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Drug resistant epilepsies
• Dravet syndrome
• Infantile spasms
• Myoclonic-astatic epilepsy
• Tuberous sclerosis complex

Metabolic diseases
• Pyruvate dehydrogenase (E1) 

deficiency
• Glucose transporter 1 deficiency

syndrome

Other Conditions
• Autism
• Depression
• Migraine
• Amyotrophic lateral sclerosis
• Alzheimer’s disease
• Parkinson’s disease
• TBI and Stroke
• Brain cancers?
Contra-indications
• Pyruvate carboxylase deficiency
• Porphyria
• Fat metabolism disorders

Ketogenic Diets in Neurology











GABAergic effect of ketone bodies

• Gamma-aminobutyric acid (GABA)
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KD and Mitochondria









KD in GLUT1 and Pyruvate dehydrogenase deficit 



Ketogenesis
and

Epilepsy



Ketogenic diet and Epilepsy

Why?



 

 

 

 

  

 

 

Classical ketogenic Diet 4:1

Classical ketogenic diet 3:1

Medium-chain triglycerid diet (MCT)

Modified Atkins diet (MAD)

Low glycemic index treatment 
(LGIT)

Regular diet

Infant Pre-school School age Adolescent Adult

KD 3:1

KD 4:1

MCT

MAD

LGIT

Taste

(30-50% MCT)

Ketosis



The Ketogenic Food Pyramid

Omnivore vs Vegan 







Ketogenic diet and child epilepsy
around the World



Ketogenic diet and child epilepsy 
around the World



After 1 year of 
diet, the 50% of 
patients had at

least a 50% 
reduction of 

attaks





• Is KD effective also in adults? Which other indications? Are there
pubblished evidences? It is a recent achivement?

Ketogenic Diet (KD) in Adults
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Ketogenesis
in Multiple Sclerosis











Ketogenesis
and Muscular disorders



Ketogenic Diet and Glycogenoses III



Ketogenic Diet and Glycogenoses V



Ketogenesis
and other neurological

disorders



Lack of consistent clinical data…

• ALS
• Multiple sclerosis

• Autistic spectrum disorder
• Tourette syndrome
• Dystonia
• Various mitochondriopathy

At least one clinical trial has been terminated
but no study results were posted

Anecdotal experiences 



Ketogenesis
and

Migranie



Migraine

Prevalence

Migraine is the third most common 
disease in the world (behind dental 
caries and tension-type headache) with 
an estimated global prevalence of 
14.7% (that’s around 1 in 7 people).
Chronic migraine (>15 days/month) 
affects approximately 2% of the world 
population.



Migraine

Prevalence

Research suggests that 3,000 migraine 
attacks occur every day for each million 
of the general population (>180,000 per 
day only in Italy.) 
More than three quarters of 
migraineurs experience at least one 
attack each month, and more than half 
experience severe impairment during 
attacks (all activities are precluded).



Migraine

Prevalence

Migraine often starts at puberty and most 
affects those aged between 35 and 45 years, 
but it can trouble much younger people 
including children.
About 4% of boys and girls in pre pubertal age 
suffer from migraine. As children get older 
there is a predominance among girls.



Migraine

Burden – impact and disability

Migraine is ranked globally as the 
seventh most disabling disease among 
all diseases (responsible for 2.9% of all 
years of life lost to disability/YLDs) and 
the leading cause of disability among all 
neurological disorders.
The estimated proportion of time spent 
with migraine (i.e. experiencing an 
attack) during an average person’s life is 
5.3%.

Migraine (6th) and medication-overuse headache (18th) together account for 
38,744,000 YLDs, putting headache disorders collectively in 3rd place.



Migraine

Burden – impact and disability

Severe migraine attacks are classified 
by the World Health Organization as 
among the most disabling illnesses, 
comparable to dementia, quadriplegia 
and active psychosis.
Migraine/chronic headache was found 
to be the second most frequently 
identified cause of short-term absence 
(47%) for non-manual employees.



Migraine

Burden – impact and disability

Migraine is the least publicly funded of 
all neurological illnesses relative to its 
economic impact.
Depression is three times more 
common in people with migraine or 
severe headaches than in healthy 
individuals.



Migraine and metabolic syndrome









↑ Adiponectin
Insulin resistance ↑ Resistin

↑ Leptin resistance



Migraine with Aura

Migraine without Aura
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Warning!!!
It is noteworthy that weight increase is a common side effect of the 
most of preventive treatments for migraine. In particular, 
flunarizine and amitriptyline induces a weight increase related to 
higher levels of insulin, leptin and C-peptide [Berilgen et al., 2005], 
together with changes in the levels of hypothalamic orexinergic
peptides [Caproni et al., 2010]. 
The increase of weight, insulin and leptin (leptin resistance?), 
although induced by migraine preventive drugs, could counteract 
the treatment and explain why in some cases these prophylactic 
therapies lose their efficacy, and potentially, on a long lasting, 
could worsen the preexisting migraine if the weight does not 
remain under control (the “prophylactic paradox”).



Questions…

• Migraine is the most prevalent inheritable disease that affects people
during the reproductive life. Why?

• Is migraine a prodromic feature of metabolic syndrome?

• Type 3 (or, Brain-) diabetes?





obese migraineurs

obese migraineurs

obese migraineurs





1928



2006

Serendipity!

Which kind of diet?
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Classical ketogenic diet 3:1

Medium-chain triglycerid diet (MCT)

Modified Atkins diet (MAD)

Low glycemic index treatment 
(LGIT)

Regular diet

Infant Pre-school School age Adolescent Adult
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KD 4:1

MCT
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Taste

(30-50% MCT)

Ketosis

Which kind of diet?

Very Low Calorie Diet (VLCD)



Very low calorie diet (VLCD)

• 400 – 800 Kcal/day

• Low carbohydrate: Ketogenic (VLCKD)

• Hihg carbohydrate: non-Ketogenic (VLCnKD)

• The vantages of KD + prolonged fasting

• Limits: duration



Water (2 lit./day)

Protein supplement (≅15 gr X4)

Up to 200 gr X2 (well dressed)

100-200 gr/day
- 1.2-1.4 gr/Kg protein/day
- <50 gr carbohydrate/day
- 10-20 gr lipids/day
- Vitamin and mineral (K+, Mg+, Na+, Se+) supplementation

Very Low Calorie Ketogenic Diet (VLCKD)



Patient Zero







baseline
headache diary

T0
Screening

phase (n=196)
and

Enrolment

T1
Randomization

1st month of 
VLCD

T2
Carbohydrate 
reintroduction

Placebo

T5
End of the 

study

T3
Crossover

2nd month of 
VLCD

Subjects excluded:
- 148 non-migraineurs patients
- 13 migraineurs non-fulfilling      

inclusion/exclusion criteria
Subjects included  
-35 migraineurs were enrolled 

BLUE DIET

RED DIET

Free diet

non-VLCD

non-VLCD

BLUE DIET

T4
Carbohydrate 
reintroduction

VLCD VLCD

VLCD VLCD

Period 1 Period 2

RED DIET

29 patients ended the study

Double blind vs. sham crossover study: study design



Baseline values

Whole sample R = > B B => R Statistics

Gender (women / men) 29 / 6 15 / 3 14 / 3 𝑋𝑋12 = 0.006, p = 1.000

Age (years) 43.43 (10.17) 40.72 
(11.93)

46.29 (7.19) t33 = -1.661, p = 0.106

Headache days/months 6.97 (3.47) 6.28 (2.89) 7.71 (3.95) t33 = -1.227, p = 0.229

Attacks/months 5.37 (2.29) 4.83 (2.01) 5.94 (2.49) t33 = -1.454, p = 0.155

Symptomatic /months 4.63 (3.77) 3.94 (3.59) 5.35 (3.94) t33 = -1.107, p = 0.276

BMI (Kg/m2) 35.40 (6.25) 34.89 (5.40) 35.94 (7.18) t33 = -0.491, p = 0.627



Double blind vs. sham crossover study: Completed
Results. Out 35 enrolled patients, six dropped at the first month of diet: all followed the “blue” diet; 29 
completed the study. 

Responder rate (number of patients with a headache frequency reduction ≤50%): 
- 26 of 29 patients (74.28% of intention to treat (ITT) patients) responded to the “red diet”;
- 2 (5.7% of ITT patients) responded to the “blue diet”. 



Double blind vs. sham crossover study: Completed
Results. Out 35 enrolled patients, six dropped at the first month of diet: all followed the “blue” diet; 29 
completed the study. 

Responder rate (number of patients with a headache frequency reduction ≤50%): 
- 26 of 29 patients (74.28% of intention to treat (ITT) patients) responded to the “red diet”;
- 2 (5.7% of ITT patients) responded to the “blue diet”. 
When the blind was broken, we found out that the “red diet” was the ketogenic diet and the “blue diet” 
was the non-ketogenic.
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Ketogenesis and Cluster Headache (CH)



The suicide headache!

Lifetime prevalence 124 per 100,000 (≅ 1‰)
1-year prevalence of 53 per 100,000 
Overall sex ratio (M:F) 4.31:1
Episodic vs. Chronic CH ratio 6.0:1.
Chronic CH sex ratio (M:F) 15.0:1
Episodic CH sex ratio (M:F) 3.8:1
The worst pain of your life!





Looking for information out of conventional channels…



Methods
We enrolled consecutive drug resistant (or not compliant) patients with 
cluster headache and propose them to follow a MAD for at least 12 weeks.
• Food low in carbohydrates were allowed
• Protein intake was about 0.7-1 gr/Kg/day
• Carbohydrate intake was about 10-50 gr/day
• KD ratio (fat:non-fat) about 1:1
• Lipid supplementation with specific products



We enrolled 30 consecutive 
drug resistant (or not 
compliant) patients with 
cluster headache and propose 
them to follow a KD for at least 
12 weeks.



Why KD does act in Migraine and 
Cluster Headache?



Efficacia della dieta chetogenica come terapia di profilassi dei pazienti emicranici: studio randomizzato controllato in doppio cieco



Efficacia della dieta chetogenica come terapia di profilassi dei pazienti emicranici: studio randomizzato controllato in doppio cieco

Other
hypothesis?



Gut-Brain Axis?



Which kind of diet in adult patients?

Very low calorie ketogenic diet (VLCKD)
VS.

Classic or Modified ketogenic diet



Diet discontinuation

• Reduces the ketogenic ratio (up to 1:1)

• Increase low GI carbohydrates, slowly

• Set with the patient the target diet
• LOGIT?
• Zone diet?
• Mediterranean diet?
• Never come back to high-carb diet, anyway



Ketogenesis
in Elderly



DISEASE MODIFYING TREATMENTS?

PREVENTION
Counteracts 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



G. Cornutiu, Neurodegenerative Dis., 2011

AD Incidence in Romania between 
1980 and 2006:

Stable levels untill 1994, than significant increase

WHY? 

Nature and Nurture:
the case of Romania



Nature and Nurture:
the case of Romania



Western diet and junk foods availability  
(rich in refined sugars, unhealty fats and calories)

Nature and Nurture:
the case of Romania







Multiple effects of physical activity on molecular and cognitive signs of brain aging: can 
exercise slow neurodegeneration and delay Alzheimer’s disease?
B M Brown, J J Peiffer, R N Martins
Molecular Psychiatry volume 18, pages 864–874 (2013)



Alzheimer’s disease
A modern disease?

The first case: 
Auguste Deter, 51 y.o. 

(1906)

The type 3 diabetes?

Alois Alzheimer
(1863-1915 )

GaetanoPerusini
(1879-1915 )



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

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

DIET IN PALEOLITHIC AGE: Grass-feed beef
Meat lean but rich in omega-3, low calories, high fibers, vitamins
minerals

MODERN DIET: Meat from factory farming
Low fibers, low vitamins, low minerals, high calories,
rich in non-healthy fats.
(saturated and mono-insaturateded fatty acids)

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

Simopoulos et al , 2001



Is Alzheimer a specific disorder of Humans?
Not, also in apes, but only in captivity



Brain energy expenditure:
Mammalians     2-8% 
Monkeys        11-13% 
Humans         20-25% 



Ketogenesis
in Dementia



Ketones and AD: why?

• When standard energetic sources are falling behind, the AD brain is forced to rely 
on alternative energy substrates. In this view, ketone bodies may play an 
important role (Iadecola, 2015; VanItallie, 2015). 

• Ketones are produced by the catabolism of fatty acids, a process operated by liver 
mitochondria. Interestingly, functional deficits in hepatic mitochondrial and/or 
peroxisomal fatty acids metabolism have been indicated as potential contributors 
to AD and related cognitive impairment (Astarita and Piomelli, 2011). Moreover, in 
aging rats, decreased hepatic peroxisomal fatty acid beta-oxidation (FAO) has been 
linked to the development of alterations in the lipid composition of the brain (Yang 
et al., 2014).

• Alterations of hepatic FAO can affect brain functioning. In that regard, ketones are 
substrates that, in elderly subjects, may become an energetic source to be used, 
for brain functioning, as alternative to glucose. 
This concept is supported by findings indicating that healthy elderly brains 
increase consumption of energy substrates that are alternative to glucose when 
glucose utilization decreases, thereby suggesting a compensatory role played by 
these metabolites in coping with brain energy demand (Hoyer et al., 1991).





The putative 
neuroprotective 
effects of 
ketone bodies 
have been 
associated with 
the following 
mechanisms:

• increasing intracellular adenosine triphosphate (ATP) availability;

• reducing ROS generation by mitochondrial complex I;
• inhibiting mitochondrial permeability transition;

• stimulating mitochondrial biogenesis, resulting in stabilized synaptic 
function;

• altering metabolism of neurotransmitters such as glutamate and gamma-
amino butyric acid (GABA);

• activating energy-sensing signaling pathways such as the peroxisome 
proliferator activated receptor (PPAR), mammalian target of rapamycin 
(mTOR), and adenosine monophosphate- (AMP)-activated kinase (AMPK) 
pathways.



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]



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.



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





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.



Ketogenesis
in Parkinson Disease









Alone at home?



Membri 17.000
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