
        

 

Independent Research & further reading 

Guest: Dr Rhonda Patrick 

Disclaimer 1: The sources presented here, directly (or as closely as possible), look at statements 

made by the guest in this episode. In order to report each topic thoroughly, an extensive search 

and review (beyond the scope of this document) would be required. 

Disclaimer 2: The information provided in this podcast and any associated materials is not 

intended to replace professional medical advice. For any medical concerns, it is essential to consult 

a qualified health professional. 

 

Contents 

Lifestyle as the Primary Driver of Ageing 1 
Obesity and Life Expectancy 2 
Partial Reprogramming and the Reversal of Cellular Ageing 3 
Sedentarism as a Stronger Predictor of Mortality than Smoking 4 
The Dallas Bedrest Study: Three Weeks Worse Than 30 Years of Ageing 4 
Cardiorespiratory Fitness as a Marker of Longevity 5 
High Intensity Interval Training (HIIT) for Cardiorespiratory Improvement in 
Non-Responders 6 
The Norwegian Four-by-Four Protocol 6 
Heart Stiffness, Glycation, and Glucose Exposure 7 
Mitochondria, Oxygen, and Cellular Energy Production 8 
Lactate: A Signaling Molecule for Brain and Gut Health 8 
Heat Shock Proteins and Neurodegeneration Prevention 10 
Aerobic Exercise Reverses Brain Atrophy in Older Adults 11 
Cardiorespiratory Fitness and Dementia Risk Reduction 12 
Multifactorial Causes of Alzheimer’s: Genetics, Sleep, Trauma 12 



Multivitamins Improve Cognitive Aging 15 
Folate Deficiency and DNA Damage 16 
Vitamin D as a Hormonal Regulator of Brain Health and Mortality 17 
Ketogenic Diet, Ketones, and Brain Health 20 
High-Normal Blood Glucose and Brain Atrophy 22 
Cognitive and Cardiovascular Benefits of Blueberries and Polyphenols 23 
Omega-3s from Seafood: Longevity, Inflammation, and Heart Health 23 
Fish Oil Supplements as a Cleaner Omega-3 Source 25 
Creatine’s Role in Muscle, Brain, Mood, and Cancer Risk 26 
Fasting, Autophagy, and Muscle Preservation 29 
Late-Night Eating, Melatonin, and Glucose Dysregulation 30 
Red Light Therapy: Promising for Skin, Questionable for Muscle 31 
Comparing Infrared and Traditional Saunas: Depression, Mortality, and Hormones 33 
Plastics and Microplastics in Packaging 36 
Proximity to Golf Courses and Parkinson’s Disease Risk 38 
Leafy Greens, Magnesium, and Sulforaphane: DNA Repair, Detox, and Longevity 39 
Vitamin K’s Role in Blood Clotting 42 
Choline, Epigenetics, and Cognitive Development in Children 43 
References 45 

 

 



Lifestyle as the Primary Driver of Ageing 

“genetics does play a role in the way you age, but it's a small role. In fact, 70% or more of the 

way you're aging is actually due to your lifestyle.” 

While genetic factors do influence aging, current research suggests they account for only 

about 20–25% of the variation in human lifespan. The remaining 75–80% is largely determined by 

lifestyle choices, including diet, exercise, smoking, alcohol consumption, and social engagement. 

These modifiable behaviors play a significant role in shaping both the quality and length of life. Even 

among individuals with a high genetic risk for age-related diseases, adopting healthy habits can 

substantially reduce the likelihood of poor outcomes. Lifestyle can also influence gene expression 

through epigenetic mechanisms, underscoring the dynamic relationship between environment and 

biology. Overall, while genetics set the baseline, lifestyle exerts the greater and more actionable 

influence on how we age. 

References 1-3. 

Obesity and Life Expectancy 

“there's studies that show even like a 14 year difference in life expectancy for someone who's 

morbidly obese versus lean.” 

Research consistently shows that severe obesity is associated with a substantial reduction in 

life expectancy compared to lean body weight. In young adults, particularly men, morbid obesity can 

shorten life by as much as 13 years. Women with severe obesity may lose up to 8 years of life. These 

differences are most pronounced when obesity begins early in life and are largely driven by increased 

risks of cardiovascular disease, diabetes, and certain cancers. Even individuals classified as 

“metabolically healthy” but obese face higher mortality risk than lean counterparts. While 

overweight and moderate obesity reduce life expectancy to a lesser degree—by about 3 to 7 

years—severe obesity has the most significant impact, reinforcing the importance of maintaining a 

healthy weight to support longevity and long-term health. 

References 4-7. 



Partial Reprogramming and the Reversal of Cellular Ageing 

“Shaya Yamanaka (…) had shown that you could take a cell that's old and it could be a any cell. 

It could be from an 85-year-old person with Parkinson's disease, for example (...) and add four 

different proteins to them. They're called transcription factors (...) you can make it into what's 

called an embryonic stem cell. And it does that by sort of wiping out what's called epigenome 

(…) And it sort of brings it back, reprograms it to this youthful state where it becomes an 

embryonic stem cell. And then that embryonic stem cell can then form any type of cell in the 

body (...) And so this is called induced pluripotent stem cells (...) A whole handful of brilliant 

aging scientists have discovered (...) what I call pulse, it's partial reprogramming. You're kind of 

putting it on for like a shorter period of time, and then that cell keeps its identity, but it's 

youthful. It wipes out all the damage (...) this has been shown in animal studies and rodents 

that if you, if you add these four different transcription factors and you give them to mice, you 

can rejuvenate many of the different organs. So essentially turning back the aging clock in 

different organs in these mice.” 

In animal studies, partial cellular reprogramming using Yamanaka factors has shown 

promising potential to reverse biological signs of aging and restore tissue function. Yamanaka 

factors—Oct4, Sox2, Klf4, and c-Myc—are a set of transcription factors originally used to convert 

adult cells into pluripotent stem cells. When applied transiently in short cycles, these factors can 

reset age-related molecular changes without fully erasing a cell’s identity or triggering uncontrolled 

growth. This approach has been found to rejuvenate multiple organs in mice, including improved 

regeneration in the liver, enhanced neurogenesis and cognitive function in the brain, and restored 

vitality in kidney and skin tissues. At the cellular level, partial reprogramming reduces markers of 

senescence (the condition or process of deterioration with age), improves DNA repair, and resets the 

epigenetic “clock.” While the long-term safety and effectiveness in humans are still unknown, these 

findings suggest that partial reprogramming may hold future therapeutic potential for age-related 

decline. 

References 8-11. 



Sedentarism as a Stronger Predictor of Mortality than Smoking 

“sedentarism is a disease because it's actually been shown to increase the risk of early 

mortality, even more than diseases that we know of, like type two diabetes, cardiovascular 

disease, or even terrible habits like smoking. So being sedentary actually could predict early 

mortality even more than those diseases.” 

Prolonged inactivity—commonly referred to as sedentarism—has been consistently linked to 

an increased risk of early death, particularly from cardiovascular disease and all causes combined. 

The risk begins to rise when daily sitting exceeds 6–8 hours and becomes more pronounced above 12 

hours, especially in individuals who are otherwise physically inactive. While regular physical activity 

can partially offset this risk, it does not eliminate it entirely. However, when comparing risk levels 

directly, sedentarism is associated with a smaller increase in mortality than other well-established 

factors such as smoking, type 2 diabetes, or cardiovascular disease. For example, smoking and 

unmanaged diabetes are typically associated with a 50–200% higher mortality risk, compared to a 

4–49% increase from sedentarism depending on the amount of sitting. Nonetheless, reducing 

sedentary time remains an important and modifiable factor in preventing premature death and 

improving long-term health outcomes. 

References 12-15. 

The Dallas Bedrest Study: Three Weeks Worse Than 30 Years of Ageing 

“there's this amazing study, it's called the Dallas Bedrest Study (...) they took five college 

students and they put them on bedrest. And this is like three weeks of legitimate bedrest (...) 

and the researchers wanted to find out what happens to your cardiovascular system if you are 

not moving around for three weeks (...) And what was found is after that three weeks, their 

cardiovascular system was just tanked. And one of the biggest factors that was measured was 

their cardio respiratory fitness (...) it tanked (...) they found these five men from 30 years earlier 

and they measured their cardio respiratory fitness in a variety of other parameters that they 

had measured at the time. And what they found was that three weeks of bed rest was worse on 

their cardio respiratory fitness than 30 years of aging.” 



The Dallas Bed Rest and Training Study, first conducted in 1966, demonstrated that three 

weeks of complete bed rest in healthy young men led to a 27% decline in cardiorespiratory fitness, 

measured by VO₂max. This reduction was primarily due to decreased cardiac output from lowered 

stroke volume. When the same participants were re-evaluated 30 years later, their VO₂max had 

declined only 12% with aging—indicating that short-term inactivity at age 20 had a more profound 

effect on cardiovascular fitness than three decades of aging. The study’s follow-ups also showed that 

endurance training could reverse much of this decline, restoring cardiovascular capacity close to 

baseline levels. At the 40-year mark, VO₂max had fallen further, but the long-term data emphasized a 

striking conclusion: bed rest in early adulthood can have more acute effects on cardiovascular 

function than aging itself. This work helped transform clinical practices, shifting away from prolonged 

bed rest in medical care and toward early mobilization and rehabilitation. 

Reference 16. 

Cardiorespiratory Fitness as a Marker of Longevity 

“We know that cardiorespiratory fitness is one of the best predictors of longevity. So there are 

studies that have shown that people with a high cardiorespiratory fitness live five years longer 

than people with a low cardiorespiratory fitness (...) they're basically 80% less likely to die of 

many different causes of death.” 

Cardiorespiratory fitness (CRF) is one of the most powerful predictors of longevity and 

all-cause mortality. Research consistently shows that adults with high CRF levels have a 45–55% 

lower risk of dying from any cause compared to those with low fitness levels. This translates into a 

life expectancy advantage of up to five years. Even small improvements in CRF are beneficial—each 1 

MET (metabolic equivalent) increase is associated with an 11–17% reduction in mortality risk, 

roughly equating to 45 extra days of life per MET. These effects are observed across age groups, 

sexes, and racial backgrounds, and remain significant regardless of other risk factors such as smoking 

or obesity. . 

References 17-19. 



High Intensity Interval Training (HIIT) for Cardiorespiratory Improvement 

in Non-Responders 

“now what we really understand is that you want to do and engage in what's called vigorous 

intensity exercise (...) multiple studies that have shown people that engage in moderate 

intensity exercise (...) even people that are engaging in that type of exercise for two and a half 

hours a week (...) 40% of those people can't improve their cardio respiratory fitness (...) you 

take those people and then you have them engage in high intensity interval training and they're 

able to improve their cardio respiratory fitness (...) because you're putting a stronger stress on 

your cardiovascular system. And so the adaptations are greater.” 

High-intensity interval training (HIIT) appears to be particularly effective for improving 

cardiorespiratory fitness (CRF), especially in individuals who do not respond to moderate-intensity 

continuous training (MICT). While MICT can improve CRF in many people, studies show that a 

substantial portion—up to 60% in some populations—may see little or no improvement. In such 

cases, switching to HIIT can yield meaningful gains. For example, in one study, individuals who failed 

to respond to 12 months of moderate exercise showed significant increases in CRF after just three 

months of HIIT. More broadly, meta-analyses have found that HIIT is generally equal to or more 

effective than MICT for improving CRF across diverse populations, including healthy adults, older 

individuals, and those with chronic conditions. HIIT’s benefits are thought to stem from its higher 

metabolic demands, which trigger stronger physiological adaptations. Moreover, HIIT is 

time-efficient, often requiring less total exercise time than moderate approaches, and is 

well-tolerated in supervised settings. 

References 20-24. 

The Norwegian Four-by-Four Protocol 

“I would say the Norwegian four by four is the gold standard (...) being part of an exercise 

protocol was shown to reverse the structural changes that occur with age In the heart by 20 

years (...) this was done by Ben Levine (...) He took these 50 year olds and put them on a pretty 

intense exercise routine for two years, or a stretching routine.” 



A landmark randomized controlled trial by Howden et al. (2018) demonstrated that a 

structured, high-intensity exercise regimen—specifically the “Norwegian 4x4” protocol—can reverse 

some of the age-related structural changes in the heart when initiated in middle age. In the study, 

sedentary adults aged 45–64 were assigned either to a control group (stretching and balance 

exercises) or to a two-year exercise training program involving four weekly sessions, including two 

sessions of high-intensity interval training (4 minutes at 85–95% max heart rate, repeated 4 times). 

The results showed that participants in the high-intensity group significantly increased their left 

ventricular end-diastolic volume and maximal oxygen uptake (VO₂max), both key indicators of cardiac 

youthfulness and function. Importantly, this reversal of sedentary cardiac aging was not observed in 

the control group, suggesting that intensity, not just activity, is critical. These findings support the 

idea that specific exercise protocols can restore cardiovascular health even decades into adulthood, 

potentially turning back the biological clock of the heart by as much as 20 years. 

Reference 25. 

Heart Stiffness, Glycation, and Glucose Exposure 

“as we age, our hearts shrink and they get stiffer. And that plays a role in causing 

cardiovascular disease. I mean, that's the number one killer in the United States (...) it has a lot 

to do with actually being exposed to a lot of glucose (...) This causes a chemical reaction called 

glycation. So you get these advanced glycation end products that sort of react with your 

collagen that's lining your heart and your myocardium, and it causes it to stiffen.” 

Glycation—the process by which sugars react with proteins to form advanced glycation 

end-products (AGEs)—is a well-established contributor to age-related stiffening of the heart 

and blood vessels. As we age, AGEs accumulate in tissues like the myocardium and arterial 

walls, where they bind to long-lived structural proteins such as collagen. This cross-linking 

reduces elasticity, making the heart and arteries stiffer and less able to respond to changes in 

pressure or demand. In addition to structural changes, AGEs trigger inflammation and 

oxidative stress, further impairing cardiovascular function. Research in both humans and 

animal models consistently shows that higher levels of AGEs are associated with increased 

arterial stiffness, a greater risk of heart disease, and higher rates of stroke and cardiovascular 

events—even in people without diabetes. These findings support the idea that glycation 



plays a central role in cardiovascular aging and may be a promising target for prevention and 

treatment. 

References 26-30. 

Mitochondria, Oxygen, and Cellular Energy Production 

“the way that most of our cells make energy, like our muscles, is by using our mitochondria. 

These are tiny organelles inside of our cells that produce energy, but they need oxygen to do it.” 

Mitochondria are the primary structures responsible for energy production in human cells. 

These small organelles generate most of the cell’s energy in the form of ATP (adenosine 

triphosphate) through a process called oxidative phosphorylation, which requires oxygen. By 

breaking down nutrients like glucose and fatty acids, mitochondria convert chemical energy into a 

usable form that powers cellular functions—particularly in energy-demanding tissues like muscle. In 

addition to producing ATP, mitochondria play key roles in regulating metabolism, cell signaling, and 

cell survival. When mitochondrial function is impaired, it can lead to a range of health problems, 

including metabolic and neurodegenerative diseases. Overall, healthy mitochondrial activity is 

essential for sustaining life and maintaining cellular health. 

References 31-34. 

Lactate: A Signaling Molecule for Brain and Gut Health 

 lactate is a way for your muscles to communicate with other organs, like the brain. And it's 

called the signaling molecule (...) so what happens is the lactate (...) gets consumed a lot by the 

brain. And in the brain it, it activates something called brain derived neurotrophic factor BDNF. 

And this is kind of like a miracle grow for your brain. So essentially it's able to increase the 

growth of new neurons, which is amazing. It's called neurogenesis. It increases the connections 

between neurons, so it improves memory, cognition (...) its involved in what's called 

neuroplasticity (...)  

 



it's been shown that high levels of lactate are correlated with improved cognition scores, 

improved impulse control (...)  

 
there have been studies that have been done looking at, for example, traumatic brain injury 

patients. So people that have undergone some sort of head trauma and they've infused sodium 

lactate through like an IV into their system. And the lactate immediately gets consumed by the 

brain and it's been shown to improve their recovery. So it's called the Glasgow score (...)  

 

Lactate is really beneficial for the gut epithelial cells. And in fact, if you think about it, all these 

sort of beneficial probiotic bacteria, like bifido bacterium for example, they're producing lactic 

acid and that lactic acid does get converted into lactate (...) And the reason it's so good is 

because it is an very easily utilizable source of energy for the gut cells.” 

Brain-Derived Neurotrophic Factor (BDNF) and Neuroplasticity 

Lactate, a substance produced by muscles during intense exercise, has been shown to play an 

important signaling role in the brain. Rather than simply being a waste product, lactate crosses the 

blood-brain barrier and stimulates the production of brain-derived neurotrophic factor (BDNF)—a 

protein that supports the growth, survival, and connectivity of neurons. This effect is particularly 

evident in the hippocampus, a region involved in learning and memory. Lactate promotes BDNF 

expression through molecular pathways such as SIRT1 and can enhance the brain’s readiness for 

plastic changes, including the formation of new neurons and stronger connections between existing 

ones. However, lactate alone may not be sufficient to fully drive neuroplasticity without concurrent 

brain activity. Together, these findings highlight lactate’s role as a metabolic signal that links physical 

activity to cognitive and neurological benefits. 

Cognition and Impulse Control 

Research shows that elevated lactate levels—particularly those produced during 

exercise—are associated with improved cognitive function. Lactate acts as both a fuel source and a 

signaling molecule in the brain, supporting memory, learning, and synaptic plasticity. These benefits 

are primarily mediated by the upregulation of brain-derived neurotrophic factor (BDNF) and 

activation of pathways such as SIRT1 in key brain regions like the hippocampus. Lactate has also been 

shown to reverse certain types of cognitive impairment in animal studies. However, while lactate’s 

role in enhancing cognition is well supported, there is currently no clear evidence linking high lactate 



levels to improvements in impulse control. More research is needed to understand whether lactate 

influences this aspect of behavior. 

Intravenous Sodium Lactate and Traumatic Brain Injury Recovery 

Sodium lactate infusion has been investigated as a treatment for traumatic brain injury (TBI), 

particularly for its potential to support brain metabolism and reduce intracranial pressure (ICP). In 

both animal models and human studies, lactate appears to serve as an alternative energy substrate 

for the injured brain, improving cerebral metabolism, reducing glutamate accumulation, and 

enhancing ATP (adenosine triphosphate) production. Some human trials report improved cognitive 

function following mild TBI, while microdialysis studies in severe TBI patients have shown enhanced 

metabolic efficiency and fewer episodes of raised ICP with lactate infusion. However, larger 

randomized trials have not consistently demonstrated clear improvements in long-term neurological 

outcomes when compared to standard fluids like saline. Although promising in the acute phase, 

further research is needed to establish the long-term benefits and optimal clinical use of sodium 

lactate in TBI care. 

Lactate Supports Gut Epithelial Health and Barrier Integrity 

Lactate is produced by gut bacteria such as Lactobacillus and Bifidobacterium and plays a 

beneficial role in maintaining and repairing the gut epithelium. It promotes the proliferation of 

intestinal stem cells and the development of key epithelial cell types by activating the Wnt/β-catenin 

pathway through GPR81 signaling. Lactate also supports epithelial barrier integrity by preserving 

tight junctions, reducing oxidative stress, and suppressing inflammation. In both experimental 

models and in vitro studies, lactate has been shown to enhance epithelial repair following injury 

from radiation or chemotherapy, and to promote anti-apoptotic gene expression. These findings 

highlight the importance of lactate as a signaling molecule in gut homeostasis and suggest that 

lactate-producing microbes contribute meaningfully to intestinal health. 

References 35-45. 

Heat Shock Proteins and Neurodegeneration Prevention 

“heat shock proteins [that] are important for preventing neurodegenerative disease.” 



Heat shock proteins (HSPs) are molecular chaperones that maintain cellular protein quality, 

especially under stress. In the context of neurodegenerative diseases such as Alzheimer’s, 

Parkinson’s, and Huntington’s, HSPs play a critical protective role by preventing the buildup of toxic 

protein aggregates—a hallmark of these conditions. Proteins like Hsp70 and Hsp90 assist in refolding 

misfolded proteins or targeting them for degradation, reducing cellular damage. HSPs also help 

shield neurons by limiting oxidative stress, modulating inflammation, and interfering with cell death 

pathways. Experimental studies show that increasing HSP activity can slow neurodegeneration and 

improve neuronal survival, making these proteins a promising focus for therapeutic development. 

References 46-48. 

Aerobic Exercise Reverses Brain Atrophy in Older Adults 

“this study is so profound (...) done in older adults. So we're talking 60 year olds or a little bit 

older. And these individuals were put on a aerobic exercise training program for one year that 

was more of like a 70 to 75% max heart rate. So it wasn't so vigorous, but it was pretty, pretty 

vigorous for them (...) and the basis of this study was to look at brain aging (...) Our brain also 

shrinks with age. It's called atrophy. And as we age, especially starting in midlife, so around the 

age of 50, your brain in certain areas of the brain, like the hippocampus, which is involved in 

learning and memory, starts to shrink by about one to 2% per year (...) in this study, after a year 

of this sort of aerobic exercise training program, they were doing three times a week, about 30 

minutes a day (...) And then there was a control group that was kind of the stretching (...) the 

stretching group did lose about one to 2% in terms of the size of the hippocampus. It shrunk one 

to 2% after that year, which is what you would expect normally. However, the group that was 

training, not only did they not have their hippocampus shrink by one to 2%, it actually grew by 

one to 2%, which comes down to that neurogenesis, that growth of new neurons.” 

A landmark randomized controlled trial published in PNAS investigated the effects of aerobic 

exercise on hippocampal volume in older adults. Participants aged 55 to 80 were randomly assigned 

to either a moderate-intensity aerobic training group or a stretching and toning control group. Over 

the course of one year, the aerobic exercise group—engaging in walking at 60–75% of their maximum 

heart rate three times per week—showed a 2% increase in hippocampal volume, effectively reversing 

age-related atrophy typically seen in this region. In contrast, the control group experienced the 



expected 1–2% decline. These changes were associated with improvements in spatial memory and 

were mediated in part by increased serum levels of brain-derived neurotrophic factor (BDNF), a key 

regulator of neurogenesis. The findings provide compelling evidence that even moderate aerobic 

exercise can promote structural brain plasticity and counteract cognitive aging in later life. 

Reference 49. 

Cardiorespiratory Fitness and Dementia Risk Reduction 

“There's also studies showing that  (...) women with the highest cardiorespiratory fitness were 

80% less likely to come down with dementia over the follow up period time.” 

A 2018 prospective cohort study published in Neurology examined the relationship between 

cardiorespiratory fitness (CRF) and dementia risk in a population of Swedish women. The researchers 

followed 191 women with a mean age of 50 over a 44-year period, assessing their fitness levels using 

a submaximal cycling test and tracking dementia incidence. Women with the highest CRF were found 

to have an 88% lower risk of developing dementia compared to those with moderate fitness levels. 

Notably, the onset of dementia was delayed by approximately 11 years in the high-fitness group.. 

Reference 50. 

Multifactorial Causes of Alzheimer’s: Genetics, Sleep, Trauma 

“the causes of Alzheimer’s (...) it's multifactorial (...) What happens is the aggregation of a 

protein on our brain called amyloid that typically is cleared from our brain (...) you're not 

clearing the amyloid, and so it starts to kind of form these clumps and aggregates with the 

amyloid proteins that are not being cleared. And that essentially is happening outside of your 

neurons, but it's happening where the synapses are formed between neurons. And so what 

happens is it kind of disrupts the synaptic connection between neurons, which is essentially 

forming a memory (...) 

 



That glymphatic system is activated during sleep, and it's one of the reasons why people that 

don't get good sleep over the course of decades have a higher risk of Alzheimer's disease is 

because they're getting these amyloid plaques built up in their brains (...) 

 
And glucose metabolism is disrupted in the brains of Alzheimer's disease (...) And so that's 

another sort of metabolic, underlying cause of Alzheimer's disease (...) 

 
there's also genetic causes as well (...) some people have genes that can increase the risk of 

Alzheimer's disease because they're not able to clear amyloid as well, because they're not able 

to repair damage as well. So the, the blood brain barrier, which is really important for filtering 

out toxic things from getting into the brain, it starts to break down. And that's one of the, I 

would say early signs of Alzheimer's disease (...) And that happens in people that have a genetic 

risk factor called APOE4 (...) this is probably one of the biggest genetic risk factors for 

Alzheimer's disease. About 25% of the population has one copy of this gene. That increases the 

risk of Alzheimer's disease by twofold. If you have two copies of it, it increases the risk of 

Alzheimer's disease by tenfold (...) 

 
People that have any one or two of the APOE4 genes (...) if they get a TBI (...) then you talk 

about like going up to a tenfold risk for Alzheimer's disease when you get like an injury because 

people with those genes don't repair damage as well.” 

Alzheimer’s disease is a multifactorial neurodegenerative disorder characterized by the 

accumulation of amyloid-beta plaques and tau tangles, which progressively damage the brain. A 

central feature of the disease is the impaired clearance of amyloid-beta, a protein that normally 

functions in the brain but, when not properly removed, begins to aggregate in extracellular 

spaces—particularly at synapses, where neurons communicate. These amyloid plaques disrupt 

synaptic function, undermining the neural connectivity that supports memory and cognition. Over 

time, this leads to widespread neuronal loss, brain atrophy—especially in memory-related regions 

like the hippocampus—and profound cognitive decline. While amyloid aggregation is a key initiating 

factor, Alzheimer’s pathology also involves tau protein dysfunction, neuroinflammation, 

neurotransmitter deficits, and vascular impairment, reflecting the disease’s complex and 

multifaceted nature.  

 



Sleep, the Glymphatic System, and Alzheimer’s Risk 

Emerging research indicates that poor sleep significantly increases the risk of Alzheimer’s 

disease by impairing the glymphatic system—a cerebrospinal fluid-dependent clearance pathway 

active primarily during sleep. This system is most efficient during slow-wave (deep) sleep, facilitating 

the removal of metabolic waste products such as amyloid-beta, a protein whose accumulation in the 

brain is a defining feature of Alzheimer’s pathology. Studies in both animals and humans show that 

sleep deprivation impairs this clearance process, leading to increased amyloid-beta deposition and 

associated neuroinflammation. Remarkably, even a single night of sleep deprivation has been shown 

to raise brain amyloid levels. Chronic sleep disruption over decades is strongly correlated with 

greater amyloid burden and elevated Alzheimer’s risk. Genetic variants, including polymorphisms in 

AQP4, which regulates glymphatic function, may further influence this relationship. Thus, consistent, 

high-quality sleep is not merely restorative—it is neuroprotective. 

Glucose Metabolism and Alzheimer’s Disease 

Impaired glucose metabolism is a hallmark feature of Alzheimer’s disease and may 

contribute directly to its onset and progression. The brain's reduced ability to use glucose for 

energy—known as glucose hypometabolism—can be detected before symptoms appear and worsens 

over time, leading to cognitive decline and neuronal dysfunction. This energy deficit contributes to 

mitochondrial impairment, increased oxidative stress, and ultimately neuronal death. In addition, 

insulin resistance in the brain further limits glucose uptake and is associated with more severe 

Alzheimer’s pathology. Disrupted glucose metabolism has also been linked to the accumulation of 

amyloid-beta and the abnormal phosphorylation of tau protein, both of which are central features of 

the disease. These insights have diagnostic significance, as reduced brain glucose uptake is 

measurable via FDG-PET imaging, and therapeutic relevance, with metabolic pathways now being 

explored as targets for intervention. 

APOE4 and Genetic Risk for Alzheimer’s Disease 

The APOE4 allele is the strongest known genetic risk factor for late-onset Alzheimer’s 

disease, with both risk and severity increasing in a dose-dependent manner. One copy (heterozygous) 

raises the risk of developing Alzheimer’s by 2–4 times compared to non-carriers and is associated 

with symptom onset in the mid- to late 70s. Two copies (homozygous) increase the risk up to 10–15 

times, with a lifetime probability of over 50%, and often lead to disease pathology by age 65–70. 

APOE4 increases vulnerability through several interrelated mechanisms: it impairs clearance and 



promotes aggregation of amyloid-beta plaques, exacerbates tau pathology, contributes to synaptic 

and neuronal loss, and disrupts lipid metabolism and cholesterol transport. It also alters 

inflammatory responses in glial cells, weakens the blood-brain barrier, and interferes with cellular 

waste clearance. These overlapping pathways contribute to earlier and more severe 

neurodegeneration, particularly in memory-related regions, and may be intensified by chronic 

inflammation. 

APOE4, Traumatic Brain Injury, and Alzheimer’s Risk 

Both the APOE4 allele and a history of traumatic brain injury (TBI) are independent risk 

factors for developing Alzheimer’s disease at an earlier age. When combined, these factors appear to 

further lower the age of onset, although their interaction is complex and not strictly additive. APOE4 

carriers with a history of TBI tend to show the earliest mean onset of Alzheimer’s symptoms, but the 

effect is not always statistically significant, and APOE4 generally exerts a stronger influence than TBI 

alone. Mechanistically, APOE4 may worsen outcomes after brain injury by increasing 

neuroinflammation, impairing brain repair, and exacerbating tau pathology, which can accelerate 

neurodegeneration. 

References 51-59. 

Multivitamins Improve Cognitive Aging  

“three large clinical trials have been done. These are randomized controlled trials where older 

adults were given either a multivitamin and this was just your standard run of the mill 

multivitamin, Centrum silver, or they were given a placebo and they were given this for a couple 

of years. And what three different studies showed was that a multivitamin improved cognition, 

improved processing speed. It improved what's called episodic memory (...) And not only did it 

improve it, it improved it so much that it was equivalent to reducing the aging of the episodic 

memory by five years.” 

Recent large-scale randomized controlled trials and meta-analyses indicate that daily 

multivitamin supplementation offers modest but statistically significant benefits for episodic memory 

and global cognitive function in older adults. In particular, improvements in delayed recall tasks have 

been observed, with one major study—the COSMOS-Web trial—reporting memory gains equivalent 



to reversing approximately three years of age-related memory decline. A meta-analysis of over 

13,000 participants also found significant effects on delayed free recall. While benefits for global 

cognition were smaller, they were still meaningful, corresponding to a reduction in cognitive aging of 

around two years. However, no consistent improvements were found in other cognitive domains. 

Overall, multivitamin use appears to be a safe and accessible strategy for supporting memory in 

aging populations. 

References 60-62. 

Folate Deficiency and DNA Damage  

“if you decrease folate and make someone deficient in it, it essentially causes double stranded 

breaks in your DNA that essentially is like being under ionizing radiation. And that experiment 

was done, like you could take a mouse, make it like, put low folate in the, in, you know, the 

mouse's food, and then take another mouse and put it under an ionizing radiation machine. 

And the amount of double stranded breaks in their DNA, which cause cancer, which accelerate 

aging, which affect how your cells are functioning. It was just the same.” 

Both folate deficiency and ionizing radiation can cause DNA double-strand breaks (DSBs), one 

of the most severe forms of genomic damage. Research has shown that physiological levels of folate 

deficiency can induce DNA damage in human cells comparable to that caused by a relatively high 

dose—1 gray (Gy)—of ionizing radiation, a level considered significant in environmental and 

occupational contexts. While both stressors reduce cell proliferation, increase DNA breaks, and 

trigger apoptosis, they do so through distinct biological mechanisms. Ionizing radiation directly 

induces DSBs and activates repair pathways like non-homologous end joining, whereas folate 

deficiency disrupts nucleotide synthesis and replication, leading to DNA instability without engaging 

the same DSB-specific repair responses.. 
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Vitamin D as a Hormonal Regulator of Brain Health and Mortality 

“What's gonna help prevent dementia? Vitamin D is, it's actually more than a vitamin. Vitamin 

D gets converted into a steroid hormone. So a steroid hormone, essentially what it does is it 

goes into the nucleus of a cell where all your DNA is, and it's activating genes and deactivating 

'em. It's affecting your genome. And it's actually over 5% of your genomes being affected by 

vitamin D (...) being deficient or insufficient in vitamin D can increase dementia risk by 80% (...) 

People that supplement with vitamin D three have a 40% reduced risk of dementia (...) there's 

actually even been studies in people with dementia, in people with Alzheimer's disease that 

were giving a vitamin D supplement or a placebo control. And those individuals, given the 

vitamin D supplement, had improved cognition. They had lower markers of amyloid plaques (...) 

 

70% of the US population has insufficient levels of vitamin D. The reason for that is because 

vitamin D three is actually made in the skin from UVB radiation from the sun. And so if you're 

not outside, then you're not really making a lot of vitamin D3 in your skin. And vitamin D3  then 

gets converted into this steroid hormone that regulates everything (...)  

 
People that are closer to the equator usually have more melanin. it's an adaptation to prevent 

you from burning from the UV rays of the sun. Well this University of Chicago study found that 

(...) people that are African American had to stay in the sun six to 10 times longer than people 

with fair skin, the Caucasians, to make the same amount of vitamin D three (...)  

 
People that have blood levels of vitamin D between 40, 60, maybe 80 nanograms per milliliter 

have the lowest all cause mortality (...)  

 

it's been shown that for every 10 nanograms per milliliter decrease in vitamin D blood levels, 

there's an increase in brain damage. It's called white matter hyperintensities. It's basically 

damage to the white matter in your brain” 

Vitamin D as a Steroid Hormone and Gene Regulator 

Vitamin D functions as a steroid hormone by binding to the vitamin D receptor (VDR), a 

nuclear receptor that regulates gene expression in numerous tissues. The active form, 

1,25-dihydroxyvitamin D₃, enters cells and binds to VDR in the nucleus, where it interacts with 

specific DNA sequences known as vitamin D response elements (VDREs). This process recruits 



chromatin remodeling proteins and coregulators to modulate gene transcription, much like other 

steroid hormones such as estrogen and glucocorticoids. Through this mechanism, vitamin D 

influences a wide range of physiological functions—including immune regulation, cell growth, and 

calcium metabolism—and is estimated to regulate approximately 3% of the human genome. 

Vitamin D Deficiency in the U.S. Population 

Vitamin D deficiency is widespread in the United States, with estimates indicating that 

approximately 18% to 20% of Americans have moderate to severe deficiency, and up to 41.6% have 

levels considered insufficient when broader thresholds are applied. Deficiency rates are notably 

higher among non-Hispanic Black Americans, Hispanics, younger adults, women, and individuals with 

lower socioeconomic status. UVB radiation from the sun is essential for the natural production of 

vitamin D3 in human skin. When skin is exposed to UVB rays (wavelengths ~290–315 nm), it triggers 

a chemical reaction that converts 7-dehydrocholesterol to previtamin D3, which is then transformed 

into vitamin D3. This process is the primary source of vitamin D for most people.  

Skin Pigmentation and Vitamin D3 Synthesis 

Skin pigmentation significantly affects the body’s ability to produce vitamin D3 from sunlight. 

Melanin, the pigment responsible for darker skin tones, acts as a natural sunscreen by absorbing and 

scattering UVB radiation, which reduces the conversion of 7-dehydrocholesterol to vitamin D3 in the 

skin. As a result, individuals with darker skin require substantially more sun exposure to generate the 

same amount of vitamin D3 as those with lighter skin. Empirical studies show that after standard 

UVB exposure, light-skinned individuals experience a large increase in vitamin D3 levels, while 

dark-skinned individuals show little to no increase unless exposed to much higher doses. Estimates 

suggest that people with very dark skin may need up to five times more sun exposure to achieve 

similar vitamin D3 synthesis. This disparity contributes to a higher risk of vitamin D deficiency in 

darker-skinned populations, especially in regions with limited sunlight. A study led by researchers at 

Northwestern University found that African‑American men were up to 3.5‑times more likely to be 

deficient in vitamin D and required approximately six times more sun exposure (about 90 minutes 

three times a week) to produce sufficient vitamin D, compared to Caucasian men (~15 minutes three 

times a week). 

 



Vitamin D Deficiency and Dementia Risk 

Vitamin D deficiency has been consistently associated with an increased risk of developing 

dementia, with the magnitude of risk rising as vitamin D levels decline. Meta-analyses and large 

cohort studies report that individuals with vitamin D deficiency—typically defined as blood levels 

below 50 nmol/L—face a 25% to 42% greater risk of dementia compared to those with sufficient 

levels. Severe deficiency, with levels below 25 nmol/L, is linked to a 33% to 79% higher risk. For 

Alzheimer’s disease specifically, recent studies have found relative risk increases of up to 57% in 

those who are deficient. These findings suggest a dose-dependent relationship, in which the lowest 

vitamin D levels carry the highest risk, highlighting the importance of maintaining adequate vitamin 

D status to support long-term cognitive health. 

Optimal Vitamin D Levels for Lowest Mortality 

The lowest all-cause mortality is consistently observed at serum 25-hydroxyvitamin D 

[25(OH)D] levels between 50 and 75 nmol/L (20–30 ng/mL). Levels below 50 nmol/L are linked to 

increased risk, while higher levels do not provide additional benefit and may carry some risk if 

excessively high. 

Vitamin D Levels and White Matter Hyperintensities 

Lower vitamin D levels have been generally associated with a greater burden of white matter 

hyperintensities (WMH)—a marker of brain tissue damage—particularly in older adults and those 

with cognitive impairment. One meta-analysis reported an 83% increase in the odds of WMH for 

every 25 nmol/L decrease in serum vitamin D. While deficiency (typically defined as levels below 

25–30 nmol/L) is most consistently linked to elevated WMH burden, findings across studies vary, and 

some well-controlled research has found no significant association. Overall, the evidence suggests a 

trend toward increased WMH with lower vitamin D levels, though it does not confirm a specific 

threshold or establish a direct causal relationship. 
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Ketogenic Diet, Ketones, and Brain Health 

“it takes about 12 hours on average to deplete all your glycogen levels. Now you can accelerate 

that if you're doing a lot of physical activity, but once you deplete that liver glycogen, that is 

when you shift into burning fatty acids and then eventually ketosis (...) 

 
There have been studies [on ketogenic diet and longevity] by Dr. Eric Verdin out of the Buck 

Institute for Aging in Novato, California (...) with a ketogenic diet and rodents. And it did seem 

to extend life expectancy, but more importantly, the health span (...) 

 

This ketone called beta hydroxybutyrate gets into the brain (...) then activates brain derived 

neurotrophic factor (...)  

 

what's happening [with exogenous ketones] is you are essentially giving your body the beta 

hydroxybutyrate ketone that it would make normally if you were undergoing ketosis and using 

fatty acids only as energy (...) there's also some potential therapeutic effects. So people that 

have mild cognitive decline, maybe like the first stages of dementia or Alzheimer's disease, can 

kind of perk up and perform better when they're given an exogenous ketone (...) on the 

Deltaagketones.com website it says that in the studies they found an 87% improvement in brain 

network stability. A study from 2020.” 

Glycogen Depletion and the Onset of Ketosis 

Liver glycogen depletion and the metabolic shift to fat burning and ketone production can 

begin much sooner than often assumed. In healthy individuals, ketone production may start within 3 

to 9 hours of fasting or carbohydrate restriction, with the process accelerated by low insulin, elevated 

glucagon, and physical activity. Exercise, particularly at high intensity, can significantly hasten 

glycogen depletion—sometimes within an hour—compared to 12–24 hours during rest or fasting 

alone. The rate of depletion depends on factors such as exercise intensity, training status, and 

metabolic health. Once liver glycogen is depleted, the body increases fat oxidation to meet energy 

demands, initiating the transition toward ketosis. 

 



Increased Health Span in Rodents 

Roberts et al. (2017) conducted a study published in Cell Metabolism that found a ketogenic 

diet (KD) significantly extended median lifespan and improved healthspan in adult male mice. Mice 

fed a KD from midlife showed enhanced memory, motor coordination, and muscle mass preservation 

into old age compared to controls. Mechanistically, the KD elevated protein acetylation—particularly 

acetylation of the tumor suppressor p53—and modulated mTORC1 signaling in a tissue-specific 

manner. The study also reported reduced cancer incidence and suggested that ketone bodies may 

function as neuroprotective and muscle-preserving signaling molecules. 

Newman et al. (2017), in a companion study published in Cell Metabolism, found that 

administration of the ketone body β-hydroxybutyrate (BHB) extended lifespan in mice, even without 

altering macronutrient intake. The study proposed that BHB acts as an endogenous signaling 

metabolite, promoting stress resistance, reducing inflammation, and inhibiting histone deacetylases 

(HDACs)—mechanisms thought to mimic caloric restriction. These findings support the view that 

ketone bodies themselves may mediate key anti-aging effects. 

Beta-Hydroxybutyrate and BDNF Expression 

Beta-hydroxybutyrate (BHB), a ketone body produced during fasting, exercise, or ketogenic 

diets, has been shown in animal and cellular studies to increase expression of brain-derived 

neurotrophic factor (BDNF), a protein critical for neuroplasticity, learning, and mood regulation. This 

effect is mediated through signaling pathways such as CREB activation and epigenetic modifications, 

including inhibition of histone deacetylases and changes to histone marks that enhance BDNF gene 

transcription. While BHB consistently upregulates BDNF in animal models, evidence from human 

studies is mixed. Increases in BHB sometimes raise blood levels of proBDNF, but not always mature 

BDNF, and the effects vary depending on factors like metabolic health and intervention type. 

Beta-Hydroxybutyrate Improves Cognitive Function  

Exogenous ketones, particularly beta-hydroxybutyrate (BHB) delivered via supplements like 

medium-chain triglycerides (MCTs) or ketone esters, have shown potential in improving cognitive 

function in individuals with mild cognitive impairment (MCI). Clinical trials report that sustained daily 

supplementation—such as 30g of MCT oil over six months—can lead to significant improvements in 

episodic memory, language, executive function, and processing speed. Neuroimaging studies also 

demonstrate enhanced ketone uptake in the brain and improved connectivity in attention networks, 



which correlates with cognitive gains. While the effects are most pronounced in individuals without 

the APOE ε4 allele, the intervention is generally safe and well-tolerated. These findings suggest that 

consistent exogenous ketone supplementation may support brain function in early cognitive decline. 

Ketogenic Supplement Increases Brain Network Stability 

A 2020 study by Mujica-Parodi et al. investigated how dietary interventions influence brain 

network stability—a proposed biomarker of brain aging. Using functional MRI and advanced network 

analysis, the researchers found that brain network stability declines with age but can be improved 

through nutritional ketosis. In a randomized crossover design, young adults who consumed a 

ketogenic supplement (containing ketone esters) showed an average 87% increase in brain network 

stability compared to when they consumed a standard glucose-based meal. These findings suggest 

that acute nutritional ketosis may enhance brain function by stabilizing large-scale neural networks, 

offering a potential strategy to counteract age-related cognitive decline even in younger individuals. 
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High-Normal Blood Glucose and Brain Atrophy 

“There's studies showing that people, even on the high end of normal, in terms of their blood 

glucose levels, so they're normal, but they're kind of on the high end of normal. They had more 

brain atrophy than people on the low end of normal.” 

Emerging evidence suggests that even high-normal blood glucose levels—within the 

non-diabetic range—may contribute to greater brain atrophy. Studies in older adults without 

diabetes have found that fasting glucose levels below 6.1 mmol/L, but at the higher end of this 

range, are associated with reduced gray and white matter volumes in the frontal cortex, 

hippocampus, and amygdala—regions critical for memory and executive function. Similar patterns 

are observed in middle-aged and even younger adults, where elevated glucose correlates with 

thinner parahippocampal gyri and decreased white matter integrity. These structural changes are 

often linked to poorer cognitive performance and may indicate that subtle brain injury begins early in 

the course of impaired glucose metabolism. Maintaining fasting glucose at the lower end of the 

normal range may thus support long-term brain health. 
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Cognitive and Cardiovascular Benefits of Blueberries and Polyphenols  

“Blueberries are a source of polyphenols (...) polyphenols have been shown even in studies to 

improve cognition and memory and lower even marker markers of bad cardiovascular disease 

(...) even a cup of blueberries a day has been shown to improve cognition (...) It increases blood 

flow to the brain.” 

Blueberries are rich in polyphenols, particularly anthocyanins, which have been shown to 

support both cognitive and cardiovascular health. Randomized controlled trials and meta-analyses 

indicate that regular consumption of blueberries or polyphenol-rich extracts can enhance memory, 

executive function, and working memory—especially in older adults and individuals experiencing 

age-related cognitive decline. These effects are thought to arise from increased levels of circulating 

phenolic metabolites and improved cerebral blood flow.  

Cardiovascular benefits include reduced systolic blood pressure, improved endothelial 

function, and decreased markers of oxidative stress and inflammation. Notably, these outcomes have 

been observed at dietary doses as low as one cup of blueberries per day, underscoring their potential 

as a practical, food-based strategy for promoting brain and heart health. 
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Omega-3s from Seafood: Longevity, Inflammation, and Heart Health 

“salmon because it is a fatty source of fish that is high in Omega-3 fatty acids, EPA and DHA, 

which are found in marine sources, not plant sources of Omega-3 (...) it resolves inflammation. 

It's sort of an anti-inflammatory (...) 

 
This Harvard study identified not eating enough seafood as one of the top six preventable 

causes of death (...) 

 



Omega-3 fatty acid levels in our blood cells, red blood cells, this is called the Omega-3 index. 

(...) there's been a variety of studies done from Dr. Bill Harris out of the Fatty Acid Research 

Institute (...) showing that people with what's called a high Omega-3 index (...) They had a five 

year increased life expectancy compared to people with a low Omega-3 index (...) 

 
there've been some really large randomized controlled trials that have actually given people 

with cardiovascular disease that are on, you know, some sort of standard of care treatment, 

like a statin. And they've given them four grams a day of a purified form of Omega-3 called EPA 

versus a placebo. And the people given the Omega-3, had 25% less cardiovascular related 

death or events like heart attacks and strokes.” 

Omega-3s from Salmon Reduce Inflammation 

Salmon is a rich source of omega-3 fatty acids—particularly EPA and DHA—which are 

well-documented for their anti-inflammatory effects. These fatty acids reduce pro-inflammatory 

cytokines, modulate inflammatory signaling pathways, and generate specialized mediators that help 

resolve inflammation. Clinical studies show that salmon oil can lower markers such as CRP, IL-6, and 

TNF-α, with benefits observed in conditions like rheumatoid arthritis, atherosclerosis, and other 

chronic inflammatory diseases. Maintaining a low omega-6 to omega-3 ratio, such as through regular 

salmon consumption, supports a balanced immune response and may reduce chronic inflammation. 

Low Seafood Intake: A Preventable Causes of Death 

A comprehensive study led by researchers at the Harvard School of Public Health identified 

low seafood intake—specifically omega-3 fatty acids—as one of the top six preventable causes of 

death in the United States. Published in PLoS Medicine, the study estimated that insufficient 

consumption of omega-3s from seafood contributed to approximately 84,000 adult deaths per year, 

placing it alongside more widely recognized risk factors like smoking, high blood pressure, and 

obesity. The researchers analyzed data from national surveys and epidemiological studies to quantify 

the mortality burden of twelve modifiable lifestyle and metabolic risks. 

Omega-3 Index and Life Expectancy 

A large pooled analysis examined data from 17 prospective cohort studies involving over 

42,000 individuals across 10 countries to explore the relationship between blood omega-3 fatty acid 



levels and mortality. The study found that individuals with higher circulating levels of long-chain 

omega-3 polyunsaturated fatty acids (specifically EPA, DPA, and DHA)—a profile often summarised as 

the “Omega-3 Index”—had a 15–18% lower risk of death from all causes compared to those with the 

lowest levels. This association was independent of factors such as age, sex, smoking status, physical 

activity, and other health metrics. Based on these findings, the authors estimated that having a high 

Omega-3 Index could be associated with a longevity benefit of approximately five additional years of 

life expectancy, a magnitude comparable to the benefits of not smoking. These results suggest that 

omega-3 status may be a modifiable and meaningful biomarker of healthy aging. 

EPA Supplementation Reduces Cardiovascular Risk 

A randomized controlled trial known as REDUCE-IT investigated the effects of icosapent 

ethyl—a purified form of eicosapentaenoic acid (EPA)—on cardiovascular outcomes in over 8,000 

patients with established cardiovascular disease or diabetes and elevated triglyceride levels, all of 

whom were already receiving statin therapy. Participants who received 4 grams of EPA daily 

experienced a 25% relative risk reduction in major adverse cardiovascular events compared to the 

placebo group. These events included cardiovascular death, heart attacks, strokes, and the need for 

coronary revascularization. 
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Fish Oil Supplements as a Cleaner Omega-3 Source 

“fish oil supplements are purified. So you're not getting mercury. Or microplastics or things that 

are also found in the whole fish. (...) we do have this environmental pollution problem, and fish 

have been contaminated with heavy metals. They've been contaminated with microplastics (...) 

And so I do think that fish oil supplements are a good alternative because you're getting those 

Omega-3 fatty acids and you're not getting some of the other bad things that are in the fish.” 

Fish oil supplements are widely regarded as a safer alternative to whole fish when it comes 

to mercury exposure. Multiple studies have shown that mercury is either undetectable or present at 

extremely low levels in most fish oil products, well below regulatory safety limits. This contrasts with 

certain large, predatory fish—such as swordfish or tuna—which can accumulate higher mercury 

concentrations and pose a risk to frequent consumers. However, while fish oil supplements avoid 



many of the heavy metal concerns associated with whole fish, they are not entirely free from 

environmental contaminants. Recent research has detected microplastics in both fish- and 

plant-based omega-3 supplements, primarily introduced during manufacturing and packaging 

processes. Although these microplastic levels are relatively low and not yet linked to known health 

risks, their presence highlights the need for improved quality control and further study. Overall, 

purified fish oil supplements may reduce mercury exposure, but they do not entirely eliminate 

concerns around environmental pollutants. 
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Creatine’s Role in Muscle, Brain, Mood, and Cancer Risk 

“[creatine] can increase muscle mass, it can increase muscle strength in combination with 

resistance training (...) 

 

any kind of stressful condition, that's where creatine shines in the brain (...) 

 

it's been found that if you take someone and you sleep deprive them for 21 hours and give them 

about 25 to 30 grams of creatine, it completely negates the cognitive deficits of sleep 

deprivation. Actually, not only does it negate the cognitive deficits of sleep deprivation, it makes 

people function better than if they were well rested (...) 

 

I was reading about study in 2025 where they gave creatine to people that had depressive 

symptoms alongside CBT training and the people that had creatine and the cognitive behavioral 

therapy training experienced a greater improvement in their depression symptoms than those 

who just received the cognitive behavioral therapy (...) 

 
There's a new study that came out (...) it did show that giving people with Alzheimer's disease, 

creatine, I believe it was 20 grams a day, did improve their cognition. 
 

a 2025 study of 25,000 people each found that for each additional 0.09 grams of creatine over 

a two day average was linked to a 14% reduction in cancer risk.” 

 



Muscle Mass and Strength 

Creatine supplementation has been extensively studied and is strongly supported as an 

effective way to enhance muscle growth and strength when paired with resistance training. Research 

shows that individuals who take creatine while engaging in resistance exercise gain approximately 1 

to 1.4 kilograms more lean body mass and experience an 8–14% greater improvement in strength 

compared to those who train without it. These benefits are observed across age groups, including 

older adults and women, particularly when supplementation is sustained over time. Strength 

improvements can begin within just two weeks, and creatine also supports muscle hypertrophy by 

increasing muscle fiber size and cellular adaptations. Overall, creatine is a well-established and safe 

supplement for maximizing the results of resistance training. 

Supporting the Brain Under Stress 

Creatine supplementation has shown potential to support brain function under stressful 

conditions such as sleep deprivation, hypoxia (low oxygen), and chronic psychological stress. 

Research indicates that creatine can help maintain or restore cognitive performance when the brain’s 

energy supply is strained. Documented benefits include improved memory, attention, and executive 

function during sleep deprivation; restored attention and increased corticomotor excitability in 

low-oxygen environments; and enhanced spatial memory and protection of synaptic plasticity under 

chronic stress. These effects appear most pronounced in individuals with lower baseline brain 

creatine levels—such as vegetarians, older adults, or those experiencing acute stress. While 

creatine’s benefits in healthy, non-stressed individuals are less consistent, its ability to support brain 

energy metabolism makes it a promising option for cognitive support during periods of high demand. 

Sleep Deprivation Study 

A 2024 randomized, double-blind, placebo-controlled study examined the cognitive effects of 

high-dose creatine supplementation following sleep deprivation. In the study, healthy male 

participants were kept awake for 21 hours and then administered a single oral dose of creatine 

monohydrate at 0.35 grams per kilogram of body weight—equating to approximately 25 to 30 grams 

for an average adult male. Compared to placebo, creatine significantly improved performance across 

multiple cognitive domains, including attention, working memory, reaction time, and executive 

function. In some tasks, participants who received creatine performed better than they had when 

well rested. These findings suggest that acute high-dose creatine may not only offset the cognitive 



deficits caused by short-term sleep deprivation but, under certain conditions, enhance performance 

beyond baseline levels. 

Creatine and CBT for Depression 

 A 2025 randomized controlled trial investigated whether creatine monohydrate could 

enhance the effects of cognitive behavioral therapy (CBT) in individuals with depressive symptoms. 

Over the course of eight weeks, participants received either 5 grams of creatine daily alongside CBT 

or CBT with a placebo. Those in the creatine group experienced significantly greater reductions in 

depressive symptoms, with the effect most pronounced in individuals reporting higher levels of 

physical fatigue at baseline. The findings suggest that creatine may act as a helpful adjunct to 

psychotherapy, particularly in cases where depression is accompanied by low energy or 

fatigue-related symptoms. 

Creatine as Supportive Therapy in Alzheimer’s Disease 

A 2025 pilot study investigated the effects of creatine monohydrate supplementation in 

individuals with mild to moderate Alzheimer’s disease. Participants received 20 grams of creatine per 

day for one week, followed by a maintenance dose of 5 grams daily for five additional weeks. The 

intervention was well tolerated and led to increased brain creatine levels, as measured by magnetic 

resonance spectroscopy. While the study was not powered to detect clinical efficacy, exploratory 

cognitive assessments suggested a trend toward improved memory and executive function in some 

participants. These preliminary findings indicate that creatine may hold promise as a supportive 

intervention in Alzheimer’s disease, though larger, controlled trials are needed to confirm cognitive 

benefits. 

Higher Dietary Creatine Intake Linked to Lower Cancer Risk 

A 2025 epidemiological study involving over 25,000 U.S. adults examined the relationship 

between dietary creatine intake and cancer risk. Using data from the National Health and Nutrition 

Examination Survey (NHANES), researchers found that for each additional 0.09 grams of creatine 

consumed over a two-day average, there was a 14% reduction in the odds of reporting a cancer 

diagnosis. This association remained significant after adjusting for demographic, dietary, and lifestyle 

factors. While the study does not establish causation, it suggests that higher habitual dietary creatine 

intake may be linked to a lower risk of cancer. Further research is needed to determine whether this 

relationship reflects a protective biological effect or correlates with other health-related behaviors. 
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Fasting, Autophagy, and Muscle Preservation 

“you mentioned autophagy (...) that's the big one that's happening only when you're really in a 

fasted state (...) generally speaking, it's the clearing out of damaged stuff within your cell (...) 

 

some of the metabolic benefits from fasting include improved glucose levels, improved blood 

pressure regulation (...) weight loss (...) 

 

Studies have shown people that undergo intermittent fasting tend to lose muscle mass because 

they're eating fewer meals, they're not getting as much protein, and perhaps they're not doing 

resistance training. Now there have been other studies that have looked at people doing 

intermittent fasting and resistance training, and they don't lose muscle mass because they're 

doing, they're getting that mechanical stimulation of their, of their muscles, which is preventing 

the loss of muscle mass.” 

Autophagy is a fundamental cellular process in which cells break down and recycle damaged 

or unnecessary components to maintain internal balance and function. Often described as the body’s 

cellular “clean-up” system, autophagy plays a key role in protecting against aging and a wide range of 

diseases. By clearing out toxic protein aggregates, it helps reduce the risk of neurodegenerative 

conditions like Alzheimer’s and Parkinson’s. Autophagy also supports metabolic health by 

maintaining insulin sensitivity and reducing the risk of obesity and type 2 diabetes. Additionally, it 

strengthens immune defense by helping the body eliminate pathogens and control inflammation. 

While autophagy generally promotes cardiovascular health and suppresses early tumor formation, its 

effects can be more complex in advanced heart disease or cancer, where excessive or impaired 

autophagy may be detrimental. Importantly, autophagy tends to decline with age and in chronic 

illness, making its support a potential target for enhancing longevity and disease resistance.  

Metabolic Benefits of Fasting 

 Fasting—particularly intermittent fasting—has been shown to offer a range of metabolic 

health benefits. Research indicates that fasting can support weight loss, improve insulin sensitivity, 

lower blood pressure, and reduce harmful blood lipids such as LDL cholesterol and triglycerides. It 



also helps decrease inflammation and oxidative stress, contributing to better cardiovascular health. 

Mechanistically, fasting induces a metabolic switch—typically after 12 to 16 hours—where the body 

shifts from using glucose to burning fat and producing ketones. This switch not only supports energy 

balance but may also protect against metabolic diseases. Fasting has also been found to influence 

circadian rhythms, modulate hormone levels, and activate cellular repair processes like autophagy. 

While fasting is particularly effective in individuals with obesity or metabolic syndrome, its impact on 

blood sugar control in people with type 2 diabetes may be limited and should be approached with 

caution. Overall, fasting is emerging as a promising non-pharmacological approach to improving 

metabolic health. 

Resistance Training Prevents Muscle Loss During Intermittent Fasting 

While intermittent fasting can lead to muscle mass loss when not properly managed, 

research shows that resistance training is a highly effective way to prevent this outcome. Studies 

consistently find that individuals who engage in fasting without strength training are more likely to 

lose lean body mass, particularly if protein intake is low. In contrast, those who combine intermittent 

fasting with regular resistance training—alongside adequate protein consumption—are able to 

preserve or even increase muscle mass while reducing body fat. This protective effect has been 

observed across age groups, including in older adults undergoing calorie restriction. Overall, pairing 

fasting with resistance training and sufficient dietary protein supports fat loss without compromising 

muscle integrity or performance. 
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Late-Night Eating, Melatonin, and Glucose Dysregulation 

“when you eat later in the day, let's say eight o'clock at night, nine o'clock at night, your body's 

starting to naturally make melatonin. That's a hormone that's involved in helping you get 

sleepy while melatonin also nhibits the production of insulin. And so you basically will have 

elevated blood glucose levels when you're eating later in the day (...) your glucose regulation is 

impaired somewhat (...) there are some interesting studies that have found that people sleep 

better if they stop eating at least three hours before bed.” 



Late-night eating has been shown to impair both glucose regulation and sleep quality, largely 

due to the effects of melatonin on insulin function. As melatonin levels naturally rise in the evening 

to prepare the body for sleep, this hormone also suppresses insulin secretion. When food is 

consumed during this period of elevated melatonin, the body’s ability to manage blood sugar is 

reduced, leading to higher post-meal glucose levels and a diminished insulin response. These effects 

are particularly pronounced in individuals with certain genetic variants, such as MTNR1B. Over time, 

this disruption in glucose metabolism may contribute to sleep disturbances and increase the risk of 

obesity, insulin resistance, and related metabolic disorders. These findings suggest that avoiding food 

intake in the hours leading up to sleep may support both metabolic and sleep health. 

Research suggests that eating within one to three hours of bedtime is associated with more 

frequent nighttime awakenings and poorer sleep quality, particularly in younger adults. In contrast, 

allowing at least three hours between the final meal and sleep may reduce sleep disruptions and 

support better overall rest. The type and size of food also matter: large or calorie-dense meals close 

to bedtime are linked to increased risks of obesity, hypertension, and other metabolic issues, 

whereas small, nutrient-rich snacks may have neutral or even beneficial effects, especially when 

paired with exercise. 
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Red Light Therapy: Promising for Skin, Questionable for Muscle 

“I now am convinced that red light therapy plays a role in helping with skin aging (...) There've 

been enough studies now that is pretty convincing that it does seem to improve the way skin 

ages (...) 

 

Muscular repair, I think that that's where I'm a little more skeptical.” 

Skin Aging 

Red light therapy, also known as photobiomodulation, has emerged as a promising 

non-invasive approach to improving signs of skin aging. By using specific wavelengths of red or 

near-infrared light, this treatment stimulates energy production within skin cells and promotes 

collagen and elastin synthesis—key proteins responsible for maintaining youthful skin structure. 



Clinical studies report that red light therapy can reduce wrinkle depth by around 30% and improve 

skin texture, elasticity, and hydration. It may also support wound healing and tissue repair. While the 

treatment is generally well tolerated and free of significant side effects, further high-quality research 

is needed to refine treatment protocols and confirm long-term outcomes. Nonetheless, current 

evidence supports its growing use in skin rejuvenation. 

Muscle Repair 

Red light therapy has shown promise in supporting muscle repair and recovery, particularly 

when applied before or shortly after exercise or injury. By targeting the mitochondria, red and 

near-infrared light enhance cellular energy production and reduce oxidative stress, both of which are 

critical for efficient tissue repair. The therapy also modulates inflammation by lowering 

pro-inflammatory markers and encouraging a shift toward anti-inflammatory cellular activity, 

promoting regeneration. In both animal and human studies, red light therapy has been found to 

reduce markers of muscle damage, such as creatine kinase, improve tissue organization, and support 

faster recovery of strength and performance. While generally safe and noninvasive, outcomes may 

vary depending on wavelength, dosage, and timing, and further research is needed to establish 

standardized treatment protocols. 
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Comparing Infrared and Traditional Saunas: Depression, Mortality, and 

Hormones 

“there's a lot of benefits that have been related to more hot, traditional types of saunas (...) 

lower cardiovascular related mortality. if you're doing it four to seven times a week, that's 

associated with a 50% lower cardiovascular related mortality versus doing it one time a week (...) 

it's associated with 40% lower all cause mortality versus doing it one time a week (...) 

 

Dr. Ashley Mason, she's at UCSF, and she's been doing what's called the heat bed study. And it's 

an infrared sauna that is essentially a head out heat bed (...) And she's looking at the effects on 

depression. And so what she has found is kind of amazing is that people that are doing this 

infrared sauna, this heat bed, and doing cognitive behavioral therapy, CBT, they are 

experiencing massive antidepressant effects (...) Her mentor, Dr. Charles raison (...) did this 

study where he put people in this sort of infrared sauna (...) people with major depressive 

disorder (...) that did one treatment of this had an antidepressant effect that lasted six weeks 

later after one treatment (...)  

 

there have been studies that have looked at people that exercise on a stationary bike or they 

exercise on a stationary bike and then follow that up with a 15 minute sauna. And it's been 

shown that those people that do the 15 minute sauna on top of the exercise have a higher 

improvement in their cardio respiratory fitness (...) 

 

when you go into the sauna (...) growth hormone goes up. In fact it, depending on the, the 

temperature and duration growth hormone can go up anywhere between twofold to like 16 

fold (...)  

Frequent Sauna Use Linked to Reduced Cardiovascular and All-Cause Mortality 

The Kuopio Ischemic Heart Disease (KIHD) Risk Factor Study, a prospective cohort of over 

2,300 middle-aged men from eastern Finland, found that men who used the sauna 2–3 times per 

week had a 27% lower risk of cardiovascular disease (CVD) mortality compared to those who used 

the sauna once per week. The effect was dose-dependent: men who used the sauna 4–7 times per 

week had a 50% lower risk of CVD mortality. Additionally, frequent sauna use was associated with a 

40% reduction in all-cause mortality, independent of conventional risk factors  



Heat Bed Study 

A single-arm feasibility study investigated the effects of an integrated mind-body 

intervention combining cognitive behavioral therapy (CBT) with whole-body hyperthermia (WBH) for 

the treatment of major depressive disorder (MDD). Sixteen adults diagnosed with MDD participated 

in the trial, receiving eight CBT sessions alongside either eight weekly or four bi-weekly WBH 

sessions. The intervention was well tolerated, with 81.3% of participants completing at least four 

WBH sessions. Among the 12 participants who completed the final assessment, 91.7% (11 

individuals) no longer met diagnostic criteria for MDD, and all demonstrated clinically significant 

reductions in depression symptoms, as measured by the Beck Depression Inventory-II. Participants 

who completed both the baseline and final assessment visits (n = 12) showed an average decrease of 

15.8 points on the Beck Depression Inventory-II (BDI-II) from pre- to post-intervention. This reduction 

was both clinically meaningful and statistically significant. Improvements were also observed in 

negative automatic thinking and mood, with early mood enhancement following the first WBH 

session predicting overall treatment response. These promising preliminary results suggest that a 

combined approach targeting both cognitive and thermoregulatory processes may offer a feasible, 

non-pharmacologic treatment option for depression, warranting further investigation in controlled 

clinical trials.  

Antidepressant Effects of Infrared Sauna 

A randomized, double-blind, sham-controlled study investigated the antidepressant effects 

of a single session of whole-body hyperthermia (WBH) in adults with major depressive disorder 

(MDD). Participants were randomly assigned to receive either active WBH, which raised core body 

temperature to approximately 38.5°C, or a sham condition that mimicked the intervention without 

significant thermal elevation. The primary outcome was change in depression severity, measured by 

the Hamilton Depression Rating Scale (HDRS). Results showed that a single session of WBH produced 

a clinically and statistically significant reduction in depressive symptoms compared to the sham 

condition, with effects persisting for up to six weeks post-intervention. The treatment was well 

tolerated with no serious adverse events, suggesting that WBH may represent a safe, rapid-acting, 

and non-pharmacologic intervention for depression. 

Combined Sauna and Exercise Enhances Cardiovascular Fitness 

A randomized controlled trial investigated the effects of sauna bathing alone, exercise alone, 

and a combination of both on cardiovascular function in sedentary adults. Participants were assigned 



to one of three groups: 15 minutes of stationary cycling, 15 minutes of sauna exposure, or 15 

minutes of cycling followed by 15 minutes of sauna, performed three times per week over eight 

weeks. The group that combined exercise with sauna exposure showed significantly greater 

improvements in cardiorespiratory fitness, as measured by VO₂peak, compared to either intervention 

alone. This group also exhibited enhanced vascular function and greater reductions in blood 

pressure, indicating a synergistic benefit of combining sauna use with aerobic exercise. 

Acute Growth Hormone Response to Sauna Exposure 

Sauna exposure induces a significant but transient increase in growth hormone (GH) levels, 

with serum concentrations rising sharply during the session and returning to baseline within a few 

hours. One study reported a 142% increase in GH during sauna use, underscoring the acute 

endocrine response to heat stress. This effect occurs independently of exercise, although combined 

exercise and sauna use can further elevate GH levels. Other hormones such as prolactin and 

norepinephrine also rise briefly during sauna exposure. With repeated sessions, the body may adapt, 

leading to a diminished hormonal response over time. Individual factors, including sex and physical 

activity levels, can influence the magnitude of GH elevation, with some evidence suggesting greater 

responses in women, particularly those unaccustomed to sauna use.  

A study conducted in Finland investigated the endocrine responses to repeated sauna 

bathing in healthy young adults. Over a seven-day period, participants were exposed to dry sauna 

heat (80°C) for one hour, twice daily. Among male participants, serum growth hormone (GH) levels 

increased by approximately 16-fold after the first sauna session, while serum prolactin rose by 

2.3-fold. In female participants, prolactin increased over four-fold by the third day. Although GH 

levels declined with continued exposures, prolactin remained elevated through day seven. No 

significant changes were observed in serum levels of thyroid-stimulating hormone (TSH), 

follicle-stimulating hormone (FSH), luteinizing hormone (LH), testosterone, or thyroid hormones. 

These findings suggest that GH and prolactin are particularly responsive to thermal stress, potentially 

due to heat-induced dehydration, and may play roles in the body's physiological adaptation to 

repeated heat exposur 
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Plastics and Microplastics in Packaging 

“there was this plastic study that was done that showed heating up plastic essentially causes 

these toxic plastic associated chemicals like BPA, Bisphenol A, which is an endocrine disruptor, it 

disrupts hormones. It sort of mimic estrogen. So, you know, it's, it's sometimes like called an 

estrogen mimetic. It causes that to leach into your beverage 55 times more (...)  

 

there was a study that just came out (...) that showed glass had higher levels. So water that 

was in glass had higher levels of microplastic than water that was in plastic containers (...) the 

study came outta France and it was essentially showing that glass bottles had more 

microplastics in the liquid that they contained than plastic bottles which contain liquid (...)  

 

Microplastics and nanoplastics. As you get smaller in size, they get smaller. They're called 

nanoplastics. Those are the most dangerous because it can be more easily absorbed in the gut 

and get into the circulation (...) 

 

again, aluminum cans are lined with this plastic (...) There was this study that showed, I think it 

was, was it a thousand percent increase of BPA after drinking like soup out of a can versus a 

soup out of a glass? A thousand percent increase in bisphenol A levels (...)” 

Heat Significantly Increases BPA Leaching from Plastics 

A 2003 study published in Environmental Health Perspectives investigated the migration of 

chemicals from polycarbonate plastic containers into liquids under varying conditions. The 

researchers found that heating significantly increased the release of bisphenol A (BPA), a known 

endocrine disruptor. Specifically, when new polycarbonate bottles were repeatedly washed and then 

filled with boiling water, BPA leaching into the water increased by up to 55 times compared to room 

temperature conditions. This release occurred even in the absence of visible degradation, 

highlighting that thermal stress alone can drive substantial migration of BPA into liquids. BPA mimics 

estrogen in the body and has been associated with hormone disruption and potential reproductive 

and developmental effects. 

 



Microplastic Contamination in French Beverages Linked to Packaging, Especially Glass Bottle Caps 

A recent study provides the first systematic assessment of microplastic (MP) contamination 

in beverages sold in France, analyzing a diverse array of drinks including water, soft drinks, beer, and 

wine. The researchers detected microplastics in every beverage tested, with levels ranging from 

approximately 3 particles per liter in water to nearly 83 particles per liter in beer. Contrary to 

expectations, beverages stored in glass containers were the most contaminated, a finding traced to 

the paint on metal caps, which was found to shed polyester-based microplastics into the liquid. 

Controlled experiments confirmed that caps were a significant source of contamination, and that 

pre-cleaning them could reduce MP levels by up to threefold. This work highlights both the ubiquity 

of microplastic contamination in consumer products and the critical role of packaging 

materials—particularly closures—in influencing contamination levels. 

Comparative Risks of Nanoplastics and Microplastics 

Nanoplastics are increasingly recognized as potentially more hazardous than microplastics, 

primarily because their smaller size allows them to cross biological barriers more easily, interact 

more readily with cells, and carry toxic substances into sensitive tissues. While laboratory and animal 

studies support these concerns, direct comparisons in human populations are still scarce, 

highlighting a significant gap in current research. Moreover, the detection and measurement of 

nanoplastics in both environmental samples and biological systems remain technically difficult, 

complicating efforts to assess exposure and associated risks. 

Canned Soup Linked to Over 1200% Increase in Urinary BPA Levels 

The study cited—Canned Soup Consumption and Urinary Bisphenol A: A Randomized 

Crossover Trial—found that consuming one serving of canned soup daily for five days led to a 1221% 

increase in urinary bisphenol A (BPA) concentrations compared to consuming fresh soup. Specifically, 

the geometric mean BPA level after canned soup consumption was 20.8 μg/L, versus just 1.1 μg/L 

after fresh soup. This represents one of the highest BPA concentrations observed in a 

non-occupational setting and suggests that canned food packaging, especially with epoxy resin 

linings, is a major source of BPA exposure. 
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Proximity to Golf Courses and Parkinson’s Disease Risk 

“this study showed that people that lived near, within a mile or so of golf courses had a much 

higher incidence of Parkinson's disease (...) it was a 2025 study. Living within one mile of a golf 

course increased Parkinson's risk by 126% compared to living over six miles away (...)” 

A 2025 population-based case-control study published in JAMA Network Open investigated 

whether proximity to golf courses is associated with an increased risk of Parkinson’s disease (PD). 

Utilizing data from the Rochester Epidemiology Project spanning 1991 to 2015, the study analyzed 

419 incident PD cases and 5,113 matched controls. The researchers found that individuals living 

within one mile of a golf course had 126% increased odds of developing PD compared to those living 

more than six miles away. Risk generally declined with increasing distance. Additionally, individuals 

residing in water service areas containing a golf course—particularly in regions with vulnerable 

groundwater—exhibited significantly elevated odds of PD. These findings suggest that pesticide 

exposure from golf courses, potentially via both contaminated drinking water and airborne 

transmission, may contribute to heightened PD risk among nearby residents 

Reference 134. 



Leafy Greens, Magnesium, and Sulforaphane: DNA Repair, Detox, and 

Longevity 

“leafy greens are high magnesium (...) Magnesium is very important for preventing damage to 

DNA and cancer (...) there've been studies that have shown that for every hundred milligram 

decrease in magnesium intake, there's a 24% increase in pancreatic cancer incidents, and that's 

in a dose dependent manner (...) 

 

I particularly like kale and broccoli because of something called sulforaphane (...) Sulforaphane 

is also increases glutathione in the brain. It helps detoxify pollutants like benzene, BPA” 

 

close to 50% of the population in the United States does not have adequate levels of 

magnesium because they're not eating the foods that they need to to get the magnesium dark 

leafy greens (...)  

 
So there's also studies showing that people with the highest magnesium levels have a 40% lower 

all cause mortality than people with the lowest magnesium levels (...)  

 

magnesium's required to turn vitamin D three into the steroid hormone (...) 

 

Athletes require between 10 to 20% more magnesium than the general population because 

their magnesium losses are so great” 

Leafy green vegetables are a reliable and nutrient-dense source of dietary magnesium, 

offering a natural means to support metabolic function and prevent deficiency. Commonly consumed 

greens such as spinach, collards, turnip greens, and lettuce contain substantial magnesium 

concentrations, ranging from approximately 28 mg to over 100 mg per 100 grams. Spinach, in 

particular, stands out with levels reaching up to 85 mg per 100 grams. While a small portion of this 

magnesium is bound to chlorophyll (typically 2.5%–10.5%), the majority remains bioavailable, with 

human studies indicating net absorption rates between 40% and 60%. These vegetables are 

especially recommended for populations vulnerable to magnesium deficiency, including pregnant 

women. However, preparation methods matter—frying leads to the greatest loss of magnesium, 

while boiling causes the least.  



Magnesium and DNA Integrity 

Magnesium plays a critical role in maintaining DNA stability and facilitating effective DNA 

repair. Both human and animal studies have shown that magnesium deficiency increases markers of 

DNA damage—such as micronuclei and nucleoplasmic bridges—particularly when combined with 

other risk factors like elevated homocysteine. In animal models, even short-term magnesium 

deficiency leads to increased oxidative DNA damage and altered expression of genes involved in 

cellular aging and DNA repair. Mechanistically, magnesium functions as a necessary cofactor for 

enzymes that govern DNA replication and repair; its absence impairs these processes, destabilizes 

DNA structure, and heightens susceptibility to oxidative stress. Supplementation studies further 

support magnesium’s protective role, demonstrating reductions in oxidative DNA damage across 

various populations. 

Magnesium Intake and Cancer Risk Reduction 

Higher dietary magnesium intake is associated with a reduced risk of several major cancers, 

with the most consistent evidence seen for colorectal, liver, and breast cancers. Meta-analyses and 

large cohort studies suggest that each additional 100 mg of dietary magnesium per day may lower 

overall cancer mortality by approximately 5%, though this effect appears specific to food-derived 

magnesium rather than supplements. For liver cancer, increased magnesium intake has been linked 

to a substantial 35–56% reduction in incidence and mortality, particularly among individuals with 

high alcohol consumption or elevated body weight. Colorectal cancer risk also shows a modest but 

consistent decline with higher magnesium intake, especially in relation to colon cancer. In the case of 

breast cancer, the association is supported both directly and indirectly through magnesium’s 

anti-inflammatory effects, such as reduced C-reactive protein (CRP) levels. Although the evidence for 

other cancers—such as pancreatic, gastric (noncardia), and lung—is less consistent, some large-scale 

studies report a protective association in certain populations.  

Sulforaphane Enhances Brain Glutathione  

Sulforaphane, a bioactive compound derived from cruciferous vegetables, has been shown to 

increase glutathione levels in the brain across both human and animal studies. Glutathione is a vital 

intracellular antioxidant that protects neurons from oxidative stress and supports overall brain 

health. In a clinical pilot study, daily oral supplementation with sulforaphane for seven days resulted 

in measurable increases in glutathione concentrations in several brain regions, including the 

thalamus, as assessed by advanced neuroimaging techniques. Animal and cell models further 



demonstrate that sulforaphane boosts both total and reduced glutathione, enhances the expression 

of glutathione-synthesizing enzymes, and protects against neuronal oxidative damage. These effects 

are mediated primarily through activation of the Nrf2 (nuclear factor erythroid 2–related factor 2) 

antioxidant response pathway, which upregulates genes responsible for cellular redox balance, 

including γ-glutamylcysteine synthetase.  

Sulforaphane and Detoxification: Protective Effects Against BPA, Potential Role in Benzene Defense 

Sulforaphane is widely recognized for its ability to activate detoxification pathways, 

particularly through stimulation of phase II enzymes via the Nrf2 pathway. While it is often cited in 

the context of environmental toxin defense, the evidence for its detoxifying effect varies by 

compound. In the case of bisphenol A (BPA), multiple animal and cell studies show that sulforaphane 

mitigates BPA-induced toxicity—such as liver fat accumulation, glucose intolerance, and insulin 

resistance—by reducing oxidative stress, inflammation, and endoplasmic reticulum stress. These 

findings demonstrate strong protective effects but do not confirm enhanced BPA metabolism or 

excretion. For benzene, direct evidence is lacking; however, sulforaphane has been shown to 

upregulate detoxification enzymes involved in the clearance of structurally similar carcinogens, such 

as benzo(a)pyrene. While this suggests a plausible mechanism for benzene defense, it remains 

inferential. Overall, sulforaphane supports general detoxification capacity and shows clear benefit in 

counteracting BPA toxicity, with possible—though unproven—relevance to benzene exposure. 

Magnesium Deficiency in the United States 

Magnesium deficiency is common in the United States, with approximately 45% to 60% of 

adults failing to meet recommended intake levels. Many cases are subclinical and may not be 

detected by standard blood tests, leading to underdiagnosis. 

Magnesium Status and All-Cause Mortality Risk 

Higher magnesium levels—particularly from dietary sources—are consistently associated 

with reduced all-cause mortality in the general population. Large cohort studies show that each 100 

mg/day increase in dietary magnesium intake is linked to a 6–10% lower risk of death from any 

cause. Very low serum magnesium concentrations are associated with significantly increased 

mortality, while the lowest overall risk is observed within a normal serum magnesium range. Both 

magnesium deficiency and excess appear detrimental, indicating a U-shaped relationship. In 

individuals with chronic conditions such as hypertension, diabetes, asthma, and kidney disease, low 



magnesium status is a strong predictor of elevated mortality risk. Additionally, among stroke 

survivors, higher total magnesium intake (from both diet and supplements) has been associated with 

a 40% reduction in all-cause mortality compared to the lowest intake group.  

Role of Magnesium in Vitamin D Metabolism 

Magnesium is involved in many enzymatic reactions in the body, including those related to 

vitamin D metabolism. Magnesium acts as a cofactor for enzymes that convert vitamin D3 

(cholecalciferol) into its active steroid hormone form, calcitriol (1,25-dihydroxyvitamin D3). Without 

adequate magnesium, these conversion steps may be less efficient. 

Elevated Magnesium Needs in Athletes 

Athletes generally require more magnesium than non-athletes due to increased physiological 

demands and greater losses through sweat and urine during exercise. Physical activity elevates 

metabolic processes that rely heavily on magnesium for energy production, muscle contraction, and 

electrolyte regulation. Research shows that despite consuming more dietary magnesium on average, 

athletes often exhibit lower serum levels and higher urinary excretion, suggesting increased 

requirements. Up to 22% of elite athletes may experience clinical magnesium deficiency at some 

point, particularly females, individuals with high sweat rates, or those on calorie-restricted diets. To 

support performance, recovery, and overall health, regular dietary assessments and personalized 

supplementation strategies are recommended when magnesium intake or retention may be 

inadequate. 

References 135-150. 

Vitamin K’s Role in Blood Clotting 

“vitamin K is  important for blood coagulation, blood clotting (...) it's one of the reasons why 

when a baby's first born, they give it a vitamin K shot so that they have blood coagulation.” 

Vitamin K plays a critical role in blood clotting by enabling the activation of specific proteins 

required for the coagulation process. It acts as a cofactor in the liver for an enzyme that modifies 

clotting factors—specifically factors II, VII, IX, and X, as well as regulatory proteins C and S—so they 



can bind calcium and function properly in forming blood clots. Without adequate vitamin K, these 

clotting proteins remain inactive, leading to an increased risk of bleeding. Although deficiency is 

uncommon in healthy adults, it can occur in newborns, individuals with malabsorption issues, or 

those taking medications that interfere with vitamin K metabolism. Maintaining sufficient vitamin K 

levels is essential for proper blood clot formation and overall hemostatic health. 

References 151-152. 

Choline, Epigenetics, and Cognitive Development in Children 

“Choline is an essential nutrient that is (...) important for producing all these epigenetic changes 

called methylation that regulates the way our genes are expressed (...) it’s very important for 

our cells, like the membranes of our cells (...) 

 

pregnant women were given 480 milligrams a day of choline, or (...) 930 milligrams a day (...) 

And then a variety of cognitive tests were done after the child was born (...) the mothers that 

had children that were given the really high choline intake, the 930 milligrams scored better on 

all these IQ tests.” 

Choline’s Central Role in Methylation and Epigenetic Regulation 

Choline is a critical nutrient that serves as a major methyl donor, supporting essential 

methylation processes throughout the body. Through its conversion to betaine, choline contributes 

methyl groups required for the synthesis of methionine and subsequently S-adenosylmethionine 

(SAM), the universal methyl donor involved in DNA and histone methylation. These epigenetic 

modifications influence gene expression without changing the genetic code, playing a vital role in 

development, cellular function, and long-term health. Choline’s impact is particularly pronounced 

during prenatal development, where maternal intake has been shown to shape offspring epigenetics 

and health outcomes in animal studies. Its function is intricately linked to other nutrients—such as 

folate and methionine—within a shared methylation network, where deficiency in one increases 

demand on the others. Additionally, gut microbiota can deplete choline, reducing its availability for 

methylation and affecting DNA methylation patterns. Overall, adequate choline intake is essential for 

maintaining epigenetic integrity, supporting liver function, and mitigating disease risk. 



Maternal Choline Supplementation Enhances Infant Cognitive Processing Speed 

A randomized, double-blind controlled trial by Caudill et al. (2018) investigated the effects of 

maternal choline supplementation during the third trimester on infant cognitive development, 

specifically processing speed. Pregnant women were assigned to consume either 480 mg or 930 mg 

of choline per day from 27 weeks of gestation until delivery. At 4, 7, 10, and 13 months of age, their 

infants underwent a visual sustained attention task, with the key outcome being the speed of 

processing visual stimuli. The infants of mothers in the higher choline group (930 mg/day) 

consistently exhibited significantly faster processing speeds across all time points compared to those 

in the lower choline group. These findings demonstrate that maternal choline intake at levels nearly 

double the current recommended dietary intake can have lasting positive effects on infant cognitive 

performance, likely mediated by enhanced methylation and neurodevelopmental support during 

gestation. 

References 153-156. 
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	Lifestyle as the Primary Driver of Ageing 
	“genetics does play a role in the way you age, but it's a small role. In fact, 70% or more of the way you're aging is actually due to your lifestyle.” 

	Obesity and Life Expectancy 
	“there's studies that show even like a 14 year difference in life expectancy for someone who's morbidly obese versus lean.” 

	Partial Reprogramming and the Reversal of Cellular Ageing 
	“Shaya Yamanaka (…) had shown that you could take a cell that's old and it could be a any cell. It could be from an 85-year-old person with Parkinson's disease, for example (...) and add four different proteins to them. They're called transcription factors (...) you can make it into what's called an embryonic stem cell. And it does that by sort of wiping out what's called epigenome (…) And it sort of brings it back, reprograms it to this youthful state where it becomes an embryonic stem cell. And then that embryonic stem cell can then form any type of cell in the body (...) And so this is called induced pluripotent stem cells (...) A whole handful of brilliant aging scientists have discovered (...) what I call pulse, it's partial reprogramming. You're kind of putting it on for like a shorter period of time, and then that cell keeps its identity, but it's youthful. It wipes out all the damage (...) this has been shown in animal studies and rodents that if you, if you add these four different transcription

	Sedentarism as a Stronger Predictor of Mortality than Smoking 
	“sedentarism is a disease because it's actually been shown to increase the risk of early mortality, even more than diseases that we know of, like type two diabetes, cardiovascular disease, or even terrible habits like smoking. So being sedentary actually could predict early mortality even more than those diseases.” 

	The Dallas Bedrest Study: Three Weeks Worse Than 30 Years of Ageing 
	“there's this amazing study, it's called the Dallas Bedrest Study (...) they took five college students and they put them on bedrest. And this is like three weeks of legitimate bedrest (...) and the researchers wanted to find out what happens to your cardiovascular system if you are not moving around for three weeks (...) And what was found is after that three weeks, their cardiovascular system was just tanked. And one of the biggest factors that was measured was their cardio respiratory fitness (...) it tanked (...) they found these five men from 30 years earlier and they measured their cardio respiratory fitness in a variety of other parameters that they had measured at the time. And what they found was that three weeks of bed rest was worse on their cardio respiratory fitness than 30 years of aging.” 

	Cardiorespiratory Fitness as a Marker of Longevity 
	“We know that cardiorespiratory fitness is one of the best predictors of longevity. So there are studies that have shown that people with a high cardiorespiratory fitness live five years longer than people with a low cardiorespiratory fitness (...) they're basically 80% less likely to die of many different causes of death.” 

	High Intensity Interval Training (HIIT) for Cardiorespiratory Improvement in Non-Responders 
	“now what we really understand is that you want to do and engage in what's called vigorous intensity exercise (...) multiple studies that have shown people that engage in moderate intensity exercise (...) even people that are engaging in that type of exercise for two and a half hours a week (...) 40% of those people can't improve their cardio respiratory fitness (...) you take those people and then you have them engage in high intensity interval training and they're able to improve their cardio respiratory fitness (...) because you're putting a stronger stress on your cardiovascular system. And so the adaptations are greater.” 

	The Norwegian Four-by-Four Protocol 
	“I would say the Norwegian four by four is the gold standard (...) being part of an exercise protocol was shown to reverse the structural changes that occur with age In the heart by 20 years (...) this was done by Ben Levine (...) He took these 50 year olds and put them on a pretty intense exercise routine for two years, or a stretching routine.” 

	Heart Stiffness, Glycation, and Glucose Exposure 
	“as we age, our hearts shrink and they get stiffer. And that plays a role in causing cardiovascular disease. I mean, that's the number one killer in the United States (...) it has a lot to do with actually being exposed to a lot of glucose (...) This causes a chemical reaction called glycation. So you get these advanced glycation end products that sort of react with your collagen that's lining your heart and your myocardium, and it causes it to stiffen.” 

	Mitochondria, Oxygen, and Cellular Energy Production 
	“the way that most of our cells make energy, like our muscles, is by using our mitochondria. These are tiny organelles inside of our cells that produce energy, but they need oxygen to do it.” 

	Lactate: A Signaling Molecule for Brain and Gut Health 
	 lactate is a way for your muscles to communicate with other organs, like the brain. And it's called the signaling molecule (...) so what happens is the lactate (...) gets consumed a lot by the brain. And in the brain it, it activates something called brain derived neurotrophic factor BDNF. And this is kind of like a miracle grow for your brain. So essentially it's able to increase the growth of new neurons, which is amazing. It's called neurogenesis. It increases the connections between neurons, so it improves memory, cognition (...) its involved in what's called neuroplasticity (...)  
	it's been shown that high levels of lactate are correlated with improved cognition scores, improved impulse control (...)  
	there have been studies that have been done looking at, for example, traumatic brain injury patients. So people that have undergone some sort of head trauma and they've infused sodium lactate through like an IV into their system. And the lactate immediately gets consumed by the brain and it's been shown to improve their recovery. So it's called the Glasgow score (...)  
	 
	Lactate is really beneficial for the gut epithelial cells. And in fact, if you think about it, all these sort of beneficial probiotic bacteria, like bifido bacterium for example, they're producing lactic acid and that lactic acid does get converted into lactate (...) And the reason it's so good is because it is an very easily utilizable source of energy for the gut cells.” 

	Heat Shock Proteins and Neurodegeneration Prevention 
	“heat shock proteins [that] are important for preventing neurodegenerative disease.” 

	Aerobic Exercise Reverses Brain Atrophy in Older Adults 
	“this study is so profound (...) done in older adults. So we're talking 60 year olds or a little bit older. And these individuals were put on a aerobic exercise training program for one year that was more of like a 70 to 75% max heart rate. So it wasn't so vigorous, but it was pretty, pretty vigorous for them (...) and the basis of this study was to look at brain aging (...) Our brain also shrinks with age. It's called atrophy. And as we age, especially starting in midlife, so around the age of 50, your brain in certain areas of the brain, like the hippocampus, which is involved in learning and memory, starts to shrink by about one to 2% per year (...) in this study, after a year of this sort of aerobic exercise training program, they were doing three times a week, about 30 minutes a day (...) And then there was a control group that was kind of the stretching (...) the stretching group did lose about one to 2% in terms of the size of the hippocampus. It shrunk one to 2% after that year, which is what you would

	Cardiorespiratory Fitness and Dementia Risk Reduction 
	“There's also studies showing that  (...) women with the highest cardiorespiratory fitness were 80% less likely to come down with dementia over the follow up period time.” 

	Multifactorial Causes of Alzheimer’s: Genetics, Sleep, Trauma 
	“the causes of Alzheimer’s (...) it's multifactorial (...) What happens is the aggregation of a protein on our brain called amyloid that typically is cleared from our brain (...) you're not clearing the amyloid, and so it starts to kind of form these clumps and aggregates with the amyloid proteins that are not being cleared. And that essentially is happening outside of your neurons, but it's happening where the synapses are formed between neurons. And so what happens is it kind of disrupts the synaptic connection between neurons, which is essentially forming a memory (...) 
	That glymphatic system is activated during sleep, and it's one of the reasons why people that don't get good sleep over the course of decades have a higher risk of Alzheimer's disease is because they're getting these amyloid plaques built up in their brains (...) 
	And glucose metabolism is disrupted in the brains of Alzheimer's disease (...) And so that's another sort of metabolic, underlying cause of Alzheimer's disease (...) 
	there's also genetic causes as well (...) some people have genes that can increase the risk of Alzheimer's disease because they're not able to clear amyloid as well, because they're not able to repair damage as well. So the, the blood brain barrier, which is really important for filtering out toxic things from getting into the brain, it starts to break down. And that's one of the, I would say early signs of Alzheimer's disease (...) And that happens in people that have a genetic risk factor called APOE4 (...) this is probably one of the biggest genetic risk factors for Alzheimer's disease. About 25% of the population has one copy of this gene. That increases the risk of Alzheimer's disease by twofold. If you have two copies of it, it increases the risk of Alzheimer's disease by tenfold (...) 
	People that have any one or two of the APOE4 genes (...) if they get a TBI (...) then you talk about like going up to a tenfold risk for Alzheimer's disease when you get like an injury because people with those genes don't repair damage as well.” 

	Multivitamins Improve Cognitive Aging  
	“three large clinical trials have been done. These are randomized controlled trials where older adults were given either a multivitamin and this was just your standard run of the mill multivitamin, Centrum silver, or they were given a placebo and they were given this for a couple of years. And what three different studies showed was that a multivitamin improved cognition, improved processing speed. It improved what's called episodic memory (...) And not only did it improve it, it improved it so much that it was equivalent to reducing the aging of the episodic memory by five years.” 

	Folate Deficiency and DNA Damage  
	“if you decrease folate and make someone deficient in it, it essentially causes double stranded breaks in your DNA that essentially is like being under ionizing radiation. And that experiment was done, like you could take a mouse, make it like, put low folate in the, in, you know, the mouse's food, and then take another mouse and put it under an ionizing radiation machine. And the amount of double stranded breaks in their DNA, which cause cancer, which accelerate aging, which affect how your cells are functioning. It was just the same.” 

	Vitamin D as a Hormonal Regulator of Brain Health and Mortality 
	“What's gonna help prevent dementia? Vitamin D is, it's actually more than a vitamin. Vitamin D gets converted into a steroid hormone. So a steroid hormone, essentially what it does is it goes into the nucleus of a cell where all your DNA is, and it's activating genes and deactivating 'em. It's affecting your genome. And it's actually over 5% of your genomes being affected by vitamin D (...) being deficient or insufficient in vitamin D can increase dementia risk by 80% (...) People that supplement with vitamin D three have a 40% reduced risk of dementia (...) there's actually even been studies in people with dementia, in people with Alzheimer's disease that were giving a vitamin D supplement or a placebo control. And those individuals, given the vitamin D supplement, had improved cognition. They had lower markers of amyloid plaques (...) 
	 
	70% of the US population has insufficient levels of vitamin D. The reason for that is because vitamin D three is actually made in the skin from UVB radiation from the sun. And so if you're not outside, then you're not really making a lot of vitamin D3 in your skin. And vitamin D3  then gets converted into this steroid hormone that regulates everything (...)  
	People that are closer to the equator usually have more melanin. it's an adaptation to prevent you from burning from the UV rays of the sun. Well this University of Chicago study found that (...) people that are African American had to stay in the sun six to 10 times longer than people with fair skin, the Caucasians, to make the same amount of vitamin D three (...)  
	People that have blood levels of vitamin D between 40, 60, maybe 80 nanograms per milliliter have the lowest all cause mortality (...)  
	 
	it's been shown that for every 10 nanograms per milliliter decrease in vitamin D blood levels, there's an increase in brain damage. It's called white matter hyperintensities. It's basically damage to the white matter in your brain” 

	Ketogenic Diet, Ketones, and Brain Health 
	“it takes about 12 hours on average to deplete all your glycogen levels. Now you can accelerate that if you're doing a lot of physical activity, but once you deplete that liver glycogen, that is when you shift into burning fatty acids and then eventually ketosis (...) 
	There have been studies [on ketogenic diet and longevity] by Dr. Eric Verdin out of the Buck Institute for Aging in Novato, California (...) with a ketogenic diet and rodents. And it did seem to extend life expectancy, but more importantly, the health span (...) 
	 
	This ketone called beta hydroxybutyrate gets into the brain (...) then activates brain derived neurotrophic factor (...)  
	 
	what's happening [with exogenous ketones] is you are essentially giving your body the beta hydroxybutyrate ketone that it would make normally if you were undergoing ketosis and using fatty acids only as energy (...) there's also some potential therapeutic effects. So people that have mild cognitive decline, maybe like the first stages of dementia or Alzheimer's disease, can kind of perk up and perform better when they're given an exogenous ketone (...) on the Deltaagketones.com website it says that in the studies they found an 87% improvement in brain network stability. A study from 2020.” 

	High-Normal Blood Glucose and Brain Atrophy 
	“There's studies showing that people, even on the high end of normal, in terms of their blood glucose levels, so they're normal, but they're kind of on the high end of normal. They had more brain atrophy than people on the low end of normal.” 

	Cognitive and Cardiovascular Benefits of Blueberries and Polyphenols  
	“Blueberries are a source of polyphenols (...) polyphenols have been shown even in studies to improve cognition and memory and lower even marker markers of bad cardiovascular disease (...) even a cup of blueberries a day has been shown to improve cognition (...) It increases blood flow to the brain.” 

	Omega-3s from Seafood: Longevity, Inflammation, and Heart Health 
	“salmon because it is a fatty source of fish that is high in Omega-3 fatty acids, EPA and DHA, which are found in marine sources, not plant sources of Omega-3 (...) it resolves inflammation. It's sort of an anti-inflammatory (...) 
	This Harvard study identified not eating enough seafood as one of the top six preventable causes of death (...) 
	Omega-3 fatty acid levels in our blood cells, red blood cells, this is called the Omega-3 index. (...) there's been a variety of studies done from Dr. Bill Harris out of the Fatty Acid Research Institute (...) showing that people with what's called a high Omega-3 index (...) They had a five year increased life expectancy compared to people with a low Omega-3 index (...) 
	there've been some really large randomized controlled trials that have actually given people with cardiovascular disease that are on, you know, some sort of standard of care treatment, like a statin. And they've given them four grams a day of a purified form of Omega-3 called EPA versus a placebo. And the people given the Omega-3, had 25% less cardiovascular related death or events like heart attacks and strokes.” 

	Fish Oil Supplements as a Cleaner Omega-3 Source 
	“fish oil supplements are purified. So you're not getting mercury. Or microplastics or things that are also found in the whole fish. (...) we do have this environmental pollution problem, and fish have been contaminated with heavy metals. They've been contaminated with microplastics (...) And so I do think that fish oil supplements are a good alternative because you're getting those Omega-3 fatty acids and you're not getting some of the other bad things that are in the fish.” 

	Creatine’s Role in Muscle, Brain, Mood, and Cancer Risk 
	“[creatine] can increase muscle mass, it can increase muscle strength in combination with resistance training (...) 
	 
	any kind of stressful condition, that's where creatine shines in the brain (...) 
	 
	it's been found that if you take someone and you sleep deprive them for 21 hours and give them about 25 to 30 grams of creatine, it completely negates the cognitive deficits of sleep deprivation. Actually, not only does it negate the cognitive deficits of sleep deprivation, it makes people function better than if they were well rested (...) 
	 
	I was reading about study in 2025 where they gave creatine to people that had depressive symptoms alongside CBT training and the people that had creatine and the cognitive behavioral therapy training experienced a greater improvement in their depression symptoms than those who just received the cognitive behavioral therapy (...) 
	 
	a 2025 study of 25,000 people each found that for each additional 0.09 grams of creatine over a two day average was linked to a 14% reduction in cancer risk.” 

	Fasting, Autophagy, and Muscle Preservation 
	“you mentioned autophagy (...) that's the big one that's happening only when you're really in a fasted state (...) generally speaking, it's the clearing out of damaged stuff within your cell (...) 
	 
	some of the metabolic benefits from fasting include improved glucose levels, improved blood pressure regulation (...) weight loss (...) 
	 
	Studies have shown people that undergo intermittent fasting tend to lose muscle mass because they're eating fewer meals, they're not getting as much protein, and perhaps they're not doing resistance training. Now there have been other studies that have looked at people doing intermittent fasting and resistance training, and they don't lose muscle mass because they're doing, they're getting that mechanical stimulation of their, of their muscles, which is preventing the loss of muscle mass.” 

	Late-Night Eating, Melatonin, and Glucose Dysregulation 
	“when you eat later in the day, let's say eight o'clock at night, nine o'clock at night, your body's starting to naturally make melatonin. That's a hormone that's involved in helping you get sleepy while melatonin also nhibits the production of insulin. And so you basically will have elevated blood glucose levels when you're eating later in the day (...) your glucose regulation is impaired somewhat (...) there are some interesting studies that have found that people sleep better if they stop eating at least three hours before bed.” 

	Red Light Therapy: Promising for Skin, Questionable for Muscle 
	“I now am convinced that red light therapy plays a role in helping with skin aging (...) There've been enough studies now that is pretty convincing that it does seem to improve the way skin ages (...) 
	 
	Muscular repair, I think that that's where I'm a little more skeptical.” 

	Comparing Infrared and Traditional Saunas: Depression, Mortality, and Hormones 
	“there's a lot of benefits that have been related to more hot, traditional types of saunas (...) lower cardiovascular related mortality. if you're doing it four to seven times a week, that's associated with a 50% lower cardiovascular related mortality versus doing it one time a week (...) it's associated with 40% lower all cause mortality versus doing it one time a week (...) 
	 
	Dr. Ashley Mason, she's at UCSF, and she's been doing what's called the heat bed study. And it's an infrared sauna that is essentially a head out heat bed (...) And she's looking at the effects on depression. And so what she has found is kind of amazing is that people that are doing this infrared sauna, this heat bed, and doing cognitive behavioral therapy, CBT, they are experiencing massive antidepressant effects (...) Her mentor, Dr. Charles raison (...) did this study where he put people in this sort of infrared sauna (...) people with major depressive disorder (...) that did one treatment of this had an antidepressant effect that lasted six weeks later after one treatment (...)  
	 
	there have been studies that have looked at people that exercise on a stationary bike or they exercise on a stationary bike and then follow that up with a 15 minute sauna. And it's been shown that those people that do the 15 minute sauna on top of the exercise have a higher improvement in their cardio respiratory fitness (...) 
	 
	when you go into the sauna (...) growth hormone goes up. In fact it, depending on the, the temperature and duration growth hormone can go up anywhere between twofold to like 16 fold (...)  

	Plastics and Microplastics in Packaging 
	“there was this plastic study that was done that showed heating up plastic essentially causes these toxic plastic associated chemicals like BPA, Bisphenol A, which is an endocrine disruptor, it disrupts hormones. It sort of mimic estrogen. So, you know, it's, it's sometimes like called an estrogen mimetic. It causes that to leach into your beverage 55 times more (...)  
	 
	there was a study that just came out (...) that showed glass had higher levels. So water that was in glass had higher levels of microplastic than water that was in plastic containers (...) the study came outta France and it was essentially showing that glass bottles had more microplastics in the liquid that they contained than plastic bottles which contain liquid (...)  
	 
	Microplastics and nanoplastics. As you get smaller in size, they get smaller. They're called nanoplastics. Those are the most dangerous because it can be more easily absorbed in the gut and get into the circulation (...) 
	 
	again, aluminum cans are lined with this plastic (...) There was this study that showed, I think it was, was it a thousand percent increase of BPA after drinking like soup out of a can versus a soup out of a glass? A thousand percent increase in bisphenol A levels (...)” 

	Proximity to Golf Courses and Parkinson’s Disease Risk 
	“this study showed that people that lived near, within a mile or so of golf courses had a much higher incidence of Parkinson's disease (...) it was a 2025 study. Living within one mile of a golf course increased Parkinson's risk by 126% compared to living over six miles away (...)” 

	Leafy Greens, Magnesium, and Sulforaphane: DNA Repair, Detox, and Longevity 
	“leafy greens are high magnesium (...) Magnesium is very important for preventing damage to DNA and cancer (...) there've been studies that have shown that for every hundred milligram decrease in magnesium intake, there's a 24% increase in pancreatic cancer incidents, and that's in a dose dependent manner (...) 
	 
	I particularly like kale and broccoli because of something called sulforaphane (...) Sulforaphane is also increases glutathione in the brain. It helps detoxify pollutants like benzene, BPA” 
	 
	close to 50% of the population in the United States does not have adequate levels of magnesium because they're not eating the foods that they need to to get the magnesium dark leafy greens (...)  
	So there's also studies showing that people with the highest magnesium levels have a 40% lower all cause mortality than people with the lowest magnesium levels (...)  
	 
	magnesium's required to turn vitamin D three into the steroid hormone (...) 
	 
	Athletes require between 10 to 20% more magnesium than the general population because their magnesium losses are so great” 

	Vitamin K’s Role in Blood Clotting 
	“vitamin K is  important for blood coagulation, blood clotting (...) it's one of the reasons why when a baby's first born, they give it a vitamin K shot so that they have blood coagulation.” 

	Choline, Epigenetics, and Cognitive Development in Children 
	“Choline is an essential nutrient that is (...) important for producing all these epigenetic changes called methylation that regulates the way our genes are expressed (...) it’s very important for our cells, like the membranes of our cells (...) 
	 
	pregnant women were given 480 milligrams a day of choline, or (...) 930 milligrams a day (...) And then a variety of cognitive tests were done after the child was born (...) the mothers that had children that were given the really high choline intake, the 930 milligrams scored better on all these IQ tests.” 

	References 
	1.​Passarino, G., De Rango, F., & Montesanto, A. (2016). Human longevity: Genetics or Lifestyle? It takes two to tango. Immunity & Ageing : I & A, 13.  
	2.​Castruita, P., Piña-Escudero, S., Rentería, M., & Yokoyama, J. (2022). Genetic, Social, and Lifestyle Drivers of Healthy Aging and Longevity. Current Genetic Medicine Reports, 1-10.  
	3.​Brooks-Wilson, A. (2013). Genetics of healthy aging and longevity. Human Genetics, 132, 1323 - 1338.  
	4.​Lung, T., Jan, S., Tan, E., Killedar, A., & Hayes, A. (2018). Impact of overweight, obesity and severe obesity on life expectancy of Australian adults. International Journal of Obesity, 43, 782-789.  
	5.​Peeters, A., Barendregt, J., Willekens, F., Mackenbach, J., Mamun, A., & Bonneux, L. (2003). Obesity in Adulthood and Its Consequences for Life Expectancy: A Life-Table Analysis. Annals of Internal Medicine, 138, 24-32.  
	6.​Fontaine, K., Redden, D., Wang, C., Westfall, A., & Allison, D. (2003). Years of life lost due to obesity.. JAMA, 289 2, 187-93.  
	7.​Lin, X., & Li, H. (2021). Obesity: Epidemiology, Pathophysiology, and Therapeutics. Frontiers in Endocrinology, 12.  
	8.​Hishida, T., Yamamoto, M., Hishida-Nozaki, Y., Shao, C., Huang, L., Wang, C., Shojima, K., Xue, Y., Hang, Y., Shokhirev, M., Memczak, S., Sahu, S., Hatanaka, F., Ros, R., Maxwell, M., Chavez, J., Shao, Y., Liao, H., Martinez-Redondo, P., Guillen-Guillen, I., Hernández-Benítez, R., Esteban, C., Qu, J., Holmes, M., Yi, F., Hickey, R., García, P., Delicado, E., Castells, A., Campistol, J., Yu, Y., Hargreaves, D., Asai, A., Reddy, P., Liu, G., & Belmonte, J. (2022). In vivo partial cellular reprogramming enhances liver plasticity and regeneration. Cell reports, 39, 110730 - 110730.  
	9.​Browder, K., Reddy, P., Yamamoto, M., Haghani, A., Guillén, I., Sahu, S., Wang, C., Luque, Y., Prieto, J., Shi, L., Shojima, K., Hishida, T., Lai, Z., Li, Q., Choudhury, F., Wong, W., Liang, Y., Sangaraju, D., Sandoval, W., Esteban, C., Delicado, E., García, P., Pawlak, M., Heiden, J., Horvath, S., Jasper, H., & Belmonte, J. (2022). In vivo partial reprogramming alters age-associated molecular changes during physiological aging in mice. Nature Aging, 2, 243 - 253.  
	10.​Simpson, D., Olova, N., & Chandra, T. (2021). Cellular reprogramming and epigenetic rejuvenation. Clinical Epigenetics, 13.  
	11.​Macip, C., Hasan, R., Hoznek, V., Kim, J., Metzger, L., Sethna, S., & Davidsohn, N. (2023). Gene Therapy-Mediated Partial Reprogramming Extends Lifespan and Reverses Age-Related Changes in Aged Mice. Cellular Reprogramming, 26, 24 - 32.  
	12.​Patterson, R., McNamara, E., Tainio, M., De Sá, T., Smith, A., Sharp, S., Edwards, P., Woodcock, J., Brage, S., & Wijndaele, K. (2018). Sedentary behaviour and risk of all-cause, cardiovascular and cancer mortality, and incident type 2 diabetes: a systematic review and dose response meta-analysis. European Journal of Epidemiology, 33, 811 - 829.  
	13.​Katzmarzyk, P., Powell, K., Jakicic, J., Troiano, R., & Piercy, K. (2019). Sedentary Behavior and Health: Update from the 2018 Physical Activity Guidelines Advisory Committee. Medicine & Science in Sports & Exercise, 51, 1227–1241.  
	14.​Rawshani, A., Rawshani, A., Franzén, S., Sattar, N., Eliasson, B., Svensson, A., Zethelius, B., Miftaraj, M., Mcguire, D., Rosengren, A., & Gudbjörnsdottir, S. (2018). Risk Factors, Mortality, and Cardiovascular Outcomes in Patients with Type 2 Diabetes. The New England Journal of Medicine, 379, 633–644.  
	15.​Pan, A., Wang, Y., Talaei, M., & Hu, F. (2015). Relation of Smoking With Total Mortality and Cardiovascular Events Among Patients With Diabetes Mellitus: A Meta-Analysis and Systematic Review. Circulation, 132, 1795–1804.  
	16.​Mitchell, J. H., Levine, B. D., & McGuire, D. K. (2019). The Dallas bed rest and training study: revisited after 50 years. Circulation, 140(16), 1293-1295.  
	17.​Lang, J., Prince, S., Merucci, K., Cadenas-Sánchez, C., Chaput, J., Fraser, B., Manyanga, T., McGrath, R., Ortega, F., Singh, B., & Tomkinson, G. (2024). Cardiorespiratory fitness is a strong and consistent predictor of morbidity and mortality among adults: an overview of meta-analyses representing over 20.9 million observations from 199 unique cohort studies. British Journal of Sports Medicine, 58, 556 - 566.  
	18.​Laukkanen, J., Isiozor, N., & Kunutsor, S. (2022). Objectively Assessed Cardiorespiratory Fitness and All-Cause Mortality Risk: An Updated Meta-analysis of 37 Cohort Studies Involving 2,258,029 Participants.. Mayo Clinic proceedings.  
	19.​Han, M., Qie, R., Shi, X., Yang, Y., Lu, J., Hu, F., Zhang, M., Zhang, Z., Hu, D., & Zhao, Y. (2022). Cardiorespiratory fitness and mortality from all causes, cardiovascular disease and cancer: dose–response meta-analysis of cohort studies. British Journal of Sports Medicine, 56, 733 - 739.  
	20.​Hannan, A., Hing, W., Simas, V., Climstein, M., Coombes, J., Jayasinghe, R., Byrnes, J., & Furness, J. (2018). High-intensity interval training versus moderate-intensity continuous training within cardiac rehabilitation: a systematic review and meta-analysis. Open Access Journal of Sports Medicine, 9, 1 - 17. 
	21.​Cao, M., Quan, M., & Jie, Z. (2019). Effect of High-Intensity Interval Training versus Moderate-Intensity Continuous Training on Cardiorespiratory Fitness in Children and Adolescents: A Meta-Analysis. International Journal of Environmental Research and Public Health, 16. 
	22.​Guo, Z., Li, M., Cai, J., Gong, W., Liu, Y., & Liu, Z. (2023). Effect of High-Intensity Interval Training vs. Moderate-Intensity Continuous Training on Fat Loss and Cardiorespiratory Fitness in the Young and Middle-Aged a Systematic Review and Meta-Analysis. International Journal of Environmental Research and Public Health, 20.  
	23.​Melo, X., Pinto, R., Angarten, V., Coimbra, M., Correia, D., Roque, M., Reis, J., Santos, V., Fernhall, B., & Santa-Clara, H. (2021). Training responsiveness of cardiorespiratory fitness and arterial stiffness following moderate-intensity continuous training and high-intensity interval training in adults with intellectual and developmental disabilities.. Journal of intellectual disability research : JIDR.  
	24.​Sultana, R., Sabag, A., Keating, S., & Johnson, N. (2019). The Effect of Low-Volume High-Intensity Interval Training on Body Composition and Cardiorespiratory Fitness: A Systematic Review and Meta-Analysis. Sports Medicine, 49, 1687 - 1721.  
	25.​Howden, E. J., Sarma, S., Lawley, J. S., Opondo, M., Cornwell, W., Stoller, D., ... & Levine, B. D. (2018). Reversing the cardiac effects of sedentary aging in middle age—a randomized controlled trial: implications for heart failure prevention. Circulation, 137(15), 1549-1560. 
	26.​Zanoli, L., Lentini, P., Briet, M., Castellino, P., House, A., London, G., Malatino, L., McCullough, P., Mikhailidis, D., & Boutouyrie, P. (2019). Arterial Stiffness in the Heart Disease of CKD.. Journal of the American Society of Nephrology : JASN, 30 6, 918-928.  
	27.​Simm, A. (2013). Protein glycation during aging and in cardiovascular disease.. Journal of proteomics, 92, 248-59.  
	28.​Kizer, J., Benkeser, D., Arnold, A., Ix, J., Mukamal, K., Djoussé, L., Tracy, R., Siscovick, D., Psaty, B., & Zieman, S. (2014). Advanced glycation/glycoxidation endproduct carboxymethyl-lysine and incidence of coronary heart disease and stroke in older adults.. Atherosclerosis, 235 1, 116-21.  
	29.​Asif, M., Egan, J., Vasan, S., Jyothirmayi, G., Masurekar, M., Lopez, S., Williams, C., Torres, R., Wagle, D., Ulrich, P., Cerami, A., Brines, M., & Regan, T. (2000). An advanced glycation endproduct cross-link breaker can reverse age-related increases in myocardial stiffness.. Proceedings of the National Academy of Sciences of the United States of America, 97 6, 2809-13 . 
	30.​Bakris, G., Bank, A., Kass, D., Neutel, J., Preston, R., & Oparil, S. (2004). Advanced glycation end-product cross-link breakers. A novel approach to cardiovascular pathologies related to the aging process.. American journal of hypertension, 17 12 Pt 2, 23S-30S. 
	31.​Harrington, J., Ryter, S., Plataki, M., Price, D., & Choi, A. (2023). Mitochondria in Health, Disease, and Ageing.. Physiological reviews.  
	32.​Ploumi, C., Daskalaki, I., & Tavernarakis, N. (2017). Mitochondrial biogenesis and clearance: a balancing act. The FEBS Journal, 284.  
	33.​Li, Y., Zhang, H., Yu, C., Dong, X., Yang, F., Wang, M., Wen, Z., Su, M., Li, B., & Yang, L. (2024). New Insights into Mitochondria in Health and Diseases. International Journal of Molecular Sciences, 25.  
	34.​Osellame, L., Blacker, T., & Duchen, M. (2012). Cellular and molecular mechanisms of mitochondrial function. Best Practice & Research. Clinical Endocrinology & Metabolism, 26, 711 - 723. 
	35.​Müller, P., Duderstadt, Y., Lessmann, V., & Müller, N. (2020). Lactate and BDNF: Key Mediators of Exercise Induced Neuroplasticity?. Journal of Clinical Medicine, 9.  
	36.​Hayek, L., Khalifeh, M., Zibara, V., Assaad, R., Emmanuel, N., Karnib, N., El-Ghandour, R., Nasrallah, P., Bilen, M., Ibrahim, P., Younes, J., Haidar, E., Barmo, N., Jabre, V., Stephan, J., & Sleiman, S. (2019). Lactate Mediates the Effects of Exercise on Learning and Memory through SIRT1-Dependent Activation of Hippocampal Brain-Derived Neurotrophic Factor (BDNF). The Journal of Neuroscience, 39, 2369 - 2382. 
	37.​Edman, S., Horwath, O., Van Der Stede, T., Blackwood, S., Moberg, I., Strömlind, H., Nordström, F., Ekblom, M., Katz, A., Apró, W., & Moberg, M. (2024). Pro-Brain-Derived Neurotrophic Factor (BDNF), but Not Mature BDNF, Is Expressed in Human Skeletal Muscle: Implications for Exercise-Induced Neuroplasticity. Function, 5.  
	38.​Hayek, L., Khalifeh, M., Zibara, V., Assaad, R., Emmanuel, N., Karnib, N., El-Ghandour, R., Nasrallah, P., Bilen, M., Ibrahim, P., Younes, J., Haidar, E., Barmo, N., Jabre, V., Stephan, J., & Sleiman, S. (2019). Lactate Mediates the Effects of Exercise on Learning and Memory through SIRT1-Dependent Activation of Hippocampal Brain-Derived Neurotrophic Factor (BDNF). The Journal of Neuroscience, 39, 2369 - 2382.  
	39.​Xue, X., Liu, B., Hu, J., Bian, X., & Lou, S. (2022). The potential mechanisms of lactate in mediating exercise-enhanced cognitive function: a dual role as an energy supply substrate and a signaling molecule. Nutrition & Metabolism, 19.  
	40.​ Aliczki, M., Fodor, A., Balogh, Z., Haller, J., & Zelena, D. (2014). The effects of lactation on impulsive behavior in vasopressin-deficient Brattleboro rats. Hormones and Behavior, 66, 545-551.  
	41.​Bisri, T., Utomo, B., & Fuadi, I. (2016). Exogenous lactate infusion improved neurocognitive function of patients with mild traumatic brain injury. Asian Journal of Neurosurgery, 11, 151 - 159.  
	42.​Holloway, R., Zhou, Z., Harvey, H., Levasseur, J., Rice, A., Sun, D., Hamm, R., & Bullock, M. (2007). Effect of lactate therapy upon cognitive deficits after traumatic brain injury in the rat. Acta Neurochirurgica, 149, 919-927.  
	43.​Bouzat, P., Sala, N., Suys, T., Zerlauth, J., Marques-Vidal, P., Feihl, F., Bloch, J., Messerer, M., Levivier, M., Meuli, R., Magistretti, P., & Oddo, M. (2014). Cerebral metabolic effects of exogenous lactate supplementation on the injured human brain. Intensive Care Medicine, 40, 412-421.  
	44.​Lee, Y., Kim, T., Kim, Y., Lee, S., Kim, S., Kang, S., Yang, J., Baek, I., Sung, Y., Park, Y., Hwang, S., O, E., Kim, K., Liu, S., Kamada, N., Gao, N., & Kweon, M. (2018). Microbiota-Derived Lactate Accelerates Intestinal Stem-Cell-Mediated Epithelial Development.. Cell host & microbe, 24 6, 833-846.e6 .  
	45.​Li, X., Yao, Z., Qian, J., Li, H., & Li, H. (2024). Lactate Protects Intestinal Epithelial Barrier Function from Dextran Sulfate Sodium-Induced Damage by GPR81 Signaling. Nutrients, 16.  
	46.​Leak, R. (2014). Heat shock proteins in neurodegenerative disorders and aging. Journal of Cell Communication and Signaling, 8, 293 - 310.  
	47.​Kampinga, H., & Bergink, S. (2016). Heat shock proteins as potential targets for protective strategies in neurodegeneration. The Lancet Neurology, 15, 748-759.  
	48.​Hu, C., Yang, J., Qi, Z., Wu, H., Wang, B., Zou, F., Mei, H., Liu, J., Wang, W., & Liu, Q. (2022). Heat shock proteins: Biological functions, pathological roles, and therapeutic opportunities. MedComm, 3.  
	49.​Erickson, K. I., Voss, M. W., Prakash, R. S., Basak, C., Szabo, A., Chaddock, L., ... & Kramer, A. F. (2011). Exercise training increases size of hippocampus and improves memory. Proceedings of the national academy of sciences, 108(7), 3017-3022.  
	50.​Hörder, H., Johansson, L., Guo, X., Grimby, G., Kern, S., Östling, S., & Skoog, I. (2018). Midlife cardiovascular fitness and dementia: a 44-year longitudinal population study in women. Neurology, 90(15), e1298-e1305. 
	51.​Knopman, D., Amièva, H., Petersen, R., Chételat, G., Holtzman, D., Hyman, B., Nixon, R., & Jones, D. (2021). Alzheimer disease. Nature Reviews Disease Primers, 7, 1-21. 
	52.​Scheltens, P., Blennow, K., Breteler, M., Strooper, B., Frisoni, G., Salloway, S., & Flier, W. (2016). Alzheimer's disease. The Lancet, 388, 505-517.  
	53.​Han, F., Chen, J., Belkin-Rosen, A., Gu, Y., Luo, L., Buxton, O., & Liu, X. (2021). Reduced coupling between cerebrospinal fluid flow and global brain activity is linked to Alzheimer disease–related pathology. PLoS Biology, 19.  
	54.​Rasmussen, M., Mestre, H., & Nedergaard, M. (2018). The glymphatic pathway in neurological disorders. The Lancet Neurology, 17, 1016-1024.  
	55.​Butterfield, D., & Halliwell, B. (2019). Oxidative stress, dysfunctional glucose metabolism and Alzheimer disease. Nature Reviews Neuroscience, 20, 148 - 160.  
	56.​Dewanjee, S., Chakraborthy, P., Bhattacharya, H., Chacko, L., Singh, B., Chaudhary, A., Javvaji, K., Pradhan, S., Vallamkondu, J., Dey, A., Kalra, R., Jha, N., Jha, S., Reddy, P., & Kandimalla, R. (2022). Altered glucose metabolism in Alzheimer's disease: Role of mitochondrial dysfunction and oxidative stress.. Free radical biology & medicine.  
	57.​Fortea, J., Pegueroles, J., Alcolea, D., Belbin, O., Dols-Icardo, O., Vaqué-Alcázar, L., Videla, L., Gispert, J., Suárez-Calvet, M., Johnson, S., Sperling, R., Bejanin, A., Lleó, A., & Montal, V. (2024). APOE4 homozygozity represents a distinct genetic form of Alzheimer's disease.. Nature medicine.  
	58.​Serrano‐Pozo, A., Das, S., & Hyman, B. (2021). APOE and Alzheimer’s Disease: Advances in Genetics, Pathophysiology, and Therapeutic Approaches.. The Lancet. Neurology, 20, 68 - 80.  
	59.​Jellinger, K., Paulus, W., Wrocklage, C., & Litvan, I. (2001). Effects of closed traumatic brain injury and genetic factors on the development of Alzheimer’s disease. European Journal of Neurology, 8.  
	60.​Yeung, L., Alschuler, D., Wall, M., Luttmann-Gibson, H., Copeland, T., Hale, C., Sloan, R., Sesso, H., Manson, J., & Brickman, A. (2023). Multivitamin supplementation improves memory in older adults: a randomized clinical trial.. The American journal of clinical nutrition.  
	61.​Power, R., Nolan, J., Prado-Cabrero, A., Roche, W., Coen, R., Power, T., & Mulcahy, R. (2021). Omega-3 fatty acid, carotenoid and vitamin E supplementation improves working memory in older adults: A randomised clinical trial.. Clinical nutrition, 41 2, 405-414 .  
	62.​Vyas, C., Manson, J., Sesso, H., Cook, N., Rist, P., Weinberg, A., Moorthy, M., Baker, L., Espeland, M., Yeung, L., Brickman, A., & Okereke, O. (2023). Effect of multivitamin-mineral supplementation versus placebo on cognitive function: Results from the clinic sub-cohort of the COSMOS randomized clinical trial and meta-analysis of three cognitive studies within COSMOS.. The American journal of clinical nutrition.  
	63.​Courtemanche, C., Huang, A., Elson-Schwab, I., Kerry, N., Ng, B., & Ames, B. (2004). Folate deficiency and ionizing radiation cause DNA breaks in primary human lymphocytes: a comparison. The FASEB Journal, 18.  
	64.​Kim, Y., Pogribny, I., Basnakian, A., Miller, J., Selhub, J., James, S., & Mason, J. (1997). Folate deficiency in rats induces DNA strand breaks and hypomethylation within the p53 tumor suppressor gene.. The American journal of clinical nutrition, 65 1, 46-52 .  
	65.​Vignard, J., Mirey, G., & Salles, B. (2013). Ionizing-radiation induced DNA double-strand breaks: a direct and indirect lighting up.. Radiotherapy and oncology : journal of the European Society for Therapeutic Radiology and Oncology, 108 3, 362-9 .  
	66.​Margolis, R., & Christakos, S. (2010). The nuclear receptor superfamily of steroid hormones and vitamin D gene regulation. Annals of the New York Academy of Sciences, 1192.  
	67.​Voltan, G., Cannito, M., Ferrarese, M., Ceccato, F., & Camozzi, V. (2023). Vitamin D: An Overview of Gene Regulation, Ranging from Metabolism to Genomic Effects. Genes, 14.  
	68.​Carlberg, C. (2022). Vitamin D and Its Target Genes. Nutrients, 14.  
	69.​Pludowski, P., Holick, M. F., Grant, W. B., Konstantynowicz, J., Mascarenhas, M. R., Haq, A., ... & Wimalawansa, S. J. (2018). Vitamin D supplementation guidelines. The Journal of steroid biochemistry and molecular biology, 175, 125-135.  
	70.​Uçar, N., & Holick, M. (2025). Illuminating the Connection: Cutaneous Vitamin D3 Synthesis and Its Role in Skin Cancer Prevention. Nutrients, 17.  
	71.​Clemens, T., Henderson, S., Adams, J., & Holick, M. (1982). INCREASED SKIN PIGMENT REDUCES THE CAPACITY OF SKIN TO SYNTHESISE VITAMIN D3 . The Lancet, 319, 74-76.  
	72.​Libon, F., Cavalier, E., & Nikkels, A. (2013). Skin Color Is Relevant to Vitamin D Synthesis. Dermatology, 227, 250 - 254.  
	73.​Webb, A., Kazantzidis, A., Kift, R., Farrar, M., Wilkinson, J., & Rhodes, L. (2018). Colour Counts: Sunlight and Skin Type as Drivers of Vitamin D Deficiency at UK Latitudes. Nutrients, 10.  
	74.​Murphy, A. B., Kelley, B., Nyame, Y. A., Martin, I. K., Smith, D. J., Castaneda, L., ... & Kittles, R. A. (2012). Predictors of serum vitamin D levels in African American and European American men in Chicago. American journal of men's health, 6(5), 420-426.  
	75.​Sommer, I., Griebler, U., Kien, C., Auer, S., Klerings, I., Hammer, R., Holzer, P., & Gartlehner, G. (2017). Vitamin D deficiency as a risk factor for dementia: a systematic review and meta-analysis. BMC Geriatrics, 17. 
	76.​Chai, B., Gao, F., Wu, R., Dong, T., Gu, C., Lin, Q., & Zhang, Y. (2019). Vitamin D deficiency as a risk factor for dementia and Alzheimer’s disease: an updated meta-analysis. BMC Neurology, 19.  
	77.​Sofianopoulou, E., Kaptoge, S., Afzal, S., Jiang, T., Gill, D., Gundersen, T., Bolton, T., Allara, E., Arnold, M., Mason, A., Chung, R., Pennells, L., Shi, F., Sun, L., Willeit, P., Forouhi, N., Langenberg, C., Sharp, S., Panico, S., Engström, G., Melander, O., Tong, T., Perez-Cornago, A., Norberg, M., Johansson, I., Katzke, V., Srour, B., Sánchez, J., Redondo-Sánchez, D., Olsen, A., Dahm, C., Overvad, K., Brustad, M., Skeie, G., Moreno-Iribas, C., Onland-Moret, N., Van Der Schouw, Y., Tsilidis, K., Heath, A., Agnoli, C., Krogh, V., De Boer, I., Kobylecki, C., Çolak, Y., Zittermann, A., Sundström, J., Welsh, P., Weiderpass, E., Aglago, E., Ferrari, P., Clarke, R., Boutron, M., Severi, G., MacDonald, C., Providencia, R., Masala, G., Ros, R., Boer, J., Verschuren, W., Cawthon, P., Schierbeck, L., Cooper, C., Schulze, M., Bergmann, M., Hannemann, A., Kiechl, S., Brenner, H., Van Schoor, N., Albertorio, J., Sacerdote, C., Linneberg, A., Kårhus, L., Huerta, J., Imaz, L., Joergensen, C., Ben-Shlomo, Y., Lundqvist, A., Gallacher, J., Sattar, N., Wood, A., Wareham, N., Nordestgaard, B., Di Angelantonio, E., Danesh, J., Butterworth, A., & Burgess, S. (2021). Estimating dose-response relationships for vitamin D with coronary heart disease, stroke, and all-cause mortality: observational and Mendelian randomisation analyses. The Lancet. Diabetes & Endocrinology, 9, 837 - 846.  
	78.​Zhao, Y., Xu, J., Feng, Z., & Wang, J. (2022). Impact of 25-Hydroxy Vitamin D on White Matter Hyperintensity in Elderly Patients: A Systematic Review and Meta-Analysis. Frontiers in Neurology, 12. 
	79.​Vøllestad, N., & Blom, P. (1985). Effect of varying exercise intensity on glycogen depletion in human muscle fibres.. Acta physiologica Scandinavica, 125 3, 395-405 .  
	80.​Roberts, M. N., Wallace, M. A., Tomilov, A. A., Zhou, Z., Marcotte, G. R., Tran, D., ... & Lopez-Dominguez, J. A. (2017). A ketogenic diet extends longevity and healthspan in adult mice. Cell metabolism, 26(3), 539-546.  
	81.​Newman, J. C., Covarrubias, A. J., Zhao, M., Yu, X., Gut, P., Ng, C. P., ... & Verdin, E. (2017). Ketogenic diet reduces midlife mortality and improves memory in aging mice. Cell metabolism, 26(3), 547-557.  
	82.​Hu, E., Du, H., Zhu, X., Wang, L., Shang, S., Wu, X., Lu, H., & Lu, X. (2018). Beta-hydroxybutyrate Promotes the Expression of BDNF in Hippocampal Neurons under Adequate Glucose Supply. Neuroscience, 386, 315-325. 
	83.​Sleiman, S., Henry, J., Al-Haddad, R., Hayek, L., Haidar, E., Stringer, T., Ulja, D., Karuppagounder, S., Holson, E., Ratan, R., Ninan, I., & Chao, M. (2016). Exercise promotes the expression of brain derived neurotrophic factor (BDNF) through the action of the ketone body β-hydroxybutyrate. eLife, 5.  
	84.​Fortier, M., Castellano, C., Croteau, E., Langlois, F., Bocti, C., St‐Pierre, V., Vandenberghe, C., Bernier, M., Roy, M., Descoteaux, M., Whittingstall, K., Lepage, M., Turcotte, É., Fulop, T., & Cunnane, S. (2019). A ketogenic drink improves brain energy and some measures of cognition in mild cognitive impairment. Alzheimer's & Dementia, 15, 625-634. 
	85.​Mujica-Parodi, L. R., Amgalan, A., Sultan, S. F., Antal, B., Sun, X., Skiena, S., ... & Clarke, K. (2020). Diet modulates brain network stability, a biomarker for brain aging, in young adults. Proceedings of the National Academy of Sciences, 117(11), 6170-6177.  
	86.​Mortby, M., Janke, A., Anstey, K., Sachdev, P., & Cherbuin, N. (2013). High “Normal” Blood Glucose Is Associated with Decreased Brain Volume and Cognitive Performance in the 60s: The PATH through Life Study. PLoS ONE, 8.  
	87.​Cherbuin, N., Sachdev, P., & Anstey, K. (2012). Higher normal fasting plasma glucose is associated with hippocampal atrophy. Neurology, 79, 1019 - 1026.  
	88.​Weinstein, G., Maillard, P., Himali, J., Beiser, A., Au, R., Wolf, P., Seshadri, S., & DeCarli, C. (2015). Glucose indices are associated with cognitive and structural brain measures in young adults. Neurology, 84, 2329 - 2337. 
	89.​Wood, E., Hein, S., Mesnage, R., Fernandes, F., Abhayaratne, N., Xu, Y., Zhang, Z., Bell, L., Williams, C., & Rodriguez-Mateos, A. (2023). Wild Blueberry (Poly)phenols can Improve Vascular Function And Cognitive Performance In Healthy Older Males And Females: A Double-Blind Randomized Controlled Trial.. The American journal of clinical nutrition. 
	90.​Whyte, A., Cheng, N., Fromentin, E., & Williams, C. (2018). A Randomized, Double-Blinded, Placebo-Controlled Study to Compare the Safety and Efficacy of Low Dose Enhanced Wild Blueberry Powder and Wild Blueberry Extract (ThinkBlue™) in Maintenance of Episodic and Working Memory in Older Adults. Nutrients, 10.  
	91.​, L., Sun, Z., Zeng, Y., Luo, M., & Yang, J. (2018). Molecular Mechanism and Health Role of Functional Ingredients in Blueberry for Chronic Disease in Human Beings. International Journal of Molecular Sciences, 19.  
	92.​Basu, A., Du, M., Leyva, M., Sanchez, K., Betts, N., Wu, M., Aston, C., & Lyons, T. (2010). Blueberries decrease cardiovascular risk factors in obese men and women with metabolic syndrome.. The Journal of nutrition, 140 9, 1582-7.  
	93.​Travica, N., D'Cunha, N., Naumovski, N., Kent, K., Mellor, D., Firth, J., Georgousopoulou, E., Dean, O., Loughman, A., Jacka, F., & Marx, W. (2020). The effect of blueberry interventions on cognitive performance and mood: A systematic review of randomized controlled trials. Brain, Behavior, and Immunity, 85, 96-105.  
	94.​Calder, P. (2017). Omega-3 fatty acids and inflammatory processes: from molecules to man.. Biochemical Society transactions, 45 5, 1105-1115 .  
	95.​DiNicolantonio, J., & O’Keefe, J. (2018). Importance of maintaining a low omega–6/omega–3 ratio for reducing inflammation. Open Heart, 5.  
	96.​Danaei, G., Ding, E. L., Mozaffarian, D., Taylor, B., Rehm, J., Murray, C. J., & Ezzati, M. (2009). The preventable causes of death in the United States: comparative risk assessment of dietary, lifestyle, and metabolic risk factors. PLoS medicine, 6(4), e1000058.  
	97.​Harris, W. S., Tintle, N. L., Imamura, F., Qian, F., Korat, A. V. A., Marklund, M., ... & Fatty Acids and Outcomes Research Consortium (FORCE). (2021). Blood n-3 fatty acid levels and total and cause-specific mortality from 17 prospective studies. Nature communications, 12(1), 2329. 
	98.​Kris-Etherton, P. M., Richter, C. K., Bowen, K. J., Skulas-Ray, A. C., Jackson, K. H., Petersen, K. S., & Harris, W. S. (2019). Recent clinical trials shed new light on the cardiovascular benefits of omega-3 fatty acids. Methodist DeBakey cardiovascular journal, 15(3), 171. 
	99.​Barboza, L., Vieira, L., Branco, V., Figueiredo, N., Carvalho, F., Carvalho, C., & Guilhermino, L. (2018). Microplastics cause neurotoxicity, oxidative damage and energy-related changes and interact with the bioaccumulation of mercury in the European seabass, Dicentrarchus labrax (Linnaeus, 1758).. Aquatic toxicology, 195, 49-57.  
	100.​Barboza, L., Vieira, L., & Guilhermino, L. (2018). Single and combined effects of microplastics and mercury on juveniles of the European seabass (Dicentrarchus labrax): Changes in behavioural responses and reduction of swimming velocity and resistance time.. Environmental pollution, 236, 1014-1019 .  
	101.​Hightower, J., & Moore, D. (2002). Mercury levels in high-end consumers of fish.. Environmental Health Perspectives, 111, 604 - 608.  
	102.​Kim, M., Kim, J., Park, S., Kim, D., Jung, J., & Cho, D. (2024). Determination of Microplastics in Omega-3 Oil Supplements. Foods, 13.  
	103.​Brodziak-Dopierała, B., Fischer, A., Chrzanowska, M., & Ahnert, B. (2023). Mercury Exposure from the Consumption of Dietary Supplements Containing Vegetable, Cod Liver, and Shark Liver Oils. International Journal of Environmental Research and Public Health, 20.  
	104.​Chilibeck, P., Kaviani, M., Candow, D., & Zello, G. (2017). Effect of creatine supplementation during resistance training on lean tissue mass and muscular strength in older adults: a meta-analysis. Open Access Journal of Sports Medicine, 8, 213 - 226.  
	105.​Forbes, S., Candow, D., Ostojić, S., Roberts, M., & Chilibeck, P. (2021). Meta-Analysis Examining the Importance of Creatine Ingestion Strategies on Lean Tissue Mass and Strength in Older Adults. Nutrients, 13.  
	106.​Mills, S., Candow, D., Forbes, S., Neary, J., Ormsbee, M., & Antonio, J. (2020). Effects of Creatine Supplementation during Resistance Training Sessions in Physically Active Young Adults. Nutrients, 12.  
	107.​Walczak, K., Krasnoborska, J., Samojedny, S., Superson, M., Szmyt, K., Szymańska, K., & Wilk-Trytko, K. (2024). Effect of creatine supplementation on cognitive function and mood. Journal of Education, Health and Sport. 
	108.​Roschel, H., Gualano, B., Ostojic, S., & Rawson, E. (2021). Creatine Supplementation and Brain Health. Nutrients, 13.  
	109.​Gordji-Nejad, A., Matusch, A., Kleedörfer, S., Jayeshkumar Patel, H., Drzezga, A., Elmenhorst, D., ... & Bauer, A. (2024). Single dose creatine improves cognitive performance and induces changes in cerebral high energy phosphates during sleep deprivation. Scientific reports, 14(1), 4937.  
	110.​Sherpa, N. N., De Giorgi, R., Ostinelli, E. G., Choudhury, A., Dolma, T., & Dorjee, S. (2025). Efficacy and safety profile of oral creatine monohydrate in add-on to cognitive-behavioural therapy in depression: An 8-week pilot, double-blind, randomised, placebo-controlled feasibility and exploratory trial in an under-resourced area. European Neuropsychopharmacology, 90, 28-35.  
	111.​ Jiang, J., Zhao, H., Chen, J., Du, J., Ni, W., Zheng, B., ... & Xiao, C. (2025). The association between dietary creatine intake and cancer in US adults: insights from NHANES 2007–2018. Frontiers in nutrition, 11, 1460057. 
	112.​Smith, A. N., Choi, I. Y., Lee, P., Sullivan, D. K., Burns, J. M., Swerdlow, R. H., ... & Taylor, M. K. (2025). Creatine monohydrate pilot in Alzheimer's: Feasibility, brain creatine, and cognition. Alzheimer's & Dementia: Translational Research & Clinical Interventions, 11(2), e70101. 
	113.​Hansen, M., Rubinsztein, D., & Walker, D. (2018). Autophagy as a promoter of longevity: insights from model organisms. Nature Reviews Molecular Cell Biology, 19, 579 - 593.  
	114.​Vasim, I., Majeed, C., & DeBoer, M. (2022). Intermittent Fasting and Metabolic Health. Nutrients, 14.   
	115.​Anton, S., Moehl, K., Donahoo, W., Marosi, K., Lee, S., Mainous, A., Leeuwenburgh, C., & Mattson, M. (2017). Flipping the Metabolic Switch: Understanding and Applying Health Benefits of Fasting. Obesity (Silver Spring, Md.), 26, 254 - 268.  
	116.​Keenan, S., Cooke, M., & Belski, R. (2020). The Effects of Intermittent Fasting Combined with Resistance Training on Lean Body Mass: A Systematic Review of Human Studies. Nutrients, 12.  
	117.​Garaulet, M., Lopez-Minguez, J., Dashti, H., Vetter, C., Hernández-Martínez, A., Pérez‐ayala, M., Baraza, J., Wang, W., Florez, J., Scheer, F., & Saxena, R. (2022). Interplay of Dinner Timing and MTNR1B Type 2 Diabetes Risk Variant on Glucose Tolerance and Insulin Secretion: A Randomized Crossover Trial.. Diabetes care.  
	118.​Chung, N., Bin, Y., Cistulli, P., & Chow, C. (2020). Does the Proximity of Meals to Bedtime Influence the Sleep of Young Adults? A Cross-Sectional Survey of University Students. International Journal of Environmental Research and Public Health, 17.  
	119.​Gu, C., Brereton, N., Schweitzer, A., Cotter, M., Duan, D., Børsheim, E., Wolfe, R., Pham, L., Polotsky, V., & Jun, J. (2020). Metabolic Effects of Late Dinner in Healthy Volunteers - A Randomized Crossover Clinical Trial.. The Journal of clinical endocrinology and metabolism.  
	120.​McCuen‐Wurst, C., Ruggieri, M., & Allison, K. (2018). Disordered eating and obesity: associations between binge‐eating disorder, night‐eating syndrome, and weight‐related comorbidities. Annals of the New York Academy of Sciences, 1411.  
	121.​Couturaud, V., Fur, M., Pelletier, M., & Granotier, F. (2023). Reverse skin aging signs by red light photobiomodulation. Skin Research and Technology, 29.  
	122.​Mota, L., Da Silva Duarte, I., Galache, T., Pretti, K., Neto, O., Motta, L., Horliana, A., Silva, D., & Pavani, C. (2023). Photobiomodulation Reduces Periocular Wrinkle Volume by 30%: A Randomized Controlled Trial.. Photobiomodulation, photomedicine, and laser surgery, 41 2, 48-56 . 
	123.​Ferraresi, C., Huang, Y., & Hamblin, M. (2016). Photobiomodulation in human muscle tissue: an advantage in sports performance?. Journal of Biophotonics, 9.  
	124.​Hamblin, M. (2018). Mechanisms and Mitochondrial Redox Signaling in Photobiomodulation. Photochemistry and Photobiology, 94.  
	125.​Laukkanen, T., Khan, H., Zaccardi, F., & Laukkanen, J. A. (2015). Association between sauna bathing and fatal cardiovascular and all-cause mortality events. JAMA internal medicine, 175(4), 542-548.  
	126.​Mason, A. E., Chowdhary, A., Hartogensis, W., Siwik, C. J., Lupesko-Persky, O., Pandya, L. S., ... & Hecht, F. M. (2024). Feasibility and acceptability of an integrated mind-body intervention for depression: whole-body hyperthermia (WBH) and cognitive behavioral therapy (CBT). International Journal of Hyperthermia, 41(1), 2351459.  
	127.​Janssen, C. W., Lowry, C. A., Mehl, M. R., Allen, J. J., Kelly, K. L., Gartner, D. E., ... & Raison, C. L. (2016). Whole-body hyperthermia for the treatment of major depressive disorder: a randomized clinical trial. JAMA psychiatry, 73(8), 789-795. 
	128.​Lee, E., Kostensalo, J., Willeit, P., Kunutsor, S. K., Laukkanen, T., Zaccardi, F., ... & Laukkanen, J. A. (2021). Standalone sauna vs exercise followed by sauna on cardiovascular function in non‐naïve sauna users: A comparison of acute effects. Health Science Reports, 4(4), e393. 
	129.​Leppäluoto, J., Huttunen, P., Hirvonen, J., Väänänen, A., Tuominen, M., & Vuori, J. (1986). Endocrine effects of repeated sauna bathing.. Acta physiologica Scandinavica, 128 3, 467-70.  
	130.​Le, H. H., Carlson, E. M., Chua, J. P., & Belcher, S. M. (2008). Bisphenol A is released from polycarbonate drinking bottles and mimics the neurotoxic actions of estrogen in developing cerebellar neurons. Toxicology letters, 176(2), 149-156.  
	131.​Chaïb, I., Doyen, P., Merveillie, P., Dehaut, A., & Duflos, G. (2025). Microplastic contaminations in a set of beverages sold in France. Journal of Food Composition and Analysis, 144, 107719.  
	132.​Sharma, V., , X., Lichtfouse, E., & Robert, D. (2022). Nanoplastics are potentially more dangerous than microplastics. Environmental Chemistry Letters.  
	133.​ Carwile, J. L., Ye, X., Zhou, X., Calafat, A. M., & Michels, K. B. (2011). Canned soup consumption and urinary bisphenol A: a randomized crossover trial. Jama, 306(20), 2218-2220. 
	134.​Krzyzanowski, B., Mullan, A. F., Dorsey, E. R., Chirag, S. S., Turcano, P., Camerucci, E., ... & Savica, R. (2025). Proximity to Golf Courses and Risk of Parkinson Disease. JAMA Network Open, 8(5), e259198-e259198.   
	135.​Arasaretnam, S., Kiruthika, A., & Mahendran, T. (2018). Nutritional and mineral composition of selected green leafy vegetables. Ceylon Journal of Science, 47, 35.  
	136.​Bohn, T., Walczyk, T., Leisibach, S., & Hurrell, R. (2006). Chlorophyll‐bound Magnesium in Commonly Consumed Vegetables and Fruits: Relevance to Magnesium Nutrition. Journal of Food Science, 69, 10.  
	137.​Hartwig, A. (2001). Role of magnesium in genomic stability.. Mutation research, 475 1-2, 113-21.  
	138.​Zheltova, A., Kharitonova, M., Iezhitsa, I., & Spasov, A. (2016). Magnesium deficiency and oxidative stress: an update. BioMedicine, 6.  
	139.​Bagheri, A., Naghshi, S., Sadeghi, O., Larijani, B., & Esmaillzadeh, A. (2021). Total, Dietary, and Supplemental Magnesium Intakes and Risk of All-Cause, Cardiovascular, and Cancer Mortality: A Systematic Review and Dose-Response Meta-Analysis of Prospective Cohort Studies.. Advances in nutrition. 
	140.​Hoyt, M., Song, Y., Gao, S., O'palka, J., & Zhang, J. (2021). Intake of Calcium, Magnesium, and Phosphorus and Risk of Pancreatic Cancer in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial.. Journal of the American College of Nutrition, 1-11 .  
	141.​Wark, P., Lau, R., Norat, T., & Kampman, E. (2012). Magnesium intake and colorectal tumor risk: a case-control study and meta-analysis.. The American journal of clinical nutrition, 96 3, 622-31 . 
	142.​Dai, Q., Zhu, X., Manson, J., Song, Y., Li, X., Franke, A., Costello, R., Rosanoff, A., Nian, H., Fan, L., Murff, H., Ness, R., Seidner, D., Yu, C., & Shrubsole, M. (2018). Magnesium status and supplementation influence vitamin D status and metabolism: results from a randomized trial.. The American journal of clinical nutrition, 108 6, 1249-1258 .  
	143.​Rosanoff, A., Weaver, C., & Rude, R. (2012). Suboptimal magnesium status in the United States: are the health consequences underestimated?. Nutrition reviews, 70 3, 153-64.  
	144.​Bird, J., Murphy, R., Ciappio, E., & McBurney, M. (2017). Risk of Deficiency in Multiple Concurrent Micronutrients in Children and Adults in the United States. Nutrients, 9.  
	145.​Hong, L., Xu, Y., Wang, D., Zhang, Q., Li, X., Xie, C., Wu, J., Zhong, C., Fu, J., & Geng, S. (2023). Sulforaphane ameliorates bisphenol A-induced hepatic lipid accumulation by inhibiting endoplasmic reticulum stress. Scientific Reports, 13.  
	146.​ Mangla, B., Javed, S., Sultan, M., Kumar, P., Kohli, K., Najmi, A., Alhazmi, H., Bratty, A., & Ahsan, W. (2021). Sulforaphane: A review of its therapeutic potentials, advances in its nanodelivery, recent patents, and clinical trials. Phytotherapy Research, 35, 5440 - 5458.  
	147.​Sedlak, T., Nucifora, L., Koga, M., Shaffer, L., Higgs, C., Tanaka, T., Wang, A., Coughlin, J., Barker, P., Fahey, J., & Sawa, A. (2018). Sulforaphane Augments Glutathione and Influences Brain Metabolites in Human Subjects: A Clinical Pilot Study. Molecular Neuropsychiatry, 3, 214 - 222.  
	148.​Fang, X., Wang, K., Han, D., He, X., Wei, J., Zhao, L., Imam, M., Ping, Z., Li, Y., Xu, Y., Min, J., & Wang, F. (2016). Dietary magnesium intake and the risk of cardiovascular disease, type 2 diabetes, and all-cause mortality: a dose–response meta-analysis of prospective cohort studies. BMC Medicine, 14. 
	149.​Zhang, H., Wang, R., Guo, S., Tian, Q., Zhang, S., Guo, L., Liu, T., & Wang, R. (2023). Lower serum magnesium concentration and higher 24-h urinary magnesium excretion despite higher dietary magnesium intake in athletes: a systematic review and meta-analysis. Food Science and Human Wellness.  
	150.​Nielsen, F., & Lukaski, H. (2006). Update on the relationship between magnesium and exercise.. Magnesium research, 19 3, 180-9.  
	151.​Mladěnka, P., Macáková, K., Krčmová, K., Javorská, L., Mrštná, K., Carazo, A., Protti, M., Remião, F., & Nováková, L. (2021). Vitamin K – sources, physiological role, kinetics, deficiency, detection, therapeutic use, and toxicity. Nutrition Reviews, 80, 677 - 698.  
	152.​Fakhree, N., Mhaibes, S., & Khalil, H. (2021). Review article - Impact of Vitamin K on Human Health. Iraqi Journal of Pharmaceutical Sciences ( P-ISSN: 1683 - 3597 , E-ISSN : 2521 - 3512).  
	153.​Zeisel, S. (2017). Choline, Other Methyl-Donors and Epigenetics. Nutrients, 9.  
	154.​Bekdash, R. (2019). Neuroprotective Effects of Choline and Other Methyl Donors. Nutrients, 11. 
	155.​Niculescu, M., & Zeisel, S. (2002). Diet, methyl donors and DNA methylation: interactions between dietary folate, methionine and choline.. The Journal of nutrition, 132 8 Suppl, 2333S-2335S .  
	156.​Caudill, M. A., Strupp, B. J., Muscalu, L., Nevins, J. E., & Canfield, R. L. (2018). Maternal choline supplementation during the third trimester of pregnancy improves infant information processing speed: a randomized, double-blind, controlled feeding study. The FASEB Journal, 32(4), 2172.  
	 



