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DISEASE MODIFYING TREATMENTS? 

PREVENTION 

Conuteracts the risk factors and the transition from 
MCI to AD 

Mangialasche  

et al, 2010 



The prevention 

Norton S et al, 2014 

Andrieu  et al, 2015 



CHINA 

Kit Yee Chang, Lancet 2013;381, 2016-2023 

Epidemiology of AD 
(nature or nurture?) 

persons 60+ years old 



Nature and  nurture:  

the case of Romania 



G. Cornutiu, Neurodegenerative Dis.,  2011 

 
 

AD Incidence in Romania between  

1980 and 2006: 
 

Stable levels untill 1994, than significant increase 

 

 

 

 

 

 

 

WHY?  



Industrial foods availability   

 (rich in refined sugars, unhealty fats and calories) 



Willett WC, 1995 

• 1993 – International Conference on the Diet of the 
Mediterranean 

1992 – US Department of 

Agriculture food guide 

pyramid 1994 – Mediterranean 

diet pyramid 

Mediterranean Pyramid 



 

 

 

 

 



In MCI patients: the mediterranean diet halfs the 

risk of AD developement (follow up: 4,3 years) 





Singh B, 2014 



Preventive way of life Pyramid? 
(Beyond medirranean diet) 

Preventive foods: whole grains, low 
glycemic index vegetables, seeds, 

olive oil, wild fish 

Unhealthful foods: white bread, 
sugars, refined flours and 

sugars, starch, potatoes, corn, 
milk, cheese, butter, read meet, 

processed foods 



Diet under an evolutionary pint of view?  The Paleo diet!  
(a fashionable diet: myth or reality?) 

 

Low glicemicc index foods, no grains, no legumes, no diary, wild fruits 

 

 

 

 

Grass-feed beef         lean (but rich in omega-3) 

 

 

 

 

 

Meat from factory farming        rich in non-healthy 

fats (saturated and mono-insaturateded fatty acids) 

 

  

 

 

 

 

E. Bufill et al.,  Journal of Anthropological Sciences 2013 



Simopoulos et al , 2001 

Industrialized societies 
diet: 

 

• an increase in energy intake 
and decrease in energy 
expenditure 

• an increase in saturated fat, 
(n-6) fatty acids and trans 
fatty acids and a decrease 
in (n-3) fatty acid intake 

• a decrease in fiber intake 

• an increase in cereal grains 

• a decrease in fruit and 
vegetable intake 

• a decrease in protein, anti- 
oxidant and calcium intake  

 



 

 

 

 

 

AD Prevalence > 65 aa: 

- in Nigeria 1.15%  

- in USA 6.7%  

 

 

 

 

 

 
Brain energy expenditure: 

 

- mammalians     2-8% 

- Monkeys        11-13%  

- humans         20-25%  

 

E. Bufill et al., Journal of Anthropological Sciences, 2013 

- Fat storage: an evolutionary evolutinary advantage! 

- And now? evolutinary mismatch diseases (Obesity AD, type2 diab, etc.) 

Alzheimer's disease: an evolutionary approach 



Alzheimer’s disease 
A modern disease? 

1906: first case described 

(Auguste Deter, 51 yrs)  

 

Alois Alzheimer 
(1863-1915 ) 

Gaetano Perusini 
(1879-1915 ) 

The type 3 diabetes 





 

 

 

 

 

 

 
 

 

 

 

 

 

β-amyloid deposits, aggregated forms of intracellular hyperphosphorylated tau 

protein and neurofibrillary tangles in captive chimpanzee 
 

 

Obese chimpanzee with high bloood levels of colesterol 

 

 

 

Bufill et al. Journal of Anthropological Sciences 2013 Caleb E. Finch & Steven N. Austa, AGE 2012 

What about  apes? 



How to counteract the risk factors? 

Behavioral approach: 

               - diet 

               - specific food supplements 

 

    Disease-modifying strategies 



Nutrients in AD 

Lower plasma levels of 

vitamin A in patients as 

compared with elderly 

controls (-20%, P<0.001) 



Low intake of some nutrients: associated with a loss of cognitive 

function and increased risk of AD 

Fish consumption 
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AD Dementia 

Barberger-Gateau et al. (2002) BMJ;  Engelhart et al. (2002) JAMA 

Vitamin C intake 

<95 96-133 >133 mg/d 
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Rotterdam study 

Low intake of nutrients is associated with 

cognitive decline 



Dietary precursor control of neural 
membrane synthesis 

The Kennedy pathway for biosynthesis 

neuronal membrane 

Membranes are main  
constituents of synapses 

Phosphocholine 

CDP - choline 

Phosphatidylcholine 

New neuronal membrane New neuronal membrane 

Phospholipids 
Choline  

Phospholipids 
Choline  

Uridine Uridine 
Omega - 3  
fatty acids 
Omega - 3  
fatty acids 

Axon 

neurite 

dendritic 
spine 

Axon 

Axon  

terminal 

dendritic 
spine 

Preclinical studies indicate that such an effect 

can be induced by co-administration of rate-

limiting precursors for membrane phosphatide 

synthesis, such as: 

 the nucleotide uridine,  omega-3 polyunsat. fatty 

acids, choline 



Memory domain 



Results I 

NTB memory domain 

interventional period: 24 weeks 

 

Significant difference  

between active and control groups  

      (p=0.023) 

3) 

Primary outcome 



Ongoing nutritional studies 

Preventive trials in elderly/at risk people 

• 8 trials to test the efficacy of n-3 long-chain polyunsaturated fatty 
acids (PUFAs)-  

• 5 trials with vitamin D 

• 1 on caloric restriction 
      (clinicalTrials.gov) 

A summary of evidences from literature  
In a recent review 16 micronutrients resulted to have appropriate scientific 
evidence in terms of preventing elderly disorders: beta-alanine, calcium, 
creatine, fluorides, leucine, magnesium, omega-3, potassium, zinc, folic acid, 
vitamin B6 and B12, vitamin C, D, E and K2 
       Iolascon G, et al. J Nutr Health Aging. 2017  



In the future? Insects! 



The future: 

engeneered 

sushi to treat 

AD? 



Ketogenesis 
and  

Dementia 
 



 

 Blood levels Normal diet Ketogenic diet Diabetic ketoacidosis 

Glucose (mg/dl) 80-120 65-80 >300 

Insulin (U/l) 6-23 6.6-9.4  0 

Glucagon Low  High  High 

KB produc. (gr/day) Low 115-180 400 

KB conc. (mmol/dl) 0.1 4-10 >20 

pH 7.4 7.4 <7.3 



The Ketogenic Food Pyramid 

Omnivore vs Vegan  



Ketogenesis and Cognition 





Results: Intake of MCT oil increased serum ketone bodies and improved 
memory, while intake of placebo did not show improvement in any of the 
cognitive measures tested. 

Conclusions: Consumption of 56 g/day of MCTs for 24 weeks increases serum 
ketone concentrations and appears to be a candidate for larger randomized 
control trials in the future that quantify the modulation of cognitive function 
through supplementation with ketone precursors, in patients with MCI. 



Study of the ketogenic agent AC-1202 (that increases BHB levels in blood) in mild to moderate 
Alzheimer's disease: a randomized, double-blind, placebo-controlled, multicenter trial 

[Henderson et al., 2009] 

Mean change in ADAS-Cog scores from Baseline in the ITT 
population w/LOCF and stratified by APOE4 carriage status. Y axis 
is change from Baseline. X axis is time in days. Red circles and lines 
represent subjects taking AC-1202. Blue squares and lines 
represent subjects taking Placebo. Error bars represent standard 
error of the mean. Asterisks (*) indicate a significant (p-value < 
0.05) difference in mean change from Baseline between AC-1202 
and Placebo. A) Intention to treat subjects (N = 77AC, N = 63PL) 
administered AC-1202 demonstrate a significant difference from 
Placebo at Day 45. B) Genotyped subjects lacking the APOE4 allele 
(APOE4(-)) (N = 29AC, N = 26PL) and administered AC-1202 
demonstrate a significant difference from Placebo at Days 45 and 
90. C) Genotyped subjects carrying the APOE4 allele (APOE4(+)) (N 
= 38AC, N = 31PL) do not differ from Placebo at any time point. 
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 Fig. 2 Mitochondrial respiration. The treatment animals had larger rates of state III respiration in 
the parietal lobes, as compared to controls ( t -test, P = 0.025). The treatment animals also had an 
increa... 

Christa M.  Studzinski , William A.  MacKay , Tina L.  Beckett , Samuel T.  Henderson , M. Paul  Murphy , Patrick G.  Su...  

 Induction of ketosis may improve mitochondrial function and 

decrease steady-state amyloid-β precursor protein (APP) 

levels in the aged dog 
Brain Research, Volume 1226, 2008, 209 - 217 

http://dx.doi.org/10.1016/j.brainres.2008.06.005 



In a mouse model of Alzheimer's disease, Ketogenic diet reduces amyloid beta 40 and 42 peptides 
 

[Van der Auwera et al., 2005] 

Ketogenic diet reduces Aβ40 and Aβ42. Aβ levels as ng/g of brain tissue. Standard diet (SD) group shown in blue, 
ketogenic diet (KD) group shown in red, error bars represent standard error of the mean. SD chow Aβ40 1.72 ± 0.12 
ng/g vs. KD chow Aβ40 1.28 ± 0.09 ng/g, p= 0.012. SD chow Aβ42 0.88 ± 0.05 ng/g vs. KD chow Aβ42 0.71 ± 0.0.4 ng/g, 
p = 0.016. 



β-Hydroxybutyrate protects neurons in models 
of Alzheimer's disease  
[Kashiwaya et al., 2000] 

The effects on cultured rat hippocampal cells of Aβ1–42, ketones, or the combination. (A) The 6-day control cultures of 18-day 
embryonic rat hippocampal tissue; (B) after 14 h exposure to 5 μM Aβ1–42, (C) after exposure to both Aβ1–42 and 4 mM d-β-
hydroxybutyrate, and (D) the effects of ketone bodies alone. Addition of Aβ1–42 resulted in a decrease in neuronal number and 
number of neurites (B versus A). Addition of ketones to cells exposed to Aβ1–42 showed no decrease in neuron or neurite number, 
indicating that ketones act as neuroprotective agents against the toxicity of Aβ1–42 on cultured hippocampal neurons (C versus B). 



Ketone ester feeding reduces intracellular accumulations of amyloid β 
(Aβ) and phosphorylated tau (pTau) in the subiculum, CA1 and CA3 
area of hippocampus, amygdala, and cerebral cortex of 3xTgAD mice. 
(A) Aβ immunoreactivity in brain sections from mice in the 
carbohydrate-enriched (CHO; left) and ketone ester (KET; right) diet 
groups. The upper panels are low magnification images of the regions 
of the hippocampus and the lower panels are high magnification 
images of the regions of the subiculum, CA1, cerebral cortex, and 
amygdala. The graph on the right shows the results of counts of Aβ 
immunoreactive cells in the indicated brain regions. (B) pTau 
immunoreactivity in brain sections from mice in the CHO (left) and 
KET (right) diet groups. The upper panels are low magnification 
images of the regions of the hippocampus and the lower panels are 
high magnification images of the regions of the subiculum, CA1, 
cerebral cortex, and amygdala respectively. The graph on the right 
shows the results of counts of pTau immunoreactive cells in the 
indicated brain regions. Scale bars: lower magnification images, 200 
μm; high magnification images, 100 μm. Values are the mean ± SEM 
(n = 6–9 mice per group). *p < 0.05 and **p < 0.001 by the Student t 
test. 

A ketone ester diet exhibits anxiolytic and cognition-sparing 
properties, and lessens amyloid and tau pathologies in a mouse 

model of Alzheimer’s disease 
[Kashiwaya et al., 2013] 



Ketone bodies and Mitochondria 



 



GABAergic effect of ketone bodies 

• Gamma-aminobutyric acid (GABA) 

 

• Gamma-hydroxybutyric acid (GHB) 

 

• Sodium Oxybate 

 

• Beta-hydroxybutyric acid (BHB) 



 





KD and Mitochondria 





 





Acqua (2 lit. die) 

 

Supplemento proteico (10-15 gr X2-4) 

 

Fino a 200 gr X2 (ben condita) 

 

100-200 gr die 

 

- 1.2-1.4 gr/Kg di proteine die 
- <50 gr di carboidrati die 
- 10-20 gr di grassi die 
- integrazione minerale (K+, Mg+, Na+, Se+) e vitaminica 
 


