight loss over the long term, you must maintain a diet that will 
encourage a healthy microbiome. This needs to be a lifestyle decision to eat a diverse, colorful, 
whole food diet high in fiber over the long term rather than a short-term intervention. 
 
Brain Health  
 
Many of you are aware of the neural connections between the brain and the gut via the 
nervous system, in particular through the vagus nerve. The vagus nerve runs from the brain 
stem to all the internal organs, including the intestines, and communicates what is going on in 
the organs to the brain. Less widely known is that the microbiome also plays a role in 
communication between the gut and brain. Bacteria in the bowel produce molecules that travel 
to the brain through the bloodstream and have a direct impact on brain function (Ouabbou, He, 
Butler, & Tsuang, 2020). These molecules are implicated in mental health disorders such as 
major depression, schizophrenia and dementia (Doney, Cadoret, Dion-Albert, Lebel, & Menard, 
2021; Petrella et al., 2021). 
 
We can prove the direct impact of the microbiome on the brain in laboratory animals and in 
humans. Transferring the feces from stressed, anxious or depressed lab rodents or humans into 
healthy lab animals causes the recipients to develop the behaviors of the donors. The good 
news is that transplanting a healthy microbiome into humans with depression or anxiety leads 
to improvement in mental health (Chinna Meyyappan, Forth, Wallace, & Milev, 2020). 
 
Changes in the microbiome, such as occur when antibiotics are used, can have an impact on 
mental health. A study of 200,000 people in the U.K. found that people who had been treated a 
year earlier with even a single course of antibiotics had a small but measurable increased risk of 
depression and anxiety (Lurie, Yang, Haynes, Mamtani, & Boursi, 2015). This is thought to occur 

https://genie.weizmann.ac.il/selected.html
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because antibiotics disrupt (kill) the normal, healthy microbiome, allowing an overgrowth of 
species that produce molecules less favorable to us. The increased risk is small and should not 
dissuade people from taking antibiotics if needed. But it does suggest the current expert advice 
is wise: to use antibiotics only in proven instances of bacterial infection 
(https://choosingwiselycanada.org/campaign/antibiotics-primary-care/). 
 
The relationship between the brain and the microbiome is two-way. The brain influences the 
environment in which the microbiota lives — our bodies. In people experiencing life stress, both 
the blood-brain barrier and the gut barrier become more porous (Doney et al., 2021). Put 
bluntly, emotional stress is associated with leaky gut. Inflammatory molecules from the 
microbiome activate the immune system in the gut, causing inflammation throughout the body. 
An unhealthy diet high in processed food further increases inflammation. Inflammation is now 
accepted as a factor in depression and fatigue (Lee & Giuliani, 2019; Raison, Capuron, & Miller, 
2006). So, when you are stressed and let your diet slip to include processed foods, you are in 
double jeopardy for depression and adverse physical health effects. Although we think of stress 
as a psychological experience, our thinking and emotions have measurable biological effects on 
the body, in this case via the microbiome. 
 
Cardiovascular Health 
 
We are taught that heart disease and stroke are caused by blockages in blood vessels due to 
the buildup of cholesterol. What does this have to do with the microbiome? The fatty plaques 
that block the arteries of the heart and brain contain molecules made by gut bacteria from red 
meat. The bugs living in the bowels of vegetarians don’t make these molecules, and their risk of 
heart disease and stroke is decreased as a result. But as with most things diet related, it’s not as 
simple as that. Eating more fiber decreases the risk of heart disease and stroke even in those 
who eat red meat. Again, the microbiome is involved. Bacteria metabolize the fiber into short 
chain fatty acids, which are anti-inflammatory and lower the risk of heart disease and stroke 
(Blaak et al., 2020). 
 
Immune Health  
 
An important function of the immune system is to respond in a balanced way to molecules it 
encounters. If the immune system isn’t vigilant enough, the host (you) may catch a serious 
infection. If the immune response is too aggressive, autoimmunity results — a state in which 
the immune system attacks the body and can cause diseases such as systemic lupus 

https://choosingwiselycanada.org/campaign/antibiotics-primary-care/
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erythematosus and rheumatoid arthritis. Interestingly, most autoimmune diseases can be 
triggered by bacterial or viral infections (Rojas et al., 2018).  Infective agents have developed 
strategies to trick the immune system. One of these is to exhibit molecules that mimic those on 
human cells. This is called biomimicry (Rojas et al., 2018). When the immune system ramps up 
to kill these bacteria or viruses, human cells are damaged in the crossfire because of the look-
alike properties of the intruders. If the damage occurs in the cells lining the joints, rheumatoid 
arthritis results. In combatting a streptococcal throat infection, immune response can lead to 
heart damage. 
 
The microbiome plays a critical role in training the immune system to recognize the good guys 
from the bad guys. Bacteria are foreigners to the human body. To survive, they must train the 
immune system not to kill them. In so doing, they stimulate a class of cells called regulatory T 
cell, or Tregs, which have many immune-modulating benefits. Germ-free mice, whose immune 
systems lack this education, have more allergies and autoimmune diseases than mice with a 
microbiome.  
 
The bacterial species encountered by a baby during birth and in the first few months of life play 
a critical role in “training” the immune system. If an infant is, for example, delivered by 
caesarian section, unable to breastfeed or requires antibiotics early in life, their microbiomes 
are less diverse and resilient. These infants are at higher risk for developing immune and 
autoimmune conditions such as asthma, diabetes and obesity later in life (Dong & Gupta, 2019).  
 
Inflammaging  
 
The concept of “inflammaging,” inflammation associated with aging, was introduced by Italian 
researcher Dr. Claudio Franceschi, then of the University of Bologna. As we age, more and more 
of our T and B cells become programmed to respond to specific threats and fewer naive cells 
exist. It is the naive cells that can respond to challenges the body has not previously 
encountered. The aging immune cells are less effective at combatting challenges such as 
infection and cancer, and they produce more inflammatory molecules. When stimulated by an 
infection, they can’t respond adequately. This is referred to as immune exhaustion. 
 
As I write this chapter, immune exhaustion is being talked about as a potential finding in 
ME/CFS. T and B cells are part of the adaptive immune system. Innate immune cells such as 
macrophages and natural killer cells undergo a similar process. At first this increased 
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inflammation is protective but after a certain point, it becomes counterproductive, causing 
oxidative damage to cells (Fulop et al., 2021). 
 
 
 
 
 
 
The gut lining becomes leakier with age. More molecules leak into the body and these 
molecules contribute to inflammaging. Over time, the body becomes overloaded with foreign 
molecules leaking through the gut. These molecules trigger the immune system, causing low-
grade chronic infection. This low-grade chronic inflammation increases the risk of many types of 
chronic health conditions such as cardiovascular disease, metabolic syndrome, depression and 
dementia (Santoro et al., 2020).  
 
OK, so there is a gut connection to inflammaging, but what does this have to do with the 
microbiome? It turns out that our microbiomes age alongside us. Over time, the human gut 
microbiome produces fewer of the helpful butyrate-producing bacteria, has less diverse 
bacteria and produces more pro-inflammatory species (Santoro et al., 2020). Germ-free mice 
don’t develop inflammaging and, if they don’t develop an autoimmune disease, live longer than 
their regular cousins. This suggests that the microbiome plays a causal role in inflammaging and 
aging. The implication of this research is that inflammaging, once thought to be an inevitable 
part of aging, may be reversible with changes to the microbiome (Finlay, 2019). As you will see, 
the easiest way to change the microbiome is through diet — a self-management strategy. 
 
Microbiota Outside the Gut 
 
Although they get much less attention than those in the gut, every part of the body has its own 
microbiome (Finlay, 2019). For example, the skin contains a rich, diverse microbiome, and the 
organisms growing on our skin keep our skin healthy. The bacteria living on our skin can reduce 
wrinkles, dryness, infections and even body odor. They produce molecules that protect skin 
from the sun; some bacterial species are even being added to high-end sunscreens.  
 
Bacteria are best equipped to fight other bacteria. A healthy microbiome is one of the most 
effective ways to avoid skin pathogens such as Staphylococcus, which can cause serious, drug-
resistant skin infections. When we use skin sanitizers, we kill the usual inhabitants of the skin, 

The microbiome plays a key role in immune aging. 
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thereby increasing the risk of infection. Washing hands with soap and water achieves the goal 
of cleanliness with less disruption to the skin microbiome than the use of alcohol and chlorine-
based products.  
 
The mouth teems with more than 700 species of bacteria. They live in a sticky goo called a 
biofilm. In the mouth, undisturbed biofilms form plaques that contribute to cavities and gum 
disease. People who eat high-sugar foods are more prone to gum disease and cavities because 
the bacteria in our mouths metabolize sugar into acidic molecules. The acid dissolves tooth 
enamel. When germ-free mice are fed sugar, they don’t get cavities! So yes, sugar does cause 
cavities but not directly. The effect occurs because of the bacteria in our mouths.  
 
If you are wondering about using mouthwash to decrease the numbers of mouth bacteria, be 
warned that using over-the-counter mouthwashes isn’t recommended. Most mouthwashes are 
ineffective at killing bacteria living in biofilms, and even strong mouthwash containing 
chlorhexidine doesn’t reach under the gum line, so it doesn’t decrease gum disease. 
Furthermore, like other antibiotics, mouthwash kills the helpful species along with the 
problematic ones. If you have bad breath, how can you combat it? Maintain optimal oral and 
body health, brush twice a day, floss daily and have dental cleaning twice per year (Finlay, 
2019).  
 
The lungs also have their own microbiome. There is some research showing that it is negatively 
affected by air pollution, smoking-related lung diseases and antibiotic use. And like the other 
microbiomes, it becomes less resilient as we age.  
 
The vaginal microbiome is one of the better studied microbiomes. Before menopause, the 
vagina is populated mostly by lactobacillus species. Lactobacillus produces lactic acid and 
hydrogen peroxide, which prevent other, less beneficial species from taking up residence. The 
vaginal microbiome doesn’t only affect the vagina but also the uterus and fetus. In pregnant 
women, changes to the microbiome are associated with increased risk of preterm delivery.  
 
With menopause the lactobacillus can lose its dominant status. This change is thought to be 
connected to vaginal thinning that occurs with age and the increased incidence of urinary tract 
infections in older women. The use of hormone replacement therapy for menopause symptoms 
increases lactobacillus numbers in the vagina. Given the risks of hormone replacement therapy, 
lactobacillus probiotic use is being explored as an alternative strategy for improving vaginal 
health during aging. 
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I was taught in medical school that the urinary tract was sterile. However, this is not true. The 
urinary tract, including the bladder, has a microbiome. Not surprisingly, this microbiome is 
closely connected to the vaginal microbiome in women and the microbiome of the testes and 
seminal tubules in men. Many genitourinary diseases including kidney stones, interstitial cystitis 
and some types of cancer are associated with altered microbiomes. 
 
The goal of this discussion has been to make the point that bacteria — and likely other species 
like viruses and fungi — exist everywhere in and on us and have profound effects on our health. 
By learning how to maintain healthy microbiomes we can maintain and improve health.  
 
 
The Microbiome in ME/CFS, FM and ES 
 
The gut microbiome is being studied in ME/CFS and FM. Thirty to 90 percent of patients with 
ME/CFS and FM report gastrointestinal symptoms suggestive of irritable bowel syndrome (IBS) 
(Aaron, Burke, & Buchwald, 2000). The microbiome is strongly implicated in IBS, and treatment 
with probiotics has had strong positive effects on IBS in patients with ME/CFS. Sadly, probiotics 
do not appear to benefit the core diagnostic symptoms of ME/CFS (Corbitt, Campagnolo, 
Staines, & Marshall-Gradisnik, 2018).  
 
There is substantive evidence of leaky gut in ME/CFS. When the gut is leaky, molecules such as 
bacteria lipopolysaccharide (LPS) leak into the blood, activating the immune system. This has 
been reported in ME/CFS (Giloteaux et al., 2016; Maes et al., 2012). The gut microbiome is in 
constant, direct communication with the immune system and the central nervous system, both 
integral to the pathophysiology and phenotype of ME/CFS. In the sections on gut and immune 
health I discussed that a leaky gut leads to the development of autoimmunity. Several 
neurological autoimmune markers, including autoantibodies to receptors controlling neurologic 
function (adrenergic and muscarinic receptors), have been reported in ME/CFS (Bornstein et al., 
2021; Fujii et al., 2020).  
 
Every study of the fecal microbiome in individuals with ME/CFS shows an altered fecal 
microbiome compared with healthy controls (Du Preez et al., 2018). There is a decrease of fecal 
species producing beneficial short chain fatty acids (Guo et al., 2021). The oral (mouth) 
microbiome in ME/CFS shows a deficit in species associated with amino acid and energy 
metabolism (Wang et al., 2018). In Fibromyalgia there is interest in a number of gut 
microbiome-related markers including the diversity and quantity of bacterial species, the 
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molecules those bacteria produce, markers of leaky gut and small intestinal bacterial 
overgrowth (Minerbi et al., 2019). As with ME/CFS, the research suggests the microbiome is 
important but doesn’t point to a consistent diagnostic finding (Erdrich, Hawrelak, Myers, & 
Harnett, 2020).  
 
There are an increasing number of articles documenting the interaction between 
environmental pollutants and the gut microbiome. Many categories of pollutants including 
plasticizers such as phthalate, persistent organic pollutants such as dioxin, herbicides such as 
glyphosate, pesticides and  heavy metals negatively affect the gut microbiomes of animals in 
experimental settings (Chiu, Warner, Nowak, Flaws, & Mei, 2020). It is thought that these 
changes to the microbiome mediate adverse health effects including metabolic dysfunction, 
heart disease and stroke, immune dysfunction, and neurobehavioral problems. However, at the 
time of writing, I did not find any articles on the interaction between the microbiome and 
environmental sensitivities.  
 
 
Learning About Your Microbiome 
 
We are on the cusp of being able to have our individual microbiomes tested to provide 
evidence-based, individualized recommendations on how to improve our microbial profile. 
Several companies are now offering microbiome tests directly to the public. Although this 
sounds exciting, there are some hurdles before these tests can be recommended without 
hesitation.  
 
 Research shows that feces may not be an accurate measure of bacteria living in the 

bowel, many of which reside deep in the mucus layers and are not shed in the feces. 
 The information provided will only be as accurate as the algorithm on which it is based. 

Check whether the company is research-based and whether the founders have a solid 
track record. This is a new field, and companies are coming and going quickly. Consult a 
health professional with experience in the field if you want to get your fecal microbiome 
tested. 

 Some companies offer tests that document the bacteria in a stool sample but don’t 
provide advice on how to improve the microbiome. I recommend tests accompanied by 
actionable recommendations. But note that the algorithm-created recommendations 
have not been subjected to research, so we don’t know if they help or not.  
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Improving Your Microbiome 
 
Diet 
 
There is consensus that the human gut microbiome thrives when fed a wide variety of fresh, 
colorful, whole plant-based foods. The best foods for the microbiome are fruits and vegetables 
high in dietary fiber, which the bacteria convert to health-promoting short chain fatty acids. 
Indigenous populations that eat a traditional hunter-gatherer diet consume more than twice 
the daily fiber content as people in industrialized societies. Fiber increases the diversity and 
numbers of microbes in the large bowel. Increased numbers of diverse microbes are strongly 
associated with health benefits (Dong & Gupta, 2019).  
 
 
 
 
 
 
 
 
A second suggestion is to avoid “food like substances”. This includes highly processed foods 
which contain few of the substances our microbiome needs to survive. One class of substances 
commonly found in processed foods, emulsifiers, is arousing concern. Emulsifiers are used in 
food to make them smooth and creamy and to prevent separation of water and fat portions of 
the food. Foods like ice cream, spreads and salad dressing often contain emulsifiers. These 
substances have soap-like properties. They break down the critical mucus layer in the intestine 
where the microbiome lives and thrives.  
 
In a study by Georgia State University researcher Dr. Andrew Gewirtz, mice fed two commonly 
used emulsifiers (carboxymethylcellulose and polysorbate-80) in their water suffered a number 
of adverse health consequences. These included a decrease in the number of microbial colonies 
in the colon, low grade inflammation and metabolic syndrome. 
(https://www.nature.com/articles/nature.2015.16984) A list of common emulsifiers to look out 
for if you are purchasing processed food and a list of foods which commonly contain emulsifiers 
can be found at https://agutsygirl.com/2020/06/12/your-guide-to-emulsifiers-in-food/  
So which diet should you choose for better microbiome health? The Finlays recommend the 
MIND diet, which is a combination of the Mediterranean diet and the DASH diet (Dietary 

Eat food, not too much, mostly plants. 
Michael Pollan https://www.webmd.com/food-

recipes/news/20090323/7-rules-for-eating  

https://www.nature.com/articles/nature.2015.16984#article-info
https://agutsygirl.com/2020/06/12/your-guide-to-emulsifiers-in-food/
https://www.webmd.com/food-recipes/news/20090323/7-rules-for-eating
https://www.webmd.com/food-recipes/news/20090323/7-rules-for-eating
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Approaches to Stop Hypertension). MIND is high in green leafy and other vegetables, whole 
grains, nuts, beans and berries (https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-
healthy-eating/in-depth/improve-brain-health-with-the-mind-diet/art-20454746). 
 
 

Only oils from whole foods such as olive and 
avocado are recommended in the MIND and 
Mediterranean diets. Oils extracted from seeds 
such as soy, canola and safflower are thought by 
some researchers to be associated with 
inflammation and increased health risk. There is 
some research suggesting consumption of excess 
omega-6 fats has been associated with several 
inflammatory health conditions including 
cardiovascular disease, obesity and non-alcoholic 
fatty liver disease. The health effects of seed and 
grain oils are debated (Belury & Harris, 2018; 
Innes & Calder, 2018). When considering health 
advice, consider who is sponsoring it. Previous 
statements about negative health effects of 
dietary fat have proven incorrect. The influence 
of the seed oil industry on scientific research 
suggests we should be skeptical about what is 
recommended (Teicholz, 2015). 

               Photo by Nadine Primeau on Unsplash  
 
Potential risks from seed oils include: 
https://www.nutritionadvance.com/omega-6-to-omega-3-ratio/  
 The ratio of omega-6 to omega-3 fatty acids in seed and grain oils is far greater (up to 

20X) than ththat found in a traditional human diet. 
 Omega-6 fatty acids can have pro-inflammatory effects and some block the anti-

inflammatory effects of omega-3 fatty acids. 
 Seed and grain oils are processed with chemical solvents, the residue of which may 

remain in the products consumed. 
 Liquid oils oxidize more than solid fats such as lard and butter. 
 Additives are used to “improve” the smell and color of seed and nut oils.  

https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/improve-brain-health-with-the-mind-diet/art-20454746
https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/improve-brain-health-with-the-mind-diet/art-20454746
https://www.nutritionadvance.com/omega-6-to-omega-3-ratio/
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 The molecular content of seed oils is being altered in attempts to make them healthier 

and these synthetic oils may have adverse health effects.  
 
Dietary Fiber 
 
The microbiome breaks down dietary fiber to produce needed molecules which have a wide 
range of beneficial health effects. Some fiber cannot be digested or used by our microbiome 
but still has other health benefits. 
 

 
 

Figure 3.3.5 
Health Effects of Dietary Fiber 

From (Barber, Kabisch, Pfeiffer, & Weickert, 2020) 
 
Since, not all foods can be fermented by all species of bowel bacteria, it is best to eat a variety 
of foods rich in fiber to ensure diverse benefits. The recommended daily fiber intake is 30–35 
grams for men and 25–32g grams for women. Even this recommendation is modest. Modern 
hunter gatherer humans typically eat 100 – 150g dietary fiber per day. 
(https://globalhealth.duke.edu/news/what-can-hunter-gatherers-teach-us-about-staying-
healthy) A handy chart of how much fiber is in common foods can be found on the Mayo Clinic 
website (https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-
depth/high-fiber-foods/art-20050948). Of the fruits and vegetables listed, legumes including 
peas, beans and lentils are way out in front. Food rich in prebiotic fiber include asparagus, 
chicory root, Jerusalem artichoke, garlic, leeks, onion, peas, beans and seaweed. 

Health Effects of 
Dietary Fiber

• ↑Bowel motility 
• ↑Insulin sensitivity
• ↑mood
• ↓Cardiovascular Disease
• ↓ Mortality

Possible Effects of 
Dietary Fiber

• ↓Weight
• ↓ Chronic Inflammation
• ↓ Colon cancer

https://globalhealth.duke.edu/news/what-can-hunter-gatherers-teach-us-about-staying-healthy
https://globalhealth.duke.edu/news/what-can-hunter-gatherers-teach-us-about-staying-healthy
https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/high-fiber-foods/art-20050948
https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-eating/in-depth/high-fiber-foods/art-20050948
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What About Prebiotics? 
 
Prebiotics are a group of nutrients (dietary fiber) that are degraded by gut microbiota. Most 
dietary fiber falls into this category. There are also prebiotic nutritional supplements sold on 
the premise that taking them will assist the gut bacteria and/or assist probiotic supplements to 
work better. As with other supplements, it is unclear whether taking prebiotic fiber in a 
concentrated form is as beneficial as getting the same substances from naturally occurring 
dietary fiber. Many people notice bloating and gas from modest doses of prebiotics. (Davani-
Davari et al., 2019). 
 
Do Probiotics Help? 
 
What about probiotics? Probiotics are bacteria that are taken, usually in capsule form, to 
improve health. Will they help diversify and optimize the human microbiome? Will probiotics 
help improve health in people with diseases? Will they prevent disease when taken by healthy 
people? 
 
 
 
 

 
 
 
 
 
 
 

 
Figure 3.3.6 

Health Effects of Probiotics 
 
Evidence is growing that selected bacterial species have a positive effect on some physical and 
mental health conditions (Hofmeister et al., 2021). For example, a search of the evidence-based 
non-profit website www.probioticchart.ca lists products approved by Health Canada for 
conditions such as antibiotic-resistant diarrhea, irritable bowel syndrome and anxiety, or to 

Specific Probiotics Benefit 
 Antibiotic-resistant diarrhea 
 Irritable bowel syndrome 
 Oral health 
 Depression and anxiety 

www.probioticchart.ca 
 

http://www.probioticchart.ca/
http://www.probioticchart.ca/
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improve oral health. A similar list for the United States is found at www.usprobioticguide.com. 
The National Institutes of Health in the U.S. also has a page on the effectiveness of probiotics in 
various health conditions (https://www.nccih.nih.gov/health/probiotics-what-you-need-to-
know). 
 
But there are hundreds of bacterial species living in the human gut and we don’t yet know 
which species or combinations of species are most effective for specific conditions. 
Furthermore, because probiotics are unregulated, the quality of products is variable. Please 
consult with a trusted health care professional to discuss best evidence for probiotic use and 
which brands comply with good manufacturing standards. The brands approved by health 
regulators, as found on the probiotic websites mentioned above, generally provide evidence of 
effectiveness and safety.  
 
One recurrent question is whether ingested bacterial species take up residence in the bowel or 
not and if not, why not. The common belief, found through any internet search on the topic, is 
that probiotics do not take up permanent residence and last only one to two weeks in the large 
bowel. However, this may not be entirely true. Research by Segal and Elinav (mentioned in the 
subsection on metabolism and weight, in the How the Microbiome Affects Health section) using 
colonoscopic and fecal samples suggests certain species seem to take hold in some people but 
not in others (Zmora et al., 2018). It seems the resident bacteria activate the immune system to 
discourage the newcomers. Some species are better at fighting off competitors than others. 
This could account for why the impact of probiotic use is variable. For the most part it is safest 
to assume that probiotics will not colonize your colon and therefore must be taken repeatedly 
to maintain benefit.  
 
In general, except in the case of immune-compromised individuals, probiotics are considered 
relatively safe. However, Segal and Elinav published findings suggesting that probiotics can do 
harm (Suez et al., 2018). They reported that giving an 11-strain probiotic supplement to 
humans after a broad-spectrum antibiotic treatment interfered with and delayed recovery of 
the pre-antibiotic microbiome. Conversely, infusion of the patient’s own stool after the 
antibiotic treatment restored the microbiome fully within days. This suggests there may be a 
role for healthy people to store stool samples prior to taking antibiotics so they can restore 
their healthy microbiomes afterwards. If proven effective, perhaps this will become routine in 
the future.  
 
 

http://www.usprobioticguide.com/
https://www.nccih.nih.gov/health/probiotics-what-you-need-to-know
https://www.nccih.nih.gov/health/probiotics-what-you-need-to-know
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Comparing Dietary Fiber and Fermented Food 
 
With so many options, many people don’t know what to try to improve their microbiome 
health. To answer this question, Stanford professor of microbiology and immunology Dr. Justin 
Sonnenburg conducted a study comparing two dietary approaches, increased fiber and daily 
intake of fermented food (Wastyk et al., 2021). The study sought to determine whether either 
approach increased the health of the microbiome and/or decreased inflammation in the 
participants. Participants in the fiber group ate more than 40g/day from plant-based sources. 
The participants in the fermented food group ate on average six servings a day of readily 
available, non-sweetened, refrigerated fermented foods.  
 
The participants eating fermented foods had the best outcome. Their microbiome increased in 
diversity and their immune profile (measure of over 20 inflammatory markers) improved. The 
participants in the dietary fiber group had a more complex response. Those who had the 
healthiest microbiome to start with had the best microbial and immune response to increased 
fiber. Dr. Sonnenburg speculates that in our modern society, many of us have lost critical 
microbial species in our gut and cannot respond as robustly to an enriched diet. To hear Dr. 
Sonnenburg discuss the microbiome and his study check out his interview with Dr. Andrew 
Huberman. (https://www.youtube.com/watch?v=ouCWNRvPk20&t=1590s)  
 
Fecal Transplants 
 
This idea is not as far-fetched as it may sound. As far back as 1958, fecal transplants were 
suggested as a treatment for what are now known to be caused by Clostridioides (Clostridium) 
difficile, often referred to as C. difficile or C. diff (Eiseman, Silen, Bascom, & Kauvar, 1958). This 
is a serious, sometimes fatal, bowel infection usually following the use of broad-spectrum 
antibiotics killing the resident microbiome, allowing toxic C. difficile to overgrow. The risk of C. 
difficile infection increases 7 – 10 times in the month after antibiotic use. Additional risk factors 
include age over 65 years, a hospital stay and a weak immune system. 
(https://www.cdc.gov/cdiff/risk.html) Left untreated, serious illness and death are common.  
 
Transplanting a healthy microbiome in the form of feces from a healthy donor is the most 
effective treatment for recurrent C. difficile infection. The feces can be introduced through a 
colonoscopy, enema, capsules or a feeding tube. Delivering capsules by mouth has the best 
effectiveness and the fewest side effects (Pomares Bascunana, Veses, & Sheth, 2021). The 
effectiveness of fecal transplant in people with resistant C. difficile infection is 79 percent, far 

https://www.youtube.com/watch?v=ouCWNRvPk20&t=1590s
https://www.cdc.gov/cdiff/risk.html
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surpassing the effectiveness of powerful antibiotics such as vancomycin (Thomas J. Borody, 
Eslick, & Clancy, 2019).  
 
Given the success with C. difficile infection, fecal transplants have been tried in other bowel 
diseases. They have been shown to increase the chances of remission in ulcerative colitis, a 
serious autoimmune bowel disease. The success rate of fecal transplants in Inflammatory Bowel 
Disease is not as high as in C. difficile infection. For this reason fecal transplantation is not a first 
line treatment for Crohn’s Disease and Ulcerative Colitis (Thomas J. Borody et al., 2019).  
 
A study published by Chinese researchers in 2021 compared fecal transplant through capsules 
by mouth, nasogastric tube and colonoscopy (Cui et al., 2021). The study followed more than 
200 participants for five years. It found significant improvement in 65 percent of participants, 
but most required repeated transplants to maintain effectiveness. Using the capsule approach, 
which was the best tolerated, the average person had five doses to maintain benefit.  
 
What about in ME/CFS-related conditions? Australian gastroenterologist Thomas Borody was 
the first to use fecal transplantation in people with ME/CFS. When I visited his Sydney clinic in 
1999, I witnessed the treatment and was invited to talk to patients with ME/CFS who had 
undergone treatment. Many reported significant, prolonged improvement after only one 
treatment. Borody published his initial results in 2012, citing a 70 percent initial success rate 
and a 58 percent prolonged success rate — for significant or total remission of ME/CFS. He 
followed some patients for up to 15 years, and remission remained in seven out of 12 of those 
he was able to find so many years later (Thomas J Borody, Nowak, & Finlayson, 2012).  
 
A recent study by Kenyon and colleagues compared the usual approaches of diet, prebiotics 
and probiotics with fecal transplant in a group of patients with ME/CFS (Kenyon, Coe, & Izadi, 
2019). The paper is short on details but claims that the people treated with the fecal transplant 
did much better than those given the usual remedies. Other studies are underway and will 
reveal more about the effectiveness of fecal transplant in ME/CFS. There is only one case study 
report for use of fecal transplant in FM and no reports for ES, therefore not enough data to 
come to any conclusions about effectiveness. 
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Microbiome Conclusions 
 
The human microbiome is a powerful health ally, and it is an ally we can assist. To the extent 
that you are able, eat a colorful, diverse, plant-based, real-food diet. Many people have 
limitations such as food intolerances and financial or energy limitations that make this 
recommendation difficult to put into action, but it is much better to take small steps you can 
manage than to take no steps at all. Dietary changes can have cumulative positive effects.  
 
Get information from your local library, search for information online or work with a nutritionist 
to identify foods and meals you can add to your current eating plan to improve your 
microbiome and your health. Unlike the Finlays, I don’t recommend eating dirt (though I don’t 
wash my own garden produce obsessively). Minimize your use of antiseptic products and 
antibiotics; when possible and safe, use soap and water instead. Do what you can to help your 
resident friendly bugs help you. 
 
 
Questions and Reflection 
 
1. From this reading, what spoke to you most for what you might do to improve the health of 
your microbiome? 
2. Keep a 10-day diet diary to evaluate how often you eat highly processed foods. Any   
ingredient that is not a real food may have negative effects on your microbiome. Choose one or 
two frequently consumed items and research replacements. 
3. Use a diet tracker such as https://cronometer.com/ to calculate your average dietary fiber 
intake. If it’s below 25 grams a day, find ways to eat more high fiber foods. 
4. What does your intuition tell you about dietary changes that would be helpful for you? 
5. What roadblocks do you foresee that might hinder your progress? How might consulting a 
nutrition professional (possibly someone with functional medicine training) be of value to you? 
  

https://cronometer.com/
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