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Chapter 1

A Paradigm Shift

“What’s the worst that could happen?”

That’s the question I asked my wife, Leize, in 1996 as I dreamed of opening my own clinic to help people prevent brain decline—a radical idea at the time, and even today for that matter. I was about ten years into my work as a successful mainstream neurologist and had already grown frustrated with simply treating symptoms in patients suffering from brain degeneration, a situation that I well knew would ultimately take their lives.

I’d cared for literally thousands of patients who had come to me scared and desperate for help. And the conversations with their loved ones and the patients themselves were always challenging. No matter how many times I walked them through the diagnosis and what they could expect going forward, it never got easier.

In terms of declining cognitive function, by the time most patients go to a neurologist or a neuropsychiatrist, their companions have already noticed disturbing signs. The patient got lost in their own neighborhood. Their judgment seemed off. They couldn’t remember basic words. What many people don’t realize is that when the symptoms initially present themselves, the patient’s brain has likely been in decline for a decade or more.

Typically, after someone gets a diagnosis, their doctor will put them on a drug. You should know that every medication available for brain decline treats only associated symptoms, not the underlying disease process. There are no exceptions to this rule. Neurologists have had no choice but to treat the smoke and ignore the fire. I’m all in favor of treating symptoms, like the rigidity and tremor caused by Parkinson’s disease (PD), for example. It’s worthwhile to provide relief to patients, of course. But we need to treat the fire, the underlying disease process, not just the manifestations. For now, treating symptoms is all that mainstream medicine can do.

Drug companies and the media would have you believe otherwise, touting the virtues of their latest pills in relentless TV ads. Drugs like cholinesterase inhibitors, used in Alzheimer’s disease (AD), might temporarily boost cognitive function, but they do not address the root causes of the disease. Medications like levodopa for Parkinson’s disease manage motor symptoms but fail to alter the course of neuronal death that underpins the condition. As a result, patients and families are left with little more than temporary relief while these diseases continue to ravage the brain.

When I lecture around the world about the “smoke, not fire” challenge, people often ask me about the slow pace of research on finding effective treatment for the underlying cause of neurodegenerative diseases. For AD specifically, the short answer is that for the last twenty years, researchers and pharmaceutical companies have been pouring billions of dollars into developing medications to remove beta-amyloid plaques in the brain. Studies had long shown that large buildup of that misfolded protein is common in Alzheimer’s sufferers.

While beta-amyloid does contribute to AD, it is not the root cause. The more fundamental problem lies upstream, in a process that we will explore in chapter 3, the activation of the brain’s innate immune cells, which drives increased beta-amyloid production and impairs its clearance. Thus, beta-amyloid buildup in Alzheimer’s patients is not the fundamental cause of the disease but rather a consequence of another, bigger issue.

Americans have been sold a bill of goods about this. The whole world has! I’m not the only one saying so; leading researchers in the field agree. This wrongful belief allowed pharmaceutical companies to develop drugs to try to get rid of beta-amyloid. Regulatory approval for these medications hinged on the question “Does the drug get rid of beta-amyloid?” If it did, the drug was approved.

But a far more relevant question is “Does the drug have any meaningful impact on Alzheimer’s disease?” The unfortunate answer is no. Now patients who take drugs to address beta-amyloid aren’t getting better, and some are dealing with serious side effects such as brain bleeds.

“The trials of these drugs do not support the hypothesis that amyloid is the primary neuropathological agent underlying the progressive neurobehavioral decline in Alzheimer’s disease. The more obvious path to winning the battle against this human scourge is prevention. I believe that 80–90% of prospective cases can be substantially delayed or prevented.” 

—Michael Merzenich, PhD

The Fire Is Growing

While we’re fighting on the front lines to figure out why millions of brains are on fire and how on earth to treat them, we are fighting on another front, too. The second front is perhaps even more insidious: It’s our attitude about illness and expectations. Western medicine is reactive, not proactive. We wait until something happens in the brain and then rush in with medication. This mentality, no pun intended, doesn’t serve us well. For starters—I’ll say it again—we do not have any meaningful treatment for Alzheimer’s disease, Parkinson’s disease, or any other neurodegenerative condition. And some of the “smoke” drugs to address symptoms are dangerous.

The metabolic issues—the first embers of the fire—related to Alzheimer’s, and many other neurodegenerative conditions like Parkinson’s, begin twenty to thirty years before the cognitive changes present themselves. We should be paying attention to brain health when people are forty, not when they’re seventy and can’t remember their grandchild’s name.

“The time to fix the roof is when the sun is shining.” —John F. Kennedy

I get it, the reactive style of medicine is all we’ve ever known. We are fighting an entrenched belief system, reinforced by constant bombardment from advertisements, the mainstream media, and conventional medicine that tells us to live our lives however we choose and that, soon, we’ll have cures for whatever ails us. If we can hang on until then, a late-breaking Miracle Drug will save us.

I wouldn’t count on it.

There’s a lot of money to be made from a magic-bullet cure for neurodegenerative illness, and researchers are trying to develop it, believe me. But in the meantime, Alzheimer’s, Parkinson’s, multiple sclerosis, and so many other chronic diseases of the brain are an alarming and rapidly increasing threat to global public health and individual quality of life.

In the U.S., one in nine Americans over age sixty-five suffers from dementia. Alzheimer’s disease alone accounts for 60 to 80 percent of dementia cases, with more than 6.9 million Americans carrying the diagnosis. It is predicted that we will greet more than 1 million new dementia cases each year by 2060, rates of increase that mimic obesity and diabetes (there is a clear connection; much more on that coming up). Worldwide, more than 55 million people are currently living with dementia, a number that is expected to triple by 2050, reaching a staggering 153 million.1

Even more troubling is that for every person diagnosed with some form of dementia, countless more suffer from the emotional and financial toll of caregiving. According to the World Health Organization (WHO), the global cost of dementia care is projected to rise to $2.8 trillion in the next five years, creating immense pressure on healthcare systems, economies, and families.

With so many neurological and psychiatric disorders and diseases on the rise (I’ll reveal more of the disturbing statistics in the next chapter), we are woefully unprepared for the full scope of the crisis—and we are doing nothing to treat the root causes.

The Preventive Approach

While I was practicing neurology in a conventional setting, I focused almost entirely on diagnosing and managing diseases using standardized, generally accepted therapies. My role was to treat symptoms, slow the progression when possible, and offer support where medicine fell short. Over time, I became deeply disenchanted with this reactive approach. I wasn’t satisfied simply prescribing medications and watching patients continue to decline. The words prevention and reversal weren’t on the menu, and the stark monotony of “diagnose, then adios” was downright depressing.

What haunted me most was the mystery of why so many people were developing these intractable, devastating brain disorders in the first place.

Some believe the increases are somehow genetic. But let me clarify: Our genes haven’t changed, so why would there be a sudden skyrocketing in genetic disease? What has happened is that huge numbers of people are having their DNA tested thanks to companies like 23andMe and learning that they have a genetic predisposition for neurodegenerative illness. Twenty-eight percent of us have the APOE4 allele (a variation of a gene) that statistics show increases one’s risk of Alzheimer’s by up to twelve times. But there’s much more to this story. Although you can’t change your genetic code, you absolutely can control the expression of your genes. The eighty-eight keys of the genetic piano remain the same, but you can decide to play a different song.

So having the APOE4 allele is not a guarantee of future brain decline. Genes are not destiny. For that matter, not having that allele doesn’t mean you are safe. I often say at medical conferences, “If you have a vowel in your name, you’re at risk for brain decline.”

We’re all at risk, just as we’re all empowered to take steps to help and heal ourselves.

And as we continue to figure out the “why,” we know from research that emerged a decade ago an important “how”: Healthy lifestyle choices—diet, exercise, sleep, and stress management—dramatically influence your brain health trajectory and mitigate the risk of developing conditions like Alzheimer’s.

Eager to empower my patients with this knowledge and give them actionable tasks to pursue that would help them, I dug into the lifestyle research and uncovered studies that pointed to the correlation between chronically high blood sugar, insulin resistance, being sedentary, low-quality sleep, and neurodegeneration. I learned that inflammation plays a key role in the development of virtually every chronic brain degenerative disorder. Early on, I was particularly struck by how certain individuals experienced neurological issues when they consumed foods containing gluten (a protein found in grains such as wheat, rye, and barley) and how removing gluten from their diet could lead to dramatic improvements in certain individuals’ brain health. I also studied the emerging science of the gut microbiome and its surprising influence on the brain through fascinating pathways involving inflammation and immune regulation.

These early explorations marked a welcome paradigm shift for me. I no longer saw my role as just treating brain diseases after they began. I now saw the powerful opportunity to prevent them.

The preventive approach—helping patients preserve and protect their brains through evidence-based lifestyle interventions—became the foundation of a far more fulfilling career as a neurologist. Back then, I was virtually alone in putting this science into clinical practice. As the years passed, the scientific community got on board. Dozens of high-quality studies started popping up in medical journals that validated the biological mechanisms behind what I was seeing in the clinic. A few quick examples were studies that proved aerobic exercise increased brain-derived neurotrophic factor (BDNF), a brain-protective molecule; that high-quality sleep boosted the clearance of brain toxins; and that a balanced gut was largely responsible for modulating neuroinflammation.

What had been a quirky little theory of mine was empowering people and giving them hope. We now had measurable, reproducible scientific proof that lifestyle choices influenced our cognitive destinies. My research might have started out as a personal journey of curiosity and dissatisfaction, but it transformed into a new mission: to help people take charge of their brain health long before problems arise. That mission has been the inspiration for my career as a clinician and a researcher—and, eventually, an author—and continues to drive me every single day.

I simply had to spread the word about these findings. When I wrote Grain Brain in 2013, I focused on how diets high in refined carbohydrates and, for many, gluten sensitivity contribute to neurological issues. In 2015’s Brain Maker, I explored the critical and often overlooked role of the gut microbiome in regulating metabolism, inflammation, and the link between hormones and neurotransmitters produced in the gut and brain function and health. In 2022’s Drop Acid, I examined the profound metabolic disruptions caused by elevated uric acid and their impact on brain function. The messages in these books reached millions of people around the world, and for that I could not be more grateful.

But a missing piece remained. I went back to asking the foundational “why?” Why do good brains go bad? I was still searching for the root cause, the underlying mechanisms that opened the door to neurodegenerative disease.

The Missing Piece of the Puzzle

I had to wait decades to find it, but it’s here. We finally understand what’s sparking the fire.

Advanced medical science has, at last, uncovered a fundamental mechanism underlying virtually all neurodegenerative conditions and various other brain maladies. That discovery is the basis of this book, my most important one yet. Brain Defenders examines this fundamental mechanism, explains how it works, and outlines what you can do right now to use this information and defend your brain.

The science is breathtaking, and brand-new. You have probably never before heard the word microglia or immunometabolism, but by the end of this book, you will be an expert and will be able to recite to family and friends just how important they are to lifelong brain health.

Let me back up a bit.

We’ve known for a long time that there is a relationship between things like viruses, bacteria, and elevated blood sugar and increased Alzheimer’s risk. We’ve known that exposure to various toxins and head trauma is somehow associated with increased risk of developing Parkinson’s. But we haven’t understood how these factors relate to brain degeneration.

Well, now we do, and our new understanding is both revolutionary and crucial for every single one of us.

In just the last few years, the microglia, the brain’s resident immune cells, have emerged as the main players at the heart of these conditions. When microglial cells are threatened by the factors I mentioned above (trauma, infection, pollution, etc.), they change shape and function—going from friend to foe—ultimately disrupting mitochondrial function (aka, cellular metabolism) and triggering a chain reaction of rampant neuroinflammation that is at the root of our most aggressive and common neurodegenerative disorders.

Research in the field used to be neuron centered. But the bulk of new brain research focuses on immunometabolism (the intersection of the brain’s immune cells and metabolism) and reverting pro-inflammatory microglia back into their anti-inflammatory shape via new treatments, technology, and lifestyle interventions—with dramatic results. We are embracing a new model, and it has profound implications for future diagnosis and treatment for Alzheimer’s and other diseases.

What you really need to understand is that the metabolic changes in your brain’s immune cells reflect the metabolic health in the rest of your body. What’s going on below the neck is pretty much what’s going on above it. When we’re metabolically compromised, the stage is set for the brain’s microglia to shift into destructive mode. That’s why elevated blood sugar is strongly associated with Alzheimer’s risk, and why people with type 2 diabetes have a remarkable 85 percent greater risk of developing Parkinson’s disease compared to those without diabetes. If you can lower your blood sugar and become more insulin sensitive—through diet, exercise, and supplements—you can favorably shift microglia from their harmful shape back into their helpful one.

Appreciating the microglia’s role in brain degeneration has finally allowed us to rethink what it means to carry the so-called “Alzheimer’s gene,” the APOE4 allele mentioned earlier. Seeing genetics through the lens of the microglia, we understand that carrying the APOE4 allele is not a predetermination. It’s a predisposition, one you can do something about.

Your brain’s destiny is not fixed. It is fluid. And you have the power to control it.

Mainstream medicine generally overlooks the critical message that your brain’s health is largely in your hands. We need to recognize where our current approach has fallen short so we can shift to strategies that truly work, including taking specific actions to redirect microglia from its damaging state to its protective one.

The fundamental takeaway of this book—and the culmination of my decades as a clinician, researcher, and writer—is that we can influence many of the factors that threaten microglia and kick off the chain reaction toward neurodegenerative disease. We are in charge.

We are now witnessing a long-awaited paradigm shift in neuroscience research, away from antiquated theories to new and exciting mechanisms that emphasize the fundamental relationships between our immune and metabolic systems. And this research is happening around the world.

The new model is proactive. With breakthrough therapies and lifestyle choices humans can control, we have the power to shift microglial cells out of degenerative mode and into regenerative mode. The role of shape-shifting microglia on brain health supersedes every theory out there. It’s upstream of all other mechanisms, including the false idea that beta-amyloid causes Alzheimer’s. This is what researchers around the world are looking at in neurodegenerative diseases.

Sometimes, I ask myself if I’m overstating this, but every day, I see more studies in my inbox that reinforce this view. The volume of research globally on the topic is breathtaking. Call it the missing piece or the key to the kingdom. We have it. And by reading this book, you’ll learn all the science about how to use it. Your brain’s immune cells hold virtually all the cards when it comes to your brain’s destiny. You have the power today to influence whether your microglia will support your brain health or pave the way for degeneration.

A Fork in the Road

The concept is fairly simple: Two roads diverge in the woods. You come to that fork. One direction will lead to disease. The other takes you toward a future with a healthy brain.

Unfortunately, these days, the “road less traveled” is one of metabolic health. Only 6 percent of American adults are metabolically healthy. If you take the road less traveled, it will make all the difference in the world for your brain.

Most of us are heading down the road often taken—of metabolic dysfunction—and we’ll find Alzheimer’s and Parkinson’s there.

It’s important to know that even if you are on the wrong road, you can backtrack, get on the path of a healthy metabolism, and reset your brain as you move forward. I’m going to show you how to get on the right road toward long-lasting brain health.

Brain Defenders brings together all the work I’ve done over my career on the road less traveled. In the past, I’ve explored aspects of brain health that were unheard-of at the time and experienced my share of disparaging commentary from the mainstream medical community. But as I’m fond of saying, “People are down on what they are not up on.” And these days, I’ve enjoyed the validation of the out-of-the-box ideas that my work helped to popularize, like the threat posed to the brain by a diet of highly refined carbohydrates, and the role of the gut microbiome in brain health. My mission has always been not to be out of the box but to make the box bigger. Brain Defenders tells the story of our microglia, but it’s also about the power of curiosity and fighting for what you believe in.

The breakthrough research and how we can apply it represent a major “full circle moment” for me. It is deeply gratifying to see how these seemingly disparate areas of research are coming together into a unified framework—one that not only explains what’s happening in the degenerating brain but, more importantly, offers powerful tools for each of us to positively change the trajectory of our brain’s destiny. We now have actionable strategies to influence microglia in ways that protect, restore, and even enhance cognitive function. The excitement and hope around these breakthroughs, and sharing them with you, sit at the core of why I became a doctor.

The word doctor in Latin doesn’t mean “healer.” It means “teacher.” And that definition has motivated me over the past forty years to explore and uncover the root cause of brain disorders, empowering the widest audience possible with this knowledge and the ability to utilize this information to protect their brains. In Brain Defenders, I’m going to teach you the necessary biology, explain the breakthrough research, and give you instruction on how to apply it. I’m going to challenge our drug-dependent perspective and prove that brain health is not predetermined by your genes or your age. Brain health specifically depends on our day-to-day choices.

Make no mistake: There’s a battle going on in your brain. It’s happening right now. The outcome will determine whether you coexist with a fully functional brain—one that allows you to experience your best life—or are confronted by a degenerative brain condition that ultimately robs you of your ability to participate in the life you have been gifted. And it is critical to understand that you can absolutely and profoundly influence the outcome of this battle.

There’s also a war going on between inertia and proactivity. With our new understanding of immunometabolism, you are given the opportunity to be the architect of your brain’s future. Do not wait for Western medicine and its reactive strategy to save you. You absolutely cannot relinquish the stewardship of your brain’s future. You can defend your brain today.

So, I’ll ask again, What’s the worst that could happen?

I’ll tell you: The worst thing that can happen is that you gain the knowledge in this book and line up the tools it provides—and then don’t use them. I know it can be daunting to face reality, but is there anything more valuable than a sound mind, your own or a loved one’s?

You choose your destiny. You can change the trajectory of your brain health right now. All you have to do is turn the page.





Chapter 10

Infections

The microglia are fundamental players in the brain’s immune system, and they do indeed respond to challenges from infectious agents. When it comes to shifting microglia into their pro-inflammatory M1 phenotype, each challenge from a virus or bacterium represents a straw on the camel’s back. Pile on too many challenges, and the system crosses the tipping point into a disease state.

Bacterial Infections

Seemingly innocuous microbes can become formidable threats to brain health.

A compelling example is Porphyromonas gingivalis, a keystone pathogen in periodontal disease. While often confined to the oral cavity, this bacterium or, more precisely, its toxic factors can disseminate beyond the mouth, crossing into the brain. Notably, P. gingivalis has been identified in the brains of individuals with Alzheimer’s disease. Laboratory studies show that exposure of microglia to P. gingivalis leads to a marked increase in the production of pro-inflammatory cytokines and ROS (reactive oxygen species), creating a toxic microenvironment for neurons. This inflammatory cascade not only threatens neurons but also promotes the accumulation of Alzheimer’s-related proteins. These findings indicate that chronic oral infections may play an important role in brain degeneration by threatening our brain defenders, driving microglial activation and neuroinflammation.1

It might seem incredible that repeated or sustained gum infections (such as chronic periodontitis) would stoke microglial activation. But it does! And this fact makes a very compelling argument in favor of good oral hygiene, regular cleanings, twice-a-day brushing, and daily flossing with string or water. However, it is not a call for the use of mouthwashes that basically sterilize the mouth and threaten our oral microbiome.

Another brain-challenging bacterium is Chlamydia pneumoniae, the common respiratory bacterium that causes atypical pneumonia. A 2024 study from researchers at Cedars-Sinai Medical Center revealed that C. pneumoniae has been identified in the postmortem brains of individuals with Alzheimer’s disease. Laboratory investigations demonstrated that the strain can invade our microglia, where it establishes a persistent presence. Once infected, microglia release elevated levels of pro-inflammatory cytokines. This heightened inflammatory state poses a significant threat to nearby neurons. The authors of the study described C. pneumoniae as a “leading candidate for an infectious involvement” in Alzheimer’s pathology, emphasizing the “strong correlative support” linking the pathogen to disease progression, again through its effects on the microglial cells.2

Interesting side note: For a long time, neurobiologists believed the brain was a “sterile” sanctuary where microorganisms could not enter. In fact, as many as 170 species of bacteria, viruses, and fungi live in the brain. Scientists are starting to refer to this community as the “brain microbiome.” From what we know so far, many of the organisms exist in the brain without causing harm. But some do make trouble, and those bacteria are the ones that pile straws on the camel’s back. In fact, the brain’s microbiome may actually interact with the microglial cells over time, influencing how they mature and whether they are in their activated M1 state.

So, in the case of C. pneumoniae, it’s possible that a respiratory infection you had years ago could leave behind a reservoir of bacteria in the brain, persistently activating microglia and setting the stage for neurodegenerative disease.

Viral Infection

Viral infections have long been suspected of leaving lasting footprints on the brain’s health. Influenza is a good example. While the flu mainly affects the respiratory system, it also causes systemic inflammation in the body and the brain (ever notice how lousy and foggy you feel with the flu?). Historical data and modern studies have observed a link between influenza and Parkinson’s disease. A 2021 large population study in Denmark found that people who had an influenza infection were significantly more likely to be diagnosed with Parkinson’s a decade or more later—about a 70 percent higher risk compared to those who never had the flu during the study period.3

This doesn’t prove the flu directly causes PD, but it suggests that a bad influenza infection may trigger an inflammatory cascade that sets the stage for neurodegeneration down the line. One theory is that the flu virus, or the intense immune response to it, could activate microglia in regions like the substantia nigra, where PD pathology occurs, and those microglia then remain primed long after the virus is gone, slowly contributing to the loss of dopamine neurons. It’s a “hit-and-run” situation: The virus hits, microglia react, and even after the virus has run its course, the microglial activation doesn’t go away.

On the list of viral infections associated with Alzheimer’s disease are spirochetes like borrelia and syphilis,4 candida, fungal infections,5 human immune deficiency virus (HIV),6 cytomegalovirus in the gut, Epstein-Barr virus,7 and another one you are statistically likely to have right now . . . 

Herpes Simplex Virus Type 1

Herpes simplex virus type 1 (HSV-1) is the virus that causes cold sores. Of the entire world population, 67 percent under age fifty carries it. The virus can lie dormant in the body for years. Occasionally, it reactivates and, in some people, it may reach the brain. The microglia play a crucial role in detecting and responding to the virus within the brain. Once HSV-1 enters the central nervous system, microglia recognize the viral presence and immediately begin producing inflammatory mediators. Essentially, whenever the virus reactivates, it nudges microglia toward M1 neuron-damaging behavior.8

We’ve known since a 1997 report in The Lancet9 that HSV-1 in the brain significantly raised the risk of Alzheimer’s disease in APOE4 carriers, suggesting a synergistic effect between the virus and the genetic allele. More recent studies have supported this association.

Interestingly, carrying APOE4 is associated with an increased risk of HSV-1 oral lesions (fever blisters), again demonstrating a link between the virus and a person’s genetics.10 A 2018 study from Taiwan analyzed data from 33,448 patients and found that the HSV-1-infected participants were two and a half times more likely to develop dementia than their uninfected counterparts, independent of their APOE status.

And now for the good news: In the Taiwan study, infected patients who received antiviral treatment did not exhibit this elevated risk, suggesting that antiviral therapy may mitigate the potential progression to dementia.11 A 2021 study of more than 265,000 infected Swedes affirmed the 2018 study, reporting that antiviral treatment was “associated with a reduced long-term risk of dementia among individuals with overt signs of herpes infection.”12

One antiherpetic drug in particular, valacyclovir (Valtrex), may be particularly neuroprotective.13 I have been following this science for decades. In my practice, I have gone as far as to suggest chronic low-dose Valtrex for my patients who’ve demonstrated elevated levels of antibodies to HSV-1. And, for patients with a history of cold sores, I would provide them with a supply of Valtrex to have on hand to limit viral replication during an outbreak. Of course, this type of intervention is something to discuss with your healthcare practitioner. It is my belief, based on the science, that limiting the replication of the herpes virus clearly helps reduce microglial activation, and that is the name of the game.

Coronavirus

SARS-CoV-2, the coronavirus behind COVID-19, provides a more recent and dramatic example of the connection between infection and neurodegeneration. Many people who suffer from COVID-19—especially the severe cases—experience neurological symptoms, such as confusion, delirium, loss of smell, brain fog, strokes, and more. COVID-19 can invade the nervous system (through the olfactory nerves or bloodstream) and cause a massive inflammatory response throughout the body.

A comprehensive 2022 review published in the Journal of Alzheimer’s Disease, involving more than 6 million individuals aged sixty-five and older, found that those who contracted COVID-19 had a 69 percent higher likelihood of receiving a new diagnosis of AD within one year post-infection, compared to their noninfected counterparts. This increased risk rose to 89 percent in the eighty-five-and-above age group; in women, the risk increased by 82 percent.14

Autopsy studies of people who died from COVID-19 have revealed notable changes in the brain’s immune cells. Even when the virus itself is only sparsely detected in brain tissue, the microglia are often found in their hyperactive state, clustering around blood vessels and damaged areas. In a 2021 Italian study, all the examined COVID-19 brains showed remarkable activation of microglia, forming inflammatory nodules, mostly in the brain stem.15 This microglial overdrive is thought to underlie the brain dysfunction seen in severe COVID-19 cases.

Furthermore, long after acute infection, some COVID-19 survivors experience cognitive impairment. Researchers have identified ongoing neuroinflammation and microglial activation in patients with long COVID cognitive symptoms.16 And remember, when microglia are activated, they are metabolically compromised. Thus, targeting their metabolism would seem a reasonable approach to help reduce their pro-inflammatory, damaging activity. This reasoning underpins the use of hyperbaric oxygen in the treatment of long COVID, a new, fascinating therapy I’ll discuss at length (including my own research) in chapter 21.

It appears that SARS-CoV-2 can push microglia into an inflammatory state that might persist or recur, contributing to issues like memory trouble and difficulty concentrating. Crucially, not everyone is equally vulnerable to these effects. Individuals with preexisting metabolic problems such as obesity, insulin resistance, and type 2 diabetes often fare worse in COVID-19. Chronic low-grade inflammation and sometimes higher blood-brain barrier permeability characterize these conditions. In obesity, for example, the body’s fat tissue continuously produces inflammatory signals, which can travel to the brain and participate in microglial activation.17

So even before any infection, an obese person’s microglia may be in a primed state, partially activated and ready to overrespond. When an infection like COVID-19 hits, those primed microglia release an excessive inflammatory response that causes more collateral damage to brain cells than a metabolically healthy person would experience. High blood glucose and insulin resistance can also impair the body’s immune regulation—immunometabolism in action—potentially fueling a stronger cytokine storm in the brain. In short, metabolic issues push microglia to the M1 extreme.

We saw this phenomenon play out dramatically on a global scale in the early 2020s. COVID-19 infection outcomes—especially brain-related consequences—were far worse for people with obesity or diabetes. The added risk of infections on brain health is yet another reason to make lifestyle choices that improve metabolic health.

Vaccines and Brain Health

If chronic infections and persistent inflammation tip the scales toward brain vulnerability, could preventing or reducing infections lower our risk for neurodegenerative disease? Emerging research increasingly suggests the answer may be yes.

A striking example comes from studies on the shingles vaccine. Shingles is caused by the varicella-zoster virus (VZV), the same virus that causes chickenpox and then hides dormant in nerves, sometimes reactivating later in life as shingles. An intriguing observation is that people who get vaccinated against shingles might have a lower incidence of dementia (including Alzheimer’s) in subsequent years. In a study in Nature in 2023, Welsh researchers took advantage of a quirk in the vaccine rollout to compare similar groups of older adults and found that those who received the shingles vaccine had about a 20 percent lower risk of developing dementia over the next seven years.18 Twenty percent is a considerable reduction for a single intervention! As one of the researchers involved in the study noted, it’s possible that infection with VZV increases dementia risk, so blocking the infection via vaccination reduces that risk.

There’s also an interplay between VZV and HSV-1 to consider. A 2022 paper published in the Journal of Alzheimer’s Disease suggests a shingles flare can awaken dormant HSV-1 in the brain, leading to additional damage that resembles Alzheimer’s pathology.19 So preventing shingles could indirectly prevent HSV-1 reactivations, too.

I want to be clear about one thing: Each episode of infection—whether it’s a bout of the flu, a cold sore flare, gum disease, pneumonia, or COVID-19—sparks a microglial response in the brain. By taking one straw (a major viral reactivation) off the camel’s back by getting a vaccine, we might spare our microglial cells from a significant inflammatory insult, keeping them in their friendly, supportive role. It’s a compelling argument that controlling infections—even those that seem unrelated to the brain—can swing our brain health in our favor. And not getting certain vaccines can swing brain health toward devastation.

*

Bringing all these threads together, the picture becomes clear: Infections and inflammation, especially when combined with metabolic stressors, can progressively push microglia toward a harmful, overactive state.

This understanding is prompting new thinking about intervention. It highlights the importance of preventing and treating infections promptly, maintaining metabolic health, and using vaccines (like the shingles and flu vaccines) not just to avoid illness but as potential shields for our brains.

Without question, any discussion about vaccination will likely push some hot buttons. But, for example, research published in 2022 in the Journal of Alzheimer’s Disease, based on a four-year nationwide sample involving almost 1 million participants, has made it clear that the flu vaccine is associated with a dramatic reduction of risk for Alzheimer’s disease. Adults aged sixty-five who received the vaccine had a 40 percent lower risk than those who remained unvaccinated.20 Forty percent is massive.

By keeping microglia from being constantly provoked, we give our neurons a better chance to age gracefully, without the chronic inflammatory stress that can pave the way to diseases like Alzheimer’s and Parkinson’s. Ultimately, infection-induced microglial activation appears to be a key piece of the puzzle in long-term neurodegeneration, illustrating how our lifestyle and infectious exposures throughout life can influence our brain health as we grow older.

Infections Takeaways

•Each infection adds another straw to the camel’s back. At some point, without warning, one may tip the brain into a self-sustaining inflammatory cascade that becomes difficult or impossible to reverse.
•Common bacterial infections like Porphyromonas gingivalis and Chlamydia pneumoniae trigger heightened inflammation and have also been linked to an increased risk of neurodegenerative diseases.
•Viral infections like influenza and herpes simplex type 1 can damage the brain by activating microglia. Studies have linked these viral infections with Alzheimer’s and Parkinson’s.
•Antiherpetic medications like Valtrex stop the virus from replicating, and a reduced spread means less immune cell activation, inflammation, and damage.
•COVID-19 is a prime example of how metabolic issues in patients up the chances of poor brain-health outcomes.
•Though still debated, vaccines for influenza and shingles have been linked to a lower risk of developing Alzheimer’s disease. Take that information and do with it what you will.




Chapter 11

Head Trauma

Traumatic brain injury (TBI), whether from a single, severe impact or a series of mild but cumulative blows, can turn microglia from protective allies into chronic agitators. Head trauma does not act alone in the brain. Rather, it’s an accelerant that fuels a preexisting smoldering fire (due to insulin resistance, infection, and all the other instigators), stoking the inflammation and threatening the brain.

Understanding the role of head trauma in microglial activation is critical, not only for those who have suffered concussions or more severe brain injuries but for anyone looking to protect their long-term cognitive health. By recognizing how seemingly separate brain threats conspire, we can mitigate the cumulative burden on the brain using treatment strategies that go beyond the trauma to address the full landscape of factors that lead to microglial dysfunction.

The Injury

When the brain sustains trauma, the mechanical force of one object (your skull) slamming onto another disrupts brain tissue and sets off a damaging chain reaction:

•Cell membrane rupture. This releases components like mitochondria and even DNA into the space between cells. These components turn out to be a powerful initiator of microglial shift.
•Mitochondrial dysfunction. Mitochondria become dysfunctional because of the trauma. Any dysfunction leads to energy reduction and excessive ROS formation and threatens nearby microglia.
•Distress signals. When a cell is damaged, it releases molecules that serve as alarm signals, activating an inflammatory pathway that summons cytokines across the BBB. As a result, mitochondria are damaged and that shifts microglia into its M1 evil twin form.
•Inflammation cascade. Mitochondrial damage and M1 microglia further activate the inflammatory pathway, doubling and tripling down on the already exacerbated immune response.
•Hypersensitive M1. Once activated by trauma, M1 foes may not return to their supportive state. They remain hypersensitive and hyperactive.
•Chronic inflammation. Hyperactive M1s persistently summon pro-inflammatory cytokines, creating a feedback loop of neurotoxicity.
•Increased BBB permeability. With so many cytokines battering at the brain shield, it becomes weaker, allowing peripheral immune cells to enter the brain, further escalating inflammation.
•Progressive loss of neurons and synapses. This is the inevitable outcome of all that mitochondria damage, a dysfunctional BBB, M1 hyperactivity, increased ROS, and rampant inflammation burning in the brain.
A bonk on the head is no small thing. In cartoons, it’s played for laughs. Wile E. Coyote can take a mallet to the skull and as soon as the birdies stop circling his head, he’s up and at it for more abuse. But in an actual human brain, recovery from an injury takes a long time. You might know someone who was in a car accident, for example, who was “not herself” for weeks, months, or years afterward. Now you know why.

Whether it’s one big blow or many smaller ones, traumatic brain injury activates microglia through a complex, self-perpetuating, and harmful cascade of biochemical and mechanical processes.

Improvement after TBI is often elusive. Some patients actually worsen with respect to brain function, even long after the initial event or events occurred. Sustaining a TBI earlier in life represents a significant risk enhancer for the development of Alzheimer’s or Parkinson’s later on. Consider the fate of boxer Muhammad Ali. Ali hung up his gloves in 1981 and was diagnosed with Parkinson’s in 1984. And although he experienced no further head trauma, his brain function continued its inexorable decline until his death at age seventy-four, decades after he stepped out of the ring.

Why Does an Injured Brain Make Itself Worse?

It doesn’t seem to make sense. Why do these mechanisms and processes exist?

Normally, the inflammatory surge is balanced by a switch to an anti-inflammatory or tissue-repairing M2 microglial state. Immediately after trauma, some microglia do show an M2 phenotype that promotes healing. But studies indicate this response is short-lived, and within days, the balance shifts back toward M1 dominance.

For example, in mice with TBI, M2 microglial activation peaked at around five to seven days, but by four weeks post-injury, a dominant M1 profile emerged, accompanied by elevated and ongoing release of inflammatory factors.1 This delayed wave of M1 microglia is associated with “secondary injury”—the damage done by inflammation well after the initial injury—due to impaired debris clearance and additional neuronal death.

Head trauma primes microglia to enter their aggressive inflammatory mode that outlasts the initial injury, tipping the balance from defense to chronic inflammation that can hinder recovery and foster neurodegeneration.

In the aftermath of even a single moderate TBI (or multiple mild TBIs), microglia can remain in a pro-inflammatory state for months or even years. This chronic smoldering inflammation creates a toxic environment for neurons. The continued release of cytokines and ROS damages nearby brain cells and synapses, gradually expanding the injury at a time when we should be seeing recovery.

Over time, these processes can ultimately help usher in degenerative brain disease. This explains why some TBI patients experience cognitive decline or neuropsychiatric problems that worsen over years.2

Chronic Traumatic Encephalopathy

A prominent example of trauma-induced neurodegeneration is CTE (chronic traumatic encephalopathy), a disease found in individuals with a history of repetitive head impacts, such as boxers and football and soccer players. CTE is marked by progressive memory loss, mood disturbances, and dementia, alongside accumulations of a particular protein in the brain, hyperphosphorylated tau. While the hallmark tau protein garners much attention, chronic inflammation is increasingly recognized as a key contributor to CTE’s development and progression. And that chronic inflammation is a manifestation of M1 microglial activation.

Activated microglia are abundant in CTE-afflicted brains, and evidence suggests they actively worsen the tau pathology. A study of former American football players showed that the length of time they played sports involving repetitive head-impact exposure correlated with heightened microglial activation, which in turn was associated with more severe tau protein accumulation and dementia.3

In other words, repeated blows to the head chronically activate microglia, and this sustained inflammation helps drive the tau protein changes and neuron damage seen in CTE. This aligns with the idea that inflammatory molecules from microglia are not only biomarkers but also accelerants of CTE progression.

Once triggered by injury, if microglia stay in an M1 pro-inflammatory mode, they produce a self-perpetuating cycle of ongoing inflammation. Over years, this process sows the seeds for conditions like CTE, other forms of traumatic brain injury–related dementia, Alzheimer’s, and Parkinson’s.

The Metabolic Link

An individual’s overall metabolic health significantly influences how the brain responds to trauma. Metabolic challenges can worsen the inflammatory cascade and outcomes after TBI.

Think of it like this: Preexisting metabolic conditions load the gun; head trauma pulls the trigger. Head trauma is not an isolated event. It is a potent amplifier of microglial dysfunction, compounding risks already posed by metabolic disorders. The activation of microglia creates a self-sustaining inflammatory loop, which, if left unchecked, can drive long-term neurodegeneration.

As an example, obesity is associated with chronic low-grade inflammation even before an injury. Following a concussion or TBI, obese individuals tend to mount an exaggerated inflammatory response. Clinical research in 2023 led by researchers at the University of Pittsburgh demonstrates that obese patients show higher baseline and post-injury levels of inflammatory markers (e.g., C-reactive protein and cytokine IL-6) compared to normal-weight patients, persisting weeks to months after a mild TBI. Higher IL-6 in particular was linked to worse cognitive and functional outcomes in these patients.4

In practical terms, an obese patient’s preexisting inflammatory state “primes” the microglia, so that
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