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After participating in this presentation, 
clinicians should be better able to:


• Understand the pivotal role of the microbiome in 
determining brain health and functionality


• Recognize the detrimental effects of common 
medications in terms of threatening microbial 
diversity


• Expand their tool boxes in terms of dealing with 
common degenerative conditions


Presentation Learning Objectives
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Inflammation
• Alzheimer’s disease
• Parkinson’s disease
• Autism
• Multiple sclerosis
• Stroke
• Depression
• ADHD



Commensal flora and the regulation of inflammatory and 
autoimmune responses

Seminars in Immunology 23 (2011) 139–145



Factors for Symbiosis
high fiber diet 
natural birth 
breast feeding 
exposure to microbes 
consumption of probiotics 
favorable genetics 

Effects of Symbiosis
resolution of inflammation 
epithelial barrier integrity 
regulation of neutrophil activity 
reduced T-helper 17 cells 
increased Treg (supressor) 

Factors for Dysbiosis
antibiotic use 
antibiotics in livestock 
obesity 
Western diet 
hygeine 
stress 
pathogenic bacteria 

Effects of Dysbiosis
inflammation 
cancer 
autoimmunity 

microbiome



Impact of diet in shaping gut microbiota revealed
by a comparative study in children from Europe
and rural Africa



Impact of diet in shaping gut microbiota revealed
by a comparative study in children from Europe
and rural Africa

PNAS, June 30, 2010

Comparison of fecal microbiota:


• European children (EU)

• Rural African children Burkina Faso (BF)

• 16S rDNA sequencing and biochemical analysis



African European

Firmicutes         Bacteroidetes



Germ Free
⬆ Fat 
⬆ Fermicutes 
⬇ Bacteriodites 

Conventional
⬇ Fat 
⬇ Fermicutes 
⬆ Bacteriodites 



Impact of diet in shaping gut microbiota revealed
by a comparative study in children from Europe
and rural Africa

PNAS, June 30, 2010

Increased gut microbial diversity and reduced 
quantities of potentially pathogenic strains in African 
flora would agree with the “old friend” hypothesis, 
indicating a role of microbiota in protecting children 
from pathogens as well as from gastrointestinal 
diseases.



Impact of diet in shaping gut microbiota revealed
by a comparative study in children from Europe
and rural Africa

PNAS, June 30, 2010

Our results suggest that diet has a dominant role in 
shaping the gut microbiota. We can hypothesize that the 
reduction in richness we observe in EU compared with BF 
children, could indicate how the consumption of sugar, 
animal fat, and calorie-dense foods in industrialized 
countries is rapidly limiting the adaptive potential of the 
microbiota.



Ancient Human Microbiomes



Ancient Human Microbiomes

Journal of Human Evolution 79 (2015) 125-136

• Next Generation Sequencing


• Dental calculus (mineralized bacterial biofilm)



Journal of Human Evolution 79 (2015) 125-136

“There can be no doubt that modern behavior and 
dietary changes are altering the microbial ecology 
of humans. While some of these changes could 
be beneficial, others are disruptive and may be a 
driving force behind the rapidly increasing rates of 
chronic inflammatory diseases in developed 
countries. Common medical interventions, such 
as antibiotic therapy, have dramatically reduced 
infectious disease burdens worldwide. However, 
rather than being targeted strikes against harmful 
bacteria alone, such therapies can also act as 
weapons of mass microbial disruption.”



Hygiene and the world distribution of

 Alzheimer’s Disease



Hygiene and the world distribution of

 Alzheimer’s Disease

Evolution, Medicine, and Public Health, August 11, 2013

• Epidemiological evidence for a relationship between 
microbial environment and age-adjusted disease burden

• Comparison to hygiene (parasite load) with Alzheimer’s 
incidence



parasite stress



Alzheimer’s incidence



⍟

⍟ Sudan

⍟ Japan
⍟ Denmark
⍟ Iceland

⍟ Philippines

⍟ India ⍟ Angola

⍟ Germany
⍟ Austria

⍟ Greece

⍟ Costa Rica

⍟ Chad

⍟ China

⍟ United States

⍟ Poland

⍟ Iran

⍟ Kuwait

⍟ Jordan ⍟ Nigeria

⍟ Kenya⍟ Ethiopia

Increasing Parasitic Stress          
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Hygiene and the world distribution of

 Alzheimer’s Disease

Evolution, Medicine, and Public Health, August 11, 2013

Conclusions: Variation in hygiene may partly explain 
global patterns in AD rates. Microorganism exposure may 
be inversely related to AD risk. These results may help 
predict AD burden in developing countries where 
microbial diversity is rapidly diminishing.



Obesity and Gut’s Dysbiosis Promote Neuroinflammation, 
Cognitive Impairment, and Vulnerability to Alzheimer’s 
disease: New Directions and Therapeutic Implications 




Obesity and Gut’s Dysbiosis Promote Neuroinflammation, 
Cognitive Impairment, and Vulnerability to Alzheimer’s 
disease: New Directions and Therapeutic Implications 


J Mol Genet Med 2014, S1 


• Obesity is associated with inflammation 
• Obesity is associated with hippocampal atrophy 
• Obesity is associated with cognitive decline 









Obesity and Gut’s Dysbiosis Promote Neuroinflammation, 
Cognitive Impairment, and Vulnerability to Alzheimer’s 
disease: New Directions and Therapeutic Implications 


J Mol Genet Med 2014, S1 


• Obesity is associated with dysbiosis dysbiosis



dysbiosis

gut inflammation 

increased gut permeability 

translocation of LPS 

pro-inflammatory cytokines 

neuro-inflammation

“This may be enhanced by concomitant noxious 
factors such as consumption of NSAIDS.”



dysbiosis

gut inflammation 

increased gut permeability 

translocation of LPS 

pro-inflammatory cytokines 

neuro-inflammation



Chronic intestinal inflammation alters hippocampal 
neurogenesis 




Chronic intestinal inflammation alters hippocampal 
neurogenesis 


Journal of Neuroinflammation (2015) 12:65 


Adult neurogenesis in the hippocampus is involved 
in learning, memory, and mood control. Decreased 
hippocampal neurogenesis elicits significant 
behavioral changes, including cognitive 
impairment and depression. 




Chronic intestinal inflammation alters hippocampal 
neurogenesis 


Journal of Neuroinflammation (2015) 12:65 


Dextran sodium sulfate (DSS) added to drinking 
water. Animals sacrificed day 7 and 29 (acute and 
chronic phases of inflammation)




Day 29 after DSS administration


Journal of Neuroinflammation (2015) 12:65 
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Day 29 after DSS administration




Journal of Neuroinflammation (2015) 12:65 


Day 29 after DSS administration

TN

F-
⍺ 

 (p
g/

m
l)



Journal of Neuroinflammation (2015) 12:65 


Day 29 after DSS administration


control
 DSS




Journal of Neuroinflammation (2015) 12:65 
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Journal of Neuroinflammation (2015) 12:65 
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Chronic intestinal inflammation alters hippocampal 
neurogenesis 


Journal of Neuroinflammation (2015) 12:65 


Chronic intestinal inflammation suppresses 
hippocampal neurogenesis. Increased levels of 
proinflammatory cytokines have detrimental 
effects on proliferation of progenitors of neuronal 
lineage. Deficient hippocampal neurogenesis may 
underlie increased rate of mood disorder and 
cognitive impairment observed in IBD patients. 

. 



• Antibiotics 
• Method of delivery 
• Medications 
• Water treatment 
• Diet 
• Hormone therapy 
• GMO• GMO



… growing adoption/planting of glyphosate-ready 
Genetically Modified crops,



Glyphosate, pathways to modern diseases II:

Celiac sprue and gluten intolerance

Interdiscip Toxicol. 2013; Vol. 6(4): 159–184

• Changes in microbiome

• Impairment of cytochrome P450 enzymes (detoxification)

• Compromises D3 activation, maintaining bile acid

• Chelation of iron, cobalt, molybdenum and copper

• Depletion of tryptophan, tyrosine, methionine and 

selenomethionine




Carcinogenicity of tetrachlorvinphos, parathion, 
malathion, diazinon, and glyphosate



Carcinogenicity of tetrachlorvinphos, parathion, 
malathion, diazinon, and glyphosate

The Lancet, March 20, 2015



Carcinogenicity of tetrachlorvinphos, parathion, 
malathion, diazinon, and glyphosate

The Lancet, March 20, 2015

“Glyphosate is a broad-spectrum herbicide, 
currently with the highest production volumes 
of all herbicides. It is used in more than 750 
different products for agriculture, forestry, 
urban, and home applications.”



Carcinogenicity of tetrachlorvinphos, parathion, 
malathion, diazinon, and glyphosate

The Lancet, March 20, 2015

The Working Group classified glyphosate as 
“probably carcinogenic to humans.”



It is an antibiotic.



• Antibiotics 
• Method of delivery 
• Medications 
• Water treatment 
• Diet 
• Hormone therapy 
• GMO

Threaten microbial diversity

leading to increased gut permeability
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Inflammation
• Alzheimer’s disease
• Parkinson’s disease
• Autism
• Multiple sclerosis
• Stroke
• Depression
• ADHD



Cardiorespiratory fitness as a predictor of intestinal 
microbial diversity and distinct metagenomic functions

Microbiome. August 8, 2016. 4:42

• Reduced diversity - autoimmune, metabolic, and 
inflammatory diseases

diversity



Cardiorespiratory fitness as a predictor of intestinal 
microbial diversity and distinct metagenomic functions

Microbiome. August 8, 2016. 4:42

• Diabetes (types 1 and 2), obesity, Alzheimer’s, MS, 
autism, colorectal cancer, inflammatory bowel 
disease.



Cardiorespiratory fitness as a predictor of intestinal 
microbial diversity and distinct metagenomic functions

Microbiome. August 8, 2016. 4:42

• Analysis of fecal microbiota of 39 healthy 
participants with similar age, BMI, and diets but 
with varying cardiorespiratory fitness levels. 


• Correlated with peak oxygen uptake (VO2 peak), 
the gold standard measure of cardiorespiratory 
fitness.




Microbiome. August 8, 2016. 4:42
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Cardiorespiratory fitness as a predictor of intestinal 
microbial diversity and distinct metagenomic functions

Microbiome. August 8, 2016. 4:42

• Our regression model showed that ~20 % of 
variation in gut bacterial alpha diversity could be 
explained by VO2 peak alone; in fact, VO2 peak 
stood as the only variable that significantly 
contributed to increased alpha diversity. The 
primary findings from this study suggest that 
cardiorespiratory fitness is a good predictor of gut 
microbial diversity in healthy humans, 
outperforming several other variables including 
sex, age, BMI, and dietary components.




Cardiorespiratory fitness as a predictor of intestinal 
microbial diversity and distinct metagenomic functions

Microbiome. August 8, 2016. 4:42

• The microbiome in high cardiorespiratory 
fitness individuals seems to favor a decreased 
LPS biosynthetic pathways. In addition, a 
strong positive correlation was observed 
between VO2 peak and fecal butyric acid, a 
SCFA associated with gut health.




• Antibiotics 
• Method of delivery 
• Medications 
• Water treatment 
• Diet 
• Hormone therapy 
• GMO

Threaten microbial diversity

leading to increased gut permeability



Tight  
Junction

Transcellular Paracellular

Intestinal epithelium - absorption pathways



• stress
• infection
• drugs
• xenobiotics
• gliadin
• AGEs



T-cell

inflammation
entry of LPS and food antigens into circulation



T-cell

LPS

Lipopolysaccaride (endotoxin)
on cell membrane of gram (-) bacteria



Zhang, R., et al., J. Neuroimmunol. 2009; (206): 121-4,
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Emanuele, E., et al., Neuroscience Letters 471 (2010) 162-5
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BMC Medicine 2013, 11:200

Gut permeability and the microbiome

Systemic IgM-mediated response against LPS 
suggests bacterial translocation - “leaky gut”
Systemic



• Antibiotics 
• Method of delivery 
• Medications 
• Water treatment 
• Diet 
• Hormone therapy 
• GMO

• Medications



Potential Adverse Effects of Proton Pump

Inhibitors in the Elderly



Potential Adverse Effects of Proton Pump

Inhibitors in the Elderly

Consultant 360. November, 2015

Specifically, increasing evidence demonstrates that PPI 
therapy may be associated with the development of:


• Clostridium difficile infections


• hip fractures


• community acquired pneumonia


• vitamin B12 deficiency 


• allergic reactions



Potential Adverse Effects of Proton Pump

Inhibitors in the Elderly

Consultant 360. November, 2015

The etiology of these side effects, particularly diarrhea, 
may be related to alterations in gut flora caused by 
acid suppression.




Proton Pump Inhibitor Usage and the Risk of

Myocardial Infarction in the General

Population



Proton Pump Inhibitor Usage and the Risk of

Myocardial Infarction in the General

Population

PLOS ONE, June 10, 2015


Stanford University

Review of 16 million clinical documents of 2.9 million 
individuals




Proton Pump Inhibitor Usage and the Risk of

Myocardial Infarction in the General

Population

PLOS ONE, June 10, 2015


Stanford University

Association with PPIs:


•Myocardial infarction - increased 16%


•Death from myocardial infarction - risk is doubled




Association of Proton Pump Inhibitors With Risk of 
Dementia 




JAMA Neurology. February 15, 2016

Association of Proton Pump Inhibitors With Risk of 
Dementia 


• 73,679 dementia free adults

• aged > 75 years

• followed for 5.4 - 5.6 years 

 



JAMA Neurology. February 15, 2016

Association of Proton Pump Inhibitors With Risk of 
Dementia 


Risk of dementia in regular users of PPI drugs was 
increased by 44%.

 



JAMA Neurology. February 15, 2016

Association of Proton Pump Inhibitors With Risk of 
Dementia 


“Thus, the avoidance of PPI medication 
may contribute to the prevention of 
dementia.”




Probiotic foods

• kimchi

• sauerkraut

• yogurt

• kefir

• kombucha


Prebiotic foods

• jicama

• dandelion greens

• garlic

• chickory root

• Jerusalem artichoke




Probiotic foods

Prebiotic foods

Lower carbohydrates

More healthy fat

DHA

Aerobic exercise

and supplements

and supplements

Magnesium



After participating in this presentation, 
clinicians should be better able to:


• Utilize innovative laboratory studies to both 
recognize as well as remediate gut permeability 
issues


• Apply the knowledge gained in this presentation to 
cultivate lifestyle recommendations for patients/
clients to change their brain’s health destiny


Presentation Clinical Actions


