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The Hacking of the American Mind 
 

The Science Behind the Corporate Takeover of Our 
Bodies and Brains 

 
Robert Lustig, MD 

2017 
 
“The one undeniable fact is that of all the items in the 
grocery store, sugar is the only one that is 
independently associated with depression and addiction 
and metabolic syndrome. And, as we’ve already noted, 
it’s undoubtedly the cheapest way to pleasure, and the 
surest path to unhappiness.” 
  
“But fear not, there does appear to be one dietary item 
that can mitigate the damage that sugar does to the 
brain and promote the biochemistry and the processes 
that can predispose us to happiness.”  
 
“And perhaps not surprisingly its presence in the diet 
correlates positively with tryptophan and negatively 
with sugar.”  
 
“What is this magic chemical? It’s omega-3 fatty acids, 
of all things. A type of fat. Something we were told to 
avoid forty years ago. Another item that’s pretty hard 
to come by in the Western diet. Perhaps this is another 
reason that happiness has eluded so many of us.”  
(p. 131-132) 
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The Brain Warrior’s Way 
 

Ignite Your Energy and Focus 
Attack Illness and Aging 

Transform Pain into Purpose 
 

Daniel Amen, MD 
2016 

 
(quoting Mark Hyman) 

 
 
Many physicians say that if you eat a balanced diet you 
do not need supplements. 
 
If people eat wild, fresh, organic, local, non-genetically 
modified food grown in virgin mineral- and nutrient-rich 
soils that has not been transported across vast 
distances and stored for months before being eaten ... 
and work and live outside, breathe only fresh 
unpolluted air, drink only pure, clean water, sleep nine 
hours a night, move their bodies every day, and are 
free from chronic stressors and exposure to 
environmental toxins, then it is possible that they might 
not need supplements. 
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The Key Quartet 
 

1) The Theory of Everything by Michael Pollan: 
  
AA/EPA 1.5-4/1 
 
ALA, EPA, DHA, GLA 
 
3000-3600 mg/day of EPA + DHA 
 
“Most modern people are boiling pots of inflammation: hot steaming, 
churning cauldrons of disordered, chaotic inflammatory responses.” “I 
[William Davis, MD] advocate an intake of 3,000 to 3,600 mg per day (the 
dose of combined omega-3 fatty acids, EPA and DHA, not fish oil).” 
 
“Magnesium and the essential fatty acids found in fish are interdependent; 
each works more efficiently when the other is present in sufficient 
amounts.” 
 
2) Vitamin D 
For the Innate Immune Response, not just for building bone. 
 
The Harvard Medical School Guide to Healthy Eating, Eat, Drink, and Be 
Healthy, by Walter Willett, MD, indicates that one rarely needs Ca++ 
supplementation if one has adequate levels of vitamin D, and that 
excessive Ca++ is actually a health hazard. 
 
Most Americans need 5,000 IU of vitamin D3 daily. 
 
3) Magnesium (Mg++) 
 
Carolyn Dean, MD: 
 
Optimal Ca++/Mg++ ratio is 1/1. Current US average ratio is 10/1. 
 
Typical American needs to supplement with 3-4.5 mg Mg++ per pound 
body weight, daily. 
 
Magnesium is a cofactor for the activity of 700-800 enzymes. 
 
“Magnesium in adequate amounts is essential for the absorption and 
metabolism of calcium and vitamin D.” 
 
“Calcium cannot build bones or prevent osteoporosis without adequate 
levels of magnesium.” 
  
“Magnesium is nature’s calcium channel blocker.” 



 
“The most common causes of high blood pressure are magnesium 
deficiency and calcium excess.” 
 
“Calcium, if not balanced with magnesium, ends up depositing in a child’s 
kidneys, coronary arteries, and cartilage, not the bones.” 
 
“Calcium overload is one of the main causes of inflammation.” “Magnesium 
is a key anti-inflammatory because you can neutralize calcium with 
magnesium, dramatically reducing your levels of inflammation.”  
 
Mildred Seelig, MD: 
 
“Most modern heart disease is caused by magnesium deficiency.” “The diet 
of the industrial world is short on magnesium, and thus is causing an 
epidemic of heart disease in the modern world.” 
 
“Much of the heart disease seen today is a direct result of low magnesium 
consumption.” 
 
“Low magnesium levels adversely affect the heart and blood vessels.” 
 
“Blood vessel muscle cells need healthy amounts of magnesium to relax 
properly after each contraction.” 
 
“Literally every energy-consuming reaction in life involves ATP and thus 
needs magnesium to proceed.” 
 
HMG-CoA reductase is a key enzyme that converts sugar into cholesterol. 
Magnesium blocks this enzyme, so higher levels of Mg++ reduce 
cholesterol levels. 
 
More importantly, there is an enzyme (lecithin-cholesterol-acyl-transferase 
[LCAT]) that converts LDL to HDL. “Magnesium is a necessary cofactor for 
this enzyme.” “Cholesterol measurements can actually be a reflection of 
magnesium status, not fat intake.” Magnesium prevents atherosclerosis. 
 
4) Vitamin K 2-4 and K2-7 
 
Without vitamin K2-4 and K2-7, calcium is deposited into arteries, joints 
and kidneys. Those on statin drugs often need to double vitamin K 
supplementation (clinician, be mindful of clotting issues and 
pharmacology). 
 
 
 



The Minimum Five Supplements 
 
 

1) A quality multiple vitamin/mineral supplement, without copper, daily 
 
The vitamin/mineral content of food is linked to the quality of the soil the food is 
grown in. Not only is our soil depleted of critically important minerals, our crops/soil 
are exposed to huge amounts of chemicals that bind to minerals, making them 
unavailable for human nutritional requirements. This is called nutritional inflation, 
and the entire world is suffering from it. A quality multiple vitamin/mineral 
supplement is now necessary for the majority of people on the planet. Importantly, 
the supplement should not contain copper, as supplemental copper has been linked 
to an increased risk of Alzheimer’s Disease for more than a dozen years. 
 
2)  3,000 mg/day of EPA+DHA omega-3s from purified fish oil per day 
 
The Theory of Everything: the majority of chronic incurable degenerative diseases 
are linked to inflammation. The most critical driver of inflammation is the ratio of 
omega-6 to omega-3 fats. Americans consume far too many inflammatory omega-
6s, and far too few anti-inflammatory omega-3s. 
 
3)  Vitamin D3, 5000 IU per day 
 
Vitamin D does a lot more than build healthy bones. It is critical for immune system 
function and for brain physiology. Most Americans are significantly low in vitamin D 
levels and supplementation is necessary for almost everyone. 
 
4)  Magnesium (Mg++), about 500 mg/day 
 
Magnesium is a cofactor for the activity of 700-800 human enzymes. Magnesium is 
the most important mineral for accessing human energy; it also protects the heart, 
blood vessels, and brain. Most Americans are significantly low in magnesium and 
supplementation is necessary for almost everyone. 
 
5) Vitamin K2-4 and K2-7 
 
Without vitamin K2-4 and K2-7, calcium is deposited into arteries, joints and 
kidneys. This is why most people who take vitamin D should also take vitamin K.  
Individuals with blood clotting disorders should talk to their doctor before taking 
vitamin K. Individuals taking statin drugs often need to double vitamin K 
supplementation, but again should ask their doctor. 
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Memory Rescue 

 
Supercharge Your Brain, Reverse Memory Loss, and Remember 

What Matters Most 
 

Daniel Amen, MD 
2017 

 
“The last 40 years have witnessed a massive increase in the amount of 
hormone-disrupting synthetic chemicals finding their way into our air, 
food, and water....The most sensitive and highly susceptible of human 
tissues turned out to be the thyroid gland.”  
 
“For this reason, many physicians consider the thyroid to be the so-
called ‘canary in the coal mine,’ alerting us to the dangers of ingested 
toxins.”  
  

Undoctored 
 

Why Health Care Has Failed You and How You Can Become 
Smarter Than Your Doctor 

 
William David, MD 

2017 
 

“Iodine and Thyroid Health: Ann Old Problem Returns” 
 

“Those who cannot remember the past are doomed to repeat it” 
 
“Most doctors ignored the fact that grains initiate the process of 
autoimmune thyroid destruction in as many as half the cases of thyroid 
disease.”  
 
“That said, iodine is one of the handful of nutritional supplements 
included in the Undoctored Wild, Naked, and Unwashed approach that 
can pack a powerful punch by correcting a common deficiency, yet 
another component of the combined synergistic Undoctored strategies.” 
 
“Iodine protects the thyroid and other organs against halogenated 
industrial compounds, meaning chemicals containing fluorine, chlorine, 
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 2 
and bromine, toxic compounds that are everywhere, from drinking 
water to swimming pools to herbicide residues on nonorganic 
vegetables to bread. Iodine is also a halogen and thereby partially 
blocks the toxic effects of other halogens.” 
 
“Iodine protects against or can reverse fibrocystic breast disease. 
Fibrocystic breast disease, believed to be a precursor to some forms of 
breast cancer, occurs to greater degrees in women with iodine 
deficiency and can be reversed in many women with iodine restoration.” 
 
“Iodine may be protective for oral health, as the salivary glands also 
concentrate iodine for secretion into saliva.”  
 
“If you are not deficient at the start, iodine is still worth supplementing 
because it provides a protective effect against many industrial 
chemicals and will prevent future deficiency.” [Key Point] 
 
“While iodine is critical for thyroid health, you can see that it is also 
important outside the thyroid, especially for breast and oral health.” 
 
“Once again, we aim for the ideal intake, not an adequate or average 
intake. The Recommended Dietary Allowance, RDA, for iodine in adults 
is 150 micrograms per day, the quantity set many years ago as the 
intake required to not have a goiter.” 
 
“Unfortunately, there are no detailed explorations to establish an ideal 
intake, but I have advised 500 to 1,000 micrograms per day for many 
years and have witnessed assured iodine replacement that includes 
reversal of hypothyroidism and many cases of fibrocystic breast 
disease, with not a single instance of iodine toxicity.” 
 
“There’s another level of complexity to factor in: We live in the age of 
endocrine disruption. We are increasingly exposed to industrial 
chemicals such as bisphenol A (BPA), phthalates in shampoos and 
conditioners, vinyl chloride from plastics, pesticides, herbicides, 
polychlorinated biphenyls (PCBs), perfluoro-octanoic acid from Teflon, 
and many, many others that are proving to be potent disrupters of the 
endocrine system.”  
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Required Supplements 
 

(Nutri-West: 800-443-3333) 
 
Multiple Vitamin-Mineral 
Should be copper free (less than 100 micrograms) and iron free 
(3 Core Level Health Reserves) 
 
 
Omega-3 Fatty Acids 
 Infants, children, pre-puberty: 
 The DHA should be greater than the EPA (2.6/1) 
 900 mg of EPA + DHA per day (8 Complete Children’s EPA/DHA) 
 
 Adults: 
 An ideal ratio of ALA, EPA, DHA, and GLA; EPA should be double DHA 
 3,000 mg of EPA + DHA per day (6 Complete Omega-3 Essentials) 
 or 1 teaspoon of Complete Hi-Potency Omega-3 Liquid 
 
Omega-3 Antioxidants 
(1 Complete Omega-3 Co-Factors per gram of EPA + DHA)  
 
Vitamin D3  (Contraindicated in those with sarcoidosis and other   
    granulomatous diseases)  
 
 Infants:   400 IU per day for infants (1 Vitamin D 400) 
 
 Pre-Puberty:  2,500 IU per day for children (1 Complete Immuno D3) 
 
 
 Adult:  5,000 IU per day (1 Complete Hi D3) 
 
Magnesium  (Contraindicated in those with kidney failure, myasthenia gravis,  
   excessively slow heard rate, bowel obstruction (reference below) 
   (dosage as per Carolyn Dean, MD, reference below) 
  
 3-4.5 mg/pound of body weight (300-900 mg per day, 1-3 per day) 
 
 Complete Magnesium 
 
Vitamin K 2-4 and K 2-7 
 
 Complete K  1 daily, unless on statin drugs, then 2 daily 
 
 



BrainSpan 
 

Omega-6/Omega-3 
 

[Working on Vitamin D and Red Blood Cell Magnesium] 
 

www.brainspan.com/murphy 
make sure that the entire link is all lowercase 

  
Here are the details of what we will offer doctors that attend your 
seminar and sign up through the above link: 
 
•The initial $495 new provider fee will be waived for Murphy doctors 
(NO FEES) 
 
•The initial order to become a provider will only be 3 kits instead of 10 
  
When they register as a new provider and buy 3 kits they will also get 
the following: 
 
•Receive your own online portal to easily access and manage all of your 
patient assessments 
 
•Receive access to all live and recorded BrainSpan webinars and 
presentations 
 
•Receive 100 patient brochures 
 
•Receive BrainSpan posters, Clinical Practice Guidelines, and requisition 
forms 
 
•Receive training on how to use the assessment in your practice 
  
Pricing is as follows: 
 
•$59 per kit when you purchase 5 kits per month (Doctors can cancel at 
anytime after 2 months if the volume is too much) 
 
•$99 per kit (sold in 5 packs) if you want to purchase kits whenever 
you want with no monthly commitment 



Did You Know? 
 
• Spinal stiffness was linked to visceral pathology with nearly 100% accuracy based upon sympathetic innervation.  
 (Medical Times, 1921) 
 
• 1,000 capsules of Tylenol in a lifetime doubles the risk of end stage renal disease. (New England Journal of Medicine, 1994) 
 
• The average time for a whiplash-injured patient to achieve maximum improvement is 7 months 1 week. (Spine, 1994) 
 
• 93% of patients with chronic whiplash pain who have failed medical and physical therapy care improve with chiropractic 
 adjustments. (Injury, 1996) 
 
• Taking the correct drug for the correct diagnoses in the correct dose will kill about 106,000 Americans per year, making it the 
 4th most common cause of death in the US. (Journal of the American Medical Association, 1998) 
 
• Nonsteroidal anti-inflammatory drugs for rheumatoid and/or osteoarthritis conservatively cause 16,500 Americans to bleed 
 to death each year, making that the 15th most common cause of death in the US. (New England Journal of Medicine, 1999) 
 
• Glutamate and aspartame can cause chronic pain sensitization, and removing them from the diet for 4 consecutive months 

can eliminate all chronic pain symptoms. (Annals of Pharmacotherapy, 2002) 
 
• Chiropractic spinal adjusting has been shown to be better than 5 times more effective than the NSAIDs pain drugs Celebrex 
 and Vioxx in the treatment of chronic neck and low back pain. (Spine, 2003) 
 
• In patients suffering from chronic pain subsequent to degenerative spinal disease, 59% can eliminate the need for pain drugs 
 by consuming adequate levels of omega-3 essential fatty acids. (Surgical Neurology, 2006) 
 
• Chiropractic adjustments have been shown to significantly lower blood pressure. (Journal of Human Hypertension, 2007) 
 
• The estimated incidence of chronic pain from whiplash trauma is 15-40%. (Jour of the Am Academy of Ortho Surg, 2007) 
 
• Meniere’s Disease has been linked to a disorder of the upper cervical spine facet joints. (International Tinnitus Jour, 2007) 
 
• Supplementing with vitamin D3 has the potential to reduce cancer deaths in America by 75%. (Ann of Epidemiology, 2009) 
 
• Potentially, the largest exposure of Americans to the neurotoxin mercury is through the consumption of products containing 
 High Fructose Corn Syrup. (Environmental Health, 2009) 
 
• Those who consumed the highest amounts of nonsteroidal anti-inflammatory pain drugs increased their risk of dementia, 
 including Alzheimer’s dementia, by 66%. (Neurology, 2009) 
 
• The newest estimate for the incidence of autism is 1 in 91 US children. (Pediatrics, 2009) 
 
These published facts and hundreds more are available through my Article Review Service, now in its 15th year. Reviews are detailed, 
thorough, timely and cutting-edge, with KEY POINTS summary and chiropractic practical applications. The Reviews are in PDF 
format for easy printing. They are excellent for educating the chiropractor, staff, patients and for lecture preparation. 
Sign-up through the website with a credit card, $100.00 per year. The Archives (past years 2001-2013) are available for $150.00. 
 
Website:  www.danmurphydc.com 
Assistant:   Michelle Schaer, DC (602) 826-2277; drmschaer@cox.net 
 
SUBSCRIBER COMMENTS 
Dr. Dan, 
Any chiropractor that truly cares about his patients and not about just making a buck needs to be subscribing to your Article Review 
Updates. I certainly am going to do my part to see that each chiro I come in contact with knows what an absolutely invaluable 
resource it is. I sat in amazement at the last two articles you sent regarding antibiotic overuse and atopic disorders. What crucial 
information to pass on to my practice members. Thanks and keep up the awesome work.                               Dr. G.M.; August 1, 2002 
Dear Dan, 
I hope you can continue providing this information for many years to come.  I have been in practice for 18 years and find these 
citations to be the most informative, chiropractically relevant information that I have received in my career.  I would be willing to pay 
more for this information to make sure that it keeps coming.  Again, thank you!!                                              JR, DC; January 8, 2005 



- Dizziness
- Headaches
- Pain
- Low-level laser therapy

- Pediatric books
- Vaccine update
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- Fat

- Copper
- Lectins
- Melatonin
- Opiates
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- Cervial kyphosis
- Short leg syndrome
- CSF cork
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CHRONIC TRAUMATIC ENCEPHALOPATHY IN A
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OBJECTIVE: We present the results of the autopsy of a retired professional football
player that revealed neuropathological changes consistent with long-term repetitive
concussive brain injury. This case draws attention to the need for further studies in the
cohort of retired National Football League players to elucidate the neuropathological
sequelae of repeated mild traumatic brain injury in professional football.
METHODS: The patient’s premortem medical history included symptoms of cognitive
impairment, a mood disorder, and parkinsonian symptoms. There was no family
history of Alzheimer’s disease or any other head trauma outside football. A complete
autopsy with a comprehensive neuropathological examination was performed on the
retired National Football League player approximately 12 years after retirement. He
died suddenly as a result of coronary atherosclerotic disease. Studies included deter-
mination of apolipoprotein E genotype.
RESULTS: Autopsy confirmed the presence of coronary atherosclerotic disease with
dilated cardiomyopathy. The brain demonstrated no cortical atrophy, cortical contu-
sion, hemorrhage, or infarcts. The substantia nigra revealed mild pallor with mild
dropout of pigmented neurons. There was mild neuronal dropout in the frontal,
parietal, and temporal neocortex. Chronic traumatic encephalopathy was evident with
many diffuse amyloid plaques as well as sparse neurofibrillary tangles and �-positive
neuritic threads in neocortical areas. There were no neurofibrillary tangles or neuropil
threads in the hippocampus or entorhinal cortex. Lewy bodies were absent. The
apolipoprotein E genotype was E3/E3.
CONCLUSION: This case highlights potential long-term neurodegenerative outcomes in
retired professional National Football League players subjected to repeated mild traumatic
brain injury. The prevalence and pathoetiological mechanisms of these possible adverse
long-term outcomes and their relation to duration of years of playing football have not
been sufficiently studied. We recommend comprehensive clinical and forensic ap-
proaches to understand and further elucidate this emergent professional sport hazard.

KEY WORDS: Chronic traumatic encephalopathy, National Football League, Retired professional football
players

Neurosurgery 57:128-134, 2005 DOI: 10.1227/01.NEU.0000163407.92769.ED www.neurosurgery-online.com

Several professional players of the Na-
tional Football League (NFL) have re-
tired prematurely because of postcon-

cussion syndrome (29), a possible outcome of
repeated concussion of the brain. The NFL
Committee on Mild Traumatic Brain Injury,
which was formed in 1994 to study this trend,
has replaced the terminology postconcussion
syndrome with mild traumatic brain injury
(MTBI). MTBI is defined as a “traumatically
induced alteration in brain function that is
manifested by a) alteration of awareness or

consciousness, including but not limited to
loss of consciousness, sensation of being
dazed or stunned, sensation of wooziness or
fogginess, seizure, or amnesic period; and b)
signs and symptoms commonly associated
with postconcussion syndrome, including
persistent headaches, vertigo, lightheaded-
ness, loss of balance, unsteadiness, syncope,
near-syncope, cognitive dysfunction, memory
disturbance, hearing loss, tinnitus, blurred vi-
sion, diplopia, visual loss, personality change,
drowsiness, lethargy, fatigue, and inability to

128 | VOLUME 57 | NUMBER 1 | JULY 2005 www.neurosurgery-online.com
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 1 
Traumatic Brain Injury:  

A Potential Cause of Violent Crime? 
 

Lancet Psychiatry 
Published online February 26, 2018 

 
W Huw Williams, Prathiba Chitsabesan, Seena Fazel, Tom McMillan, Nathan Hughes, 
Michael Parsonage, James Tonks: 
From the University of Exeter, UK; University of Manchester, UK; University of 
Oxford, UK; University of Glasgow, UK; University of Sheffield, UK. 
This article has 99 references. 
 
These authors searched Ovid, MEDLINE, and Ovid-PsycINFO from April 15, 2007, to 
April 15, 2017, using the search terms: “TBI” or “Head Injury”, “Traumatic Brain 
Injury, Crime, Offend, Prison, Juvenile + Delinquent”. They identified 102 articles 
that were relevant to traumatic brain injury and crime. 
 
KEY POINTS FROM THIS ARTICLE: 
 
1) “Traumatic brain injury (TBI) is the biggest cause of death and disability in 
children and young people.” “TBI is the largest cause of mortality and morbidity in 
children and young people.” 
 
2) “TBI compromises important neurological functions for self-regulation and 
social behaviour and increases risk of behavioral disorder and psychiatric 
morbidity.”  
 
3) “Multiple factors play a role in crime. We show how TBI is a risk factor for 
earlier, more violent, offending.” 
 
4) “Traumatic brain injury is very common in young people. TBI often leads to 
cognitive and personality issues that might increase risk of crime.”  
 
5) “TBIs involve an insult to the brain from an external mechanical force (eg: a 
blow to the head in an assault, a fall, or car crash).”  
 
• “TBI frequently occurs from falls, sporting injuries, fights, assaults, and road 
 accidents.” 
 
• “These injuries can lead to lacerations and bruising of the brain structures, 
 especially around bony protrusions on the basal surface of the skull.” 
 
6) With increased severity of brain injury, “there is a higher risk of chronic 
problems.”  
 
7) “With moderate to severe TBI there is, more likely than not, long-term 
neurocognitive, behavioral, and psychiatric disturbance.” [Important]  
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 2 
 
8) “Systematic reviews and large cohort studies have identified that psychiatric 
morbidity is high in individuals with TBI.” 
 
• Depression is increased 
 
• Post-traumatic stress disorder occurs in 5–7% of individuals with mild TBIs. 
 
• Panic disorder risk increases 
 
• Social phobia increases  
 
• Agoraphobia increases 
 
• An increase in psychotic episodes 
 
• A higher risk of premature mortality 
 
• A higher risk of suicide 
 
9) The neuropsychological effects of TBI include: 
 
• Poor memory 
• Poor attention 
• Poor concentration 
• Poor planning 
• “Deficits in emotional regulation—characterized by impulsiveness and poor 
 social judgment.” 
• Impulsiveness 
• Poor social judgment 
• Problems in attentional control  
• Poor decision making  
• Problems in inhibitory functions 
• Lack of control of social behaviour 
• Increased risk of impulsive aggression 
 
10) “Milder TBIs can lead to problems in attentional control and inhibitory 
functions.” 
 
11) “Injury to frontal systems can lead to increased risk of impulsive aggression, 
poor decision making, and lack of control of social behaviour.” 
 
• “Veterans from the Vietnam War with injuries to the frontal ventromedial 
 cortex were rated as more aggressive and violent compared with non-injured 
 controls and patients with lesions in other brain areas.” 
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 3 
12) “Birth cohort and data linkage studies in adolescents and adults indicate that 
TBI is associated with increased risk of perpetrating crime.” 
 
13) “TBI during childhood or adolescence was associated with a four times 
increased risk of mental disorder with coexisting offending in adulthood.”  
 
• “TBI before 12 years of age was linked to earlier onset of criminality.”  
 
14) “Broadly consistent findings in four major data-linkage studies have indicated 
that TBI does increase criminality.” 
 
15) TBI might be a “prominent marker for a range of issues that indicate a risk for 
crime.” [Key Point] 
 
16) “Studies indicate that TBI is an independent risk factor for crime.” [Key Point]   
 
17) TBI appears to increase the chances of violent crime. 
 
18) Conclusions:  
 
• “TBI appears to be associated with earlier age of incarceration, increased risk 
 of violence, and more convictions.”  
 
• “Young offenders with TBI are particularly at risk of self-harm and suicidal 
 behaviour.”  
 
• “There has been an assumption that TBI was just a coincidental occurrence in 
 the lives of risk takers: people who were pre-morbidly set to be on a 
 trajectory towards crime. But as we have shown in this review, the research 
 evidence suggests otherwise.” [Key Point] 
 
• “Addressing TBI offers a means not only to improve the lives of those who 
 offend, but also, crucially, to reduce crime.” [Key Point] 
 
19) “Injury in childhood and adolescence can, therefore, lead to impulsivity, poor 
socio-communication skills, and concomitant externalizing behaviors. Injury at this 
life stage could well disrupt the development of pro-social life roles. Such patterns 
of behaviour could underlie a drift from the classroom to the courtroom.” 
 
20) Neuroimaging with CT and MRI show higher levels of brain anomalies in 
criminal offenders.  
 
• Violent prisoners (42%) had significantly more morphological abnormalities 
than non-violent prisoners (26%) or controls (8%). 
 
 • Violent offenders typically show anomalies in areas associated with empathy.  
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 4 
21) “In incarcerated young people, TBI appears to be prevalent and linked to 
greater risk of violence.” 
 
22) “TBI was linked to mental health problems, misuse of cannabis, and more 
convictions.”  
 
• A study of 197 young incarcerated male offenders (average age 16 years), 
 60% reported a head injury. 
 
• In a study of 93 incarcerated boys (aged 15–18 years), 82% reported a TBI 
 and 18% had moderate–severe current post-concussion symptoms.  
 
 •• Those with moderate to severe TBI also reported: 
  ADHD      29%  
  Speech and language impairments  36% 
  Alcohol misuse     71% 
  Cannabis problems    86% 
  Risk of deliberate self-harm   57%  
  Suicide Risk    50%  
 
• A study of 1,345, adolescents, mostly male, found that those with TBI had 
 higher risks of psychopathy, moral disengagement, impulsivity, bullying, peer 
 delinquency, and violent victimization.  
 
• A study on the “lifetime prevalence of TBI in prisoners, 65% of males and 
 72%  of females reported one TBI with alteration of consciousness.”  
 [Ferguson PL, Pickelsimer EE, Corrigan JD, Bogner JA, Wald M. Prevalence of 
 traumatic brain injury among prisoners in South Carolina. J Head Trauma 
 Rehabil 2012; 27: E11–20.] 
 
• In the UK, of 200 adult male prisoners, 60% reported some form of TBI.  
  
• A study of over 11 years of 17,569 inmates, “found that males and females 
 with TBI had significantly higher rates of violent infractions.”  
 
• In a group of 151 inmates, incarcerated 12–30 months, those with TBI had a 
 57% recidivism rated in the 12 month follow-up as compared to those without 
 TBI. 
 
23) “Longer loss-of-consciousness was associated with more symptoms.”  
 
24) “TBI appears to increase the chances of violent crime.” [Key Point] 
 
25) “TBI appears to be associated with earlier age of incarceration, increased risk 
of violence, and more convictions.”   
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 5 
26) “Neuropsychological dysfunction is linked to violence, infractions in prison, 
poorer treatment gains, and reconviction.”  
 
27) “Young offenders with TBI are particularly at risk of self-harm and suicidal 
behaviour.” 
 
28) “There has been an assumption that TBI was just a coincidental occurrence in 
the lives of risk takers: people who were pre-morbidly set to be on a trajectory 
towards crime. But as we have shown in this review, the research evidence 
suggests otherwise. Addressing TBI offers a means not only to improve the lives of 
those who offend, but also, crucially, to reduce crime.” 
 
COMMENTS FROM DAN MURPHY 
 
Rounded, 60% of those incarcerated have a history of traumatic brain injury.  
 
The younger the person is at the time of brain injury, the greater the risk of 
incarceration.  
 
The more severe the brain injury is, the greater the risk of incarceration.  
 
With increased number of brain injuries there is a greater risk of incarceration.  
 
These authors imply that all brain injuries are important, especially in youth. Since 
brain injury and future crime are apparently linked, treatment of brain injuries has 
the potential to reduce crime rates and incarceration costs. 
 
We have a solid traumatic brain injury protocol that addresses many of the 
understood pathophysiological consequences of such injuries. It involves a 
combination of chiropractic (improves brain blood flow), diet (nutrition), 
supplements, low-level laser therapy, sleep hygiene, and cognitive exercises. 
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 1 
Age of First Exposure to Tackle Football and Chronic Traumatic 

Encephalopathy 
 

Annals of Neurology 
Epub, April 30, 2018 

 
Michael L. Alosco, PhD, Jesse Mez, MD, MS, Yorghos Tripodis, PhD, Patrick T. 
Kiernan, BA, Bobak Abdolmohammadi, BA, Lauren Murphy, BA, Neil W. Kowall, MD, 
Thor D. Stein, MD, PhD, Bertrand Russell Huber, MD, PhD, Lee E. Goldstein, MD, 
PhD, Robert C. Cantu, MD, Douglas I. Katz, MD, Christine E. Chaisson, MPH, Brett 
Martin, MS, Todd M. Solomon, PhD, Michael D. McClean, ScD, Daniel H. Daneshvar, 
MD, PhD, Christopher J. Nowinski, PhD, Robert A. Stern, PhD, Ann C. McKee, MD: 
 
Authors are from Boston University School of Medicine, Arizona College of 
Osteopathic Medicine, Midwestern University, and Stanford University.  
This study cited 47 references. 
 
Chronic traumatic encephalopathy (CTE) is a neurodegenerative disease associated 
with exposure to repetitive head impacts (RHI), such as those from tackle football. 
 
CTE is pathologically characterized by an abnormal perivascular deposition of 
hyper-phosphorylated tau (p-tau) in neurons and astrocytes. 
 
CTE can only be diagnosed through neuropathological examination. 
 
The clinical presentation of CTE seems to involve early-life behavioral/mood 
symptoms and/or later-life cognitive impairment.  
 
Nearly all reported cases of CTE have exhibited cognitive dysfunction at some point 
during their life, and those that present with cognitive impairment as an initial 
symptom tend to develop dementia. 
 
The objective of this study was to examine the effect of age of first exposure (AFE) 
to tackle football on CTE pathological severity and age of neurobehavioral symptom. 
 
The subjects were 246 tackle football players who donated their brains for 
neuropathological examination; 211 were diagnosed with CTE and 35 were without 
CTE.  
 
This study is part of the National Institutes of Health-funded project, entitled, 
“Understanding Neurologic Injury and Traumatic Encephalopathy (UNITE).”   
 
KEY POINTS FROM THIS ARTICLE: 
 
1) “Helmet accelerometer research shows that youth football players can 
experience a median of 252 head impacts per season that can exceed a force of 
80g, but 50% of impacts are between 10g to 20g.”  
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 2 
2) “Exposure to these subconcussive head impacts during youth tackle football 
has been shown to result in microstructural brain changes following a single season 
of play.” [Important] 
 
• “Repetitive head impacts, in general, is associated with macro- and 
 microstructural, neurochemical, and functional brain alterations.” 
 
3) “In the 211 participants with CTE, every one year younger participants began 
to play tackle football predicted earlier reported cognitive symptom onset by 2.44 
years and behavioral/mood symptoms by 2.5 years.” [Key Point] 
 
4) Beginning football before 12 predicted earlier cognitive symptom onset by 
13.39 years. [Key Point] 
 
5) Beginning football before 12 predicted earlier behavioral/mood symptom 
onset by 13.28 years. [Key Point]  
 
6) Younger age of exposure to tackle football predicted earlier neurobehavioral 
symptom onset. [Key Point] 
 
7) “Youth exposure to tackle football may reduce resiliency to late life 
neuropathology.”  
 
8) “A single season of youth tackle football has corresponded with white matter 
changes in 8 to 13 year old youth tackle football players.” [Important] 
 
9) “It is possible that youth exposure to repetitive head impacts may disrupt 
neurodevelopment to lower the threshold for later life clinical dysfunction.”   
 
10) In this sample of 211 amateur and professional tackle football players with 
neuropathologically-confirmed CTE, younger age of first exposure to tackle football 
predicted earlier reported cognitive and behavioral/mood symptom onset.  
 
• “Every one year younger that participants began to play football resulted in 
 earlier reported onset of cognitive and behavioral/mood symptoms by 
 approximately 2.5 years.”  
 
• “These findings were independent of level (i.e., high school, college, 
 professional) and duration of play.” 
 
11) “Our findings that show a relationship between age of first exposure and age 
of symptom onset are consistent with previous research in living former amateur 
and professional tackle football players that linked younger age of first exposure to 
tackle football, before age 12 in particular, with worse cognitive, behavior, and 
mood outcomes.”  
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 3 
12) “Repetitive head impact from tackle football during critical 
neurodevelopmental time periods may reduce an individual’s resiliency to late life 
neuropathology. Brain maturation is at its peak between the ages of 9-12 in males 
when cortical thickness is at its maximum, particularly within the frontal and 
temporal lobes.” 
 
13) “Younger age of first exposure to tackle football, before age 12 in particular, 
predicted earlier reported neurobehavioral symptom onset by more than 13 years in 
participants with neuropathologically confirmed CTE.”  
 
• “Similar effects on neurobehavioral symptoms were observed in participants 
 without CTE, suggesting that the relationship between younger age of first 
 exposure to tackle football and long-term neurobehavioral disturbances may 
 not be specific to  CTE.”  
 
COMMENTS FROM DAN MURPHY: 
 
This study suffers from selection bias in that subject brains came from the Veteran’s 
Affairs-Boston University-Concussion Legacy Foundation. A criticism of this type of 
study is that it did not include an appropriate control and/or comparison group.  
 
The findings from this study argue that it is prudent not to let children younger 
than age 12 participate in tackle football [and possibly other sports that involve 
repetitive head impacts]. 
 
The study also argues that if one is to play tackle football, it is prudent to begin 
participation in the game as late as possible. 
 
Cited references in this article present other evidence that other contacts are bad 
for the brain, especially in youth, including soccer, hockey, rugby, etc. 
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Multiparametric MRI changes persist
beyond recovery in concussed adolescent
hockey players

ABSTRACT

Objective: To determine whether multiparametric MRI data can provide insight into the acute and
long-lasting neuronal sequelae after a concussion in adolescent athletes.

Methods: Players were recruited from Bantam hockey leagues in which body checking is first
introduced (male, age 11–14 years). Clinical measures, diffusion metrics, resting-state network
and region-to-region functional connectivity patterns, and magnetic resonance spectroscopy
absolute metabolite concentrations were analyzed from an independent, age-matched control
group of hockey players (n 5 26) and longitudinally in concussed athletes within 24 to 72 hours
(n 5 17) and 3 months (n 5 14) after a diagnosed concussion.

Results: There were diffusion abnormalities within multiple white matter tracts, functional hyper-
connectivity, and decreases in choline 3 months after concussion. Tract-specific spatial statistics
revealed a large region along the superior longitudinal fasciculus with the largest decreases in dif-
fusivity measures, which significantly correlated with clinical deficits. This region also spatially
intersected with probabilistic tracts connecting cortical regions where we found acute functional
connectivity changes. Hyperconnectivity patterns at 3 months after concussion were present on-
ly in players with relatively less severe clinical outcomes, higher choline concentrations, and dif-
fusivity indicative of relatively less axonal disruption.

Conclusions: Changes persisted well after players’ clinical scores had returned to normal and they
had been cleared to return to play. Ongoing white matter maturation may make adolescent ath-
letes particularly vulnerable to brain injury, and they may require extended recovery periods. The
consequences of early brain injury for ongoing brain development and risk of more serious con-
ditions such as second impact syndrome or neural degenerative processes need to be elucidated.
Neurology® 2017;89:2157–2166

GLOSSARY
AD 5 axial diffusivity; CST 5 corticospinal tract; DMN 5 default mode network; DTI 5 diffusion tensor imaging; FA 5
fractional anisotropy;MD5mean diffusivity;MRS5magnetic resonance spectroscopy; RD5 radial diffusivity; ROI5 region
of interest; RS 5 resting-state; RSN 5 resting-state network; SLF 5 superior longitudinal fasciculus.

Concussion remains a critical health problem, and the developing brain may be uniquely sus-
ceptible.1 In Canada, hockey-related concussions account for nearly half of all sports team–

related concussions and disproportionately affect adolescents.2 The neuronal mechanisms that
underlie concussion remain poorly understood. A complex cascade of structural, functional, and
metabolic changes are secondary to rotational acceleration of the brain.3 MRI studies have re-
ported neuronal vulnerabilities that persist after athletes have been cleared to return to play.4–7

Without full recovery, players may have increased susceptibility to injury and may be at risk of
serious conditions such as second impact syndrome.8 Therefore, it is essential to understand the
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A lower choline concentration was associated 
with a lower absolute interregional connectivity 
value.  
 
Returning to play may affect the brain and any 
ongoing neuro-reparative mechanisms.  
 
Given the long-lasting changes we found at 
3months, [these individuals may have] increased 
vulnerability to future concussions and the 
development of neurodegenerative diseases such 
as chronic traumatic encephalopathy. 
 
The persistent changes we observed in this study 
provide evidence of prolonged axonal disruption, 
spatially related to connectivity changes and 
choline metabolite decreases and correlated 
significantly with clinical deficits.  
 
Diffuse hyper-connectivity patterns were present 
3 months after concussion, well after clearance to 
return to play and symptomatic recovery.  
 
This adolescent population may be particularly 
vulnerable to injury while axons continue to 
myelinate and mature, and our results suggest 
that they may require longer recovery periods. 
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Concussion, microvascular injury, and early
tauopathy in young athletes after impact head
injury and an impact concussion mouse model

Chad A. Tagge,1,2,* Andrew M. Fisher,1,2,* Olga V. Minaeva,1,2,3,* Amanda Gaudreau-
Balderrama,1,2 Juliet A. Moncaster,1,3,4 Xiao-Lei Zhang,5 Mark W. Wojnarowicz,1,4

Noel Casey,1,6 Haiyan Lu,7 Olga N. Kokiko-Cochran,7,† Sudad Saman,8 Maria Ericsson,9

Kristen D. Onos,10 Ronel Veksler,11 Vladimir V. Senatorov, Jr,12 Asami Kondo,13

Xiao Z. Zhou,13 Omid Miry,5 Linnea R. Vose,5 Katisha R. Gopaul,5 Chirag Upreti,5

Christopher J. Nowinski,4,14 Robert C. Cantu,4,14,15 Victor E. Alvarez,14,16 Audrey
M. Hildebrandt,16 Erich S. Franz,1,2 Janusz Konrad,2 James A. Hamilton,4 Ning Hua,4

Yorghos Tripodis,14,17 Andrew T. Anderson,18 Gareth R. Howell,10 Daniela Kaufer,12,19

Garth F. Hall,8 Kun P. Lu,13 Richard M. Ransohoff,7,z Robin O. Cleveland,20 Neil
W. Kowall,4,14,16 Thor D. Stein,4,14,16 Bruce T. Lamb,7,$ Bertrand R. Huber,4,14,16,21

William C. Moss,18 Alon Friedman,11,22 Patric K. Stanton,5 Ann C. McKee,4,14,16

Lee E. Goldstein1,2,3,4,6,14

*These authors contributed equally to this work.

The mechanisms underpinning concussion, traumatic brain injury, and chronic traumatic encephalopathy, and the relationships

between these disorders, are poorly understood. We examined post-mortem brains from teenage athletes in the acute-subacute

period after mild closed-head impact injury and found astrocytosis, myelinated axonopathy, microvascular injury, perivascular

neuroinflammation, and phosphorylated tau protein pathology. To investigate causal mechanisms, we developed a mouse model of

lateral closed-head impact injury that uses momentum transfer to induce traumatic head acceleration. Unanaesthetized mice

subjected to unilateral impact exhibited abrupt onset, transient course, and rapid resolution of a concussion-like syndrome

characterized by altered arousal, contralateral hemiparesis, truncal ataxia, locomotor and balance impairments, and neurobeha-

vioural deficits. Experimental impact injury was associated with axonopathy, blood–brain barrier disruption, astrocytosis, micro-

gliosis (with activation of triggering receptor expressed on myeloid cells, TREM2), monocyte infiltration, and phosphorylated

tauopathy in cerebral cortex ipsilateral and subjacent to impact. Phosphorylated tauopathy was detected in ipsilateral axons by

24 h, bilateral axons and soma by 2 weeks, and distant cortex bilaterally at 5.5 months post-injury. Impact pathologies co-localized

with serum albumin extravasation in the brain that was diagnostically detectable in living mice by dynamic contrast-enhanced

MRI. These pathologies were also accompanied by early, persistent, and bilateral impairment in axonal conduction velocity in the

hippocampus and defective long-term potentiation of synaptic neurotransmission in the medial prefrontal cortex, brain regions

distant from acute brain injury. Surprisingly, acute neurobehavioural deficits at the time of injury did not correlate with blood–

brain barrier disruption, microgliosis, neuroinflammation, phosphorylated tauopathy, or electrophysiological dysfunction.

Furthermore, concussion-like deficits were observed after impact injury, but not after blast exposure under experimental conditions

matched for head kinematics. Computational modelling showed that impact injury generated focal point loading on the head and

seven-fold greater peak shear stress in the brain compared to blast exposure. Moreover, intracerebral shear stress peaked before

onset of gross head motion. By comparison, blast induced distributed force loading on the head and diffuse, lower magnitude shear

doi:10.1093/brain/awx350 BRAIN 2018: 0; 1–37 | 1
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stress in the brain. We conclude that force loading mechanics at the time of injury shape acute neurobehavioural responses,

structural brain damage, and neuropathological sequelae triggered by neurotrauma. These results indicate that closed-head

impact injuries, independent of concussive signs, can induce traumatic brain injury as well as early pathologies and functional

sequelae associated with chronic traumatic encephalopathy. These results also shed light on the origins of concussion and rela-

tionship to traumatic brain injury and its aftermath.
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Introduction
Closed-head impact injuries are a common cause of con-
cussion (Ropper and Gorson, 2007; Harmon et al., 2013;
McCrory et al., 2013; Sharp and Jenkins, 2015) and trau-
matic brain injury (TBI) (Langlois et al., 2006; Menon
et al., 2010; Jordan, 2013; Sharp et al., 2016). These inju-
ries are also associated with post-traumatic sequelae
(Guskiewicz et al., 2007a; Ropper and Gorson, 2007;
Blennow et al., 2012; Smith et al., 2013b ), including late-
life cognitive decline, neurodegenerative disease, and de-
mentia (Guskiewicz et al., 2005; Gavett et al., 2010;
Lehman et al., 2012; Stamm et al., 2015; Stein et al.,
2015b ; Montenigro et al., 2017). Emerging evidence impli-
cates repetitive neurotrauma, including sports-related

closed-head impact injuries, as a major risk factor for
later development of chronic traumatic encephalopathy
(CTE), a progressive tau protein neurodegenerative disease
(McKee et al., 2013, 2016; Mez et al., 2017).
An association between sports-related head injuries and

chronic neuropsychiatric disturbances was first described
by Martland as the ‘punch-drunk syndrome’ of pugilists
(Martland, 1928). Parker and later Millspauch variously
dubbed the same condition ‘traumatic encephalopathy’
(Parker, 1934) and ‘dementia pugilistica’ (Millspaugh,
1937). Critchley proposed the name ‘chronic traumatic en-
cephalopathy’ (Critchley, 1949, 1957) to capture the pro-
gressive long-term nature of the disorder. CTE is now
recognized as a distinct tau protein neurodegenerative dis-
ease that is neuropathologically defined by perivascular

2 | BRAIN 2018: 0; 1–37 C. A. Tagge et al.
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Our results suggest that concussion, TBI, and CTE 
represent distinct nosological [disease] entities 
subserved by different pathobiological 
mechanisms.  
 
Our findings indicate that closed-head impact 
injury, independent of concussion, represents a 
potent insult with potential to induce enduring 
neurophysiological dysfunction and persistent 
(and possibly progressive) sequelae, including 
CTE brain pathology.  
 
Our findings from blast and impact support the 
concept that disparate types of neurotrauma with 
distinct injury mechanisms and differing potential 
for concussion can trigger convergent brain 
pathologies and functional sequelae. 
 
Repetitive neurotrauma, independent of 
concussion, may induce early CTE brain 
pathologies, even in teenagers and young adults.  
 
Cumulative exposure to such injuries may also 
increase risk for other tau protein 
neurodegenerative diseases, including 
Alzheimer’s disease. 
 
These considerations are important not only for 
understanding and differentiating concussion, 
TBI, and CTE, but also to inform clinical practice, 
return-to-play protocols, and public health policy. 
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 1 
Clinicopathological Evaluation of Chronic Traumatic Encephalopathy in 

Players of American Football 
 

Journal of the American Medical Association 
July 25, 2017; Vol. 318; No. 4; pp. 360-370 

 
Jesse Mez, MD, MS; Daniel H. Daneshvar, MD, PhD; Patrick T. Kiernan, BA; and 24 
others. These authors are from the CTE Center at Boston University School of 
Medicine. 
 
This study evaluated 202 football players whose brains were donated for research. 
Neuropathological evaluations and clinical assessments, including head trauma 
history, were performed. 
 
This is the largest CTE case series ever described. All participants were exposed to 
a relatively similar type of repetitive head trauma while playing the same sport.  
 
KEY POINTS FROM THIS ARTICLE: 
 
1) “Chronic traumatic encephalopathy (CTE) is a progressive neurodegeneration 
associated with repetitive head trauma.” 
 
2) “Players of American football may be at increased risk of long-term 
neurological conditions, particularly chronic traumatic encephalopathy (CTE).” 
 
3) Among 202 deceased former football players, CTE was neuropathologically 
diagnosed in 177 players (87%): 
 
• 3 of 14 high school only players (21%) 
 
• 48 of 53 college players (91%)  
 
• 110 of 111 National Football League players (99%) [Important] 
 
4) This study suggests “CTE may be related to prior participation in football.” 
 
5) CTE is linked to behavioral disturbance, mood disturbance, or both, and in 
later years with cognitive impairment. 
 
6) The mean duration of play for participants with mild CTE pathology was 13 
years and for participants with severe CTE pathology it was 15.8 years. 
 
7) “Behavioral, mood, and cognitive symptoms were common among 
participants with either mild or severe CTE pathology.” 
 
8) Cognitive symptoms were common in participants with both mild and severe 
CTE pathology. 
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 2 
9) Behavioral or mood symptoms were common in participants with both mild 
and severe CTE pathology, including: 
 
Impulsivity 
Depression 
Apathy 
Anxiety  
Hopelessness 
Explosivity 
Being verbally violent 
Being physically violent 
Suicidality 
Substance use disorders  
Memory problems 
Executive function problems 
Attentional symptoms  
Language symptoms 
Visuospatial symptoms  
Motor symptoms including gait instability and slowness of movement  
Dementia 
 
10) “There were no asymptomatic (ie, no mood/ behavior or cognitive symptoms) 
CTE cases.” [Important] 
 
11) Symptoms of posttraumatic stress disorder were uncommon in both mild and 
severe CTE groups. 
 
12) “Nearly all of the former NFL players in this study had CTE pathology, and this 
pathology was frequently severe.” 
 
13) Other football related factors that may influence CTE risk and disease severity 
include: 
• Age at first exposure to football 
• Duration of play 
• Player position 
• Cumulative hits 
 
14) “It is unclear if symptomatic hits (concussions) are more important than 
asymptomatic hits resulting in sub-concussive injury.”  
 
15) “In a convenience sample of deceased football players who donated their 
brains for research, a high proportion had neuropathological evidence of CTE, 
suggesting that CTE may be related to prior participation in football.” 
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 3 
This Article Generated the Following Editorial, in Part: 

 
Advances and Gaps in Understanding Chronic Traumatic Encephalopathy 

 
From Pugilists to American Football Players 

 
Gil D. Rabinovici, MD 
Dr. Rabinovici is an Associate Editor for JAMA Neurology. He is from the University 
of California, San Francisco 
 
KEY POINTS FROM THIS EDITORIAL 
 
1) “Traumatic brain injury (TBI) is a major public health concern, affecting an 
estimated 10 million people worldwide per year and more than 40% of US residents 
over the course of a lifetime.” 
 
2) “Mild TBI, also referred to as concussion, is defined as blunt, non-penetrating 
head trauma associated with transient symptoms (eg, headache, nausea, dizziness, 
visual changes, confusion, or difficulty concentrating) and accounts for more than 
80% of all TBI cases.”  
 
3) “Patients who experience mild TBI are at increased risk of developing 
neurological and psychiatric disorders later in life.” [Important] 
 
4) “The majority of TBI is caused by motor vehicle crashes and falls, although 
brain injuries also occur during participation in contact sports.” 
 
5) The term punch drunk was first used in 1928 to describe a syndrome of motor 
slowing and neuropsychiatric decline in boxers exposed to repetitive head trauma. 
• punch drunk was later renamed dementia pugilistica  
• dementia pugilistica was later renamed chronic traumatic encephalopathy 
 (CTE) 
 
6) The diagnosis of CTE is made with the presence of phosphorylated tau 
aggregates in neurons, astrocytes, and cell processes around small blood vessels. 
“CTE can presently only be diagnosed at autopsy.” 
 
7) “In the general population, the vast majority of individuals who play football 
do not participate beyond high school. Early-stage CTE was found in 3 of 14 high 
school football players, suggesting that high school football exposure can be 
sufficient to yield associations with early neuropathological features of the disease.”  
 
8) Chronic Traumatic Encephalopathy “can no longer be ignored by the medical 
profession or the public.” 
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 1 
Mixed Pathologies Including Chronic Traumatic Encephalopathy Account 

for Dementia in Retired Association Football (soccer) Players 
 

Acta Neuropathology 
March 2017; Vol. 133; No. 3; pp. 337-352 

 
Helen Ling, Huw R. Morris, James W. Neal, Andrew J. Lees, John Hardy, Janice L. 
Holton, Tamas Revesz, David D. R. Williams: These authors are from University 
College London, UK, and Cardiff University, Wales. This article has 43 references. 
 
These authors followed 14 retired footballers (soccer players) with dementia 
regularly for 30 years until their deaths. All were skilled headers of the ball and had 
played football (soccer) for an average of 26 years. 
 
Six of the subjects had a history of concussion (one each). 
 
“All cases developed progressive cognitive impairment with an average age at onset 
of 63.6 years and disease duration of 10 years.” 
 
KEY POINTS FROM THIS ARTICLE: 
 
1) Retired professional association football (soccer) players with a past history of 
repetitive head impacts may have an increased risk of chronic traumatic 
encephalopathy (CTE), resulting in dementia and motor impairments.  
  
2) The long-term neurodegenerative consequence of repetitive mild traumatic 
brain injury (rTBI) was originally termed “punch drunk syndrome” in boxers; it is 
now known as chronic traumatic encephalopathy (CTE).  
 
3) “The clinical features of CTE are variable and consist of a combination of 
mood and behavioural changes, memory loss, executive dysfunction, slurred 
speech, Parkinsonism, and gait impairment, which typically manifest years after the 
initial rTBI.” 
 
4) At present, CTE diagnosis “can only be confirmed by neuropathological 
examination.” 
 
5) Heading the ball is an integral part of soccer and “may produce considerable 
repetitive impacts to the head.” “An average player heads the ball 6–12 times per 
game and performs at least 2000 headers during a 20-year career in addition to 
repetitive heading drills at training.” 
 
6) “Head injuries in football [soccer] are nevertheless more frequently caused by 
head-player contact (40%) than head-ball contact (12.6%).” 
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 2 
7) “Many head impacts in football [soccer] do not result in concussion and 
overt neurological symptoms, yet are associated with subtle neuropsychiatric 
deficits or changes in functional MRI, and are referred as ‘subconcussion’.”  
 
8) “Brain structural and cognitive changes have been reported in footballers 
exposed to repetitive subconcussive head impacts including heading.” 
 
9) Dementia is a potential late life consequence of playing professional football 
[soccer]. Four of the eight surviving footballers in the 1966 England’s World Cup 
winning team have dementia.  
 
10) In this study: 
 
• 12/14 cases died from advanced neurodegenerative disease.  
 
• 12/14 cases had at least one CT or MR imaging of the brain following the 
onset of their neurological symptoms, and cortical atrophy was a consistent finding.  
 
• All cases demonstrated some features supportive of CTE, including 
characteristic tau pathologies, dilatation of third ventricle, and septal abnormalities. 
 
• All cases had concomitant Alzheimer’s Disease pathology. 
 
11) “We hypothesize that CTE and, probably, AD and TDP-43 [pathological brain 
protein found in dementia] pathologies in these retired footballers are related to 
their past prolonged exposure to repetitive subconcussive head impacts from 
heading and head-to-player collisions.” [Key Point] 
 

12) In this series, the “CTE findings is probably related to their past prolonged 
exposure to repetitive head impacts from head-to-player collisions and heading the 
ball thousands of time throughout their careers.” 
 
13) The notion that prolonged exposure to repetitive subconcussive head impacts 
can lead to CTE is supported by other studies. 
 
14) “Football [soccer] is the most popular sport worldwide with over 250 million 
players at all levels. Although this study does not provide a firm causal relationship 
between CTE and exposure to repetitive head impacts from playing football, our 
findings support the pressing need to instigating large-scale studies to identify at 
risk groups of footballers, including age of exposure, which will justify for the 
implementation of protective strategies and education of current players.” 
 
COMMENT FROM DAN MURPHY 
 
This study adds to the evidence that repetitive subconcussive blows to the head 
cause or accelerate brain neurodegenerative diseases. 
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 1 
Association of Mild Traumatic Brain Injury With and Without Loss of 

Consciousness With Dementia in US Military Veterans 
 

Journal of the American Medical Association Neurology 
May 7, 2018 

 
Deborah E. Barnes, PhD, MPH; Amy L. Byers, PhD, MPH; Raquel C. Gardner, MD; 
Karen H. Seal, MD, MPH; W. John Boscardin, PhD; Kristine Yaffe, MD 
 
From San Francisco Veterans Affairs Health Care System, and the University of 
California, San Francisco. This article cites 46 references. 
 
The objective of this study was to examine the association between TBI severity, 
loss of consciousness, and dementia in military veterans. 
 
The study included 178,779 patients diagnosed with a TBI and 178,779 patients in 
a matched comparison group, for a total of 357,558 total subjects. 
 
KEY POINTS FROM THIS ARTICLE: 
 
1) “Traumatic brain injury (TBI) is common in both veteran and civilian 
populations.” 
 
2) “Studies have linked moderate and severe TBI with increased dementia risk, 
but the association between dementia and mild TBI, particularly mild TBI without 
loss of consciousness (LOC), remains unclear.” 
 

Increased Risks For Dementia 
LOC = Loss of Consciousness 

 
TBI without LOC 136% increased risk 

TBI with LOC 151% increased risk 
TBI with Consciousness Status Unknown 219% increased risk 

Moderate/Severe TBI 277% increased risk 
 
3) “In this cohort study of more than 350,000 veterans, even mild TBI without 
loss of consciousness was associated with more than a 2-fold increase in the risk of 
dementia diagnosis.” [Key Point] 
 
4) “Traumatic brain injury (TBI) was one of the earliest risk factors identified for 
Alzheimer disease and dementia.” 
 
5) TBI is particularly associated with increased risk or earlier onset of Alzheimer 
disease and dementia in those with genetic risk factors such as one or more 
apolipoprotein E4 alleles. 
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 2 
6) Approximately 2.8 million TBIs occur yearly in the US, and approximately 
80% of these were mild. 
 
7) “Mild TBI is extremely common in the general population and is especially so 
in military personnel.”  
 
8) The majority of TBIs in military personnel “are caused by shockwaves from 
blasts rather than blunt trauma, and do not necessarily result in LOC.” 
 
9) “Mild repeated TBIs are closely related to chronic traumatic encephalopathy 
(CTE), a neurodegenerative disease associated with repeated head trauma.” 
[Important] 
 
10) “Autopsy studies have identified CTE in professional athletes who participate 
in American football, boxing, soccer, wrestling, ice hockey, rugby, and baseball.” 
 
11) “Severity of neuropathology is correlated with number of years of exposure to 
contact sports, rather than number of concussions, suggesting that subconcussive 
injuries contribute to disease progression.” [Important] 
 
12) In this study of “more than 350,000 veterans with and without traumatic 
brain injuries, mild traumatic brain injury without loss of consciousness was 
associated with more than a 2-fold increase in the risk of dementia diagnosis, even 
after adjusting for medical and psychiatric comorbidities.” [Key Point] 
 
13) “Even mild traumatic brain injuries that do not result in loss of consciousness 
might have long-term neurodegenerative consequences.” [Key Point]  
 
14) “In this cohort of more than 350,000 veteran patients with and without TBI, 
we found a dose-response association between TBI severity and dementia 
diagnosis.” 
 
15) “Even mild TBI without LOC was associated with more than a 2-fold increase 
in the risk of receiving a dementia diagnosis. This association remained strong after 
adjustment for demographics, medical comorbidities, and psychiatric conditions and 
was consistent in sensitivity analyses.”  
 
• “Our study adds to the weight of evidence suggesting that mild TBI is also 
 associated with increased dementia diagnosis risk.” 
 
16) “A single moderate to severe TBI can cause marked cerebral atrophy 6 
months post-injury that may progress for many years.” [Important] 
 
17) “TBI may lead directly to neuropathological changes that cause Alzheimer 
disease.” 
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 3 
18) “Mild TBI without loss of consciousness may increase dementia risk primarily 
by accelerating atrophy, while moderate to severe TBI may have a more direct 
effect on amyloid β and tau concentrations.”  
 
19) “In this large, retrospective cohort study of VHA patients, we observed a 
dose-response association between TBI severity and dementia diagnosis.” 
  
Risk of Dementia Outcomes Associated With Traumatic Brain Injury During 

Military Service 
EDITORIAL 

 
Kimbra Kenney, MD; Ramon Diaz-Arrastia, MD, PhD 
From Walter Reed National Military Medical Center, Bethesda, Maryland, and 
University of Pennsylvania Perelman School of Medicine, Philadelphia.    
This editorial cites 15 references. 
 
KEY POINTS FROM THIS EDITORIAL: 
 
1) This is the first epidemiological study among a military cohort receiving care 
through the VA health care system; it is among the largest epidemiological studies 
done to date; “it confirms earlier findings of an association between TBI and 
dementia.”   
 
2) This study “found a 2-fold increase in dementia diagnosis risk among veterans 
with a prior diagnosis of mild TBI without loss of consciousness.” [Key Point, 
emphasis added] 
 
• “15% to 20% of deployed service members have had 1 or more mild TBIs” 
 
3) “It has long been recognized that moderate to severe TBI in early life or 
midlife is associated with increased risk of late-life dementia.”  
 
4) “Military veterans are at high risk of experiencing moderate and severe TBI 
compared with civilians.” 
 
5) “Veterans, particularly ones who served in combat, have a much higher rate 
of mild TBI, which has not always been recognized as injuries at the time of 
occurrence.” [Important] 
 
6) “Studies have shown an association between TBI and earlier-onset dementia, 
suggesting an association between number and severity of head injuries and 
increasing dementia risk.” 
 
7) “This study provides the best information to date that military veterans are at 
risk for dementia as a consequence of injuries sustained during their service to the 
United States.” 
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8) The young mean age of veterans in this study (50 years) raises concerns 
that this problem will increase as TBI-exposed veterans age.  
 
The implications for the military health system, VA healthcare, and society are 
profound. Substantial investments in clinical care and neuroscience research will be 
needed in the next decades to fulfill society’s obligations to those who have served 
our country. 
 
COMMENTS FROM DAN MURPHY 
 
Health wise, this huge study indicates that mild traumatic brain injury without loss 
of consciousness has the potential to double the incidence of dementia later in life. 
Initially, many of these injuries are not reported, ignored, or denied. 
 
Politically, dementia is both a US and global epidemic. It threatens to collapse 
healthcare systems and their reimbursement mechanisms. I suggest that waiting 
until a dementia diagnosis is made before starting treatment also creates an 
unworkable problem. In contrast, I suggest that lifestyle changes that are known to 
reduce the risk of dementia be integrated into the lives of all people, especially 
those with a history of traumatic brain injury, as early as possible in one’s life. 
 
Also politically, media reports continue to note that the VA healthcare delivery 
system that serves our military veterans is plagued with many problems. This 
further intensifies the plight of these individuals and magnifies the burdens to 
society. 
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Calcium/Magnesium 
 
 







The Magnesium Miracle 
Carolyn Dean, MD 

Ballantine Books, 2014 
 

Factors that reduce one’s Mg++ levels: 
 
1) Nutritional Inflation: 
 • “Industrial farming techniques began poisoning the soil with pesticides, 
 herbicides, and nitrogen fertilizers. The soil became lifeless.” 
 • “Plants grown in devitalized, overworked soil that has been poisoned by 
 acid rain are poor in nutrients, including magnesium.” 
 • “If the food you are eating is not grown on soil replenished with minerals, 
 the food will automatically be mineral deficient.” 
 • “Levels of all minerals have been diminishing because farmers don’t use 
 mineral fertilizers and because many of the chemicals used as herbicides and 
 pesticides bind up minerals, especially magnesium.” 
 • “The mineral depletion of our farmland...is probably the most important 
 reason why most Americans are magnesium deficient.” 
 • “You can only obtain about one-third of your mineral needs from good 
 organic food.” 
 
2) Diet: 500 mg/day a generation ago v. 200 mg/day now 
 
3) Increased carbohydrate consumption: Sucrose depletes 84 Mg++ molecules 
 Glucose depletes 28 Mg++ molecules 
 Fructose depletes 56 Mg++ molecules 
 
4) Chronic stress increases urine excretion of Mg++ 
 
5) Statin drugs increase Mg++ excretion; These drugs all deplete Mg++: 
NSAIDs, Diuretics, Antibiotics, Antacids, Proton Pump Inhibitors, Birth Control Pills 
 
6) Fluoride compounds (in water, drugs, glyphosate, etc.) bind to Mg++ (MgF2) 
and make Mg++ insoluble. 
 
7) Herbicides/Pesticides on crops/soil bind Mg++ 
 
8) Mercury in amalgams, vaccinations, fish, etc. significantly increase Mg++ 
kidney excretion 
 
9) Alcohol blocks Mg++ absorption 
 
10) Phosphorus in sodas (diet and non-diet) depletes Mg++ 
 
11) Smoking 
 
12) Aging reduces Mg++ absorption 
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Fat for Fuel 
 

A Revolutionary Diet to Combat Cancer, Boost Brain 
Power, and increase Your Energy 

 
Joseph Mercola, DC 

2017 
 

Calcium to Magnesium 
 
Magnesium is the fourth most abundant mineral in your body.  
 
More than 3,750 magnesium-binding sites have been detected 
on human proteins, and it's required for more than 300 
different enzymes in your body—enzymes that allow you to 
manufacture protein, DNA, RNA, and mitochondrial energy.  
 
Magnesium is critical for the optimization of your mitochondria. 
 
Magnesium also functions as a counterbalance to calcium—and 
too much calcium with too little magnesium can lead to heart 
attacks, strokes, and sudden death.  
 
Your target magnesium to calcium ratio is 1:1. 
 
Luckily, magnesium is found in good amounts in many of the 
same foods that contain potassium, including leafy greens, 
nuts, seeds, broccoli, and Brussels 
sprouts, as well as cacao powder. 
 
The recommended dietary allowance for magnesium ranges 
from 310 to 420 mg per day.  
 
However, I and many researchers believe we may need 
anywhere from 600 to 900 mg/day for optimal health. 
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Neuron. 1995 Oct;15(4):961-73.

Glutamate-induced neuronal death: a succession of necrosis
or apoptosis depending on mitochondrial function.
Ankarcrona M , Dypbukt JM, Bonfoco E, Zhivotovsky B, Orrenius S, Lipton SA, Nicotera P.

Division of Toxicology, Karolinska Institute, Stockholm, Sweden.

Abstract
During ischemic brain injury, glutamate accumulation leads to overstimulation of
postsynaptic glutamate receptors with intracellular Ca2+ overload and neuronal cell death.
Here we show that glutamate can induce either early necrosis or delayed apoptosis in
cultures of cerebellar granule cells. During and shortly after exposure to glutamate, a
subpopulation of neurons died by necrosis. In these cells, mitochondrial membrane
potential collapsed, nuclei swelled, and intracellular debris were scattered in the incubation
medium. Neurons surviving the early necrotic phase recovered mitochondrial potential and
energy levels. Later, they underwent apoptosis, as shown by the formation of apoptotic
nuclei and by chromatin degradation into high and low molecular weight fragments. These
results suggest that mitochondrial function is a critical factor that determines the mode of
neuronal death in excitotoxicity.

PMID: 7576644

[Indexed for MEDLINE] Free full text

Format: Abstract
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Calcium Supplementation and Risk of Dementia in Women with 

Cerebrovascular Disease 
 

Neurology 
October 18, 2016; Vol. 87; pp. 1674–1680 

 
Jurgen Kern, MD, PhD; Silke Kern, MD, PhD; Kaj Blennow, MD, PhD; Henrik 
Zetterberg, MD, PhD; Margda Waern, MD, PhD; Xinxin Guo, MD, PhD; Anne 
Börjesson-Hanson, MD, PhD; Ingmar Skoog, MD, PhD; Svante Östling, MD, PhD 
 
This article has 40 references. 
 
This study included 700 Swedish women aged 70–92 years, followed for 5 years. 
The average recommended dose of calcium supplements in Sweden is 1,000 mg. 
daily 
 
KEY POINTS FROM THIS ARTICLE: 
 
1) “Dementia and osteoporosis are leading causes of disability in the elderly. 
Because calcium deficiency contributes to osteoporosis, daily dietary calcium intake 
of 1,000–1,200 mg is recommended. Such a large calcium intake through diet alone 
can be difficult; therefore, calcium supplements are widely used.” 
 
2) The objective of this study was to determine whether calcium 
supplementation is associated with the development of dementia in women after a 
5-year follow-up. 
 
3) Calcium supplementation may increase the risk of developing dementia in 
elderly women. 
 
4) “Women treated with calcium supplements had a higher risk of developing 
dementia (increased relative risk by 110%) and the subtype dementia with stroke 
(increased risk by 340%) than the women who did not take calcium 
supplementation.”  
 
5) “We found a relationship between calcium supplementation and increased risk 
for dementia in elderly women in this 5-year follow-up study.” 
 
6) “The frequency of fractures was 40.8% in the group that received calcium 
supplements and 20.8% in the group that did not.” [Crazy, fewer fractures in 
women not taking calcium supplements, by half] 
 
7) “Calcium supplementation might have direct toxic effects on vulnerable 
neurons, because the increased calcium levels may amplify ischemic cell death and 
worsen the outcome after cerebrovascular events.” [Key Point] 
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 2 
8) There is a steep increase in serum calcium levels caused by calcium 
supplements. Neurons are especially vulnerable to the excitatory and excitotoxic 
effects of the calcium-level peaks caused by the supplementation.  
 
9) “Calcium plays a central role in the mechanisms of cell death.” [Key Point] 
 
10) “Blocking calcium influx via NMDA receptors prevents both necrosis and 
apoptosis. This indicates the crucial role of calcium influx and intracellular calcium 
overload in the genesis of apoptosis and necrosis.” 
 
11) Calcium supplements may also potentiate changes in the vessel walls leading 
to atherosclerosis. “Calcium supplementation stimulates vascular calcification by 
abnormal extra-osseous deposition in atherosclerotic plaques.” 
 
A SIMPLE MODEL FROM DAN MURPHY 
 
The brain’s excitatory neurotransmitters, glutamate and aspartate, attach to the 
neuron’s NMDA receptor. 
 
Calcium enters the neuron enhancing free radical production and neuronal 
excitotoxicity, potentially causing neuronal sickness and death. 
 
Higher levels of calcium enhance this process. 
 
Magnesium blocks the calcium entry into the neuron, and as such is 
neuroprotective. 
 
Higher levels of calcium through supplementation and lower levels of magnesium 
render neurons vulnerable to excitotoxic injury, death, and dementia. 
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Sugar- and Artificially Sweetened Beverages and the Risks of Incident 

Stroke and Dementia: 
A Prospective Cohort Study 

 
Stroke 

April 20, 2017; Vol. 48: pp. 1139-1146 [epub] 
 
Matthew P. Pase, PhD; Jayandra J. Himali, PhD; Alexa S. Beiser, PhD; Hugo J. 
Aparicio, MD; Claudia L. Satizabal, PhD; Ramachandran S. Vasan, MD; Sudha 
Seshadri, MD; Paul F. Jacques, DS: 
Primary authors are from Boston University School of Medicine. 
This Article has 25 references. 
 
This article used the community-based Framingham Heart Study Offspring cohort. 
 
It used 2,888 participants aged >45 years for stroke and 1,484 participants aged 
>60 years for dementia, and the study extended for 10 years. 
 
The authors looked at these three combinations: 
 
• Intake of total sugary beverages (combining sugar-sweetened soft drinks, 
 fruit juice, and fruit drinks). 
 
• Intake of sugar-sweetened soft drinks (high-sugar carbonated beverages, 
 such as cola). 
 
• Intake of artificially sweetened soft drinks (sugar-free carbonated beverages, 
 such as diet cola).  
 
KEY POINTS FROM THIS ARTICLE: 
 
1) “Sugar- and artificially-sweetened beverage intake have been linked to 
cardiometabolic risk factors, which increase the risk of cerebrovascular disease and 
dementia.” 
 
2) Artificially sweetened beverages are typically sweetened with non-nutritive 
sweeteners, such as saccharin, acesulfame, aspartame, neotame, or sucralose.  
 
3) “Greater recent consumption of artificially sweetened soft drinks was 
associated with an increased risk of stroke, with the strongest associations 
observed for ischemic stroke.” 
 
4) “Higher cumulative intake of artificially sweetened soft drinks was also 
associated with an increased risk of ischemic stroke.” 
 
5) “In our community-based cohort, higher consumption of artificially sweetened 
soft drinks was associated with an increased risk of both stroke and dementia.”  
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6) “When comparing daily cumulative intake [of artificial sweeteners] to 0 per 
week (reference), the hazard ratios were 2.96 for ischemic stroke and 2.89 for 
Alzheimer’s disease.” [This means that drinking intake of artificially 
sweetened soft drinks essentially tripled the risk of suffering both ischemic 
stroke and Alzheimer’s]. 
[The upper end of the risk range was an approximate 700% increased risk]. 
 
7) “When examining cumulative beverage consumption, daily intake of artificially 
sweetened soft drink was associated with an increased risk of both all-cause 
dementia and AD dementia.” 
 
8) “To our knowledge, our study is the first to report an association between 
daily intake of artificially sweetened soft drink and an increased risk of both all-
cause dementia and dementia because of Alzheimer’s disease.” 
 
9) Diabetes is an important risk factor for both stroke and dementia; 
importantly, both sugar intake (including sweetened drinks) intake and artificially 
sweetened drinks intake increase the risk of diabetes. “Diabetes mellitus status was 
identified as a potential mediator of the association between artificially sweetened 
beverage intake and the risk of both incident all-cause dementia and AD dementia.” 
 
10) Artificial sweeteners cause glucose intolerance by altering gut microbiota and 
are associated with dysbiosis and glucose intolerance.  
 
11) “After adjustments for age, sex, education (for analysis of dementia), caloric 
intake, diet quality, physical activity, and smoking, higher recent and higher 
cumulative intake of artificially sweetened soft drinks were associated with an 
increased risk of ischemic stroke, all-cause dementia, and Alzheimer’s disease 
dementia.”  
 
12) Conclusions: “Artificially sweetened soft drink consumption was associated 
with a higher risk of stroke and dementia.” “The consumption of artificially 
sweetened soft drinks is increasing in the community, along with the prevalence of 
stroke and dementia.” [Important] 
 
13) “Sugar-sweetened beverages were not associated with stroke or dementia.” 
 

THIS ARTICLE GENERATED THIS EDITORIAL: 
Sugar-Sweetened and Artificially Sweetened Beverages in Relation to 

Stroke and Dementia: 
Are Soft Drinks Hard on the Brain? 

Editorial 
 

Stroke 
April 20, 2017; Vol. 48; pp. 1129-1131 [epub] 

 
Heike Wersching, MD; Hannah Gardener, SCD; Ralph L. Sacco, MD 
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 3 
From the University of Munster, Institute for Epidemiology and Social Medicine, 
Germany, and the University of Miami Miller School of Medicine, Department of 
Neurology, FL.  
 
This editorial has 26 references. 
 
1) “Sugar-sweetened beverages are the leading sources of added sugars in the 
US diet and are increasing on a global level.” 
 
2) “A single can of sugar-sweetened soda contains about the upper limit of the 
recommended 25 to 50 g per day.” 
 
3) “The harmful effects of regular sugar-sweetened soda consumption, including 
weight gain, the metabolic syndrome, and type 2 diabetes mellitus, have been 
demonstrated in numerous large observational studies.” 
 
4) “A higher intake of sugar-sweetened soda has been repeatedly associated 
with increased risks of hypertension, coronary heart disease, and stroke, as well as 
with adverse changes in lipid levels and inflammatory markers.” 
 
5) “Artificially sweetened beverages are marketed as healthier alternatives to 
sugar-sweetened soda. Their consumption is rising in the United States, particularly 
among children.” 
 
6) Several large observational studies show a positive association between diet 
soda consumption and increased risks of the metabolic syndrome and type-2 
diabetes mellitus.  
 
7) Prior studies have shown diet soda consumption is associated with an 
increased risk of stroke, myocardial infarction, and vascular death. 
 
8) In the present study, “higher recent and cumulative intake of artificially 
sweetened soft drinks was associated with an increased risk of ischemic stroke, all-
cause dementia, and Alzheimer’s dementia.” “The effects persisted when analyses 
were adjusted for total caloric intake, diet quality, physical activity, and smoking 
status.”  
 
9) “Artificial sweeteners may increase cravings for high glycemic and high-
calorie foods, induce glucose intolerance, or impair caloric compensation, thereby 
increasing calorie intake and body weight.” [Important] 
 
10) Artificially sweetened beverages may increase the risk of vascular disease and 
dementia by these mechanisms: 
 
• Advanced glycation end products, which are produced during the process of 
caramelization used in some artificially sweetened beverages and sugar-sweetened 
soda are pro-inflammatory and promote insulin resistance. [Important] 
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 4 
• They damage the microbiome, increasing insulin resistance. 
 
• They contain phosphoric acid [as do sugar sweetened beverages] which 
 damages the vascular system.  
 
11) “The growing number of epidemiological studies showing strong associations 
between frequent consumption of artificially sweetened beverages and vascular 
outcomes suggests that it may not be reasonable to substitute or promote 
artificially sweetened beverages as healthier alternatives to sugar-sweetened 
beverages.”  
 
12) “Both sugar-sweetened and artificially sweetened soft drinks may be hard on 
the brain.” [Key Point] 
 
COMMENTS FROM DAN MURPHY 
 
We have reviewed a number of studies pertaining to diet soda consumption. They 
show that regular consumption of artificially-sweetened beverages is not good for 
one’s health: 
 
Article Review 16-05: 
Aspartame Induces Lymphomas and Leukaemias in Rats; Aspartame, a 
Leukaemogenic Compound; 2005 
 
Article Review 14-08: 
Life-Span Exposure to Low Doses of Aspartame Beginning During Prenatal 
Life Increases Cancer Effects in Rats; 2007 
 
Article Review 04-13: 
Diet Soft Drink Consumption is Associated with an Increased Risk of 
Vascular Events in the Northern Manhattan Study; 2012 
 
Article Review 15-13: 
Fueling the Obesity Epidemic? Artificially Sweetened Beverage Use and 
Long-term Weight Gain; 2008 
 
Article Review 24-15: 
Gain weight by “going diet?” Artificial Sweeteners and the Neurobiology of 
Sugar Cravings; 2010 
 
Article Review 28-15 
Consumption of Artificial Sweetener– and Sugar-containing Soda and Risk 
of Lymphoma and Leukemia in Men and Women; 2012 
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KEYWORDS:

Neurosci Lett. 2017 Aug 24. pii: S0304-3940(17)30695-X. doi: 10.1016/j.neulet.2017.08.048. [Epub ahead of
print]

Beyond the critical point: An overview of excitotoxicity,
calcium overload and the downstream consequences.
Bano D , Ankarcrona M .

German Center for Neurodegenerative Diseases (DZNE), Bonn, Germany. Electronic
address: daniele.bano@dzne.de.
Center for Alzheimer Research, Division of Neurogeriatrics, Department of Neurobiology,
Care Sciences and Society, Karolinska Institutet, Stockholm, Sweden.

Abstract
Over the past several decades, an overwhelming body of research has greatly expanded
our understanding of the mechanisms underlying excitotoxicity in brain ischemia as well as
in many chronic neurodegenerative diseases. The identification of an array of molecular
targets has opened avenues for neuroprotective strategies and, consequently, has sparked
considerable interest for their attractive therapeutic means as pharmacological options. The
purpose of this work is to provide a general overview of neuronal excitotoxicity and the
inevitable downstream consequences of Ca  overload. We also discuss the contribution of
Ca  transporters in excitotoxicity. This article is part of a Special Issue entitled "Calcium
Pumps and Exchangers in Neuronal Injury and Neurodegeneration".

Copyright © 2017 Elsevier B.V. All rights reserved.

Calcium; Calpains; Excitotoxicity; Mitochondria; Na(+)/Ca(2+) exchanger (NCX)

PMID: 28843346 DOI: 10.1016/j.neulet.2017.08.048

Format: Abstract
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Neuroscience 

Exploring the Brain 
 

Second Edition, Lippincott Williams & Wilkins, 2001 
 

Mark Bear, PhD 
Professor of Neuroscience, Brown University 

 
Barry Connors, PhD 

Professor of Neuroscience, Brown University 
 

Michael Paradiso, PhD 
Associate Professor of Neuroscience, Brown University 

 
•••••••••• 

 
“The Brain’s Exciting Poisons” 

 
“Neurons of the brain rarely regenerate, so each dead neuron is one less 
we have for thinking.” 
 
“One of the fascinating ironies of neuronal life and death is that glutamate, 
the most essential neurotransmitter in the brain, is also one of the biggest 
killers of neurons.” 
 
The brain stores a large quantity of glutamate. “An ominous observation is that 
when you apply [a small excess] amount of glutamate to the outside of 
isolated neurons, they die within minutes.” 
 
“The voracious metabolic rate of the brain demands a constant supply of 
oxygen and glucose” to generate enough ATP to keep the neuron’s 
glutamate and ion pumps working hard. 
 
“If blood flow ceases, as in cardiac arrest [‘stroke, brain trauma, seizures, 
oxygen deficiency,’ and {insulin resistance}], neural activity will stop 
within seconds, and permanent damage will result within a few minutes.” 
 
“Excess glutamate depolarizes neurons, which raises intracellular Ca++ 
which causes still more glutamate to be released.” [feedback loop] 
 
“When glutamate reaches high concentrations, it kills neurons by 
overexciting them, a process called excitotoxicity.” 
 
“The NMDA type of glutamate channel is a critical player in excitotoxicity 
because it is the main route for Ca++ entry.” 
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“Neuron damage or death occurs because of stimulation by Ca++ of 
intracellular enzymes that degrade proteins, lipids, and nucleic acids. 
Neurons literally digest themselves.” 
 
“Excitotoxicity has recently been implicated in several progressive 
neurodegenerative diseases, such as amyotrophic lateral sclerosis (ALS, 
also known as Lou Gehrig’s disease, Alzheimer’s disease, and Parkinson’s 
disease.” 
 
“Glutamate receptor antagonists can obstruct these excitotoxic cascades 
and minimize neuronal suicide.” 
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Cell Cycle and Cell Death in Disease: Past, Present and Future 

 
Journal of Internal Medicine 

2010; 268: pp. 395–409 
 
B. Zhivotovsky and S. Orrenius 
From the Institute of Environmental Medicine, Division of Toxicology, Karolinska 
Institute, Stockholm, Sweden; This article has 75 references. 
 
“Cell division and cell death are the two predominant physiological processes that 
regulate tissue homeostasis in the adult organism.”  
 
“Dysregulation of these processes in the pathogenesis of major diseases, such as 
cancer, myocardial infarction, stroke, atherosclerosis, infection, inflammation and 
neurodegenerative disorders, is becoming increasingly evident.”  
 

A FEW KEY POINTS FROM THIS ARTICLE 
 

General Principles 
 
“Two predominant physiological processes, cell division and cell death, are known to 
control tissue homeostasis in the adult organism.” 
 
“There is a relationship between inappropriate cell death and premature ageing.” 
 
Neurodegeneration and cancer may share a common mechanistic basis. 
 
In the Alzheimer’s brain there is an accumulation of amyloid B-peptides (AB). 
Accumulation of AB has also been detected in brain mitochondria from patients with 
Alzheimer’s disease. AB causes mitochondrial dysfunction and a decrease in ATP 
levels.  
 
The main mitochondrial target in Alzheimer’s disease is cytochrome c oxidase. 
[Very Important for those using low level laser therapy] 
 
 

Calcium (Ca++) and Neurodegeneration 
 

There is evidence to suggest that dysregulated Ca++ signaling plays a role in the 
pathogenesis of Alzheimer’s disease. 
 
Various Ca++ channels and pumps in the endoplasmic reticulum appear to be 
involved in the dysregulation of intracellular Ca++ signaling in Alzheimer’s disease. 
 
Some of the Ca++ signaling changes observed in Alzheimer’s disease appear to be 
detrimental to neuronal function and represent a major neuropathological feature of 
Alzheimer’s disease.  
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These abnormalities appear at the very early stages of the disease, prior to the 
formation of plaques. [Important:  “very early stages”] 
 
“Intracellular Ca++ overload owing to excessive stimulation of excitatory amino 
acid receptors and enhanced Ca++ influx through membrane channels appears to 
play an important role in various neurodegenerative disorders as well as in 
ischaemic brain damage.” 
[The two primary excitatory amino acids are glutamate and aspartate] 
[The receptor used by both glutamate and aspartate is the N-methyl-D-
aspartic acid (NMDA) receptor] 
[Ischemic brain damage occurs when ischemia decreases the production of 
ATP allowing for failure of the protective glutamate/aspartate pump] 
 
“N-methyl-D-aspartic acid (NMDA) receptor⁄channel blockers prevented both 
necrosis and apoptosis in primary cultures of glutamate-treated neurons.” 
[Mother Nature’s NMDA most effective blocker is one’s level of Mg++] 
 
“It is clear that intracellular Ca++ overload is an important factor indifferent in vitro 
models, and results from clinical studies appear to support the experimental data.”  
 
“The outcome of Ca++ overload is in fact neuronal death is most probably 
determined by the magnitude of the cytoplasmic Ca++ rise.” 
 
“The influx of extracellular Ca++ through plasma membrane channels results in 
necrosis.” 
 
Necrosis is involved in NMDA-induced excitotoxicity in cortical neurons, “consistent 
with a role for excitotoxicity in the pathogenesis of neurodegenerative disease.” 
 

Cancer 
 

The Warburg Effect 
 
“A characteristic feature of many tumour cells is the predominantly glycolytic 
production of ATP, including under aerobic conditions, known as the ‘Warburg 
effect.” 
 
“Cancer cell lines rely on glycolysis for ATP generation to different extents, typically 
the most glycolytic tumour cells were also found to be the most aggressive.” 
 
“Thus, exploitation of the Warburg effect could represent a novel approach to 
overcome some of the limits of traditional radio- and chemotherapy, assuming that 
drugs that suppress glycolysis would have beneficial therapeutic properties. 
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The Calcium Lie II 
What Your Doctor Still Doesn’t Know 

 
Robert Thompson, MD 

2013 
 
We were all led to believe that unless we get loads of calcium, our bones will break 
and crumble to powder. It's not true. It's never been true and basic science taught 
in every university in the world shows us the error of this belief system. 
 
Calcium is only one of at least 12 minerals that build strong bones. 
 
If you take calcium to strengthen your bones and you already have an excess of 
calcium in your body, you are signing your own death warrant. 
 
Excess calcium can cause: 
• Kidney and gallstones 
• Arterial plaque 
• Bone spurs 
• Calcium deposits in tissues other than bones 
• Brain cell dysfunction, brain shrinkage and dementia 
 
• Calcium excess causes an increased chance of calcification, concretions, or 
 gravel-like or concrete-like calcium deposits in our arteries (plaque), joints 
 (spurs), eyes (cataracts), brain (shrinkage, dementia), kidneys and 
 gallbladder (stones), and other health issues, including hardening of the 
 arteries, heart disease, dementia, cancer, diabetes, hypothyroidism and 
 hypertension (due to intracellular sodium depletion) to name a few. 
 

The Calcium Cascade 
 
Excess calcium in the human body begins a cascade of negative effects that have 
enormous adverse consequences to our health. This process cannot be diagnosed 
with standard blood tests. It requires o reliable, competent lab to conduct a hair 
tissue mineral analysis (HTMA). 
 

If you have excess or relative calcium excess in your body 
 

THAT LEADS TO 
 

Calcium seeking and needing more magnesium to try to keep your body's calcium 
and magnesium in balance 
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 4 
Calcium supplements can do great harm as crystallized excess calcium concretions 
make their way into arteries and joints; this forces the adrenals to compensate for 
the calcium excess to their own detriment. This problem leads to a continuous 
decline in sodium and potassium from the body, changes in cell membrane 
physiology and electrical potential, and causes the brain to shrink and become 
demented.  
 
Our foods don't contain the minerals they once did because of mineral- depleted 
soil and lack of vine ripening. 
 
Almost everyone needs trace minerals, not just calcium, because we simply cannot 
get all nutrients we need from food grown in our minerally depleted soils, picked 
before ripeness, especially in view of our society's propensity for nutritionally void 
foods.  
 
Most importantly: Calcium hardens concrete, not bones. Excess calcium can do 
severe damage to the human organism, especially the brain, arteries and other soft 
tissue. 
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Feel Good Nutrigenomics 
Your Roadmap to Health 

 
Amy Yasko 

2014 
 

Chapter 7: “Speeding Through Life: the Gas Pedal is Stuck” 
 

Balancing glutamate is the first step of the program. 
 
Excess glutamate can overexcite your nerves. 
 
“Glutamate works with calcium to stimulate your nervous system.” 
 
“The impact of excess glutamate in the body is like a car whose gas pedal is stuck, 
pressed to the floor.”  
 
Speeding through life virtually ensures that you will experience a major crash due 
to excessive speed. 
 
“Too much glutamate will exhaust your nerves to the point of creating health 
issues. Glutamate is considered an ‘excitotoxin’. Excitotoxins are compounds that 
have the ability to overexcite nerves to death.” 
 
“Too much calcium will work with glutamate to overexcite your nervous system.” 
 
“Glutamate is the gun and calcium is the bullet.” 
 
Glutamate opens a special channel that allows calcium to enter the neuron, “and it 
was calcium that triggered the cell to die.” 
 
Excitotoxins, including glutamate and aspartate work by opening calcium channels. 
“When those neurotransmitters are allowed to come into contact with the receptor 
in too high a concentration or for too long a period of time, the calcium channel 
gets stuck in the open position allowing calcium to pour into the cell in large 
amounts.” This calcium must be balanced with magnesium. 
 
“We are often unaware of the issue of excess glutamate until more than 80% of our 
neurons have been impaired.” “This is why prevention is so important.” 
 
“Addressing imbalances in the glutamate/GABA ratio as well as the calcium to 
magnesium ratio is what I consider the starting point, or Step One of this 
[Methylation cycle] program.” 
 
“This is a critical ongoing way of life, to keep glutamate and calcium in balance as 
you move forward to work on the other aspects of multifactorial health conditions.” 
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Original Article

Dietary fructose aggravates the
pathobiology of traumatic brain
injury by influencing energy
homeostasis and plasticity

Rahul Agrawal1, Emily Noble1, Laurent Vergnes2, Zhe Ying1,
Karen Reue2 and Fernando Gomez-Pinilla1,3

Abstract

Fructose consumption has been on the rise for the last two decades and is starting to be recognized as being responsible

for metabolic diseases. Metabolic disorders pose a particular threat for brain conditions characterized by energy dys-

function, such as traumatic brain injury. Traumatic brain injury patients experience sudden abnormalities in the control of

brain metabolism and cognitive function, which may worsen the prospect of brain plasticity and function. The mechan-

isms involved are poorly understood. Here we report that fructose consumption disrupts hippocampal energy homeo-

stasis as evidenced by a decline in functional mitochondria bioenergetics (oxygen consumption rate and cytochrome C

oxidase activity) and an aggravation of the effects of traumatic brain injury on molecular systems engaged in cell energy

homeostasis (sirtuin 1, peroxisome proliferator-activated receptor gamma coactivator-1alpha) and synaptic plasticity (brain-

derived neurotrophic factor, tropomyosin receptor kinase B, cyclic adenosine monophosphate response element binding,

synaptophysin signaling). Fructose also worsened the effects of traumatic brain injury on spatial memory, which disruption

was associated with a decrease in hippocampal insulin receptor signaling. Additionally, fructose consumption and traumatic

brain injury promoted plasma membrane lipid peroxidation, measured by elevated protein and phenotypic expression of 4-

hydroxynonenal. These data imply that high fructose consumption exacerbates the pathology of brain trauma by further

disrupting energy metabolism and brain plasticity, highlighting the impact of diet on the resilience to neurological disorders.

Keywords

Cognition, energy homeostasis, metabolic syndrome, mitochondria, plasticity, traumatic brain injury
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Introduction

The rise in consumption of high caloric foods has trig-
gered a metabolic epidemic such that the number of
diabetic and prediabetic persons in the U.S. is now
estimated at over 40% of the population.1 A high fruc-
tose diet can induce several parameters of metabolic
disease such as reduced sensitivity to insulin and
increased risk factors for cardiometabolic disease in
humans and rodents.2 Furthermore, the deleterious
effects of fructose extend to the brain where neuronal
signaling, which is crucial for supporting brain plasti-
city and function, is compromised.2 These data raise the
question of whether fructose-induced metabolic dys-
function can reduce brain resilience against neuro-
logical disorders. Indeed, a new line of studies in

humans indicates an association between metabolic dis-
ease and disturbances in cognition, emotional health,
and reduced quality of life.3
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The Role of the Cranio-cervical Junction in Cranio-spinal Hydrodynamics 

and Neurodegenerative Conditions 
 

Neurology Research International 
November 30, 2015; [epub] 

 
Michael F. Flanagan; This article has 257 references 
 
BACKGROUND FROM DAN MURPHY 
 

Axial View of the Foramen Magnum and its Contents, from below: 
 

 
A new model of the atlas subluxation is emerging: a misalignment between the 
atlas and occiput could compromise the venous drainage of the brain (spinal vein, 
internal jugular vein), compromise the flow of cerebral spinal fluid, and/or 
compromise the arterial supply (anterior and posterior spinal arteries, and vertebral 
arteries) to the brain. This article explores the probability and consequences of this 
occurrence. 
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 2 
KEY POINTS FROM THIS ARTICLE: 
 
1) Cranio-spinal hydrodynamics refer to the relationship between blood and 
cerebral spinal fluid (CSF) volume, pressure, and flow in the relatively closed 
confines of the compartments of the cranial vault and spinal canal. 
 
2) “The cranio-cervical junction (CCJ) is a potential choke point for cranio-spinal 
hydrodynamics and may play a causative or contributory role in the pathogenesis 
and progression of neurodegenerative diseases such as Alzheimer’s disease, 
Parkinson’s disease, MS, and ALS, as well as many other neurological conditions 
including hydrocephalus, idiopathic intracranial hypertension, migraines, seizures, 
silent-strokes, affective disorders, schizophrenia, and psychosis.” 
 
3) “The CCJ links the vascular and cerebrospinal fluid (CSF) systems in the 
cranial vault to those in the spinal canal.”  
 
4) “Malformations and misalignments of the CCJ cause deformation and 
obstruction of blood and CSF pathways and flow between the cranial vault and 
spinal canal that can result in faulty cranio-spinal hydrodynamics and subsequent 
neurological and neurodegenerative disorders.” 
 
5) Dural sinuses, facial veins, and vertebral veins have no valves; therefore, the 
direction of venous blood flow is determined by hydrostatic pressure gradients. 
Similarly, CSF flow between the subarachnoid space in the cranial vault and spinal 
canal is also determined by the same pressure gradients. 
 
6) Congenital malformations/anomalies of the CCJ can block blood and CSF flow 
between the cranial vault and spine, pushing the cerebellar tonsils and/or brainstem 
into the cervical canal, which further blocks the flow of CSF. This causes an 
accumulation of fluid in the cranial vault (hydrocephalus): 
• Chiari malformations 
• Abnormal clivoaxial angle [see Article Review 42-15] 
• Hypoplasia of the posterior cranial fossa  
• Basilar invagination 
• Platybasia 
 
7) Other malformations can also affect cranio-spinal hydrodynamics and cause 
hydrocephalus: 
• Hypoplasia of the foramen magnum 
• Hypoplasia of the jugular foramen 
• Anomalies of the odontoid process 
• Premature closure of cranial sutures (craniosynostosis) 
 
8) “Connective tissue disorders, such as rheumatoid arthritis and Ehlers-Danlos 
syndrome, can cause tears, degeneration, ligament laxity, and cranial settling. 
Cranial settling causes the skull to rock back on the CCJ and sink onto the upper 
cervical spine during upright posture.”  
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9) “Misalignments of the CCJ [atlas-occiput articulation] can obstruct blood flow 
through the vertebral arteries and veins that can lead to chronic [brain/cranial] 
ischemia and edema.” [Key Point For Chiropractors] 
 
10) Chronic brain/cranial edema decreases arterial flow in the brain which can 
result in [decreased ATP production], increased oxidative stress, an brain atrophy. 
 
11) “Blockage of blood and CSF flow due to malformations and misalignments of 
the CCJ may play a role in chronic [brain/cranium] ischemia, edema, 
hydrocephalus, and ventriculomegaly [enlargement].” 
 
12) “The CCJ is a potential choke point for blood and CSF flow between the cranial 
vault and spinal canal that can cause faulty cranio-spinal hydrodynamics and 
subsequent chronic ischemia, edema, and hydrocephalus.” [Key Point] 
“Upright posture and motion of the cervical spine compound the strains and 
deformation of blood and CSF pathways of the CCJ further contributing to blockage 
of flow.”  
 
13) “Faulty cranio-spinal hydrodynamics may also play a role in 
neurodegenerative diseases such as Alzheimer’s, Parkinson’s, multiple sclerosis, 
dementia, and motor neuron diseases,” as well as migraines, silent strokes, 
seizures, psychosis, depression, and mania. [see the legal briefs by Judge 
Ponath and also the Kentucky Houses of Reform papers under the free-
stuff tab on my webpage, www.danmurphydc.com]. 
 
14) The vertebral arteries provide about 20% of blood flow to the brain. [The 
vertebral arteries enter the skull through the foramen magnum.] 
 
15) The internal carotid arteries supply about 80% of blood the flow to the brain. 
 
16) The Subclavian Steal Syndrome occurs when: 
• The proximal portion of the subclavian artery is obstructed (i.e. stenosis) 
resulting in decreased blood flow and pressure downstream in the vertebral and 
axillary arteries.  
• This creates a pressure gradient that causes the arm to draw blood from the 
ipsilateral vertebral artery, which in turn gets its supply from the contralateral 
vertebral artery via their connection to the basilar artery.  
• This may in turn steal blood flow from vessels of the brain including the 
ophthalmic (the first branches of the internal carotid artery) arteries of the eyes, 
resulting in hypoperfusion of the optic nerve head, causing impairment of vision. 
 
17) Reduced posterior blood supply (vertebral artery) may cause migraines. 
“The vertebral arteries also supply the medial temporal and occipital lobes. 
Decreased blood flow to the medial temporal and occipital lobes may play a role in 
the deja vu and aura symptoms associated with migraines.” “Malformations, 
misalignments, and deformation of the CCJ and dura mater can obstruct blood flow 
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 4 
through the vertebral arteries resulting in ischemia and signs and symptoms 
associated with of migraine headaches.” 
 
18) The vertebral arteries provide a significant portion of the blood supply to the 
spinal cord via the anterior and posterior spinal arteries. “Malformations, 
misalignments, and deformations of the CCJ can obstruct blood flow through the 
anterior and posterior spinal arteries resulting in decreased blood flow to the cord.” 
 
19) Amyotrophic Lateral Sclerosis (ALS) may be due to progressive ischemia in 
the intraparenchymal territory of the anterior-ventral spinal arteries and/or the 
anterior spinal artery. The anterior-ventral spinal arteries are branches of the 
inferior thyroid and ascending cervical arteries that stem from the thyro-cervical 
trunk, which arises from the subclavian artery distal to the vertebral artery. The 
anterior spinal and anterior-ventral spinal arteries supply the ventral aspect of the 
cord.  
 
20) Possible causes of some Parkinson’s and ALS is vascular comprise of the distal 
vertebral and basilar arteries. 
 
21) ALS may be related to trauma, especially head trauma: 
“Trauma can tear ligaments of the cranio-cervical junction resulting in joint 
instability and misalignments.” “Trauma superimposed on malformations, 
anomalies, and degenerative changes in the arteries and spine may further 
compromise circulation in the distribution of the vertebral-basilar arteries. It is 
possible that obstruction to blood flow through the anterior and posterior spinal 
arteries due to malformations and misalignments of the CCJ may play a causative 
or contributory role in neurodegenerative conditions of the cord such as ALS.”    
 
22) The most favored and well developed venous outlets used to drain the brain 
during upright posture in humans “pass through the foramen magnum and 
hypoglossal and condylar canals of the CCJ.”  
 
23) “Blood flow in the epidural vertebral veins is affected by motion, respiration, 
Valsalva maneuvers, abdominal pressure, upright posture, and inversion. It is also 
affected by spondylosis, scoliosis, and stenosis in the lower spine.” 
 
24) “Malformations and misalignments of the CCJ cause strains and deformation 
of the dura mater and suboccipital cavernous sinus, which can affect circulatory 
pathways and blood flow in the brain.” [Key Point]  
 
25) “Spondylosis, stenosis, and scoliosis in the lower spine cause deformation of 
the epidural space of the spinal canal, as well as deformation of the dura mater 
(thecal sac) that can similarly affect blood flow in the vertebral veins and cord.”  
[Key Point] 
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26) Cervical kyphosis causes both strains of the dura of the CCJ and also causes 
the internal jugular vein to bend around the transverse process of the atlas, 
reversing its normal course, compressing the vein and increasing resistance to 
blood flow. [Key Point] 
 
27) “Malformations and misalignments of the CCJ may play a role in chronic 
[brain/cranial] ischemia and edema, which may in turn lead to neurodegenerative 
processes and subsequent diseases.” 
  
28) Cerebral Spinal Fluid (CSF) is an extra-fine filtrate of the blood. The 
production of CSF uses hydrostatic pressure gradients. Changes in these pressure 
gradients alter the production of cerebral spinal fluid. 
 
29) Trauma can cause dural tears resulting in CSF leaks and coning of the brain 
stem and cerebellum. Connective tissue disorders such as Ehlers-Danlos appear to 
be predisposed to CSF leaks. 
 
30) Proper CSF volume is essential to the regulation of intracranial pressure.  
 
31) There is a possible connection between cerebellar tonsillar ectopia and 
structural strains due to trauma. Other structural strains occur from an abnormal 
clivo-axial angle (cranio-cervical angulation), including retroflexed odontoid. “An 
abnormal clivo-axial angle or retroflexed odontoid can cause cervicomedullary 
kinking and compression of the ventral epidural space of the neural canal of the 
CCJ.” [Important] 
 
32) “Structural strains of the CCJ affect the dura mater, which can cause 
displacement (ectopia) of the brainstem and deformation of the neurovascular and 
CSF tunnels and pathways.”  
 
33) “Chiari malformations and coning of the brainstem cause blockage of CSF flow 
through the CCJ.” “They also compress the epidural space which contains the 
vertebral veins that connect to the emissary veins and dural sinuses used to drain 
the brain during upright posture.”  
 
34) “Malformations, misalignments, and deformation of the CCJ compress the 
vertebral veins, which may affect CSF flow.” “An increase in CSF volume in the 
brain can compress veins and decrease drainage.” 
 
35) CSF flows along cranial nerve roots, especially the olfactory and optic nerves.  
Enlargement of the optic nerve sheath is a sign of increased CSF volume. 
 
36) The CCJ is a choke point for CSF flow between the cranial vault and spinal 
canal. [Very Important] 
 
 

danmurphy
Highlight




 6 
37) Hydrocephalus is a pathologic increase in CSF volume, a cerebral edema. 
“Idiopathic intracranial hypertension has further been associated with a decrease in 
the capacity and compliance of the vertebral veins in the spinal canal.” 
“Hydrocephalus might be due to insufficient venous drainage of the brain by the 
dural sinuses.” “Hydrocephalus in children may be due to insufficient venous 
drainage of the brain.” 
 
38) “One of the primary causes of hydrocephalus due to blockage of CSF flow is 
stenosis or mass effects causing compression of the cerebral aqueduct that links the 
third and fourth ventricle.”  
 
39) “Neurodegenerative diseases may be due to obstruction and back pressure in 
the accessory drainage system of the brain as it passes through the CCJ to connect 
to the vertebral veins.” “Obstruction can occur due to many types of malformations 
and misalignments of the CCJ.”  
 
40) “Multiple Sclerosis (MS) can be caused by venous insufficiency due to stenosis 
or faulty valves in jugular veins.” 
 
41) “The vertebral veins are the primary drainage routes used to drain the brain 
during upright posture.” 
 
42) “Chiari malformations cause blockage of CSF flow through the CCJ resulting in 
dissociation of CSF flow in the cranial and spinal compartments.”  
   
43) “Obstruction of venous blood and CSF outflow in the CCJ may cause increased 
pulsatility and pressure waves in the cisterns, playing a role in neurodegenerative 
disorders.”  
 
44) Prolonged periventricular ischemia eventually results in myelin degeneration 
and irreversible axonal loss. 
 
45) The brain has no lymphatic vessels or glands and instead uses the 
perivascular spaces to move nutrients in and wastes out. Sluggish CSF flow may 
play a role in the pathology of neurodegenerative diseases to remove breakdown 
byproducts, viruses, bacteria, and heavy metals such as aluminum, etc. 
 
46) A spinal cord syrinx (syringomyelia), is enlargement of a portion of the central 
canal of the cord. It is the homolog of hydrocephalus and sometimes referred to as 
hydromyelia. It may occur as a consequence of dissociation of cranio-spinal 
hydrodynamics. 
 
47) “The CCJ is the critical link between hydraulics in the cranial vault and spinal 
canal that can affect CSF flow and pulsatility in the brain and cord.” [Key Point] 
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48) The cranial vault is a closed container with little room for expansion or 
compliance. CSF volume and pressure in the cranial vault “increases exponentially 
with increases in volume.”  
 
49) Summary Model:  
 
• An increase in brain, blood, or CSF volume in the cranial vault can cause 
compression of the bridging veins and venous hypertension.  
 
• Venous hypertension decreases cerebral arterial inflows.  
 
• Chronic decreases in arterial flow can lead to oxidative stress, ischemia, and 
subsequent atrophy resulting in a compensatory increase in CSF volume. 
 
• Enlarged ventricles and cisterns are a sign of hydrocephalus and an increase 
in CSF volume that can be caused by atrophy or chronic strains and deformation of 
the brain and brainstem. 
 
50) “Faulty cranio-spinal hydrodynamics may play a role in neurodegenerative 
diseases such as Alzheimer’s, Parkinson’s, multiple sclerosis, dementia, and motor 
neuron diseases, as well as other neurological conditions including migraines, silent-
strokes, seizures, psychosis, schizophrenia, depression, and mania.”  
 
51) “Manual and surgical methods for correcting obstructions, as well as 
manipulation of blood and CSF flow, may help to restore or improve faulty cranio-
spinal hydrodynamics in certain cases and decrease the prevalence, progression, 
and severity of neurodegenerative and other neurological conditions.” 
 
52) Misalignments of the CCJ may cause faulty cranio-spinal hydrodynamics, 
resulting in neurodegenerative and neurological conditions. 
 
53) Malformations, spondylosis, stenosis, scoliosis in the lower spine, increase the 
incidence of faulty cranio-spinal hydrodynamics. These problems are compounded 
when a misalignment is present. 
 
54) This author believes that manual, mechanical, and surgical correction of CCJ 
structural problems will improve faulty cranio-spinal hydrodynamics and improve 
patient pathology and symptomatology. 
 
Another supportive study for this article is: 
 
Article Review 07-14: 
The Possible Role of Cranio-Cervical Trauma and Abnormal CSF 
Hydrodynamics in the Genesis of Multiple Sclerosis 
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The Role of the Cervical Spine in Post-concussion Syndrome 

 
The Physician and Sportsmedicine 

July 2015; Vol. 43; No. 3; pp. 274-284 
 

Cameron M. Marshall, Howard Vernon, John J. Leddy, Bradley A. Baldwin 
 
Canadian Memorial Chiropractic College.  
State University of New York at Buffalo. 
 
This study has 116 references. 
 
This paper reviews the existing literature surrounding the numerous proposed 
theories of PCS (post-concussive syndrome) and introduces another potential, and 
very treatable, cause of this chronic condition; cervical spine dysfunction due to 
concomitant whiplash-type injury. 
 
The authors discuss the cases of 5 patients with diagnosed PCS, who experienced 
very favorable outcomes following various treatment and rehabilitative techniques 
aimed at restoring cervical spine function; treatment included spinal manipulation. 
 
These authors propose that a cervical injury, suffered concurrently at the time of 
the concussion, acts as a “major symptomatic culprit in many PCS patients.” 
 
KEY POINTS FROM THIS ARTICLE: 
 
1) “Concussion injuries, or mild traumatic brain injury (mTBI), have an 
estimated prevalence of 3.8 million per year in the United States.” 
 
2) Concussions are one of the least understood injuries facing sports medicine 
and neuroscience today. 
 
3) The post-concussion syndrome (PCS) is the chronic phase of concussion. The 
patient is considered to be chronic when symptoms persist longer than 4-12 weeks. 
This occurs in about 10–15% of concussed patients.  
 
4) “In the majority of cases, concussion symptoms resolve within 7–10 days; 
however, approximately 10–15% of these patients develop persistent 
symptomatology lasting weeks, months or even years after injury.” 
 
5) “Any significant blunt impact and/or acceleration/deceleration of the head will 
also result in some degree of inertial loading of the neck potentially resulting in 
strain injuries to the soft tissues and joints of the cervical spine.” 
 
6) “Acceleration/deceleration of the head–neck complex of sufficient magnitude 
to cause mTBI is also likely to cause concurrent injury to the joints and soft tissues 
of the cervical spine.” 
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 2 
7) A proposed mechanism for persisting symptomatology following concussion 
(the post-concussive syndrome) is “concomitant low-grade sprain–strain injury of 
the cervical spine occurring concurrently with significant head trauma.” 
 
8) The range of linear impact accelerations causing concussion injury is between 
60—160 G, with the peak occurring at 96.1 G. Whiplash injuries can occur at 
accelerations of 4.5 g. Thus it is highly likely that individuals who experience the G 
forces to sustain a concussion will also experience cervical spine injury. 
 
9) It has been known since 2006 that brain-injured athletes concurrently injure 
their cervical spines. 
 
10) “Injury or dysfunction of the cervical spine has been shown to cause 
headaches, dizziness and loss of balance, nausea, visual and auditory disturbances, 
reduced cognitive function, and many other signs and symptoms considered 
synonymous with concussion.” 
 
11) There is considerable overlap of the signs and symptoms of mild traumatic 
brain injury and of whiplash injury: 

Signs and Symptoms of 
Concussion 

Signs and Symptoms of Whiplash 
Associated Disorders 

Headache  
Pressure in Head 

Headache 

Neck pain 
 

Neck/shoulder pain 
Reduced/painful neck movements 

Nausea/vomiting Nausea/vomiting 
Dizziness  

Balance problems 
Dizziness 

Unsteadiness  
Blurred Vision  

Sensitivity to Light 
Vision problems  

Difficulty remembering  
Confusion  

Feeling Like “In a Fog”  
Difficulty Concentrating 

Memory problems  
 

Problems Concentrating 

Sensitivity to Noise Ringing in Ears  
Feeling Slowed Down 

 
“Don’t Feel Right” 

 
Nervous / Anxious / Irritable 
Sadness / More Emotional 

 
Fatigue / Low Energy /Drowsiness 

 
Trouble Falling Asleep 

 

Reduced/painful Jaw Movements 
 

Numbness, Tingling or Pain in Arm or 
Hand 

 
Numbness, Tingling or Pain in Leg or 

Foot 
 

Difficulty Swallowing 
 

Lower back pain 
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 3 
12) It is “well established that injury and/or dysfunction of the cervical spine can 
result in numerous signs and symptoms synonymous with concussion, including 
headaches, dizziness, as well as cognitive and visual dysfunction; making diagnosis 
difficult.” 
 
13) During concussive injury to the brain, neurons undergo stretch and shear 
forces that cause mechanical disruption of the cell structure, “leading to glutamate 
release and subsequent mitochondrial calcium (Ca2+) overload resulting in 
impaired oxidative metabolism and reduced ATP production.”  
 
14) “To restore proper ion balance within the cell, the ATP pump is activated to a 
greater capacity requiring large amounts of ATP. The imbalance between increased 
ATP requirements, decreased ATP production and reduced cerebral blood flow 
quickly leads to an energy crisis within the brain known as spreading depression.” 
[thus, the importance of chiropractic adjusting and low-level laser therapy] 
 
15) The symptoms of concussion are due to neuronal dysfunction and not due to 
structural damage of the involved neurons, which is “why conventional structural 
imaging techniques such as CT and MRI are typically unremarkable.” 
 
16) These authors review 5 proposed theories to account for the PCS: 
 
Theory 1:  Continued metabolic dysfunction.  
          Continued reductions in ATP production. 
 
Symptom recovery from a single concussion may take 3—8 days, but return to pre-
concussion ATP production may take 30 days (the metabolically depressed state). 
 
Suffering a second concussion during this metabolically depressed state significantly 
increases symptom durations to 24—59 days, and normalization of ATP production 
is from 60—120 days. 
 
This highlights the importance of achieving full recovery before returning to 
sporting activity. 
 
Theory 2: Continued axonal dysfunction 
 
Diffusion tensor imaging (DTI) is an advanced imaging technique that assesses the 
integrity of white matter tracts.  
 
“The neuronal shearing that occurs with impact as well as the subsequent ion 
imbalance and Ca2+ overload, can alter the cellular environment and brain function 
due to suggested myelin loss, microscopic lesions and axonal degeneration.” 
 
Theory 3: Psychological factors 
Preexisting psychological disturbances such as depression and anxiety increase the 
risk of developing PCS.  
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 4 
Theory 4: Altered cerebral blood flow [important for chiropractors, Ogura study] 
 
Continued reductions in cerebral blood flow and oxygenation secondary to 
autonomic nervous system dysfunction; known as cerebral hypoperfusion. 
 
Single positron emission computed tomography (SPECT) is used to examine 
cerebral blood flow using radioactive tracers. 
 
Theory 5: A cervicogenic component to concussion injuries: 
 
• “The symptoms of headache and dizziness, so prevalent in concussion-type 
injuries, may actually be the result of cervicogenic mechanisms due to a 
concomitant whiplash injury suffered at the same time.” 
 
• The cervicogenic mechanisms of concussion-type symptoms involve both 
nociception and proprioception. 
 
• Numerous brain stem structures receive mono-synaptic inputs from the C2 
dorsal root ganglion afferents, including: 
 
Lateral cervical nucleus  
Central cervical nucleus 
Caudal projections to C5 level 
Cuneate nucleus, lateral cuneate nucleus 
Nucleus tractus solitarius 
Intercalatus nucleus 
Nucleus X of the vestibular system 
Trigemino-cervical nucleus (for headache nociception) 
 
• ‘Cervicogenic Vertigo’ is “both [a] monosynaptic and polysynaptic reflex 
pathways from the upper cervical spine afferents (associated with a rich innervation 
from joint and muscle proprioceptors in the cervical spine) to the brainstem 
structures associated with balance.” 
 
• Cervical ocular and vestibular reflexes can “initiate balance disturbances and 
symptoms associated with this [post-concussive] problem.  
 
• Cervicogenic headache has been recognized for decades. 
 
• Three prior studies have also concluded that injuries of the cervical spine are 
responsible for post-concussion syndrome, and have shown excellent clinical 
outcomes as a consequence of treatment to the cervical spine. 
 
17) These authors present 5 case studies of patients diagnosed with post-
concussive syndrome who were treated successfully in a chiropractic clinic. Their 
improvement was rapid and documented using standard measurement outcomes, 
and the results were long-lasting. Treatment included: 
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 5 
• Active Release Therapy (ART)  
• Localized vibration therapy over the affected muscles 
• Spinal manipulative therapy (SMT) of the restricted joints 
• Low-velocity mobilizations (on 1 patient) 
   
18) “Management of persistent PCS symptoms through ongoing brain rest is 
outdated and demonstrates limited evidence of effectiveness in these patients.” 
Instead, there is evidence that “skilled, manual therapy-related assessment and 
rehabilitation of cervical spine dysfunction should be considered for chronic 
symptoms following concussion injuries.” 
 
COMMENTS FROM DAN MURPHY 
 
This study is timely, but disturbing. It highlights the lack of understanding by 
athletes, the public, and healthcare providers that it is essentially impossible to 
sustain a traumatic brain injury without also injuring the soft tissues of the cervical 
spine. It is anatomically/biologically probable that these cervical spine injuries 
cause many, if not most, of the symptoms of the post-concussion syndrome. 
 
It is also gratifying to see a published study showing that traditional chiropractic 
management of post-concussive syndrome patients resulted in rapid and sustained 
improvement in post-concussive signs and symptoms, allowing the athlete to return 
to full completion. 
 
All patients suffering from the post-concussive syndrome should be referred to a 
chiropractor for cervical spine evaluation and treatment. 
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Association Between Anti-Cholinergic Medication Use and Cognition, Brain 

Metabolism, and Brain Atrophy in Cognitively Normal Older Adults 
 

Journal of the American Medical Association Neurology 
April 18, 2016; [epub] 

 
Shannon L. Risacher, PhD; Brenna C. McDonald, PsyD; Eileen F. Tallman, BS; John 
D. West, MS; Martin R. Farlow, MD; Fredrick W. Unverzagt, PhD; Sujuan Gao, PhD; 
Malaz Boustani, MD; Paul K. Crane, MD; Ronald C. Petersen, MD; Clifford R. Jack Jr, 
MD; William J. Jagust, MD; Paul S. Aisen, MD; Michael W. Weiner, MD; Andrew J. 
Saykin, PsyD 
From Indiana University School of Medicine: 
This paper was prepared for the Alzheimer’s Disease Neuroimaging Initiative. 
 
BACKGROUND FROM DAN MURPHY 
 
Anti-Cholinergic drugs block the neurotransmitter Acetylcholine. Many of these 
drugs are common over-the-counter drugs used to treat colds, flu, hay fever, 
allergies, and heartburn. 
 
Abbreviations:  
 
AC+   participant taking anti-cholinergic medication with medium or high  
  anticholinergic activity  
 
AC−   participant not taking anticholinergic medication 
 
ADNI  Alzheimer’s Disease Neuroimaging Initiative. 
 
CN  Cognitively Normal 
 
IMAS   Indiana Memory and Aging Study 
 
KEY POINTS FROM THIS STUDY 
 
1) “The use of anti-cholinergic (AC) medication is linked to cognitive impairment 
and an increased risk of dementia.” [20 references are cited] 
 
2) This study used 2 cohorts of cognitively normal older adults assessing 451 
subjects: 
Alzheimer’s Disease Neuroimaging Initiative (ADNI)  
Indiana Memory and Aging Study (IMAS)   
 
3) This is the first study to have examined the effects of regular AC medication 
use with neuroimaging measures of brain structure and function in cognitively 
normal (CN) older adults. 
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 2 
4) Subjects were assessed using these outcomes: 
 
• Cognitive scores 
 Memory Scale–Revised Logical Memory Immediate and Delayed 
 
• Fluorodeoxyglucose F-18 (FDG) uptake with Positron Emission Tomography 
 (FDG-PET) 
 
• Brain atrophy measures from structural magnetic resonance imaging were 
 compared between AC+ participants and AC− participants after adjusting for 
 potential confounders.  
 
5) The total AC burden score was calculated by dose and duration of use. 
 
6) The assessment included the total number of medications, the total number 
of common comorbid conditions, including transient ischemic attack, myocardial 
infarction, cardiac surgery, hypertension, hyperlipidemia, diabetes, sleep apnea, 
other vascular disorders, insomnia, depression, anxiety, attention-
deficit/hyperactivity disorder, and other psychiatric disorders. 
 
7) The AC+ participants showed lower memory and recall scores, lower 
executive function composite scores, and reduced total cortical volume and cortical 
thickness. [Key Point] 
 
8) “The use of AC medication was associated with increased brain atrophy and 
dysfunction and clinical decline. Thus, use of AC medication among older adults 
should likely be discouraged if alternative therapies are available.” [Key Point]  
 
9) Given the importance of the cholinergic system in cognition, researchers 
speculate that direct impairment of cholinergic neurons by the use of these AC 
drugs may underlie these deleterious effects.  
 
10) This study showed that cognitive performance, brain glucose 
hypometabolism, structural brain atrophy, and clinical progression to mild cognitive 
impairment (MCI) and/or Alzheimer disease (AD) were associated with the use of 
AC medication. [Key Point] 
 
11) Significant effects of anti-cholinergic (AC) drugs included: 
 
• Reduced cognition, memory, executive function, verbal reasoning, planning, 
and problem solving. 
 
• Reduced glucose metabolism on FDG-PET. 
 
• “A significant effect of AC medication use on brain structure was observed. 
The AC+ participants demonstrated reduced total cortical volume and larger lateral 
ventricle and inferior lateral ventricle volumes.” 
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 3 
“Regional effects were also observed in the temporal lobe, with AC+ participants 
showing a reduced temporal lobe cortical thickness.” 
 
12) “A higher total AC burden score was associated with reduced general 
cognition and [increased] atrophy.”  
 
13) “A significant association between AC medication use and future progression 
of ADNI participants to MCI and/or AD was observed.” [increased risk by 147%] 
 
14)  AC+ participants who are Aβ positive [genetic markers for increased 
dementia risk] showed the highest risk of conversion.” [increased risk by 673%] 
 
15) Use of medications with medium or high AC effects was “associated with 
poorer cognition (particularly in immediate memory recall and executive function), 
reduced glucose metabolism, whole-brain and temporal lobe atrophy, and clinical 
decline. The effect appeared additive because an increased burden of AC 
medications was associated with poorer executive function and increased brain 
atrophy.” [Key Point] 
 
16) “These results suggest that medications with AC properties may be 
detrimental to brain structure and function, as well as cognition.” 
 
17) “The observed findings support previous reports regarding the association 
between AC medication use and cognitive impairments, with a significant effect of 
AC medication use on executive and immediate, rather than delayed, memory.”  
[16 references are cited] 
 
18) “We also found that the increased clinical progression from CN to MCI and/or 
AD was associated with AC medication use.” 
 
19) “We observed that AC+ participants had reduced brain glucose metabolism 
and increased brain atrophy compared with AC− participants. Furthermore, those 
with the highest total AC burden scores showed the most atrophy.” 
 
20) “The increased brain atrophy and decreased brain function that we observed 
may be linked to the central effects of AC medications on cholinergic pathways 
within the brain.” Cholinergic pathways are “important for cognition.” 
 
21) “AC medication administration leads to an uncoupling between brain structure 
and cognition in older adults.”  
 
22) “Decreased cholinergic activity due to AC medications may induce synaptic 
loss and neurodegeneration in regions with significant cholinergic innervation.” 
 
23) “Reduced cholinergic activity has been linked to increased plasma 
corticosteroid levels, which in turn are linked to increased hippocampal cell death.” 
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24) “The findings in this study provide a potential biological basis for the reduced 
cognition associated with the use of AC medications through the functional and 
structural changes in the brain.” 
 
25) “A significant association between AC use and future progression of 
participants to mild cognitive impairment and/or Alzheimer disease was observed.” 
[by 147%]  
 
26) “These findings highlight the importance of considering the cognitive adverse 
effects of AC medications before using them to treat older adults at risk for 
cognitive decline in a clinical setting.” 
 
KEY POINTS FROM AUTHORS 
 
Question:  
Is use of anti-cholinergic (AC) medication associated with poorer cognition, brain 
hypometabolism, brain atrophy, and/or increased risk of clinical decline in 
cognitively normal older adults? 
 
Findings:  
“In this longitudinal study of 2 cohorts of cognitively normal older adults, use of 
medications with medium or high anti-cholinergic activity was associated with 
poorer memory and executive function, brain hypometabolism, brain atrophy, and 
increased risk of clinical conversion to cognitive impairment.”  
 
“This finding was greatest for those taking drugs with the most anti-cholinergic 
activity”. 
 
“Use of medication with significant anti-cholinergic activity should likely be 
discouraged in older adults if alternative therapies are available.” 
 
COMMENTS FROM DAN MURPHY 
 
Prior studies on this topic indicate that these effects of anti-cholinergic drugs have 
been known for about 10 years; weaker anti-cholinergic cause cognitive problems 
within 90 days; stronger anti-cholinergic drugs can cause cognitive problems when 
taken continuously for as few as 60 days.  
 
The individual, family, societal, and governmental burden of dealing with dementia 
is staggering. This topic was deeply explored in the September/October 2015 issue 
of The Rand Review, titled Costs of Dementia. The burdens include financial, time, 
emotional, stress, heartache, etc. My Letter To The Editor pertaining to this article 
is: 
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 5 
From: Dan Murphy dan@danmurphydc.com 
Subject: Costs of Dementia 
Date: September 17, 2015 at 10:44 AM 
To: letters@rand.org 
Dear Editor: 
Thank you for your article “Costs of Dementia” in the September/October 
2015 Rand Review. The magnitude of the problem and its associated costs 
are staggering. Simple math indicates that throwing more money at the 
problem, once diagnosed, is not the answer, which is why I believe your 
article missed the point. The only workable solution is prevention. This 
means that lifestyle changes that are known to reduce the risks of 
dementia should be started much earlier in one’s life. 
 
Dan Murphy, DC   
Auburn, CA 
 
It is stunning that this article indicates that common over-the-counter and 
prescription anti-cholinergic drugs are partially to blame for this phenomenon. 
Perhaps my Letter To The Editor to the Rand Review should have included the 
avoidance of anti-cholinergic drugs. A list of these drugs is included below. 
 
We encourage all of our patients taking these drugs, and patients wanting to 
enhance brain function, to also consume acetylcholine-enhancing supplements, 
specifically: 
 
Complete Brain Charge 
 
Complete Synapse 
 
These products are available through 
Nutri-West (800)-443-3333  
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List of Implicated Anti-Cholinergic Drugs, From Aging Brain Care 

Drug Prescribed for / Type of 
Drug 

US Brand Name 

Alprazolam  Sedative / Anxiety  Xanax  
Aripiprazole  Antipsychotic  Abilify  
Asenapine  Schizophrenia Saphris  
Atenolol  Beta Blocker /  

High Blood Pressure  
Tenormin  

Amantadine  Antiviral / Flu  Symmetrel  
Amitriptyline  Antidepressant  Elavil  
Amoxapine  Antidepressant  Asendin  
Bupropion  Antidepressant / Quit Smoking  Wellbutrin  

Benztropine  Parkinson's Disease  Cogentin  
Brompheniramine  Antihistamine  Dimetapp  

Captopril  
High Blood Pressure /  

Heart Failure  
Capoten  

Cetirizine  Antihistamine  Zyrtec  
Chlorthalidone  Diuretic  Diuril  

Cimetidine  
Stomach Ulcer 

Gastroesophageal Reflux  
Tagamet  

Clidinium  Peptic Ulcers  Librax  

Clorazepate  
Anxiety, Seizures,  

Alcohol Abuse  
Tranxene  

Codeine  Opioid Painkiller  Contin  
Colchicine  Gout  Colcrys  

Carbamazepine  Anticonvulsant / Seizures  Tegretol  
Cyclobenzaprine  Musculoskeletal Pain, Injury  Flexeril  
Cyproheptadine  Antihistamine  Periactin  
Carbinoxamine  Antihistamine  Histex  

Chlorpheniramine  Antihistamine  Chlor-Trimeton  
Chlorpromazine  Anti-psychotic   Thorazine  

Clemastine  Antihistamine  Tavist  
Clomipramine  Antidepressant  Anafranil  

Clozapine  Antipsychotic  Clozaril  
Desloratadine  Antihistamine  Clarinex  

Diazepam  
Anxiety, Alcohol Abuse,  

Muscle Spasms  
Valium  

Digoxin  Heart failure  Lanoxin  
Dipyridamole  Prevents Blood Clots  Persantine  
Disopyramide  Irregular Heartbeat  Norpace  
Darifenacin  Overactive Bladder  Enablex  
Desipramine  Antidepressant  Norpramin  
Dicyclomine  Irritable Bowel Syndrome  Bentyl  

Dimenhydrinate  Anti-Nausea  Dramamine  
Diphenhydramine  Antihistamine  Benadryl  

Doxepin  Depression, Anxiety  Sinequan  
Doxylamine  Antihistamine  Unisom  

Fentanyl  Opioid Painkiller  Duragesic  
Furosemide  Heart Failure, Liver Disease  Lasix  

Fluvoxamine  
Antidepressant /  

Obsessive Compulsive Disorder  
Luvox  

Fesoterodine  Overactive Bladder  Toviaz  
Flavoxate  Bladder Pain, Incontinence  Urispas  

Haloperidol  Schizophrenia  Haldol  
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Hydroxyzine  Antihistamine  Atarax  

Hyoscyamine  
Muscle Spasms, Stomach and 

Intestinal Disorders  
Anaspaz  

Hydralazine  High Blood Pressure  Apresoline  

Hydrocortisone  
Steroid /   

Eczema, Psoriasis  
Cortef  

Iloperidone  Schizophrenia  Fanapt  
Isosorbide  Angina  Isordil  
Imipramine  Antidepressant  Tofranil  

Levocetirizine  Antihistamine  Xyzal  
Loperamide  Diarrhea  Immodium  
Loratadine  Antihistamine  Claritin  
Loxapine  Schizophrenia  Loxitane  

Metoprolol  Angina, High Blood Pressure  Lopressor  
Morphine  Opioid Painkiller  MS Contin  

Meperidine  Opioid Painkiller  Demerol  
Methotrimeprazine  Anti-Psychotic  Levoprome  

Molindone  Anti-Psychotic  Moban  
Meclizine  Nausea, Vomiting, Dizziness  Antivert  

Methocarbamol  Muscle Relaxant   Robaxin  
Nifedipine  High Blood Pressure, Angina  Procardia  
Nefopam  Painkiller   Nefogesic  

Nortriptyline  Antidepressant  Pamelor  
Oxcarbazepine  Epilepsy, Anti-Convulsant  Trileptal  
Paliperidone  Anti-Psychotic  Invega  
Prednisone  Anti-Inflammatory  Deltasone  
Pimozide  Anti-Psychotic  Orap  

Olanzapine  Anti-Psychotic  Zyprexa  
Orphenadrine  Muscle Relaxant  Norflex  
Oxybutynin  Overactive Bladder  Ditropan  
Paroxetine  Antidepressant  Paxil  

Perphenazine  Anti-Psychotic  Trilafon  
Promethazine  Antihistamine  Phenergan  
Propantheline  Reduces stomach Acid  Pro-Banthine  
Propiverine  Incontinence  Detrunorm  
Quinidine  Heart Rhythm Disorders  Quinaglute  
Quetiapine  Anti-Psychotic  Seroquel  
Ranitidine  Stomach Ulcers  Zantac  

Risperidone  Anti-Psychotic  Risperdal  

Scopolamine  
Nausea, Vomiting,  
Motion Sickness  

Transderm Scop  

Solifenacin  Overactive Bladder  Vesicare  

Theophylline  
Asthma, Bronchitis, 

Emphysema  
Theo-Dur  

Trazodone  Antidepressant  Desyrel  
Triamterene  Diuretic  Dyrenium  
Thioridazine  Anti-Psychotic  Mellaril  
Tolterodine  Urinary Incontinence  Detrol  

Trifluoperazine  Anti-Psychotic  Stelazine  
Trihexyphenidyl  Parkinson's Disease  Artane  
Trimipramine  Depression  Surmontil  

Trospium  Overactive Bladder  Sanctura  
Venlafaxine  Antidepressant  Effexor  

Warfarin  Prevents Blood Clot Formation Coumadin  
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Review

A Review of the Effectiveness of Neuroimaging Modalities
for the Detection of Traumatic Brain Injury

Franck Amyot,1,2 David B. Arciniegas,3,4 Michael P. Brazaitis,5 Kenneth C. Curley,6 Ramon Diaz-Arrastia,2

Amir Gandjbakhche,1 Peter Herscovitch,7 Sidney R. Hinds II,8 Geoffrey T. Manley,9 Anthony Pacifico,10

Alexander Razumovsky,11 Jason Riley,12,13 Wanda Salzer,10 Robert Shih,14

James G. Smirniotopoulos,15 and Derek Stocker14

Abstract

The incidence of traumatic brain injury (TBI) in the United States was 3.5 million cases in 2009, according to the Centers
for Disease Control and Prevention. It is a contributing factor in 30.5% of injury-related deaths among civilians.
Additionally, since 2000, more than 260,000 service members were diagnosed with TBI, with the vast majority classified
as mild or concussive (76%). The objective assessment of TBI via imaging is a critical research gap, both in the military
and civilian communities. In 2011, the Department of Defense (DoD) prepared a congressional report summarizing the
effectiveness of seven neuroimaging modalities (computed tomography [CT], magnetic resonance imaging [MRI],
transcranial Doppler [TCD], positron emission tomography, single photon emission computed tomography, electro-
physiologic techniques [magnetoencephalography and electroencephalography], and functional near-infrared spectros-
copy) to assess the spectrum of TBI from concussion to coma. For this report, neuroimaging experts identified the most
relevant peer-reviewed publications and assessed the quality of the literature for each of these imaging technique in the
clinical and research settings. Although CT, MRI, and TCD were determined to be the most useful modalities in the
clinical setting, no single imaging modality proved sufficient for all patients due to the heterogeneity of TBI. All imaging
modalities reviewed demonstrated the potential to emerge as part of future clinical care. This paper describes and updates
the results of the DoD report and also expands on the use of angiography in patients with TBI.

Key words: electrophysiology; imaging; spectroscopy; tomography; ultrasound

Introduction

The incidence of traumatic brain injury (TBI) in the
United States was 3.5 million cases in 2009, according to the

Centers for Disease Control and Prevention.1 Recent data indicate
that 1.37 million Americans are treated and released from an
emergency department (ED), 275,000 are hospitalized and dis-
charged alive, and 52,000 die as a consequence of traumatic brain

injury (TBI).2 It is further estimated that TBI is a contributing factor
in a third (30.5%) of all injury-related deaths in the U.S. It is more
difficult to estimate how many individuals are seen in outpatient
departments and office-based clinical settings, but recent estimates
using data from the National Hospital Ambulatory Medical Care
Survey and the National Ambulatory Medical Care Survey indicate
that an additional 84,000 patients with TBI are seen annually in
hospital outpatient departments and 1,080,000 are seen by office-

1The Eunice Kennedy Shriver National Institute of Child Health and Human Development, Bethesda, Maryland.
2Center for Neuroscience and Regenerative Medicine, 15Department of Radiology, Neurology, and Biomedical Informatics, Uniformed Services

University of the Health Sciences, Bethesda, Maryland.
3Beth K. and Stuart C. Yudofsky Division of Neuropsychiatry, Baylor College of Medicine, Houston, Texas.
4Brain Injury Research, TIRR Memorial Hermann, Houston, Texas.
5United States Army, retired; formerly with the Geneva Foundation.
6Combat Casualty Care Directorate (RAD2), U.S. Army Medical Research and Materiel Command, Fort Detrick, Maryland.
7Positron Emission Tomography Department, National Institutes of Health Clinical Center, Bethesda, Maryland.
8Defense and Veterans Brain Injury Center, Defense Centers of Excellence for Psychological Health and Traumatic Brain Injury Silver Spring,

Maryland.
9Brain and Spinal Injury Center, Department of Neurological Surgery, University of California, San Francisco, San Francisco, California.
10Congressionally Directed Medical Research Programs, Fort Detrick, Maryland.
11Sentient NeuroCare Services, Inc., Hunt Valley, Maryland.
12Queens University, Kingston, Ontario, Canada.
13ArcheOptix Inc., Picton, Ontario, Canada.
14Walter Reed National Military Medical Center, Bethesda, Maryland.
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the coordinates of the activation site, this difficulty has been
overcome using a combined stereotactic/fNIRS system. Through
the use of this system, along with the spherical coordinate regis-
tration, the functional images can be registered with a brain atlas,
such as MNI, for group analysis.

The methodology presented in Amyot and colleagues,347 like the
working memory study with fNIRS,343 can be used to show cortical
activation sites and intensities. Using the parametric effect of the
task as biomarker provides a potential discriminator of cognitive
function in TBI patients.

Discussion

Despite the limitations of fNIRS,351 fNIRS technology has some
advantages over fMRI due to its portability, lower cost, and higher
temporal resolution, which allows quick screening of subjects.
Further, fNIRS is more tolerant of patient movement. Thus, the
challenge for tests of fNIRS in the clinical setting is to provide a
quick, quantitative measure of regional blood flow change pro-
duced by a standard paradigm, which recruits relevant areas within
individuals, for comparison with a normative database.

Quantitative comparison of the locations and intensities of cor-
tical activations detected with fMRI and fNIRS techniques agree
and suggest value in comparison of individual topographical vari-
ation using fNIRS measurements as a discriminator for TBI. Based
on initial results, fNIRS is capable of detecting a quantitative re-
lationship between cognitive load and intensity of a blood flow
change. More research is needed to validate the potential for fNIRS
to distinguish cognitive functional impairment in TBI patients. This
field is relatively new in comparison with fMRI and more research
must be done before use of this technique can be recommended to
assess the degree of TBI.

Summary

The ACR Appropriateness Criteria (clinical guidelines), the
New Orleans Criteria, and Canadian CT Head Rule127 serve as
valuable references for clinical decision-making. Clinical policy
from the ACEP and CDC upholds serial GCS assessment and head
CT as the best tools in the acute setting and makes no recommen-
dation for MRI.58

There is high-quality evidence that CT scanning is clinically
valuable in the evaluation of patients presenting to the ED with
moderate and severe TBI. In these patients, CT scanning is highly
sensitive for identifying intracranial hemorrhages that may require
neurosurgical interventions. High-quality evidence also exists that
CT scanning is not useful for the prediction of functional recovery,
even in moderate and severe TBI. In mTBI, moderate quality evi-
dence suggests thatCTscanning isof limited usefulness in the clinical
evaluation of patients presenting to the ED. In clinical practice, cra-
nial CT scanning is likely overused in the evaluation of mTBI.

MRI offers moderate clinical utility in both CT-negative and
CT-positive TBI. However, MRI shows significant utility for re-
search into the evaluation of TBI. Research arms should include
clinical correlation with neuropsychological symptoms and out-
comes in longitudinal studies of patients with (or at risk for) mTBI.
In addition, validation of MRI observations correlated with pa-
thology are essential both to confirm and understand the cellular
processes of astrocytic and neuronal injury in TBI.126,131

TCD is an important tool for monitoring the natural course of
TBI, for evaluating the effect of medical treatment or intervention,
for forecasting, and for identifying high-risk patients after TBI.
Despite a lack of good prospective data on TCD evaluation and

outcome in TBI patients, TCD as a noninvasive, inexpensive, and
simple procedure that should be engaged in the daily management
of TBI patients.

Post-TBI tSAH and VSP continue to adversely affect a signifi-
cant proportion of the TBI population and remain a challenge for all
clinicians. At the present time, no proven treatment regimen aimed
specifically at decreasing the potential detrimental effects of post-
traumatic VSP exists. Therefore, vigilant diagnostic surveillance,
including serial TCD studies and the prevention of secondary brain
damage resulting from VSP and ICH, are critical.

TCD can noninvasively identify patients who are progressing to
VSP. It is highly sensitive to abnormally high CBFs resulting from
the onset of VSP. As VSP sometimes occurs earlier than natural
history would suggest, daily TCD can be the least expensive option
for identifying patients at risk for deterioration. In TBI patients
being treated without invasive monitoring, TCD provides impor-
tant information about ICP and cerebral hemodynamics. In patients
undergoing invasive ICP monitoring, serial TCD examinations
provide complementary information.

PET remains a powerful tool for clinical research in TBI. PET
measurements of CBF, oxygen metabolism, and glucose metabo-
lism have been used to study the pathophysiology and effect of
treatment in acute TBI and the relationship between clinical deficits
and brain abnormalities in chronic TBI. Several radiotracers are
available to study other aspects of TBI pathophysiology, including
neuroreceptor abnormalities and neuroinflammation. The clinical
utility of PET in the management of individual patients with TBI,
however, has not yet been demonstrated.

SPECT is another promising capability to evaluate mTBI. It
has an advantage over anatomic imaging in assessing brain pa-
renchymal activity and physiologic changes. The overall quality
of evidence for the SPECT published research is moderate for
detecting mild, moderate, and severe TBI when subjects present
a neurological deficit upon examination. The quality of evidence
for mTBI patients is strong for determining a positive prognosis
in patients with normal SPECT perfusion imaging. SPECT can
identify perfusion/blood deficits in mild, moderate, and severe
TBI that anatomic imaging inaccurately identifies or misses
altogether.

As more information is obtained about SPECT findings in this
population and new promising radiopharmaceuticals are devel-
oped, SPECTwill prove an important adjunct or primary diagnostic
tool capable of quantifying and following mTBI patients, as well as
providing useful prognostic information to better direct the care and
management of these individuals.

Despite the limitations of fNIRS,351 fNIRS technology in some
circumstances has advantages over fMRI due to its portability,
lower cost, and higher temporal resolution, which allows quick
screening of the subjects. Further, fNIRS is more tolerant of patient
movement. Initial results suggest fNIRS is capable of detecting a
quantitative relationship between cognitive load and intensity of a
blood flow change. More research is needed to validate the po-
tential for fNIRS to distinguish cognitive functional impairment in
TBI patients. This field is relatively new in comparison with fMRI,
and more research must be done before use of this technique can be
recommended to assess the degree of TBI.
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Memory Rescue 

 
Supercharge Your Brain, Reverse Memory Loss, and Remember 

What Matters Most 
 

Daniel Amen, MD 
2017 

 
“There are several ways to look at your brain if you are concerned 
about your memory.” 
 
“Most physicians will order an imaging study, such as an MRI or CT 
scan, which looks at the structural integrity of the brain. Most of these 
studies are read as normal, or as “mild atrophy (shrinkage) consistent 
with aging.” 
 
“Functional brain imaging studies, like SPECT, PET (positron-emission 
tomography), or QEEG (quantitative electroencephalogram) are more 
useful because functional problems almost always precede structural 
ones. These studies typically show problems before symptoms occur.” 
 
“At Amen Clinics we think of SPECT and QEEG as maps to help guide 
people to better brains and better lives.” 
 
• “Brain SPECT imaging: This scan looks at blood flow and activity 
 patterns and show us areas of the brain that are functionally 
 healthy, underactive or overactive.” [Blood Flow] 
 
• “QEEG testing: This scan shows the electrical activity in the brain.” 
 [Electrical Activity] 
 
 “With QEEG, powerful computer programs take electrical signals 
 from the  brain and break them into five distinct brain wave 
 patterns, showing how much of each is present compared to an 
 age- and gender-matched healthy group.” 
 
 “There are literally thousands of studies on QEEG for a wide 
 variety of clinical indications, including memory problems, anxiety, 
 depression, traumatic brain injury and ADHD.” 
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 2 
 “QEEG is a tool we use for patients who are pregnant or are 
 concerned about radiation exposure for any reason.” 
 
 The five commonly discussed types of brain electrical wave 
 patterns, from  slowest to the fastest: 
 
 delta waves (1-4 cycles per second): 
  very slow brain waves 
  seen mostly during sleep 
 
 theta waves (5-7 cycles per second):  
  slow brain waves 
  seen during daydreaming and twilight states 
 
 alpha waves (8-12 cycles per second): 
  seen during relaxed states 
 
 beta waves (13-20 cycles per second): 
  fast brain waves 
  seen during concentration or mental work states 
 
 high beta waves (21-40 cycles per second): 
  fast brain waves 
  seen during intense concentration or anxiety 
  
 
 
 
 
 
“The prefrontal cortex (which is involved with focus, forethought, 
judgment, and impulse control) is the area of the brain most densely 
populated with mitochondria.” [Clinically Important] 
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BACKGROUND:

METHODS:

RESULTS:

Neurol Clin Pract. 2017 Dec;7(6):464-473. doi: 10.1212/CPJ.0000000000000381.

King-Devick Test identifies real-time concussion and asymptomatic
concussion in youth athletes.
Dhawan PS , Leong D , Tapsell L , Starling AJ , Galetta SL , Balcer LJ , Overall TL , Adler JS , Halker-Singh
RB , Vargas BB , Dodick D .

Department of Neurology (PSD, LT, AJS, TLO, RBH-S, BBV, DD), Mayo Clinic Arizona,
Phoenix; King-Devick Test, Inc. (DL), Oakbrook Terrace, IL; Departments of Neurology (SLG,
LJB), Ophthalmology (SLG, LJB), and Population Health (LJB), New York University Langone
Medical Center, New York; Departments of Neurology (SLG, LJB) and Biostatistics and
Epidemiology (LJB), University of Pennsylvania School of Medicine, Philadelphia; and
University of Arizona (JSA), Scottsdale.

Abstract
Sports concussion has an annual incidence of approximately 3.8 million. Over

half go unreported and a substantial number may be asymptomatic. A rapid, cost-effective, and
reliable tool that facilitates diagnosis of concussion is needed. The King-Devick (K-D) test is a
vision-based tool of rapid number naming for assessment of concussion. In this study, we evaluated
the utility of the K-D test in real time for identification of symptomatic concussion in youth athletes
and to determine if similar impairment (subclinical concussion) exists in youth athletes without an
obvious head injury or symptoms.

Youth hockey players underwent K-D testing preseason, postseason, and immediately
after suspected concussion. Additional testing was performed in a subgroup of nonconcussed
athletes immediately before and after a game to determine effects of fatigue on K-D scores.

Among 141 players tested, 20 had clinically diagnosed concussion. All 20 had
immediate postconcussion K-D times >5 seconds from baseline (average 7.3 seconds) and all but
2 had worse postseason scores (46.4 seconds vs 52.4 seconds, p < 0.05, Wilcoxon signed rank
test). Nonconcussed athletes saw minimal improvement postseason (43.9 seconds vs 42.1
seconds, p < 0.05) and 51 nonconcussed players assessed before and after a game revealed no
significant time change as a result of fatigue.
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CONCLUSIONS:

CLASSIFICATION OF EVIDENCE:

Rapid number naming using the K-D test accurately identifies real-time,
symptomatic concussion in youth athletes. Scores in concussed players may remain abnormal over
time. Athletes should undergo preseason and postseason K-D testing, with additional evaluation
real time to inform the assessment of suspected concussion.

This study provides Class III evidence that the K-D test
accurately identifies real-time concussions in youth athletes.

PMID: 29431168 PMCID: PMC5800721 [Available on 2018-12-01] DOI: 10.1212/CPJ.0000000000000381
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Cureus. 2017 Dec 7;9(12):e1922. doi: 10.7759/cureus.1922.

Review of Assessment Scales for Diagnosing and Monitoring
Sports-related Concussion.
Dessy AM , Yuk FJ , Maniya AY , Gometz A , Rasouli JJ , Lovell MR , Choudhri TF .

Icahn School of Medicine at Mount Sinai, Mount Sinai Medical Center.
Concussion Management of New York, Icahn School of Medicine at Mount Sinai.
ImPACT Applications, Inc., UPMC.

Abstract
Sports-related concussion has emerged as a public health crisis due to increased diagnosis of the
condition and increased participation in organized and recreational athletics worldwide. Under-
recognition of concussions can lead to premature clearance for athletic participation, leaving
athletes vulnerable to repeat injury and subsequent short- and long-term complications. There is
overwhelming evidence that assessment and management of sports-related concussions should
involve a multifaceted approach. A number of assessment criteria have been developed for this
purpose. It is important to understand the available and emerging diagnostic testing modalities for
sports-related concussions. The most commonly used tools for evaluating individuals with
concussion are the Post-Concussion Symptom Scale (PCSS), Standard Assessment of
Concussion (SAC), Standard Concussion Assessment Tool (SCAT3), and the most recognized
computerized neurocognitive test, the Immediate Post-Concussion Assessment and Cognitive
Testing (ImPACT). The strengths and limitations of each of these tools, and the Concussion
Resolution Index (CRI), CogSport, and King-Devick tests were evaluated. Based on the data, it
appears that the most sensitive and specific of these is the ImPACT test. Additionally, the King-
Devick test is an effective adjunct due to its ability to test eye movements and brainstem function.

concussion; impact; sac; scat3; sports-related injury
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CONCLUSION:
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Reported concussion incidence in youth community Rugby Union
and parental assessment of post head injury cognitive recovery
using the King-Devick test.
Silver D , Brown N , Gissane C .

School of Sport, Health and applied Science, St Mary's University, Twickenham, Middlesex,
United Kingdom. Electronic address: Physio@cobhamrugby.co.uk.
School of Sport, Health and applied Science, St Mary's University, Twickenham, Middlesex,
United Kingdom.

Abstract
To assess the frequency of reported head injuries in youth community Rugby Union and

determine whether the King-Devick (K-D) test could be used by parents as a means to chart
cognitive recovery following head injury.

A prospective cohort study of 489 junior players (U9-U18) conducted at a community
level Rugby Union club over four seasons. All players undertook a baseline K-D test at the start of
each season. Players identified with suspected concussion performed the K-D test post injury and
results were compared to their most recent baseline assessment. Parent/Guardians of the player
then oversaw repeated daily testing until baseline scores were surpassed.

49 players were sent for assessment after suspected head injury. 46 parents oversaw
daily repeated K-D testing (93.8% engagement). The median reduction in K-D test performance
speed post-injury from baseline was 7.32s (IQR 2.46 - 7.98). A median of 5.1 days/tests were taken
for players to surpass baseline performance. No correlation was found between initial post-injury
test and cognitive recovery time. 38 head injuries were reported from match play with an incidence
rate of 12.7 per 1000 match hours (95% CI 9.2-17.5).

The K-D test is a practical tool for baseline, post injury and parentally supervised
repeated testing within youth community Rugby Union. Incidence of reported head injuries following
match play is higher than previously reported. Parental engagement was high. Post-Injury K-D test
performance should not be used as a means to predict symptom recovery.

Format: Abstract

1 2 2

Author information

Full text links

PubMed

https://www.ncbi.nlm.nih.gov/pubmed/29627029#
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silver%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29627029
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brown%20N%5BAuthor%5D&cauthor=true&cauthor_uid=29627029
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gissane%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29627029
https://www.ncbi.nlm.nih.gov/pubmed/29627029#
https://www.ncbi.nlm.nih.gov/pubmed/29627029#
https://linkinghub.elsevier.com/retrieve/pii/S0022-510X(18)30104-7
danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight

danmurphy
Highlight



9/20/18, 12)36 PMThe King-Devick test is a valid and reliable tool for assessing sport-…on in Australian football: A prospective cohort study. - PubMed - NCBI

Page 1 of 2https://www.ncbi.nlm.nih.gov/pubmed/29610049

1

2

3
4

OBJECTIVES:

DESIGN:

RESULTS:

J Sci Med Sport. 2018 Oct;21(10):1004-1007. doi: 10.1016/j.jsams.2018.03.011. Epub 2018 Mar 28.

The King-Devick test is a valid and reliable tool for assessing
sport-related concussion in Australian football: A prospective
cohort study.
Hecimovich M , King D , Dempsey AR , Murphy M .

Division of Athletic Training, University of Northern Iowa, United States; School of Psychology
and Exercise Science, Murdoch University, Australia. Electronic address:
mark.hecimovich@uni.edu.
Sports Performance Research Institute New Zealand (SPRINZ) at AUT Millennium, Faculty of
Health and Environmental Science, Auckland University of Technology, New Zealand; School
of Science and Technology, University of New England, Australia.
School of Psychology and Exercise Science, Murdoch University, Australia.
School of Physiotherapy, The University of Notre Dame Australia, Australia; Medical
Department, Peel Thunder Football Club, Australia.

Abstract
Sport-related concussion (SRC) research has focused on impaired oculomotor

function. The King-Devick (K-D) test measures oculomotor performance and is reported to identify
suboptimal brain function. The use of the K-D test in Australian football (AF), a sport involving body
contact and tackling, has not been documented. Therefore, the objective of this study was to
determine the test-retest reliability and diagnostic accuracy of the K-D test on a sub-elite AF team.

Prospective cohort study METHODS: In total, 22 male players (19.6+2.3 years) were
tested and re-tested on the K-D test. Those suspected of having a SRC secondary to a significant
head impact were tested. Randomly selected additional players without SRC were assessed for
comparison.

There were observable learning effects between the first and second baseline testing
(48 vs. 46s). The ICC for the first and second baseline tests was 0.91. Post-match test times were
longer than the baseline times for players with SRC (n=7) (-1.9s; z=-5.08; p<0.0001). Players
tested with no signs of SRC (n=13) had an improvement in time when compared with their baseline
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CONCLUSIONS:

KEYWORDS:

score (3.0s; z=-4.38; p<0.0001). The overall sensitivity was 0.98, specificity 0.96, and a kappa of
κ=0.94. The positive likelihood ratio was 11.6 and the positive predictive value was 89.0%.

This study supports the use of the K-D test due to its test-retest reliability, high
sensitivity and specificity, and fast and simple use that is ideal for sports medicine professionals to
make quick judgement on management and playability.

Copyright © 2018 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

Brain injury; Diffuse axonal injury; Neuropsychological tests; Visual motor coordination
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Ocular motor assessment in concussion: Current status and future
directions.
Ventura RE , Balcer LJ , Galetta SL , Rucker JC .

New York University School of Medicine, Department of Neurology, United States. Electronic
address: rachel.ventura@nyumc.org.
New York University School of Medicine, Department of Neurology, United States; New York

University School of Medicine, Department of Population Health, United States; New York
University School of Medicine, Department of Ophthalmology, United States.
New York University School of Medicine, Department of Neurology, United States; New York

University School of Medicine, Department of Ophthalmology, United States.
New York University School of Medicine, Department of Neurology, United States.

Abstract
Mild head injury such as concussions and subconcussive repetitive impact may lead to subtle
changes in brain function and it is imperative to find sensitive and reliable tests to detect such
changes. Tests involving the visual system, in particular eye movements, can incorporate higher
cortical functioning and involve diffuse pathways in the brain, including many areas susceptible to
head impact. With concussions, the clinical neuro-ophthalmic exam is important for detecting
abnormalities in vergence, saccades, pursuit, and visual fixation. On the sidelines, the
King-Devick test has been used as a visual performance measure that incorporates eye
movements and increases the sensitivity in detecting possible concussions in conjunction with
standard sideline tests of cognition, symptom checklists, and balance. Much promise lies in the
eye movement laboratory to quantitate changes in saccades and pursuit with concussions using
video-oculography. A combination of eye movement tasks coupled with neuroimaging techniques
and other objective biomarkers may lead to a better understanding of the anatomical and
physiological consequences of concussion and to better understand the natural history of this
condition.

Copyright © 2015 Elsevier B.V. All rights reserved.
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J Neurol Sci. 2015 Oct 15;357(1-2):75-9. doi: 10.1016/j.jns.2015.06.069. Epub 2015 Jul 2.

Use of the King-Devick test for sideline concussion screening in junior
rugby league.
King D , Hume P , Gissane C , Clark T .

Abstract
To determine whether the King-Devick (K-D) test used as a sideline test in junior rugby

league players over 12 matches in a domestic competition season could identify witnessed and
incidentally identified episodes of concussion.

A prospective observational cohort study of a club level junior rugby league team
(n=19) during the 2014 New Zealand competition season involved every player completing two
pre-competition season baseline trials of the K-D test. Players removed from match participation,
or who reported any signs or symptoms of concussion were assessed on the sideline with the
K-D test and referred for further medical assessment. Players with a pre- to post-match K-D test
difference >3s were referred for physician evaluation.

The baseline test-retest reliability of the K-D test was high (rs=0.86; p<0.0001).
Seven concussions were medically identified in six players who recorded pre- to post-match K-D
test times greater than 3s (mean change of 7.4s). Post-season testing of players demonstrated
improvement of K-D time scores consistent with learning effects of using the K-D test (67.7s vs.
62.2s).

Although no witnessed concussions occurred during rugby play, six players
recorded pre- to post-match changes with a mean delay of 4s resulting in seven concussions
being subsequently confirmed post-match by health practitioners. All players were medically
managed for a return to sports participation.

The K-D test was quickly and easily administered making it a practical sideline
tool as part of the continuum of concussion assessment tools for junior rugby league players.

Copyright © 2015 Elsevier B.V. All rights reserved.
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The King-Devick test for sideline concussion screening in collegiate
football.
Leong DF , Balcer LJ , Galetta SL , Evans G , Gimre M , Watt D .

Abstract
Sports-related concussion has received increasing attention as a result of neurologic

sequelae seen among athletes, highlighting the need for a validated, rapid screening tool. The
King-Devick (K-D) test requires vision, eye movements, language function and attention in order
to perform and has been proposed as a promising tool for assessment of concussion. We
investigated the K-D test as a sideline screening tool in a collegiate cohort to determine the effect
of concussion.

Athletes (n=127, mean age 19.6±1.2 years) from the Wheaton College football and
men's and women's basketball teams underwent baseline K-D testing at pre-season physicals for
the 2012-2013 season. K-D testing was administered immediately on the sidelines for football
players with suspected head injury during regular games and changes compared to baseline
were determined. Post-season testing was also performed to compare non-concussed athletes'
test performance.

Concussed athletes (n=11) displayed sideline K-D scores that were significantly
higher (worse) than baseline (36.5±5.6s vs. 31.3±4.5s, p<0.005, Wilcoxon signed-rank test).
Post-season testing demonstrated improvement of scores and was consistent with known
learning effects (35.1±5.2s vs. 34.4±5.0s, p<0.05, Wilcoxon signed-rank test). Test-retest
reliability was analyzed between baseline and post-season administrations of the K-D test
resulting in high levels of test-retest reliability (intraclass correlation coefficient (ICC)=0.95 [95%
Confidence Interval 0.85-1.05]).

The data show worsening of K-D test scores following concussion further
supporting utility of the K-D test as an objective, reliable and effective sideline visual screening
tool to help identify athletes with concussion.

Copyright © 2014 Spanish General Council of Optometry. Published by Elsevier Espana. All
rights reserved.

Brain injury; Conmoción relacionada con el deporte; Eye movements; King–Devick;

Abstract

1 2 2 3 3 3

Author information

PubMed

Full text links

The King-Devick test for sideline concussion screening in colleg... http://www.ncbi.nlm.nih.gov/pubmed/25649742

1 of 2 1/27/16, 8:56 AM



OBJECTIVE:

METHODS:

RESULTS:

CONCLUSION:

J Neurol Sci. 2011 Oct 15;309(1-2):34-9. doi: 10.1016/j.jns.2011.07.039. Epub 2011 Aug 16.

The King-Devick test and sports-related concussion: study of a rapid
visual screening tool in a collegiate cohort.
Galetta KM , Brandes LE, Maki K, Dziemianowicz MS, Laudano E, Allen M, Lawler K, Sennett B, Wiebe
D, Devick S, Messner LV, Galetta SL, Balcer LJ.

Department of Neurology, University of Pennsylvania School of Medicine, Philadelphia, PA
19104, USA.

Abstract
Concussion, defined as an impulse blow to the head or body resulting in transient

neurologic signs or symptoms, has received increasing attention in sports at all levels. The
King-Devick (K-D) test is based on the time to perform rapid number naming and captures eye
movements and other correlates of suboptimal brain function. In a study of boxers and mixed
martial arts (MMA) fighters, the K-D test was shown to have high degrees of test-retest and
inter-rater reliability and to be an accurate method for rapidly identifying boxers and mixed martial
arts fighters with concussion. We performed a study of the K-D test as a rapid sideline screening
tool in collegiate athletes to determine the effect of concussion on K-D scores compared to a
pre-season baseline.

In this longitudinal study, athletes from the University of Pennsylvania varsity
football, sprint football, and women's and men's soccer and basketball teams underwent baseline
K-D testing prior to the start of the 2010-11 playing season. Post-season testing was also
performed. For athletes who had concussions during the season, K-D testing was administered
immediately on the sidelines and changes in score from baseline were determined.

Among 219 athletes tested at baseline, post-season K-D scores were lower (better)
than the best pre-season scores (35.1 vs. 37.9s, P=0.03, Wilcoxon signed-rank test), reflecting
mild learning effects in the absence of concussion. For the 10 athletes who had concussions,
K-D testing on the sidelines showed significant worsening from baseline (46.9 vs. 37.0s,
P=0.009), with all except one athlete demonstrating worsening from baseline (median 5.9s).

This study of collegiate athletes provides initial evidence in support of the K-D
test as a strong candidate rapid sideline visual screening tool for concussion. Data show
worsening of scores following concussion, and ongoing follow-up in this study with additional
concussion events and different athlete populations will further examine the effectiveness of the
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Cerebral metabolic changes in men after chiropractic spinal manipulation for
neck pain.
Ogura T , Tashiro M, Masud M, Watanuki S, Shibuya K, Yamaguchi K, Itoh M, Fukuda H, Yanai K.

Abstract
Chiropractic spinal manipulation (CSM) is an alternative treatment for back pain.

The autonomic nervous system is often involved in spinal dysfunction. Although studies on the effects
of CSM have been performed, no chiropractic study has examined regional cerebral metabolism
using positron emission tomography (PET).

The aim of the present study was to investigate the effects of CSM on brain responses
in terms of cerebral glucose metabolic changes measured by [18F]fluorodeoxyglucose positron
emission tomography (FDG-PET).

Twelve male volunteers were recruited. Brain PET scanning was performed twice on
each participant, at resting and after CSM. Questionnaires were used for subjective evaluations. A
visual analogue scale (VAS) was rated by participants before and after chiropractic treatment, and
muscle tone and salivary amylase were measured.

Increased glucose metabolism was observed in the inferior prefrontal cortex, anterior
cingulated cortex, and middle temporal gyrus, and decreased glucose metabolism was found in the
cerebellar vermis and visual association cortex, in the treatment condition (P < .001). Comparisons of
questionnaires indicated a lower stress level and better quality of life in the treatment condition. A
significantly lower VAS was noted after CSM. Cervical muscle tone and salivary amylase were
decreased after CSM. Conclusion The results of this study suggest that CSM affects regional cerebral
glucose metabolism related to sympathetic relaxation and pain reduction.

PMID: 22314714 [PubMed - indexed for MEDLINE]
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Evid Based Complement Alternat Med. 2017;2017:4345703. doi: 10.1155/2017/4345703. Epub 2017 Jan 12.

Glucose Metabolic Changes in the Brain and Muscles of Patients with
Nonspecific Neck Pain Treated by Spinal Manipulation Therapy: A
[18F]FDG PET Study.
Inami A , Ogura T , Watanuki S , Masud MM , Shibuya K , Miyake M , Matsuda R , Hiraoka K , Itoh
M , Fuhr AW , Yanai K , Tashiro M .

Abstract
Objective. The aim of this study was to investigate changes in brain and muscle glucose
metabolism that are not yet known, using positron emission tomography with
[ F]fluorodeoxyglucose ([ F]FDG PET). Methods. Twenty-one male volunteers were
recruited for the present study. [ F]FDG PET scanning was performed twice on each subject:
once after the spinal manipulation therapy (SMT) intervention (treatment condition) and once
after resting (control condition). We performed the SMT intervention using an adjustment
device. Glucose metabolism of the brain and skeletal muscles was measured and compared
between the two conditions. In addition, we measured salivary amylase level as an index of
autonomic nervous system (ANS) activity, as well as muscle tension and subjective pain
intensity in each subject. Results. Changes in brain activity after SMT included activation of
the dorsal anterior cingulate cortex, cerebellar vermis, and somatosensory association cortex
and deactivation of the prefrontal cortex and temporal sites. Glucose uptake in skeletal
muscles showed a trend toward decreased metabolism after SMT, although the difference
was not significant. Other measurements indicated relaxation of cervical muscle tension,
decrease in salivary amylase level (suppression of sympathetic nerve activity), and pain relief
after SMT. Conclusion. Brain processing after SMT may lead to physiological relaxation via a
decrease in sympathetic nerve activity.

PMID: 28167971 PMCID: PMC5267084 DOI: 10.1155/2017/4345703
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Role of Low-Level Laser Therapy in Neurorehabilitation

Javad T. Hashmi, MD,
Wellman Center for Photomedicine, Massachusetts General Hospital, Boston, MA; Department of
Dermatology, Harvard Medical School, Boston, MA Disclosure: nothing to disclose

Ying-Ying Huang, MD,
Wellman Center for Photomedicine, Massachusetts General Hospital, Boston, MA; Department of
Dermatology, Harvard Medical School, Boston, MA; Aesthetic and Plastic Center, Guangxi
Medical University, Nanning, PR China Disclosure: nothing to disclose

Bushra Z. Osmani, MD,
Aga Khan Medical College, Karachi, Pakistan Disclosure: nothing to disclose

Sulbha K. Sharma, PhD,
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Michael R. Hamblin, PhD
Wellman Center for Photomedicine, Massachusetts General Hospital, Boston, MA; Department of
Dermatology, Harvard Medical School, 40 Blossom St BAR414, Boston, MA 02114 ; Harvard-MIT
Division of Health Sciences and Technology, Cambridge, MA. Address correspondence to:
M.R.H.; hamblin@helix.mgh.harvard.edu

Abstract
This year marks the 50th anniversary of the discovery of the laser. The development of lasers for
medical use, which became known as low-level laser therapy (LLLT) or photobiomodulation,
followed in 1967. In recent years, LLLT has become an increasingly mainstream modality,
especially in the areas of physical medicine and rehabilitation. At first used mainly for wound
healing and pain relief, the medical applications of LLLT have broadened to include diseases such
as stroke, myocardial infarction, and degenerative or traumatic brain disorders. This review will
cover the mechanisms of LLLT that operate both on a cellular and a tissue level. Mitochondria are
thought to be the principal photoreceptors, and increased adenosine triphosphate, reactive oxygen
species, intracellular calcium, and release of nitric oxide are the initial events. Activation of
transcription factors then leads to expression of many protective, anti-apoptotic, anti-oxidant, and
pro-proliferation gene products. Animal studies and human clinical trials of LLLT for indications
with relevance to neurology, such as stroke, traumatic brain injury, degenerative brain disease,
spinal cord injury, and peripheral nerve regeneration, will be covered.

© 2010 by the American Academy of Physical Medicine and Rehabilitation
Disclosure key can be found on the Table of contents and at www.pmrjournal.org
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Low-level laser therapy for beta amyloid toxicity in rat
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Lu Y , Wang R , Dong Y , Tucker D , Zhao N , Ahmed ME , Zhu L , Liu TC , Cohen RM , Zhang Q .

Department of Neuroscience and Regenerative Medicine, Medical College of Georgia, Augusta
University, Augusta, GA, USA.
Department of Neuroscience and Regenerative Medicine, Medical College of Georgia, Augusta
University, Augusta, GA, USA; Neurobiology Institute of Medical Research Center, North China
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Laboratory of Laser Sports Medicine, College of Physical Education and Sports Science, South
China Normal University, Guangzhou, China.
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University, Atlanta, GA, USA.
Department of Neuroscience and Regenerative Medicine, Medical College of Georgia, Augusta
University, Augusta, GA, USA. Electronic address: qzhang@gru.edu.

Abstract
Beta amyloid (Aβ) is well accepted to play a central role in the pathogenesis of Alzheimer's disease
(AD). The present work evaluated the therapeutic effects of low-level laser irradiation (LLI) on Aβ-
induced neurotoxicity in rat hippocampus. Aβ 1-42 was injected bilaterally to the hippocampus CA1
region of adult male rats, and 2-minute daily LLI treatment was applied transcranially after Aβ
injection for 5 consecutive days. LLI treatment suppressed Aβ-induced hippocampal
neurodegeneration and long-term spatial and recognition memory impairments. Molecular studies
revealed that LLI treatment: (1) restored mitochondrial dynamics, by altering fission and fusion
protein levels thereby suppressing Aβ-induced extensive fragmentation; (2) suppressed Aβ-induced
collapse of mitochondrial membrane potential; (3) reduced oxidized mitochondrial DNA and
excessive mitophagy; (4) facilitated mitochondrial homeostasis via modulation of the Bcl-2-
associated X protein/B-cell lymphoma 2 ratio and of mitochondrial antioxidant expression; (5)
promoted cytochrome c oxidase activity and adenosine triphosphate synthesis; (6) suppressed Aβ-
induced glucose-6-phosphate dehydrogenase and nicotinamide adenine dinucleotide phosphate
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oxidase activity; (7) enhanced the total antioxidant capacity of hippocampal CA1 neurons, whereas
reduced the oxidative damage; and (8) suppressed Aβ-induced reactive gliosis, inflammation, and
tau hyperphosphorylation. Although development of AD treatments has focused on reducing
cerebral Aβ levels, by the time the clinical diagnosis of AD or mild cognitive impairment is made, the
brain is likely to have already been exposed to years of elevated Aβ levels with dire consequences
for multiple cellular pathways. By alleviating a broad spectrum of Aβ-induced pathology that
includes mitochondrial dysfunction, oxidative stress, neuroinflammation, neuronal apoptosis, and
tau pathology, LLI could represent a new promising therapeutic strategy for AD.

Copyright © 2016 Elsevier Inc. All rights reserved.
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Photobiomodulation and the brain: a new paradigm.
Hennessy M , Hamblin MR .

Briarcliff High School, Briarcliff Manor, NY, USA.
Wellman Center for Photomedicine, Massachusetts General Hospital, Boston, MA, USA.
Department of Dermatology, Harvard Medical School, Boston, MA, USA.
Harvard-MIT Division of Health Sciences and Technology, Cambridge, MA, USA.

Abstract
Transcranial photobiomodulation (PBM) also known as low level laser therapy (tLLLT) relies on the
use of red/NIR light to stimulate, preserve and regenerate cells and tissues. The mechanism of
action involves photon absorption in the mitochondria (cytochrome c oxidase), and ion channels
in cells leading to activation of signaling pathways, up-regulation of transcription factors, and
increased expression of protective genes. We have studied PBM for treating traumatic brain injury
(TBI) in mice using a NIR laser spot delivered to the head. Mice had improved memory and
learning, increased neuroprogenitor cells in the dentate gyrus and subventricular zone, increased
BDNF and more synaptogenesis in the cortex. These highly beneficial effects on the brain suggest
that the applications of tLLLT are much broader than at first conceived. Other groups have studied
stroke (animal models and clinical trials), Alzheimer's disease, Parkinson's disease, depression,
and cognitive enhancement in healthy subjects.

Alzheimer’s disease; Transcranial photobiomodulation; brain disorders; low level laser therapy;
psychiatric diseases; stroke; traumatic brain injury
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Transcranial Low-Level Laser (Light) Therapy for Brain Injury.
Thunshelle C , Hamblin MR .
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Abstract
Low-level laser therapy (LLLT) or photobiomodulation (PBM) is a possible

treatment for brain injury, including traumatic brain injury (TBI).

We review the fundamental mechanisms at the cellular and molecular level and the
effects on the brain are discussed. There are several contributing processes that have been
proposed to lead to the beneficial effects of PBM in treating TBI such as stimulation of
neurogenesis, a decrease in inflammation, and neuroprotection. Both animal and clinical trials for
ischemic stroke are outlined. A number of articles have shown how transcranial LLLT (tLLLT) is
effective at increasing memory, learning, and the overall neurological performance in rodent models
with TBI.

Our laboratory has conducted three different studies on the effects of tLLLT on mice
with TBI. The first studied pulsed against continuous laser irradiation, finding that 10 Hz pulsed was
the best. The second compared four different wavelengths, discovering only 660 and 810 nm to
have any effectiveness, whereas 732 and 980 nm did not. The third looked at varying regimens of
daily laser treatments (1, 3, and 14 days) and found that 14 laser applications was excessive. We
also review several studies of the effects of tLLLT on neuroprogenitor cells, brain-derived
neurotrophic factor and synaptogenesis, immediate early response knockout mice, and tLLLT in
combination therapy with metabolic inhibitors.

Finally, some clinical studies in TBI patients are covered.
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Shining Light on the Head: Photobiomodulation for Brain Disorders 
BBA Clinical (Biochimica et Biophysica Acta Journal) 

2016; No. 6; pp. 113-124 
Michael R. Hamblin  
Wellman Center for Photomedicine, Massachusetts General Hospital, Boston; 
Department of Dermatology, Harvard Medical School, Boston; 
Harvard-MIT Division of Health Sciences and Technology 

 
Photobiomodulation (PBM) describes the use of red or near-infrared light to 
stimulate, heal, regenerate, and protect tissue that has either been injured, is 
degenerating, or else is at risk of dying.  
 
One of the organ systems of the human body that is most necessary to life, and 
whose optimum functioning is most worried about by humankind in general, is the 
brain.  
 
The brain suffers from many different disorders that can be classified into three 
broad groupings: traumatic events (stroke, traumatic brain injury, and global 
ischemia), degenerative diseases (dementia, Alzheimer's and Parkinson's), and 
psychiatric disorders (depression, anxiety, post traumatic stress disorder). 
There is some evidence that all these seemingly diverse conditions can be 
beneficially affected by applying light to the head.  
There is even the possibility that PBM could be used for cognitive enhancement in 
normal healthy people.  
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Abstract
This study investigated whether patients with mild to moderately severe dementia or

possible Alzheimer's disease (AD) with Mini-Mental State Exam (MMSE) Baseline scores of 10-24
would improve when treated with near-infrared photobiomodulation (PBM) therapy.

Animal studies have presented the potential of PBM for AD. Dysregulation of the
brain's default mode network (DMN) has been associated with AD, presenting the DMN as an
identifiable target for PBM.

The study used 810 nm, 10 Hz pulsed, light-emitting diode devices
combining transcranial plus intranasal PBM to treat the cortical nodes of the DMN (bilateral mesial
prefrontal cortex, precuneus/posterior cingulate cortex, angular gyrus, and hippocampus). Five
patients with mild to moderately severe cognitive impairment were entered into 12 weeks of active
treatment as well as a follow-up no-treatment, 4-week period. Patients were assessed with the
MMSE and Alzheimer's Disease Assessment Scale (ADAS-cog) tests. The protocol involved
weekly, in-clinic use of a transcranial-intranasal PBM device; and daily at-home use of an
intranasal-only device.
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There was significant improvement after 12 weeks of PBM (MMSE, p < 0.003; ADAS-
cog, p < 0.023). Increased function, better sleep, fewer angry outbursts, less anxiety,

and wandering were reported post-PBM. There were no negative side effects. Precipitous declines
were observed during the follow-up no-treatment, 4-week period. This is the first completed PBM
case series to report significant, cognitive improvement in mild to moderately severe dementia and
possible AD cases.

Results suggest that larger, controlled studies are warranted. PBM shows
potential for home treatment of patients with dementia and AD.
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 1 
Evolutionary Aspects of Diet: The Omega-6/Omega-3 Ratio and the Brain 

 
Molecular Neurobiology 
January 29, 2011 [epub] 

 
Artemis P. Simopoulos 
This article has 116 references 
LA = linoleic acid (plant derived omega-6 fatty acid) 
ALA = alpha linolenic acid (plant derived omega-3 fatty acid) 
 
Abstract  
Several sources of information suggest that human beings evolved on a diet that 
had a ratio of omega-6 to omega-3 fatty acids (FA) of about 1/1. 
 
Today, Western diets have a ratio of 10/1 to 20–25/1, indicating that Western diets 
are deficient in omega-3 FA compared with the diet on which humans evolved and 
their genetic patterns were established. 
 
Omega-6 and omega-3 FA are not interconvertible in the human body and are 
important components of practically all cell membranes.  
 
Studies with nonhuman primates and human newborns indicate that 
docosahexaenoic acid (DHA) is essential for the normal functional development of 
the brain and retina, particularly in premature infants.  
 
DHA accounts for 40% of the membrane phospholipid FA in the brain.  
 
Both eicosapentaenoic acid (EPA) and DHA have an effect on membrane receptor 
function and even neurotransmitter generation and metabolism.  
 
There is growing evidence that EPA and DHA could play a role in hostility and 
violence in addition to the beneficial effects in substance abuse disorders and 
alcoholism.  
 
The balance of omega-6 and omega-3 FA is important for homeostasis and normal 
development throughout the life cycle. 
 
KEY POINTS FROM THIS STUDY: 
 
1) Nutrition is an environmental factor that influences gene expression. 
 
2) Major changes have taken place in our diet over the past 10,000 years since 
the beginning of the Agricultural Revolution, but our genes have not changed.  

 
3) “Our genes today are very similar to the genes of our ancestors during the 
Paleolithic period 40,000 years ago, at which time our genetic profile was 
established.” 

9

danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight




 2 
 
4) “Humans today live in a nutritional environment that differs from that for 
which our genetic constitution was selected.” 
 
5) The major changes that have taken place in our diets in the past 10,000 
years include: 
A)) An increase in energy intake and decrease in energy expenditure 
B)) An increase in saturated fat 
C)) An increase in omega-6 fatty acids 
D)) An increase in trans-fatty acids 
E)) An increase in cereal grains 
F)) An increase in fruit and vegetable intake 
 
G)) A decrease in omega-3 fatty acid intake 
H)) A decrease in complex carbohydrate intake 
I)) A decrease in fiber intake 
J)) A decrease in protein 
K)) A decrease in antioxidants 
L)) A decrease in vitamin D 
M)) A decrease in calcium intake  
 
6) “The increase in trans-fatty acids is detrimental to health.” 

 
7) “The beneficial health effects of omega-3 fatty acids, eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) were described first in the Greenland 
Eskimos who consumed a high seafood diet and had low rates of coronary heart 
disease, asthma, type 1 diabetes mellitus, and multiple sclerosis. Since that 
observation, the beneficial health effects of omega-3 fatty acids have been 
extended to include benefits related to cancer, inflammatory bowel disease, 
rheumatoid arthritis, psoriasis, and mental health.” 
 
8) The change of omega-6/omega-3 ratio in the food supply of Western societies 
has occurred over the last 150 years.  
 
9) “During evolution, omega-3 fatty acids were found in all foods consumed: 
meat, wild plants, eggs, fish, nuts, and berries.” 
 
10) Today in Western societies the omega-6/omega-3 ratio is very high due to 
the high intake of soybean oil, corn oil, sunflower, safflower, and linseed oil.  
 
11) “LA is found in high amounts in grains with the exception of flaxseed, chia, 
perilla, rapeseed, and walnuts that are rich in ALA.” 
 
12) The green leaves of plants are higher in ALA than LA. 
 
13) The conversion of LA to EPA AND DHA “appears to be limited and variable.”  
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 3 
14) The omega-6/omega-3 ratio is associated with normal “growth and 
development, as well as in the outcome of hypertension, cancer, arthritis, mental 
health, allergies and other autoimmune diseases,” as well as the “pathophysiology 
of atherosclerosis, inflammation, and aging.” 
 
15) “DHA is found in high amounts in the membranes of brain and retina and is 
critical for proper neurogenesis, neurotransmitter metabolism, neuroprotection and 
vision. The consumption of high amounts of DHA has been associated with multiple 
health benefits including brain and retinal development, aging, memory formation, 
synaptic membrane function, photoreceptor biogenesis and function, and 
neuroprotection. DHA is essential for pre-natal brain development.” 
 
16) Powerful antiinflammatory molecules are derived from omega-3 fatty acids:  
Lipoxins, Resolvins, Protectins and Neuroprotectins. These molecules “function in 
the resolution of inflammation by activating specific mechanisms to promote 
homeostasis.” 
 
17) Omega-3s cause apoptotic death in cancer cells whereas omega-6s allowed 
the cancer cells to continue to proliferate. 
 
18) Psychologic stress in humans causes an overproduction of proinflammatory 
Cytokines, which is minimized with adequate levels of omega-3s. 
 
19) Diets with a high omega-6/omega-3 ratio may enhance the risk for both 
depression and inflammatory diseases. 
 
20) “LA more than any other nutrient is associated with shorter telomeres and 
shorter telomeres are associated with aging, cancer and coronary heart disease.” 
 
21) “Clinical studies show that cognitive performance improves with omega-3’s.” 
 
22) “Positive effects of omega-3’s on dementia, schizophrenia, and other central 
nervous system diseases have been reported.” 

 
23) Omega-3’s can affect not only cognitive functions, but also mood and 
emotional states and may act as a mood stabilizer. Omega-3’s have beneficial 
effects in some neurological diseases in addition to the chronic fatigue syndrome. 
 
24) Omega-3 deficiency in childhood delays brain development, and produces 
irreversible effects, while the same deficiency in aging accelerates the deterioration 
of brain function. 

 
25) Omega-3 intake from ALA does not provide adequate intakes of EPA and DHA.  
 
26) Substance abusers have low omega- 3 fatty acid intakes due to poor dietary 
habits. Omega-3’s are helpful in the treatment of cocaine dependence and 
alcoholism because they can stabilize neuron membranes. 
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 4 
27) Daily administration of 3 g of omega-3’s for 3 months significantly decreased 
feelings of anger, anxiety and aggression. 
 
28) “Western diets are characterized by high omega-6 and low omega-3 fatty acid 
intake, whereas during the Paleolithic period when human’s genetic profile was 
established, there was a balance between omega-6 and omega-3 fatty acids. 
Therefore, humans today live in a nutritional environment that differs from that for 
which our genetic constitution was selected.” 
 
29) “The balance of omega-6/omega-3 fatty acids is an important determinant in 
maintaining homeostasis, normal development, and mental health throughout the 
life cycle.” 

 
30) “It is known that the relative amounts of omega-6 and omega-3 in the cell 
membrane are responsible for affecting cellular function as the AA competes 
directly with EPA for incorporation into cell membranes.” 

 
31) “A low AA/EPA ratio has been proposed as an index of the beneficial effects of 
omega-3’s which have been shown in animal and clinical experiments.” 

 
32) The balance of omega-3 and omega-6 fatty acids to the “developing brain 
may be necessary for normal growth and functional development.”  
 
33) Omega-3 deficiency in the brain is associated with “decreased learning ability, 
with a lower synaptic vesicle density in the hippocampus; whereas, chronic 
administration of omega-3’s improves reference memory-related learning probably 
due to increased neuroplasticity of the neural membranes.” 
 
34) “Cognitive performance improves with omega-3’s supplementation possibly 
due to increased hippocampal acetylcholine levels, the antiinflammatory effects of 
omega-3’s, decreased risk of cardiovascular disease or increased neuroplasticity.”  
 
35) Omega-3 fatty acids have positive effects in patients with dementia, 
schizophrenia, depression and other central nervous systems diseases. 
 
36) Omega-3 fatty acid supplementation could play a role in [reduced] hostility 
and violence. 
 
37) “In carrying out clinical intervention trials, it is essential to increase the 
omega-3 and decrease the omega-6 fatty acid intake in order to have a balanced 
omega-6 to omega-3 intake.” 
 
38) “In humans, the brain is the most outstanding organ in biological 
development: it follows that the priority is brain growth and development, and in 
the brain the balance between omega-6 and omega-3 PUFA metabolites is close to 
1:1. This ratio should be the target for human nutrition.” 
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 5 
39) “In Western diets, the omega-6/omega-3 ratio has increased to between 
10:1 and 20:1. This high omega-6 proportion is largely made up by LA, is far from 
optimal and is highly inappropriate for normal growth and development.”  
 
40) “The ratio of omega-6/omega-3 fatty acids in the brain between 1:1 and 2:1 
is in agreement with the data from the evolutionary aspects of diet and genetics.”  
 
41) “A ratio of 1:1 to 2:1 omega-6/omega-3 fatty acids should be the target ratio 
for health.” 
 
COMMENTS FROM DAN MURPHY 
 
The omega-6/omega-3 fatty acid ratio is innately critical for brain function, heart 
health, immunity, joint health, pain syndromes and more. I believe that everyone 
should have the AA/EPA ratio tested to see if they are in the “target ratio” of 1-2/1, 
AA/EPA. 
 
The lab we use to test the AA/EPA ratio is Metametrix, at (800) 221-4640.  
The test is called Bloodspot Fatty Acids 0241. 
The test is a finger prick draw, not venipuncture. 
 
The omega-3 oils I take are from Nutri-West; I believe their ratios of ALA, EPA, 
DHA, and GLA are optimal: (800) 443-3333. 
 
Nutri-West has a children’s formula, and both capsules and a liquid for adults: 
 
Complete Children’s EPA/DHA (8 per day) 
 
Complete Omega-3 Essentials (6 per day), or 
Complete Hi-Potency Omega-3 Liquid (1 teaspoon per day) for aultts 
 
To achieve the “target ratio” most adults need to consume 3,000 mg/d of EPA+DHA 
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Therapeutic use of omega-3 fatty acids in severe head trauma 

 
The American Journal of Emergency Medicine 

August 3, 2012 [epub] 
 
Michael Lewis, MD; Parviz Ghassemi; Joseph Hibbeln, MD  
 
BACKGROUND: 
 
On January 2, 2006, in Upshur County, West Virginia, USA, there was an explosion 
in the Sago Coal Mine. The blast trapped 13 miners for nearly two days; only one 
miner survived. The lone survivor was Randal L. McCloy, Jr., age 26. He was found 
practically dead, unconscious and suffering from carbon monoxide poisoning, a 
collapsed lung, brain hemorrhaging, edema, muscle injury, faulty liver and heart 
function, and almost no brain electrical activity. His initial prognosis for recovery 
was grim, expecting permanent damage to his brain. However, McCloy recovered 
almost fully. 
 
McCloy is the longest exposure to carbon monoxide poisoning to have survived. His 
doctors predicted that if he did survive, he would be severely brain damaged since 
the carbon monoxide had stripped the protective myelin sheath from most of his 
brain's neurons.  
 
McCloy’s neurosurgeon started to enternally feed him a daily dose of 15,000 
milligrams (mg) docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) fish 
oil. 
 
Soon, his brain electrical activity returned and he emerged from his coma, gradually 
regaining his ability to walk, talk, and see. Apparently the omega-3s helped rebuild 
the damaged gray and white matter of his brain. McCloy is now married, has 
children, and is largely functioning normally. 
 
The authors of this study state: 
 
“We are aware of only one report where n-3FA were used, that being the 
survivor of the Sago Mine accident in January 2006 suffering from hypoxia 
and exposure to toxic gases, dehydration, and rhabdomyolysis.” 
[Roberts L, Bailes J, Dedhia H, et al.; Surviving a mine explosion; J Am Coll Surg, 
207 (2) (2008), pp. 276–283] {Dr. Bailes was McCloy’s neurosurgeon} 
 
These authors then present a case study stating: 
“To our knowledge, this is the first report of specific use of substantial amounts of 
n-3FA following severe TBI.” 
 
• A teenager sustained a severe TBI in a motor vehicle accident. 
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 2 
• His extrication prolonged, he was in a coma, he sustained a subdural 
 hematoma that was surgically decompressed. 
 
• The attending neurosurgeons believed the injuries were likely fatal. 
 
• On day 10, (still in a coma), MRI showed significant subdural hemorrhage 
 and diffuse axonal injury. His doctors believed him to be in a permanent 
 vegetative state. 
 
• A tracheotomy and percutaneous endoscopic gastrostomy (PEG) tube were 
 placed for custodial care and enteral feedings were started. 
 
• On Day 11, 9,756 mg eicosapentaenoic acid (EPA) and 6,756 mg 
 docosahexaenoic acid (DHA) per day were added to enteral feedings. 
 
• On day 21, he was weaned off the ventilator and transported to a specialized 
 rehabilitation institute 3 days later.  
 
• 3 months after the injury the patient attended his high school graduation to 
 receive his diploma.  
 
• 4 months after the injury the patient was discharged to home.  
 
• For the following year, the patient continued to take 16,500 mg of EPA + DHA 

fish oil supplements per day along with 6000 IU of vitamin D3; his 
improvement continued and he experienced no adverse effects. 

 
KEY POINTS FROM DAN MURPHY: 
 
1) The primary management of severe traumatic brain injury (TBI) is often 
surgical or intensive care unit, with the goals of maintaining adequate oxygenation, 
controlling intracranial pressure, and ensuring proper cerebral perfusion pressure. 
 
2) “The secondary injury phase of TBI is a prolonged pathogenic process 
characterized by neuroinflammation, excitatory amino acids, free radicals, and ion 
imbalance. There are no approved therapies to directly address these underlying 
processes.” [remember, the 2 primary excitatory amino acids are glutamate and 
aspartate; both are commonly added to processed foods as taste enhancers: 
glutamate is often called MSG for monosodium glutamate, but is routinely called 
dozens of different things on packaging labels. Aspartate is half of the artificial 
sweetener aspartame. Both of these should be avoided in the manage of traumatic 
brain injury] 
 
3) These authors present a case that was intentionally treated with substantial 
amounts of omega-3 fatty acids (n-3FA) to provide the nutritional foundation for 
the brain to begin the healing process following severe TBI. N-3FA, “must be in 
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 3 
place if the brain is to be given the opportunity to repair itself to the best possible 
extent.”  
 
4) N-3FA administration is best if given early in the course of treatment, in the 
emergency department or sooner. 
 
5) “It is well recognized that n-3FA are important for proper neurodevelopment 
and function.”  
 
6) “Average Western dietary intakes result in a deficiency of n-3FA and an over-
dominant intake of pro-inflammatory omega-6s (n-6FA).” 
 
7) “The ratio of n-3:n-6FA in the Western diet can be as low as 1:50. Such 
imbalance is reflected directly in the composition of neuron membrane 
phospholipids favoring inflammatory processes.” 
 
8) “Arachidonic acid is the primary n-6FA in the brain, is metabolized by 
cyclooxygenase and lipoxygenase enzymes to proinflammatory eicosanoids that 
enhance vascular permeability, increase local blood flow, increase infiltration of 
leukocytes, and enhance production of proinflammatory cytokines.”  
 
9) “Omega-3 fatty acids attenuate release of these proinflammatory cytokines, 
decrease cyclooxygenase activity, inhibit formation of proinflammatory eicosanoids 
and cytokines, and promote levels of anti-inflammatory docosanoids.”  
 
10) “Docosahexaenoic acid, in particular, promotes neuronal survival, 
neurogenesis, neurite development, neuronal cell migration, synaptogenesis, and 
modulation of inflammatory cascade.” 
 
11) N-3FA may help improve clinical outcomes when administered before or 
following TBI, spinal cord injury, and brain ischemia. 
 
12) Omega-3 fatty acids “significantly reduce the number of injured axons.”  
 
13) “When DHA was given within an hour of spinal cord injury, neuromotor 
function was maintained; but the effect was lost when treatment was delayed for 4 
hours.”  
 
14) “Early nutritional intervention in TBI is underappreciated. Patients not fed 
within 5 and 7 days after TBI have a 2- and 4-fold increased likelihood of death, 
respectively.” 
 
15) Our experience suggests that aggressively adding substantial amounts of n-
3FA to optimize the nutritional foundation of severe TBI patients will significantly 
improve clinical outcomes. “An optimal nutritional foundation must be in place if the 
brain is to be given the best opportunity to repair itself.”  
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The salutary effects of DHA dietary supplementation on cognition, 

neuroplasticity, and membrane homeostasis after brain trauma 
 

Journal of Neurotrauma 

October 2011; Vol. 28; No. 10; pp. 2133-2122 

 
Aiguo Wu, Zhe Ying, Fernando Gomez-Pinilla 

Department of Integrative Biology and Physiology, University of California at Los 

Angeles 

 
KEY POINTS FROM THIS ARTICLE: 

 

1) “Traumatic brain injury (TBI) is one of the most common causes of death and 

disability in United States: 220,000 hospitalizations, 52,000 deaths from head 
trauma, and 80,000-90,000 patients suffering from permanent disability each 

year.” 

 

2) “Even though over 30 major clinical trials have been made, no efficient 

treatment for TBI has been found to date.”  
  

3) TBI results in long lasting consequences on the cognitive ability of patients.  

 

4) The pathology of traumatic brain injury is characterized by membrane 
damage, oxidative stress, failure in the capacity of neurons to metabolize energy, 

sustain synaptic function, and likely resulting in cognitive and emotional disorders.  

 

5) These authors assessed the potential of the omega-3 fatty acid 
docosahexaenoic acid (DHA) to counteract the effects of concussive injury on 

important aspects of neuronal function and cognition.  

 

6) Fluid percussion injury (FPI) or sham injury was performed on rats which 

were then maintained on a diet high in DHA (1.2% DHA) for 12 days.  
 

7) DHA supplementation improves learning ability in FPI rats.  

 

8) Given the involvement of SOD [superoxide dismutase endogenous 
antioxidant] and Sir2 [a longevity gene] in promoting metabolic homeostasis, DHA 

may help the TBI brain by providing resistance to oxidative stress.  

 

9) The overall results emphasize the potential of dietary DHA to counteract 
broad and fundamental aspects of the TBI pathology that can translate in preserved 

cognitive capacity. 

 

10) Dietary supplementation of fish oil before brain injury can protect the brain 
from the deleterious effects of TBI on cognition and plasticity. 
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 2 

11) DHA is a crucial omega-3 fatty acid abundant in the brain, is important for 

brain development and plasticity, and has been shown to support learning and 
memory neurodegerative disorders such as Alzheimer’s. 

 

12) This study investigated the healing capacity of DHA dietary supplementation 

when provided immediately after a concussive injury in rats. 
 

13) There is a homeostatic effect of DHA dietary supplementation when provided 

immediately after TBI.  

 
14) A short period of DHA supplementation “significantly counteracted the 

negative effects of the injury on cognitive function, neuronal signaling, and 

membrane homeostasis.” 

 
15) “These results indicate that DHA supplementation can provide the type of 

broad protection important for counteracting the effects of TBI.”  

 

16) “Given the role of DHA in membrane homeostasis and neuronal signaling, 

these findings implicate dietary DHA as a potential candidate for counteracting the 
adverse effects of TBI on synaptic plasticity and cognition.” 

 

17) “Short time feeding of DHA significantly unregulated molecules with 

recognized antioxidant capacity such as SOD and Sir2.” “DHA upregulates SOD and 
Sir2, which may contribute to counteracting oxidative damage to plasma membrane 

after TBI.”  

 

18) “The increase in DHA content may help maintain membrane fluidity, thereby 
preserving cognitive function in TBI animals.” 

 

19) It is known that TBI causes degradation of membrane phospholipids. Synaptic 

membranes phospholipids are preferentially enriched in omega-3 fatty acid DHA. 

Increased DHA content helps prevent the loss of DHA from membrane lipids. 
 

20) “Our findings suggest that supplementation of DHA may help the TBI brain 

preserve synaptic membrane integrity and fluidity, thereby enhancing membrane 

related cellular function and subsequent cognitive improvement.” 
 

21) “Our results demonstrate that DHA dietary supplementation applied 

immediately after TBI counteracts the related cognitive decay.” 

 
COMMENTS FROM DAN MURPHY 

 

As noted, traumatic brain injury often leaves the patient with serious long-tern 

cognitive and functional consequences. This article suggests that an important 
therapeutic intervention to markedly improve the clinical outcome is to immediately 

supplement the patient with fish oil (as it is high is DHA). 
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Omega-3 Fatty Acids as a Putative Treatment for Traumatic Brain Injury 

 
Journal of Neurotrauma 
January 30, 2013 [ebub] 

 
Hasadsri L MD; Wang BH, MD;, PhD; Wang BH MD; Lee JV PhD; Erdman JW PhD; 
Llano DA MD, PhD; Wszalek T PhD; Sharrock MF BSc 
First author is from the Department of Neurosurgery, University of Illinois College of 
Medicine. This article has 190 references 
 
KEY POINTS FROM THIS ARTICLE: 
 
1) Traumatic Brain Injury (TBI) is a global public health epidemic.  
 
2) In the US more than 3 million people sustain a TBI annually.  
 
3) TBI may “cause motor and sensory deficits and lead to severe cognitive, 
emotional, and psychosocial impairment, crippling vital areas of higher functioning.”  
 
4) TBI is the “signature injury” in wounded soldiers in Iraq and Afghanistan. 
 
5) TBI may have a devastating impact on athletes playing contact sports. 
 
6) There has been little progress in developing effective TBI interventions.  
 
7) Nutritional intervention may provide a unique opportunity to enhance the 
neuronal repair process after TBI.  
 
8) The two omega-3 fatty acids that are most promising for their neuro-
restorative capacities in TBI are docosahexaenoic acid (DHA) and eicosapentaenoic 
acid (EPA). 
 
9) “Chronic repetitive sub-concussive head impacts may also result in 
cumulative long-term deleterious effects.” 
 
10) Long-term health disorders associated with TBI include: 
A)) Post-traumatic stress disorder (PTSD) 
B)) Neurodegenerative diseases (Alzheimer's disease or Parkinsonism)  
C)) Neurocognitive deficits 
D)) Psychosocial health problems (e.g., binge drinking, major depression, 
 impairment of social functioning and ability to work, suicide) 
E)) Epilepsy 
F)) Pain 
G)) Other alterations in personality or behavior 
 
11) Nutritional intervention, such as “supplementation with n-3 (also known as 
omega-3) fatty acids, may be of therapeutic benefit in acute injury to the brain.” 
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 2 
12) “Omega-3 fatty acids have long been known to play a restorative role in 
several pathways implicated in traumatic insult to the brain.” 
 
13) Case studies show great benefit on the use of omega-3s in the acute phase of 
severe head injury. 
 
14) N-3 polyunsaturated fatty acids (PUFAs) are uniquely protective against 
degeneration induced by TBI, and they improve behavioral and cognitive outcomes 
in patients with TBI. 
 
15) “The most important n-3 fatty acids for human health and nutrition are 
docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), and alpha-linolenic acid 
(ALA).”  
 
16) “Humans can convert a limited amount of ALA into EPA and DHA, but 
synthesis of EPA and especially DHA from ALA is insufficient to supplant dietary 
intake.” [Important, especially for strict vegetarians] 
 
17) DHA comprises more than 50% of brain neuronal membrane phospholipids. 
 
18) Omega-3 fatty acids, especially DHA, are essential for maintaining membrane 
fluidity. DHA is tremendously flexible allowing it to under go rapid interconversions 
between multiple torsional states, and to readily undergo complex yet minimal 
energy-requiring conformational changes. [Fluidity] 
 
19) During neuronal stress, both EPA and DHA are released from membrane 
phospholipids and converted into compounds called “resolvins,” which resolve 
inflammatory processes, protect against oxidative stress, and maintain synaptic 
integrity. [Resolvins] 
 
20) In the brain, omega-3s, especially DHA: 
A)) Increased the size of neurons  
 
B)) Increases the complexity of dendritic arboritizations 
 
C)) Increased the number of neurons 
 
D)) Increases serotonin and acetylcholine receptors 
 
E)) Improved attention, task performance, learning, and memory 
 
F)) Improves dopamine neurotransmission increases dopamine receptors, which 
 improves motivational behavior and emotional functions 
 
21) DHA is neuroprotective, and supplementation significantly ameliorates 
secondary mechanisms of injury and reduces the number of damaged axons. 
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22) Supplementation with n-3 fatty acids “significantly decrease the production 
of reactive oxygen species (ROS) and improve cognitive function.” 
 
23) DHA has an “essential role in nervous system development and are required 
for proper synaptogenesis, neural membrane synthesis, and the building of 
functionally critical circuits within the brain.” 
 
24) “DHA deficiency is associated with aging and neurodegenerative conditions 
such as Alzheimer’s disease, while DHA consumption has been shown to improve 
performance on visuospatial learning and memory tasks in patients with age-related 
cognitive decline.” 
 
25) “Dietary supplementation with omega-3 fatty acids improves functional 
recovery in subarachnoid hemorrhage and stroke.” 
 
26) Omega-3 fatty acids in the brain appear be neuroprotective in TBI because 
they protect against inflammation, apoptosis, and oxidative stress mechanisms. 
 
27) TBI causes diffuse axonal destruction, demyelination, and neuronal cell death. 
This is “followed by a secondary wave of disruption in the subsequent hours and 
days due to inflammatory responses, excitotoxicity, and oxidative stress.” 
 
28) “Omega-3 fatty acids mitigate the consequences of several key pathological 
pathways in TBI, such as mitochondrial malfunction, apoptotic cell death, 
glutamate-triggered excitotoxicity, and injury-induced oxidative stress and 
inflammation.” 
 
29) “Omega-3 fatty acids may play a critical role in the restoration of cellular 
energetics and repair of neuronal damage after TBI.” 
 
30) “The production of pro-inflammatory prostaglandins is stimulated by and 
derived from the release of arachidonic acid (AA) secondary to disruption of 
neuronal cell membranes.” Arachidonic acid is rapidly converted into potent 
inflammatory mediators such as prostaglandins and leukotrienes. 
 
31) DHA functions in a neuroprotective capacity, antagonizing the pro-death 
signaling pathways initially triggered by AA. 
 
32) The release of the excitotoxic neurotransmitter glutamate is a destructive 
event following acute traumatic injury in the brain. “Excess glutamate causes 
overactivation of N-methyl d-aspartate (NMDA) and calcium-permeable AMPA 
receptors, leading to a massive influx of Ca++ and the induction of both 
programmed and necrotic cell death via calcium-dependent proteases.” DHA: 
A)) Reduces glutamate excitotoxicity 
B)) Downregulates the expression of AMPA receptor subunits  
C)) Decreases Ca++ influx into the neuron 
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33) The most detrimental consequence of excess intracellular Ca++ is increased 
oxidative stress, a “key contributor to the pathophysiologic changes that occur after 
TBI.” 
 
34) The influx of excess Ca++ into mitochondria increases ROS formation, 
damaging DNA and proteins, inducing programmed cell death. 
 
35) ROS causes lipid peroxidation on a catastrophic scale, further disrupting 
neuronal membrane integrity and function. 
 
36) The antioxidant defense mechanisms are relatively scarce in the human brain. 
 
37) Traumatic disruptions in cerebral blood flow causes ATP energy depletion and 
collapse of energy-dependent ion transport and active pumps, allowing intracellular 
Ca++ overload. 
 
38) Brain oxidative stress causes inflammation and additional “microvascular 
damage, secondary ischemia, and neuronal cell death.” 
 
39) The sex steroid progesterone reduces cerebral edema and has 
neuroprotective effects. 
 
40) “Multiple clinical trials have shown that high-dose fish oil consumption is safe 
even in patients receiving other agents that may increase the risk of bleeding, such 
as aspirin and warfarin.” 
 
41) “DHA at doses up to 6g/d does not have deleterious effects on platelet 
aggregation or other clotting parameters in normal individuals, and fish oil does not 
augment aspirin-induced inhibition of blood clotting.”  
 
42) It may be prudent to discontinue high-dose omega-3 supplementation in the 
setting of an acute bleeding illness or in patients at high risk for hemorrhagic 
stroke. 
 
43) PUFAs have high susceptibility to lipid peroxidation which may have a 
potential carcinogenic role.  
[This is why I advocate taking antioxidant co-factors] 
 
44) High intake of fish may increase the risk of exposure to environmental toxins 
and contaminants such as mercury and polychlorinated biphenyls; purified fish oils 
are much safer. 
 
45) “Omega-3 fatty acids restore cellular energetics, reduce oxidative stress and 
inflammation, repair cellular damage, and mitigate the activation of apoptotic 
processes after TBI.” 
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Vulnerability Imposed by Diet and Brain Trauma for Anxiety-Like 

Phenotype: Implications for Post-Traumatic Stress Disorders 
 

Public Library of Science ONE 
March 12, 2013; Volume 8; Issue 3; e57945 

 
Ethika Tyagi, Rahul Agrawal, Yumei Zhuang, Catalina Abad, James A. Waschek, 
Fernando Gomez-Pinilla 
From the University of California, Los Angeles (UCLA) 
 
KEY POINTS FROM THIS ARTICLE: 
 
1) Post-traumatic stress disorder (PTSD) is a condition in which “individuals 
exposed to trauma develop high levels of anxiety and inability to cope with routine 
living conditions.” 
 
2) Mild traumatic brain injury (mTBI, cerebral concussion) is a risk factor for the 
development of psychiatric illness such as posttraumatic stress disorder (PTSD).  
 
3) The neuropeptide Y1 receptor (NPY1R) is a hallmark of PTSD. 
 
4) Brain-derived neurotrophic factor (BDNF) signaling is disrupted in PTSD. 
Brain-derived neurotrophic factor (BDNF) is reduced in the plasma of PTSD victims 
and has a role in anxiety and depression. 
 
5) This study was done using rats. 
Rats were given diets either enriched or deficient in omega-3 fatty acids (n-3) 
during their brain maturation period. All rats were then transitioned to a western 
diet (WD); when becoming adult they were then subjected to mTBI.  
 
6) TBI resulted in an increase in anxiety-like behavior, increase in NPY1R, and 
decrease in BDNF.  These effects were more pronounced in the animals exposed to 
an n-3 deficient diet, and TBI worsened these effects and more prominently in 
combination with the n-3 deficiency condition.  
 
7) Also, the n-3 deficient diet resulted in a brain inflammatory immunological 
response.  
 
8) The western diet, typically maladaptive dietary habit, lowers the threshold for 
neurological disorders in response to challenges, including mTBI. 
 
9) The balance between brain health and disease is likely dependent on “factors 
acquired particularly during early life.” [Key Point] 
 
10) “Dietary factors are surfacing as strong modulators of brain plasticity with the 
capacity to alter the course of brain disorders.” [Key Point] 
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 2 
11) Adoption of unhealthy dietary habits is increasingly common in the modern 
society, and this may act as a vulnerability factor for neurological disorders. 
 
12) “The omega-3 fatty acid docosohexaenoic acid (DHA) is structured in 
neuronal plasma membranes and crucial for neuronal signaling. Diet is the only 
source of DHA for the brain and subnormal content of DHA has been associated 
with mood disorders in humans, i.e., increased risk of suicide in a population 
exposed to trauma.” 
 
13) “Dietary DHA has been shown to protect against cognitive impairment 
following brain trauma.” 
 
14) “Consumption of DHA is below recommended levels while the consumption of 
high fat and high sugar is on the raise in the western society, and this hardship has 
been attributed to increased incidence of psychiatric disorders.” [Key Point] 
 
15) Individuals with PTSD have increased brain immune activation with increased 
release of inflammatory cytokines interleukin-1b (IL-1b) and IL-10. N-3 fatty acids 
are also immunomodulatory.  
 
16) Dietary n-3 deficiency results in anxiety-like behavior. 
 
17) “Dietary n-3 deficiency reduced NPY1R levels and switching to the WD 
reduced levels even further. However, prior exposure to dietary n-3 
supplementation preserved the levels of NPY1R in animals transitioned to 
WD.” 
 
 18) TBI reduced the levels of NPY1R greatest in the n-3 deficient diet group. 
 
19) Exposure to TBI reduced levels of BDNF greatest in the n-3 deficient diet 
group. 
 
20) “We found that exposure to an n-3 diet during gestation and throughout 
maturation of the brain are crucial for building neural resilience during adulthood. 
The lack of dietary n-3 during brain maturation worsened the effects of transition to 
a WD and subsequent TBI on anxiety-like behavior and molecular counterpart.” In 
TBI, the WD enhances inflammation in animals deprived of n-3 during development. 
 
21) “Our results showed that effects of mTBI were more pronounced in the n-3 
deficient animals switched to WD, arguing about the critical role of dietary n-3 to 
protect against the development of anxiety like disorders after TBI.” 
 
22) Dietary DHA is protective and improves cognitive impairment following TBI. 
 
23) The neuropeptide Y1 receptor (NPY1R) is a marker of PTSD. Adequate levels 
of n-3 fatty acids protect against the effects of WD and mTBI, and these effects 
were reflected in higher levels of NPY1R. 

24

danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight


danmurphy
Highlight




 3 
24) Patients suffering PTSD have lower levels of plasma BDNF. Conditions of n-3 
deficiency, WD and mTBI reduced BDNF levels, and dietary n-3 offset these effects. 
 
25) The concept of ‘metabolic programming’ “describes the action of a nutritional 
stress/stimulus during critical periods of early development on altering an 
organism’s physiology and metabolism much later in life.” “The n-3 diet deficiency 
during brain formation and subsequent transition to WD altered brain capacity to 
sustain insults during adulthood, and clues to understand the molecular basis of 
metabolic programming.” Reduced brain levels of n-3 and increased levels of n-6 
found in may have impaired neuronal signaling and contributed to the protracted 
molecular and behavioral plasticity in adulthood.  
 
26) “Dietary factors during the developmental period are an environmental 
variable that can have long-term consequences on behavioral and immune 
responses, particularly under challenging conditions.” 
 
27) “Chronic sugar consumption can lead to protracted plasticity, particular under 
deficiency of n-3 fatty acids.” [Very Important] 
 
28) Reduced dietary n-3 creates a state of higher immune activity following TBI. 
“Dietary transition with traumatic brain injury may also affect the immune system 
during n-3 deficiency that may interact with pathophysiologic domain relevant to 
mood regulation.” 
 
29) “Our results emphasize the powerful action of diet during early life for 
determining later susceptibility to brain insults, involving elements associated with 
plasma membrane signaling, synaptic plasticity, and immune system.” [Key Point] 
 
30) “Given the increasing consumption of unhealthy diets in environments with 
high prevalence of brain trauma, diet may be a factor for predisposing towards the 
development of disorders like PTSD.” 
 
31) “The contents of n-3 during gestation and early life influence the vulnerability 
of the brain to future challenges (changes to western diet (WD) or TBI) during adult 
life.” 
 
KEY MESSAGES FROM DAN MURPHY 
 
1) Omega-3 fatty acids, especially EPA and DHA, are critical for optimum brain 
function. 
 
2) In utero and infant dietary omega-3s greatly influence adult brain physiology, 
including depression, anxiety, schizophrenia, suicide, and PTSD. 
 
3) Supplemental omega-3s are both preventative and therapeutic for TBI and 
PTSD.  
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Postconcussion Syndrome: A Review of Pathophysiology and Potential 

Nonpharmacological Approaches to Treatment 
 

The Physician and Sportsmedicine 

November 2012, Volume 40, Issue 4, pp. 73-87 

 
Joseph C. Maroon, MD; Darren B. LePere, BS; Russell L. Blaylock, MD; Jeffrey W. 

Bost, PAC: This article has 157 references 

 

FROM ABSTRACT 
 

The incidence of all-cause concussions in the United States is 1.6 to 3.8 million 

annually, with the reported number of sport- or recreation-related concussions 

increasing dramatically, especially in youth sports. 
 

The use of roadside bombs in Iraq and Afghanistan has propelled the incidence of 

concussion and other traumatic brain injuries to the highest levels ever encountered 

by the US military. The wars in Iraq and Afghanistan cause about 300 concussions 

per month. 
 

There is a marked increase in post-concussion syndrome (PCS) and the associated 

cognitive, emotional, and memory disabilities associated with the condition.  

 
There have been no significant advancements in the understanding or treatment of 

PCS for decades.  

 

The current management of PCS mainly consists of rest, reduction of sensory 
inputs, and treating symptoms as needed.  

 

Recently, researchers have proposed that activation of the immune inflammatory 

response may be an underlying pathophysiology that occurs in those who 

experience prolonged symptoms after a concussion. This immune inflammatory 
response is known as immunoexcitotoxicity.  

 

KEY POINTS FROM THIS ARTICLE: 

 
1) Most traumatic brain injuries (TBIs) are mild traumatic brain injuries (mTBIs) 

and are often referred to as concussions. These concussions can cause long-term 

disability. 

 
2) Most signs and symptoms of a cerebral concussion spontaneously resolve 

within 2 to 7 days, including: 

• Headache 

• Nausea 
• Visual disturbance 

• Balance abnormalities 
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3) Up to 15% of concussion individuals “may experience prolonged and 

intractable physical, cognitive, emotional, and/or sleep disturbances that result in 
severe debilitation—the so-called post-concussion syndrome (PCS). These 

symptoms often result in significant disruption and even withdrawal from school, 

job, or military activity.” 

  
4) Post-concussion syndrome requires at least 3 symptoms for a minimum of 4 

weeks following a head injury, including: 

• Headache 

• Dizziness 
• Sleep problems 

• Psychological disturbances  

• Cognitive disturbances 

 
5) Management of PCS includes rest and reduction of sensory input from 

schoolwork, computers, and any processing of new information.  

 

6) In PCS, imaging technology (CT, MRI, diffusion tensor imaging, PET) are less 

than optimal because they do not document changes in brain neurochemistry. 
 

7) “Following an impact to the head, a cascade of biochemical, immunological, 

and excitotoxic events occur, mediated by the innate and adaptive immune systems 

in the central nervous system.”  
 

8) “When a person sustains a TBI, it is well recognized that there is a massive 

release of glutamate and aspartate, primarily from astrocytes and microglia cells, 

which overstimulate glutamate receptors. This results in an influx of calcium 
through the cellular membrane and subsequent neuronal toxicity and cell death.” 

This is called the “excitotoxic reaction,” and contributes to PCS and to “chronic 

traumatic encephalopathy (CTE).” 

  

9) Microglia are the macrophages of the brain and spinal cord. In brain injury, 
the microglia become activated, releasing a series of immune factors, such as 

reactive oxygen species (ROS), inflammatory prostaglandins, and “excitotoxins in 

the form of glutamate, aspartate, and quinolinic acid.”  

 
10) Immunoexcitotoxicity and microglial activation is central to a number of 

neurodegenerative diseases, including Alzheimer’s disease, Parkinson’s disease, 

amyotrophic lateral sclerosis, and vascular dementia. 

  
11) The lingering symptom of headache, cognitive disturbances, and memory 

impairment of PCS are linked to excitotoxic neurotransmitters and inflammatory 

cytokines. “PCS following TBI may represent a persistent, low-grade, chronically 

smoldering neuroinflammatory response.” 
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12) The short-term symptoms of concussion, such as immediate confusion and 

disorientation, usually resolve within minutes to several hours and are probably due 
to electrochemical changes. 

 

13) A limited activation immunoexcitotoxicity inflammatory response produces 

protracted headaches, fogginess, and poor concentration, which resolve within a 
week in most cases. 

 

14) After a concussion it is extremely important to prevent a second injury before 

the brain is completely healed. A second impact initiates brain vasoreactive edema 
with resultant severe malignant brain swelling, which “if not recognized and treated 

promptly, it may be fatal.”  

 

15) A second brain injury before complete recovery accelerates microglia 
activation. “The initial injury primes the microglia—a state in which microglia 

upregulate the production of proinflammatory cytokines. Primed microglia release 

significantly higher levels of proinflammatory cytokines/chemokines and 

excitotoxins than normal, causing prolonged brain immunoexcitotoxicity.”  

 
16) Both glutamate and quinolinic acid can produce tau proteins and stimulate β-

amyloid accumulation in both Alzheimer’s disease and in CTE.  

 

17) “A number of natural plant products and extracts, such as fish oil, resveratrol, 
green tea, and curcumin, among others, may offer similar effects in the treatment 

of AD and other immunoexcitotoxicity-associated neurodegenerative disorders. 

These compounds work by suppressing or affecting microglial activation states as 

well as the excitotoxic cascade and inflammatory mediators, and promoting the 
release and generation of neurotrophic factors essential for CNS healing.” 

 

18) “Nonsteroidal anti-inflammatory drugs are the most common cause of drug-

related morbidity and mortality reported to the US Food and Drug Administration 

and other regulatory agencies around the world.” 
 

19) “Omega-3 essential fatty acids (EFAs), vitamin D3, curcumin, resveratrol and 

other polyphenols, and magnesium have all been shown to clinically reduce 

inflammation, reduce microglial activation, affect excitotoxic cell signaling 
processes, and are used worldwide to treat inflammatory-related conditions.” 

 

20) The major components of omega-3 EFAs, eicosapentaenoic acid (EPA) and 

docosahexaenoic acid (DHA), can inhibit production of proinflammatory eicosanoids. 
 

21) “The proinflammatory prostaglandin E2 (PGE2), made from omega-6 EFA 

(arachidonic acid [AA]) found in all cellular membranes, can be downregulated 

through competitive inhibition due to the enhanced production of prostaglandin E3 
(PGE3) from EPA, which is also incorporated into cellular membranes.” 
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22) CTE’s mechanisms of immunoexcitotoxicity and microglia activation are 

reduced by both EPA and DHA.  
 

23) Docosahexaenoic acid (DHA) constitutes > 25% of brain phospholipids, 

“maintaining membrane integrity, fluidity, excitability, and function.” 

 
24) Oral supplementation of DHA for 30 days following TBI significantly decreases 

the number of swollen, disconnected, and injured axons, attenuates glutamate-

induced neuronal injury and death. 

 
25) Omega-3 EFAs increase neuronal survival following brain injury by reducing 

excitoxicity through inhibition of glutamate-induced neuronal toxicity. 

 

26) Therapeutic EPA+DHA dosing for TBI is a total of 1.5 to 5.0 g per day.  
 

27) Vitamin D significantly promotes immune function and reduces the 

inflammatory response. 

 

28) Vitamin D can limit the extent of TBI injury by reducing cerebral edema, 
inflammatory response, necrosis, and apoptosis. Vitamin D decreases glutamate-

induced neuronal death. 

 

29) “Curcumin is a flavonoid compound found in the Indian spice turmeric.” It has 
potent anti-inflammatory, antioxidant, and antineoplastic effects. 

 

30) Curcumin’s anti-inflammatory actions arise from inhiibition of 

proinflammatory mediators, including cytokines and NF-κB and inhibition of COX-1 
and COX-2. It may be a comparable alternative to NSAIDs without the unacceptable 

side effects. 

 

31) “Curcumin has been found to prevent apoptosis, as well as decrease edema 

following TBI and ischemia.” 
 

32) The suggested dosage of curcumin supplementation for TBI is 400 to 600 mg 

taken 3 times per day. 

 
33) Resveratrol is a plant-based polyphenol antimicrobial. It is a powerful 

antioxidant with cardioprotective, antineoplastic, and anti-inflammatory effects. 

 

34) Resveratrol may extend the life span, slow the development of chronic 
neurodegenerative disease, and improve patient outcome following stroke, cerebral 

ischemia, spinal cord injury, and TBI. 

 

35) Resveratrol is anti-inflammatory by suppressing pro-inflammatory PGE2 
synthesis, and inhibiting TNF-α- and IL-1β-induced NF-κB activation. 

 

36) Resveratrol significantly reduces glutamate release TBI. 
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37) Moderate resveratrol wine consumption “significantly reduced the risk of AD 

in population studies.” 
 

38) “Resveratrol can exist in either the cis- or trans- form, but only the trans- 

form is believed to be bioactive.” The typical supplementation range is between 50 

to 500 mg/day.  
 

39) Magnesium is “required for > 300 metabolic processes and plays an essential 

role in modulating transmembrane electrical activity.” It is also “essential for 

protein synthesis, energy metabolism, maintenance of ionic gradients, immune 
system regulation, smooth muscle tone, and calcium regulation.” 

 

40) “Magnesium decline is thought to play a major role in the neuronal 

pathogenesis following TBI.” “Its most predominant neuroprotective action is by 
acting as a noncompetitive inhibitor of NMDA excitotoxicity by receptor blockade or 

by decreasing glutamate release.” 

 

41) About 63% of adult Americans have insufficient magnesium, and especially 

those who use proton pump inhibitors [antacids]. 
 

42) “Food sources for magnesium include legumes, nuts, whole grains, and most 

vegetables. The recommended dosage of magnesium is approximately 80 to 420 

mg/day.” 
 

43) Green tea is a powerful antioxidant, containing numerous polyphenolic 

compounds called catechins, of which epigallocatechin-3 galate (EGCG) is the most 

abundant. These polyphenols in green tea are anti-inflammatory, helping prevent 
cardiovascular disease, cancer, and arthritis. 

 

44) “The typical recommendation is 3 to 4 cups of green tea per day, or 1 serving 

of extract, which contains between 300 and 400 mg.” 

 
45) These nutritional approaches for TBI and PCS attack the pathophysiology of 

the disorder, shortening its duration, and not just ameliorating the symptoms. 

 

46) “By supporting neuronal function and countering key immunoexcitotoxicity 
mechanisms, non-pharmaceutical treatments may offer an effective alternative for 

treating post-concussion syndrome.” 

 

COMMENTS FROM DAN MURPHY: 
 

The suggested natural products to be used to halt the pathophysiological cascade of 

TBI and PCS were: 

• Omega-3s EPA+DHA    • Vitamin D3 
• Curcumin      • Resveratrol 

• Magnesium      • Green Tea (EGCG) 
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Protection Before Impact: 
The Potential Neuroprotective Role of Nutritional Supplementation in 

Sports-Related Head Trauma 
 

Sports Medicine 
March 2018;Vol. 48; Supplement 1; pp. 39-52 

 
Jonathan Oliver, Anthony Anzalone, Stephanie Turner: 
Sports Concussion Research Group, Department of Kinesiology,  
Texas Christian University 
 
In the absence of proper diagnosis, an athlete may return to play prior to full 
recovery, increasing the risk of second-impact syndrome or protracted symptoms.  
 
Recent evidence has demonstrated that sub-concussive impacts, those sustained 
routinely in practice and competition, result in a quantifiable pathophysiological 
response and the accumulation of both concussive and sub-concussive impacts 
sustained over a lifetime of sports participation may lead to long-term neurological 
impairments and an increased risk of developing neurodegenerative diseases.  
 
Studies have demonstrated the neuroprotective effect of nutritional 
supplementation in the treatment of mTBI.  
 
Given that many concussions go unreported and sub-concussive impacts result in a 
pathophysiological response that, too, may contribute to long-term brain health, 
protection prior to impact is warranted.  
 
Even in the absence of a concussion, it is now well known that sub-concussive 
impacts cause some level of detectable damage and the combination of repetitive 
concussive and sub-concussive impacts has the ability to cause long-term 
complications.  
 
While helmets are used in some contact sports, such equipment may not prevent 
and/or reduce the damage resulting from head trauma.  
 
Nutritional supplementation has emerged as a potential strategy to prevent and/or 
reduce the deleterious effects of sports-related concussion and sub-concussive 
impacts.  
 
In contrast to pharmaceutical treatment, nutrients (omega-3 FAs) and 
nutraceuticals (curcumin) have the potential to act on multiple mechanisms within 
the complex neurochemical and neurometabolic sequelae that occur subsequent to 
concussive and sub-concussive impacts.  
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Risk of dementia and AD with prior exposure to NSAIDs in an elderly

community-based cohort

Neurology
[April 22, 2009, early publication]

J.C.S. Breitner, MD, MPH, S.J.P.A. Haneuse, PhD, R. Walker, MS, S. Dublin, MD,
PhD, P.K. Crane, MD, MPH, S.L. Gray, PharmD, M, E.B. Larson, MD, MPH
These authors are associated with the University of Washington School of Medicine

FROM ABSTRACT:

Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) may prevent
Alzheimer dementia (AD).

Methods: We analyzed the association of prior NSAID exposure with incident
dementia and AD in the Adult Changes in Thought population-based cohort aged
65 years (median 74.8) at enrollment.

We studied 2,736 dementia-free enrollees for up to 12 years to identify dementia
and AD.

Results: Contrary to the hypothesis that NSAIDs protect against AD, pharmacy-
defined heavy NSAID users showed increased incidence of dementia and AD, by
66%.

Conclusions: These findings differ from those of other studies with younger cohorts.
The relation of NSAID use and AD pathogenesis needs further investigation.

THESE AUTHORS ALSO NOTE:

Inflammatory mechanisms are probably involved in the pathogenesis of
Alzheimer dementia (AD).

“NSAIDs are not helpful for people with established AD dementia.”

NSAIDs offer no benefit to people whose preclinical AD pathology is
sufficiently advanced that they develop dementia symptoms within a few years.

This study is a prospective analysis of NSAID use and incident dementia or
Alzheimer’s disease.
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RESULTS

At initial assessment:
50% were light or no use of NSAIDs.
37% were moderate users of NSAIDs.
13% were heavy users of NSAIDs. [taking at least 1 NSAID per day for at least 16
months of a 2 year period].

At follow-up:
15% were heavy users.
38% were moderate users.

NSAID heavy users were 66% more likely to have dementia and 57% more
likely to have AD.

DISCUSSION

“In a large cohort study of an elderly population-based sample, we observed
no reduction in risk of dementia or AD among users of NSAIDs. Instead, we found
that prior sustained NSAID exposure was associated with increased incidence of
dementia and AD. This result was robust to comprehensive sensitivity analyses
investigating features of both the design and analytic approach.”

“NSAIDs are not helpful for people with established AD, and rofecoxib [Vioxx]
does not allay progression of milder cognitive symptoms to AD.”

There authors believe that their methodology of investigation of the
relationship between ingestion of NSAIDs and dementia/AD is superior to other
studies associations but with different conclusions doing the same, making their
conclusions “a truer representation of the association of NSAIDs and dementia risk.”

NSAID exposure and risk of Alzheimer disease
Is timing everything?

Editorial

Neurology 2009;72:1–1

David A. Bennett, MD
Rachel A. Whitmer, PhD

A FEW KEY COMMENTS FROM THIS EDITORIAL

“Alzheimer disease (AD) is a large and growing public health problem and disease
prevention represents the best long-term strategy for reducing its human and
economic toll.”
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“Presently no curative therapies exist, but even a small delay in disease onset
would have significant public health implications.”

In this issue of Neurology, Breitner et al. suggest an increased rather than
decreased risk of Alzheimer’s disease and dementia with the use of NSAIDs.

This study is important because it included “nearly 17,000 person-years of follow-
up.”

SUMMARY FROM USA TODAY
April 23, 2009

By Mary Brophy Marcus

“A study in this week’s Neurology suggests that NSAID users do not have lower
rates of dementia and that increased use of the pain relievers may actually raise
the risk of cognitive decline.”

Researchers followed 2,736 persons who “were an average age of 75 at the study’s
start. Participants were tracked for 12 years to see if they developed dementia,
including Alzheimer’s disease.”

“Heavy users had a 66% higher risk of developing the condition [dementia] than
those with low or no use.”

KEY POINTS FROM DAN MURPHY

NOTE:
These numbers represent only the use of prescription NSAIDs; over-the-counter
use was more difficult to track and was assessed only indirectly. Sixteen different
prescription NSAIDs were consumed, and 46% was one drug, Ibuprofen; a standard
daily dose of prescription ibuprofen was defined as 1,200 mg per day. This is
obtained by consuming two 600 mg prescription capsules per day.

2,736 subjects use (1,200 mg per day) of prescription NSAIDs (rounded)
Beginning of Study 12 Years Later

Light Use
<30 standard doses / year

50% 41%

Moderate Use
30-250 standard doses /

year

37% 42%

Heavy Use
>250 standard doses /

year

13% 17%

This indicates that as time progressed, subjects increased their use of NSAIDs.
The consumption of NSAIDs in this patient population is astonishing.
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1) “Alzheimer disease (AD) is a large and growing public health problem and
disease prevention represents the best long-term strategy for reducing its human
and economic toll.”

2) “Presently no curative therapies exist, but even a small delay in disease onset
would have significant public health implications.”

3) This study is important because it included “nearly 17,000 person-years of
follow-up.”

4) Astonishingly, this study showed that over 50% of senior citizens are
consuming moderate to heavy doses of NSAIDs, and that there are very few elderly
Americans who do not consume NSAIDs.

5) In this very well done study, elderly persons who were heavy users of NSAIDs
were 66% more likely to have dementia and 57% more likely to have Alzheimer’s
disease compared to nonusers of the drugs.

6) “In a large cohort study of an elderly population-based sample, we observed
no reduction in risk of dementia or AD among users of NSAIDs. Instead, we found
that prior sustained NSAID exposure was associated with increased incidence of
dementia and AD. This result was robust to comprehensive sensitivity analyses
investigating features of both the design and analytic approach.”

7) “A study in this week’s Neurology suggests that NSAID users do not have
lower rates of dementia and that increased use of the pain relievers may actually
raise the risk of cognitive decline.”

8) Researchers followed 2,736 persons who “were an average age of 75 at the
study’s start. Participants were tracked for 12 years to see if they developed
dementia, including Alzheimer’s disease.”

9) “Heavy users had a 66% higher risk of developing the condition [dementia]
than those with low or no use.”

10) Although inflammatory mechanisms are probably involved in the pathogenesis
of Alzheimer dementia, NSAIDs do not protect against such dementia, but instead
increase the risk by 66%.
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The Risks of Copper Toxicity Contributing to Cognitive Decline in the 

Aging Population and to Alzheimer's Disease 
 

Journal of the American College of Nutrition 

June 2009, Vol. 28. No. 3, pp. 238-242 

 
George J. Brewer, MD 

Emeritus Professor of Human Genetics and Internal Medicine, University of 

Michigan, Departments of Human Genetics and Internal Medicine, University of 

Michigan Medical School 
 

KEY POINTS FROM THIS AUTHOR: 

 

1) “I wish to call attention to a major risk factor for damaging cognition that has 
crept up on developed societies without us being aware of it. That risk is copper 

toxicity from drinking water due to the widespread use of copper plumbing, and 

from copper in vitamin/mineral supplements that so many people take.” 

 

2) Alzheimer's Disease (AD) is epidemic in the U.S. and other developed 
countries.  

 

3) The Alzheimer’s disease epidemic is recent, exploding in the last 50-60 years.  

 
4) Approximately 10% of people in their 60s, 20% in their 70s, and 30% in their 

80s have Alzheimer’s Disease (AD) in the U.S.  

 

5) Alzheimer’s disease (AD) was virtually unknown 100 years ago. Almost all 
populations have had some aged people, and prior to about 100 years ago, none 

developed clinical Alzheimer’s disease or Alzheimer’s disease brain pathology. 

Alzheimer’s Disease is a new disease, beginning to make an appearance 100 years 

ago, and it only exists in developed countries.  

 
6) “The epidemic of Alzheimer’s Disease has occurred only in developed 

countries. The aged of India, African countries, etc. are spared this disease.” 

 

7) The Alzheimer’s epidemic is associated with the use of copper plumbing, and 
the taking of copper in multi-mineral supplements.  

 

8) “Alzheimer’s only involves developed countries that use copper plumbing.”  

 
9) Food copper (organic copper) is processed by the liver and is transported and 

sequestered in a safe manner. Inorganic copper, such as that in drinking water and 

copper supplements, largely bypasses the liver and enters the free copper pool of 

the blood directly. This copper is potentially toxic because it may penetrate the 
blood/brain barrier, increasing production of destructive free radicals.  
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10) BASES FOR THE COPPER ALZHEIMER’S HYPOTHESIS: 

 

• All the molecules involved with AD brain pathology bind copper, including the 

beta amyloid that forms the amyloid plaques and the tau protein which forms the 
neurofibrillary tangies, characteristic of the Alzheimer’s disease brain.  

 

• Apolipoprotein E4 (Apo E4) gene is a risk factor for AD. The Apo E4 gene is a 

genetic variant that is missing 2 cysteine amino acids. Cysteine binds to copper. 
Without these 2 cysteines, copper is not bound, and thus is a risk factor for AD. 

 

• Homocysteine is a risk factor for Alzheimer’s Disease. As homocysteine levels 

in blood increases, the risk of AD and the risk for atherosclerotic disease increases. 
Copper mediates oxidation of low-density lipoprotein by homocysteine, and oxidized 

low density lipoproteins are toxic to neurons. 

 

• Free copper makes up about 5-15% of the total serum copper in the general 

population. The free copper is the toxic copper. AD patients have elevated free 
copper levels. Free copper levels are predictors of the rate of decline in cognition. 

 

• Adding as little as 0.12 parts per million (ppm) of copper to the distilled 

drinking water of their AD rabbit model greatly enhanced amyloid plaque deposition 
in the brains and cognitive decline in the rabbits. “This copper concentration is less 

than one tenth of the copper concentration (1.3 ppm) allowed by the Environmental 

Protection Agency (EPA) in human drinking water!” 

 
• Dramatic evidence of the damage copper can do to cognition in people was 

published in 2006: those in the highest fifth of dietary copper intake, plus a high fat 

diet, lost 19 years of cognition over the six year study; “they lost cognition at over 

three times the normal rate!” “How did people end up in the highest fifth of copper 

intake? Most of them because of taking copper supplements in the multi-vitamin 
mineral pill that so many people take.” 

 

11) “Copper in food is bound to organic molecules that are taken up by the liver, 

and the copper is processed and safely bound to molecules.” Ingested inorganic 
copper largely bypasses the liver and contributes immediately to the free copper 

pool in the blood. Inorganic copper from drinking water and copper supplements 

bypasses the liver and enters the free copper pool in the blood, posing a risk to 

cognition.  
 

12) Evidence “suggests that 20% or more of us are at risk of copper toxicity 

induced cognition loss from drinking water.” 

 
13) Evidence suggests that “at least 25% of those over age 50, maybe more,” are 

poisoning themselves with copper from supplements. “These preparations often 

contain as much as 2.0 mg of copper.” 
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14) “It is a mistake to include copper” in supplements. “I believe our minds are 

being poisoned by these pills.” 
 

15) “It is my hypothesis, shared by some colleagues, that the epidemics of mild 

cognitive impairment and Alzheimer’s Dis. in our population over age 50 is primarily 

due to ingestion of inorganic copper in drinking water and copper supplements.”  
 

16) There has been an explosive growth in copper plumbing over the past century 

in developed countries, particularly over the last 50-60 years. “80% of U.S. homes 

have copper plumbing, which was unheard of 100 years ago, and can't be afforded 
in developing countries.”  

 

17) “Japan, a developed country, does not use copper plumbing because of fear 

of copper poisoning. And they have almost no AD! Yet when Japanese migrate to 
Hawaii, where copper plumbing is used, they get AD like everyone else.” 

 

18) The rapid increase in taking multi-vitamin mineral supplements over the last 

50-60 years occurs primarily in affluent, developed countries, the same countries 

with the highest level of Alzheimer’s disease. 
 

19) “The evidence supporting the copper hypothesis that inorganic copper 

ingestion from drinking water and supplements is causing our epidemic of 

Alzheimer’s disease and mild cognitive impairment is strong.”  
 

20) Do not take supplements with copper, especially if more than 1 mg. 

 

21) A reverse osmosis filtration system will remove copper from tap water. 
 

22) Bottled water may or may not contain copper. 

 

23) Red meat contains copper, which is readily absorbed. 

 
24) Those consuming five ounces of red meat per day increase mortality by 30%. 

 

25) Consuming one hot dog per day increases mortality by 20% greater than 

consuming one or two hot dogs per week.  
 

26) “This effect of meat eating on mortality may be due to high absorption of both 

copper and iron, both of which are transition elements and contribute to increasing 

oxidative stress.” 
 

27) It is possible to lower free copper levels by taking zinc supplements, but care 

is necessary to not produce copper deficiency. The zinc must be taken at least one 

hour before or after eating food to be effective. 
 

28) “50 mg of zinc twice per day will definitely lower free copper and eventually 

produce copper deficiency.”  
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29) The dose of supplemental zinc to lower free copper and not produce copper 
deficiency might range from 25 mg to 50 mg per day, depending on the person.  

 

30) “It seems increasingly likely that copper toxicity, probably related to copper 

plumbing and ingestion of supplements containing copper, is at least partially 
causative of our epidemic of Alzheimer's disease.”  

 

31) “Copper toxicity may be causing a decline in cognition in the aging general 

population.” 
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 Risks of Copper and Iron Toxicity during Aging in Humans 

 
Chemical Research in Toxicology 

February 15, 2010; Vol. 23; No. 2; pp. 319–326 

 

George J. Brewer 
Departments of Human Genetics and Internal Medicine, University of Michigan 

Medical School (this article has 89 references) 

 

KEY POINTS FROM THIS ARTICLE: 
 

1) Copper and iron are essential but also toxic metals.  

 

2) Copper and iron toxicity are important in public health significance, yet are  
“virtually unknown to the general medical community and there is complete 

unawareness of the public.”  

 

3) The subtle toxicity of copper and iron affects “almost all of us as we age.” 

 
4) Copper and iron contribute to the production of excess damaging free 

radicals.  

 

5) “Diseases of aging such as Alzheimer’s disease, other neurodegenerative 
diseases, arteriosclerosis, diabetes mellitus, and others may all be contributed to by 

excess copper and iron.”  

 

6) In the general population, those in the highest fifth of copper intake, lose 
cognition at over three times the normal rate. [Very Important] 

 

7) “Inorganic copper in drinking water and in supplements is handled differently 

than food copper and is therefore more toxic.”  

 
8) “Trace amounts of copper in drinking water, less than one-tenth of that 

allowed in human drinking water by the Environmental Protection Agency, greatly 

enhanced an Alzheimer’s-like disease in an animal model.” 

 
9) Humans use oxygen in the mitochondria to generate energy in the form of 

adenosine triphosphate (ATP). “Toxic byproducts of this metabolism are generated, 

called reactive oxygen species (ROS).”  

 
10) “ROS can cause damage to most biological molecules, including DNA, protein, 

and lipids, resulting in damage to membranes and various cellular organelles.”  

 

11) Copper and iron are essential for life, and especially for their roles in energy 
production. But both copper and iron have their toxic side that allows them to 

catalyze the generation of damaging reactive oxygen species (ROS). 
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12) Copper and iron are particularly damaging when they exist in their free 

state.  
 

13) 85-95% of the copper in human blood is safely bound to a molecule called 

ceruloplasmin (Cp). The other 5-15% is loosely bound to albumin and this 5-15% is 

called free copper. It is this free copper that causes generation of the toxic ROS.  
 

14) Those living on the high side of the 5-15 µg/dL range may be suffering from 

subtle copper toxicity. 

 
15) Organic food copper is bound to proteins and is processed by the liver, which 

does not allow excess release into the free copper pool in the blood. 

 

16) Inorganic copper consumed in drinking water or mineral supplements 
bypasses the liver and contributes immediately to the free copper pool in the blood.  

 

17) The higher the free iron, the greater the risks of developing the diseases of 

aging. 

 
18) Evolution favors reproduction. In youth, high levels of copper and iron 

increase energy production, wound repair, compensate for blood loss, and therefore 

increase reproductive fitness. After about age 50 when reproduction is no longer a 

factor, high levels of copper and iron are toxic because they increase free radical 
production, enhancing the degenerative diseases of aging. “There is no natural 

selection against diseases of aging.”  

 

19) The levels of copper and iron considered normal for humans are acceptable 
during the reproductive years but are too high after age 50 and contribute to 

diseases of aging. 

 

20) Rabbits fed diets to develop Alzheimer’s disease would only do so if they also 

drank tap water; they did not develop Alzheimer’s disease on the same diet if they 
drank only distilled water. The researchers determined that it was trace amounts of 

copper in the tap water that made the difference.  

 

21) 0.12 ppm (parts per million) of copper added to distilled water trigger 
Alzheimer’s plaques. “The Environmental Protection Agency (EPA) allows over 10 

times (1.3 ppm) that much copper in human drinking water.” [Very Important] 

 

22) The inorganic copper in drinking water contributes directly to the free copper 
pool in the blood. 

 

23) Free copper levels are elevated in the blood of AD patients compared to age-

matched controls; the higher the free copper, the lower the cognitive ability.  
 

24) The amino acid cysteine binds to copper and removes it from the brain. 

The ApoE protein has three alleles: 
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ApoE2, has 2 copper binding cysteines and is protective against Alzheimer’s. 

ApoE3, has 1 copper binding cysteine. 
ApoE4, has no copper binding cysteines and increases the risk of Alzheimer’s. 

 

25) Homocysteine interacts with copper to produce increased oxidant stress, 

oxidizing low-density lipoprotein (LDL) that contributes to the development of AD. 
 

26) Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis (Lou 

Gehrig’s disease), and prion diseases such as Creutzfeldt-Jakob disease, are all 

diseases of neurodegeneration, all have misfolded proteins that form inclusion 
bodies that are a copper dependent mechanism. 

 

27) People in the highest quintile of copper intake with a high fat diet, “lost 

cognition at a rate of 19 years in a six year period. In other words, they lost 
cognition at over three times the rate expected!” “These people were in the highest 

quintile of copper intake primarily because they took copper in their vitamin/mineral 

supplement pill. These data are frightening! Almost all vitamin/mineral supplements 

contain copper. Copper deficiency is extremely rare; therefore, almost no one needs 

copper supplements, yet tens of millions of people are taking copper supplements 
and in my view are running the risk of poisoning themselves with copper.” 

 

28) The interaction of copper and homocysteine generates oxidant stress and 

oxidize LDL, which is a component of the atherosclerotic plaque. 
 

29) Abnormal copper metabolism increases diabetes and is involved in the 

etiology of diabetic neuropathy. 

 
30) Increased copper has also been linked to Parkinson’s disease, autism, 

Tourette’s syndrome, age related macular degeneration and cancer. 

 

31) Zinc is an anti-inflammatory and antioxidant agent. Supplemental zinc of 15 

mg or more significantly protects against advanced prostate cancer.  
 

32) Increased iron levels play a major role in producing atherosclerosis.  

 

33) Menstruating women have reduced iron load as a result of blood loss and 
have strong protection against atherosclerosis compared to men. Post-menopausal 

women lose this protective effect. Blood donors have less atherosclerotic disease. 

 

34) The interaction of iron and cholesterol promote oxidative damage, causing 
both atherosclerosis and neurodegeneration.  

 

35) The constant production of toxic free radicals, particularly reactive oxygen 

species, slowly produces mitochondrial damage. The slow loss of mitochondria and 
their energy production is associated with aging and may be the major cause of 

aging; greater levels of free iron and free copper accelerate the production of toxic 

radicals.  
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36) “The toxicity of free copper and free iron extends to the very basic process 

of aging itself.” 
 

37) To Minimize Copper and Iron Toxicity: 

 

• Avoid taking supplements containing copper and iron. “Most 
multivitamin/multimineral pills have copper, and this copper is potentially 

dangerous.” “Scan the label on your supplement bottle, and stop taking it if it 

contains copper.” “Copper deficiency is extremely rare, and almost no one needs 

copper.” Those with the highest quintile of copper intake lose cognition at over 3 
times the normal rate, and “got there for the most part by taking copper 

supplements.” 

 

• “Men rarely need iron supplements unless they have chronic blood loss. But 
some menstruating girls and women, particularly if menstrual flow is heavy, may 

become iron deficient.” 

 

• “Both copper and iron are much more bioavailable from meat than from 

vegetable foods. That means that these metals are much more easily absorbed 
from meat sources. Liver and shellfish are particularly high in copper content. Red 

meat is particularly high in bioavailable iron. But copper and iron are readily 

bioavailable from all meat foods.” 

 
• “Those who averaged 2/3 of an ounce of red meat/day had 30% less 

mortality than those who averaged 5 ounces of red meat/day. Processed meats also 

increased mortality. Mortality was 20% higher in those who averaged 2 ounces of 

processed meat per day (an average of one hot dog/day), compared to those who 
ate almost 15% that much. It is possible that the reduction in mortality seen in the 

study is at least partially due to the reduction of copper and iron intake.” 

 

• “Avoid drinking water with elevated copper content, one has to measure the 

copper in their drinking water.” 
 

38) “80% of homes in the U.S. have copper water pipes. Whether toxic amounts 

of copper leaches from the copper pipes depends mostly on the acidity of the water. 

The more acidic the water, the more copper leaches from the pipes. If the plumbing 
system is used as the electrical ground for the house (which is legal in many places, 

but should not be), more copper can leach from the pipes.” 

 

39) There are various laboratories where copper in the water can be measured. It 
is best to measure both the first draw water in the morning and water after allowing 

the tap to run for five minutes. Because stagnant water may contain more copper, 

it is good to know if this is the case so that it can be avoided if necessary.  

 
40) “We recommend the drinking water contain no more than about 0.01 ppm. 

(The EPA allows 1.3 ppm!)”  
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41) “If the drinking water contains too much copper, a reverse osmosis device 

can be installed on the tap used for drinking and cooking water. Alternatively, 
distilled water, which contains no copper, can be purchased for drinking and 

cooking.”  

 

42) “Bottled waters, which many people now drink, are an unknown for copper 
content, and at this point cannot be used to avoid copper in drinking water.” 

 

43) The intervention step required to further lower free copper is to take oral zinc 

supplements; zinc will lower free copper levels. It does so by strongly limiting 
copper absorption. “The minimal dose of zinc to do this is about 40 mg twice a 

day.” “The zinc dose must be separated from food and beverages other than water 

by at least 1 h before and 2 h after.” The best is zinc acetate and zinc gluconate.  

 
44) “Lowering free copper levels is beneficial in fibrotic, inflammatory, and 

autoimmune disease processes.” 

 

45) “The intervention for lowering free iron is blood donation or removal of a 

significant amount of blood on a regular basis. Men and menopausal women could 
donate 500 mL of blood every 2 months (or have that much removed if they are 

not suitable blood donors), until their percent transferrin saturation is in the 

15-25 range.” 

 
46) “If one is going to intervene by taking zinc to lower free copper and or donate 

blood to lower free iron, it is important to monitor free copper and/or free iron 

levels.” 

 
47) “It appears very likely that copper and iron toxicity are occurring in a large 

proportion of our population.”  

 

48) “Both copper and iron toxicity are likely contributing to Alzheimer’s disease.” 

 
49) “There is a major epidemic of AD in the industrialized world, and this disease 

did not exist until 100 years ago. It still is rare in India and Africa.” 

 

50) “The process of loss of cognition during aging may be greatly speeded up by 
increased free copper exposure, and the very process of aging itself, if due to a 

lifetime of oxidant stress, is likely increased by higher levels of free copper and free 

iron since the toxicities of these two metals is through the production of oxidant 

stress.” 
 

51) Lower the risks of free copper and iron by “throwing away supplements 

containing these metals, by lowering meat intake, and by avoiding drinking water 

with elevated levels of copper.” 
 

52) Rigorous methods of lowering free copper and free iron exposure include 

taking zinc to lower copper and using blood donation to lower iron. 
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Subclinical Zinc Deficiency in Alzheimer’s Disease and Parkinson’s Disease 

 
American Journal of Alzheimer's Disease and Other Dementias 

 

September 14, 2010; Vol. 25; No. 7; pp. 572-575 

 
George J. Brewer, Steve H. Kanzer, Earl A. Zimmerman, Eric S. Molho, Dzintra F. 

Celmins, Susan M. Heckman, Robert Dick, 

FROM ABSTRACT 

 
To evaluate zinc status in Alzheimer’s disease and Parkinson’s disease, 29 patients 

with Alzheimer’s disease, 30 patients with Parkinson’s disease, and 29 age- and 

sex-matched controls were studied. All patients and controls were older than age 

50, and all zinc and copper supplements were prohibited beginning 30 days prior to 
study. Patients were diagnosed by standard criteria. 

 

Blood zinc and urine zinc were measured.  

 

Results showed significantly lower blood zinc in patients with Alzheimer’s and 
patients with Parkinson’s than in controls.  

 

These patients are probably zinc deficient because of nutritional inadequacy. 

 
KEY POINTS FROM THIS ARTICLE: 

 

1) Zinc is very important in brain function. 

 
2) Alzheimer’s disease (AD) and Parkinson’s disease (PD) are diseases of aging. 

 

3) Elderly people often have zinc deficiency. 

 

4) “Unexpected significantly low serum zinc concentrations were found in 
patients with Alzheimer’s disease and Parkinson’s disease compared to age-

matched controls.”  

 

5) Patients with Alzheimer’s and Parkinson’s statistically have significant lower 
mean serum zinc levels. 

 

6) In 1992, a study of zinc supplementation in Alzheimer’s reported cognitive 

improvement in 80% of participants in 3 to 6 months. 
 

7) The hippocampus is heavily involved in short-term memory and severely 

affected in Alzheimer’s, and contains one of the highest levels of zinc in the brain.  

 
8) “Zinc in the hippocampus plays an important role as a synaptic 

neurotransmitter that modulates N-methyl-D-aspartic acid (NMDA) receptor activity 

that limits neuroexcitation.” [This means that zinc is neuroprotective from 
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excitotoxic neuron death. The two classic excitotoxins include glutamate and 

aspartate. Both glutamate and aspartate are amino acids that function as excitatory 
neurotransmitters, and are consequently often added to foods to enhance taste. In 

excess, they literally excite neurons to death. Glutamate is ubiquitous in packaged 

foods. Glutamate is often found in its salt form monosodium glutamate or MSG. 

Glutamate is often hidden in foods by dozens of names, including hydrolyzed 
vegetable protein, etc. Aspartate is half of the molecule aspartame, commonly used 

in diet sodas and foods]. 

 

9) Zinc is a key component to numerous neuroprotective enzymes, including 
those responsible for degradation of Alzheimer’s amyloid B. 

 

10) Patients with Alzheimer’s have a significantly lower level of zinc in their 

cerebral spinal fluid. 
 

11) The NMDA-receptor antagonism and the neuroprotective enzymes probably 

explain the benefit of zinc supplementation in Parkinson’s disease. 

 

12) Zinc deficiency is common in elderly participants, which may present as a risk 
factor for developing both Alzheimer’s and Parkinson’s. 

 

13) In these Alzheimer’s and Parkinson’s patients, it appeared that their zinc 

deficiency is being caused by inadequate nutrition. 
 

14) Meat is the best source of readily available zinc. Elderly people who do not eat 

much meat are at risk for zinc deficiency. 

 
15) Bringing zinc levels up to normal in zinc deficient people is best done with zinc 

supplementation. 

 

16) Zinc adequacy is very important in brain functions and many other physiologic 

functions.  
 

17) Zinc adequacy is also important in neuronal health, and that zinc therapy 

would be therapeutically useful in Alzheimer’s and Parkinson’s in correcting zinc 

inadequacy. 
 

18) Zinc deficiency is also noted in age-related macular degeneration and is 

significantly benefited by zinc therapy. 

 
19) Adequate zinc levels are important in protecting key retinal functions and 

retinal cellular health.  

 

COMMENT FROM DAN MURPHY 
 

A number of studies suggest a therapeutic dose of supplemental zinc is 15-25 mg/ 

day. Taking too much zinc may produce a deficiency of copper. 
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J Trace Elem Med Biol. 2012 Jun;26(2-3):89-92. doi: 10.1016/j.jtemb.2012.04.019. Epub 2012 Jun 4.

Copper toxicity in Alzheimer's disease: cognitive loss from ingestion of
inorganic copper.

Brewer GJ.

The Department of Human Genetics, University of Michigan, Ann Arbor, MI, USA. brewergj@umich.edu

Abstract

In this review I present the hypothesis that a toxic substance, inorganic copper, ingested from

drinking water and vitamin/mineral supplements containing inorganic copper, is at least partially

causal of the epidemic of Alzheimer's disease (AD) we are seeing in developed countries. I set

the stage for this hypothesis by pointing out that the epidemic is a new disease phenomenon

coinciding temporally with the use of copper plumbing in developed countries. The evidence is

good that AD was nonexistent or rare in the 1800 s and early 1900 s, and the arguments that

elderly people did not exist in those times, or that AD was simply attributed to senility, are refuted.

The web of evidence tying ingestion of inorganic copper as a causal factor in AD is strong, and

includes AD animal model data where trace amounts of inorganic copper in the drinking water

markedly worsened AD, human studies where ingestion of copper supplements, along with a

high fat diet, is associated with a marked loss of cognition, human studies showing a markedly

higher mortality in elderly women ingesting copper supplements, as well as other data. It is likely

that a high fat diet works in conjunction with ingestion of inorganic copper to increase the risk of

AD. It is clear that some factor toxic to the brain is present in the environment in developed

countries, but not undeveloped countries, and is a major risk factor for AD. I believe that that

toxic factor is ingestion of inorganic copper.

Copyright © 2012 Elsevier GmbH. All rights reserved.
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Oxidative Stress in Alzheimer’s Disease and Mild Cognitive Impairment 

 
Journal of Alzheimer’s Disease 

October 16, 2012 [epub] 
 
Natividad Lopez, Consuelo Tormo, Isabel De Blas, Isabel Llinares, Jordi Alom 
Free Radical Damage=Oxidative Stress=Reactive Oxygen Species (ROS)=Lipid 
Peroxidation 
KEY POINTS FROM THIS STUDY: 
 
1) Oxidative stress may be a decisive factor in Alzheimer’s disease (AD) and in 
the initial phase of mild cognitive impairment (MCI).  
 
2) This study measured blood oxidative stress using the following: 
A)) Levels of malondialdehyde (MDA), a marker of oxidative damage to the 
double bonds of lipids; a marker for oxidative degradation of cellular membranes. 
B))  Levels of superoxide dismutase (SOD), an enzymatic, endogenous 
antioxidant; blocks the conversion of superoxide radicals into hydrogen peroxide. 
C)) Levels of ceruloplasmin, another endogenous antioxidant. 
D)) Level of copper, a powerful pro-oxidant metal ion; a driver of free radical 
production. 
 
3) The study group consisted of 36 patients with AD, 18 patients with MCI, and 
33 healthy aged subjects. Blood samples were obtained from each subject.  
 
4) “A significantly higher copper level was found in patients with AD and MCI 
compared to the control group.” [Important point]  
 
5) “Levels of MDA were higher in patients from the AD and MCI groups than in 
the control group.”  
 
6) “Our findings support the hypothesis that oxidative stress might represent a 
sign of AD pathology and could be an early event in the progression of MCI to AD.” 
 
7) “Previous research suggests that oxidative stress may contribute to the 
pathogenic cascade in Alzheimer’s disease (AD).”  
 
8) Oxidative damage to essential biomolecules (nucleic acids, lipids, proteins, or 
carbohydrates) alter the biological role that these play in physiological conditions. 
 
9) “The presence of high levels of unsaturated lipid content (that are readily 
attacked by free radicals) coupled with high oxygen utilization, high level of redox 
transition metal ions, and relatively poor antioxidant systems makes the brain 
particularly vulnerable to oxidative damage.” 
 
10) “In the brain, due to its high lipid content, the most important mechanism in 
the damage due to free radicals is the peroxidation of lipids.” 
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 2 
11) “Cu imbalance contributes to the oxidative stress that is part of the 
pathogenesis of AD and can play an important role in the development of AD.” 
 
12) Mild cognitive impairment (MCI) may be the earliest stage of AD. 
 
13) “Cu levels showed a significant increase in the serum of AD and MCI patients, 
compared to the control group. Cu showed a clear gradient from healthy to AD 
patients passing through MCI subjects.”  
 
14) “Our data show a steady increase in serum Cu levels from healthy subjects to 
MCI and AD patients.” 
 
15) “Our findings could support the hypothesis that an increase in serum Cu 
levels could be related to lipid peroxidation due to its correlation with MDA levels, 
resulting in an involvement of Cu in oxidative damage.” 
 
16) Plasma levels of MDA were significantly higher in subjects with AD and MCI, in 
comparison to healthy controls.  
 
17) “Previous studies reported increased oxidative damage in patients with MCI. 
Plasma in MCI patients is known to have lower levels of non-enzymatic antioxidants 
[exogenous antioxidants, like vitamin E and C] and decreased activity of antioxidant 
enzymes [endogenous antioxidants like superoxide dismutase, catalase, and 
glutathione peroxidase], increased oxidative damage in nuclear and mitochondrial 
DNA, and higher levels of isoprostanes compared to that of the healthy subjects.”  
 
18) “The current results suggest that oxidative stress [free radical damage] may 
be present in early cognitive decline.” 
 
19) “In conclusion, we found that lipid peroxidation occurs in patients with MCI 
and AD in a similar way, suggesting that oxidative stress might represent a signal 
of the AD pathology and could be an early event in the progression of MCI to AD.” 
 
KEY CONCEPTS FROM DAN MURPHY 
 
•The brain is primarily composed of fat, especially unsaturated fats. 
•The unsaturated fats of the brain are particularly vulnerable to oxidative stress 
(free radicle damage). This process is called lipid peroxidation. 
•Copper significantly accelerates lipid peroxidation (free radical damage) and is 
therefore a factor in accelerating mild cognitive impairment (MCI) and Alzheimer’s 
disease. Other studies we have reviewed [AR 49-11 and 3-12] concur and indicate 
that the primary source of such copper is municipal drinking water and copper 
found in dietary supplements; suggesting that our municipal drinking water should 
be reversed osmosis and our supplements should essentially be copper free. 
•Both exogenous and exndogenous antioxidants are important in reducing brain 
free radical damage. My protocol for doing such is attached. 
•One should probably not consume fish oil without also increasing consumption of 
antioxidants [Article Review 30-12]. 
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Alzheimer’s (neurodegenerative) Prevention Protocol 
Brain Rehabilitation Protocols 

 
Stop consuming crappy/glycating carbohydrates   
 
Balance omega-6/omega-3 ratio (1.5 – 4 /1) 
 
Get vitamin D levels above 50 ng/ml 
 
Take vitamin K2-4 and K2-7 
 
Be mindful of cholesterol lowering drugs (optimum total cholesterol for brain physiology 200-240 mg/dl) 
 
Supplement with magnesium, about 500 mg/day 
 
No copper water or copper in supplements  
 
Take antioxidant vitamin/mineral supplements (watch the iron and copper) 
 
Take curcumin/resveratrol 
 
Elevate glutathione (undenatured whey protein / NAC supplementation) 
 
Detoxify (foot bath / sweat /oil pull) 
 
Low Level Laser Therapy (dual head, 4 5mW diodes for a total of 20 mW, 4-9-33-60 / 4-6-33-528) [while 
doing your goals] [laser works best with acetyl-l-carnitine and alpha lipoic acid supplementation] 
 
• 1 minute prefrontal cortex 
 
• 1 minute cerebellum/atlas junction (for CSF) 
 
• 1 minute occipital visual cortex 
 
• 1 minute temporal cortex  
 
• 1 minute at frontal/parietal junction (vertex of skull) 
 
• 1 minute up the nose (for CSF) 
 
• 1 minute in the open mouth (do tongue exercises) 
 
Avoid brain trauma 
 
Exercise 
 
Do not smoke 
 
Minimize television and other mindless activities 
 
Do crossword puzzles and other challenging brain games/activities 
 
Consume Medium Chain Saturated Triglycerides (coconut oil, 1 Tbs./meal) 
 
Do not retire from work (increases risk 3% per year of retirement) 
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