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THE TERM 'KETOGENIC DIET '  WAS FIRST DESCRIBED

BY RUSSELL,  IN 1922 AT THE MAYO CLINIC .  

HE SUGGESTED THAT A FAT-RICH DIET SHOULD BE

AS EFFECTIVE AS FASTING IN EPILEPSY CONTROL

AND COULD BE MAINTAINED FOR A MUCH LONGER

PERIOD OF T IME .

 

 

Wilder R.M.  Mayo Clin Bull. 1921; 2
Wilder R.M.  Mayo Clin Bull. 1921; 2



 

Source: Pubmed



 
Eur J Clin Invest. 2016 Mar;46(3):285-98.
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Types of ketogenic diets (KDs)

Ketosis:



Is calculated in a ratio of grams of fat to grams of

protein plus carbohydrate combined. 

The most common ratio is 4 g of fat to 1 g of protein plus

carbohydrate (described as “4:1”); 90% of calories are

from fat. 

A 3:1 or lower ratio can be used alternatively 

Need accurate measurement of food

Traditionally started during hospitalization, especially in

young children (<12 months)

Classic KD

 Epilepsia Open. 2018 Jun; 3(2): 175–192.   



60% energy from medium chain

triglycerides (MCT)

MCT KD

 Epilepsia Open. 2018 Jun; 3(2): 175–192.   

MCT fat produces more
ketones per gram than long-
chain triglyceride (LCT) fat,
due their distinct transport and
metabolism.



MCT KD

Epilepsy Res. 2012 Jul;100(3):278-85
Epilepsy Behav. 2015 Oct;51:261-6. 

In MCT-based KD, lipids comprise 70% to 75% of the total

caloric value.

As MCT has more undesirable GI effects, a sliding scale

of MCT fat which was between 30 and 60% is recommended

The amount of MCT that appears to be best tolerated and

produces acceptable ketosis lies between 40 and 50% of

total energy



Modified Atkins (MAD) KD

Epilepsy Res. 2012 Jul;100(3):278-85

Epilepsy Behav. 2015 Oct;51:261-6. 

Based on the diet developed by Dr. Robert Atkins for

management of obesity. 

The modified Atkins diet encourages a higher fat intake

and lower carbohydrate content (10 g per day for children,

20 g per day for adults indefinitely) than the original

weight reducing diet. 

Protein is allowed freely

Although the carbohydrate is restricted, this is a more

liberal regimen than the classical KD

Ratio fat: protein + carbohydrates: 2:1 (variable)

Does not require hospitalization or weighting of foods

https://www.sciencedirect.com/topics/medicine-and-dentistry/atkins-diet
https://www.sciencedirect.com/topics/medicine-and-dentistry/fat-intake
https://www.sciencedirect.com/topics/medicine-and-dentistry/body-weight-loss


Low glycaemic index KD

 Neurology. 2005 Dec 13;65(11):1810-2.

The LGIT was designed based on the

hypothesis that stable glucose levels play a

role in the mechanism of the KD

Foods with a glycaemic index (GI) <50 are

allowed

Low GI carbohydrates are released at up to

40–60 g/day

Protein contributes 20–30% of calories, and

fat approx. 60%

Low/no ketosis

Fewer studies in children



Ketogenic diets for inherited
metabolic disorders?



To treat the clinical symptoms of the inherited metabolic

disorder such as seizures/epilepsy

To target the underlying metabolic condition by bypassing the

metabolic fault

KDs can be used in IMD in two different ways: 

1.

2.

Rationale

 J Inherit Metab Dis. 2015 Jul;38(4):765-73. 

J Nutr Metab. 2021; 2021: 6685581.  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7899763/#
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7899763/#




Ketogenic diets to treat epilepsy in IMD 

Epileptic Disord. 2005 Jun;7(2):67-81.
Epilepsia. 2010 Jun;51(6):1069-77.

Seizures are a common symptom in a great number of genetic disorders and they

might be caused by several factors, such as: lack of energy, intoxication, impaired neuronal

function, disturbances of neurotransmitter systems or associated malformations of the brain7

An early age of presentation, co-morbid developmental delay/regression, and resistance to

conventional antiepileptic drug therapy are common features to these disorders

Drug resistant epilepsy (DRE) may be defined as failure of

adequate trials of two tolerated and appropriately chosen and

used anti-epileptic drugs schedules (whether as monotherapies

or in combination) to achieve sustained seizure freedom



Ketogenic diets for DRE- efficacy evidence

Cochrane Database Syst Rev. 2020 Jun; 2020(6)

Cochrane Meta-analysis of RCTs

or quasi‐RCTs of KDs for people

of any age with drug‐resistant

epilepsy.

13 studies with 932 participants; 711

children (4 months to 18 years) and

221 adults (16 years and over).

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7387249/#


Up to 55% of children achieved seizure freedom with a classical 4:1 KD after three months

whilst up to 85% of children achieved seizure reduction (very low‐certainty evidence). 

Up to 25% of children were seizure free with MAD and up to 60% achieved seizure reduction.

Ketogenic diet versus ketogenic diet for children

Ketogenic diets for DRE - efficacy evidence

Cochrane Database Syst Rev. 2020 Jun; 2020(6)

vomiting

constipation

diarrhoea 

weight loss

hypercalcuria

Most commonly reported adverse effects:

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7387249/#


Ketogenic diets to treat epilepsy in inherited metabolic disorders 

J Inherit Metab Dis. 2015 Jul;38(4):765-73.J 

 

Autosomal recessive neurological disorder caused by defective glycine

metabolism (OMIM #605899). 

Prevalence: 1 in 76,000 people worldwide

Severe form (85% of cases) profoundly affected developmental outcome.

Poor outcome - rapid progression may lead to intractable seizures, coma and

respiratory failure

Non ketotic hyperglycinemia (NKH)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7899763/#
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7899763/#


Sustained seizure reduction (>50%) in all patients

Reduction in glycine plasma and/or CSF level reported in

6/8 patients

Severe psychomotor delay remained

Few reports on improvement in quality of life/ spasticity

No significant adverse events (vomiting and hypoglycemia)

Case reports of Classic KD on NKH (n=8 patients)

Ketogenic diets to treat epilepsy in inherited metabolic disorders 

c9
 

Non ketotic hyperglycinemia (NKH)



Ketogenic diets to treat epilepsy in inherited metabolic disorders
CDKL5 encephalopathy 

  Epilepsia 2017 Aug;58(8):1415-1422  

Epilepsy associated with the CDKL5 disorder are early onset, multiple seizure types, including mixed

focal and generalized, and poor response to antiepileptic drugs

Incidence of 1 in 40,000 to 60,000 newborns

Median age at seizure onset: 6 weeks (range = 1 day–65 weeks)  

Improvement in seizure activity were reported in 88% (61 of 69)

Improvement in alertness was also reported (n = 19) 

Decline in motor and social interaction skills was reported for six (5.8%)

Nearly one-third (31.7%) experienced side effects of KD, with severe side effects in 7 (20%)

Review of 104 CDKL5 individuals on KD (type not described):



Ketogenic diets targeting underlying metabolic disorder
Glucose transporter type 1 deficiency syndrome (GLUT1-DS)

 Neurology Sep 2020, 95 (11) 500-501

Incidence

1:83.000-90.000



J Inherit Metab Dis 2020 Mar;43(2):216-222.

Mean treatment and follow‐up duration were 49 and 53 months, respectively. 
Prior to treatment, epilepsy was reported in 82%, movement disorders in 66%,
and cognitive impairment in 59% of patients

Review of 270 GLUT1-DS patients on KD treatment

Reported type of epileptic seizures (n = 185), A and movement disorders (n = 178), B



Ketogenic diet acts as an alternative energy provider for the brain

Expected outcome includes cognitive and motor improvement

Glucose transporter type 1 deficiency syndrome (GLUT1-DS)

Ketogenic diet should be started as soon as possible -

1st line treatment regardless of epilepsy diagnosis

Indication to maintain classic 4:1 form, preferably: high

level of ketosis to meet brain energy demand

In under 2 years, classic 3:1 diet is preferable

For teenagers, adults and children with low tolerance

MAD can be used

LGIT is not recommended

The diet should be maintained as long as the patient

tolerates it

https://www.linguee.com.br/ingles-portugues/traducao/regardless.html


J Inherit Metab Dis 2020 Mar;43(2):216-222.

Review of 270 GLUT1DS patients using KD treatment

 C. The effect of dietary composition (classical KD [n = 82], KD with lower ratios [n = 47], and MAD [n =
27] on epilepsy in percentage of patients), E. Reported side effects associated with dietary treatment



Ketogenic diets targeting underlying metabolic disorder
Pyruvate dehydrogenase complex (PDC) deficiency

 Disorder of carbohydrate metabolism

caused by a deficiency of one of the

three enzymes in the pyruvate

dehydrogenase complex (PDC). 

In PDC deficiency, pyruvate cannot

be properly converted to acetyl-

CoA, impairing the TCA cycle and,

ultimately, ATP synthesis
 

Prevalence: 1:790.000-1.135.000

 

Biomedical Research and Therapy, 7(2), 3645-3658.

https://www.sciencedirect.com/topics/medicine-and-dentistry/pyruvic-acid
https://www.sciencedirect.com/topics/medicine-and-dentistry/acetyl-coa


Pyruvate dehydrogenase complex (PDC) deficiency

Clinical signs associated with PDC

deficiency 

(371 cases of PDC deficiency, published

between 1970-2010)

 

Mol Genet Metab. 2012 January ; 105(1): 34–43



Ketogenic diet
Pyruvate dehydrogenase complex (PDC) deficiency

Recommendation

Provide ketones to bypass the metabolic defect and

serve as an alternative cerebral fuel for the

developing brain.

Classic KD is preferred, although some case reports

have shown benefits with MAD as well

 KD is the treatment of choice for PDC

 Epilepsia Open. 2018 May 21;3(2):175-192

1.Neurology Asia, 327-329, 2014.

 



Ketogenic diet
Pyruvate dehydrogenase complex (PDC) deficiency

Cohort of 19 PDC patients on KD (median follow-up 2.9 years):

 

J Inherit Metab Dis. 2017 Mar;40(2):237-245.

KD ratio varying from 2:1 up to 4:1

All but 3 patients presented slow but positive development of both gross and fine motor skills

during KD.

Improvement in speech and language was seen in 15/19 patients during KD treatment.

Epilepsy improved in all patients: in half, seizures disappeared within 1 year. 

Improvement of ataxia (6/19) in all patients

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5306430/#
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5306430/#


Ketogenic diet
Pyruvate dehydrogenase complex (PDC) deficiency

J Inherit Metab Dis. 2017 Mar;40(2):237-245.

Improvement of hyperlactatemia: present in 12/18 without baseline and 4/19 without post-

diet

The diet was effective on nocturnal awakenings and excessive daytime somnolence, but the

majority of patients (6/8) still required medication

No improvement in spasticity 

Adverse effects in 13/19 and discontinuation in 1/13 (pancreatitis)

Poor dietary compliance was associated with relapsing ataxia and stagnation of

motor and neurocognitive development

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5306430/#
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5306430/#


Ketogenic diets targeting underlying metabolic disorder
Disorders of mitochondrial energy supply 

Mitochondrial diseases (MDs) are a

heterogenous group of more than 295

different disorders caused by defects in the

genes encoding mitochondrial proteins that

are required for ATP production from

oxidation of substrates via the tricarboxylic

acid cycle and the oxidative phosphorylation 

Orphanet J of Rare Diseases 16,295 (2021)

https://ojrd.biomedcentral.com/


Ketogenic diets targeting underlying metabolic disorder
Disorders of mitochondrial energy supply 

 Epilepsia 2007 Jan;48(1):82-8.

Orphanet J of Rare Diseases 16,295 (2021)

Isolated complex I deficiency is the most

common enzyme defect in mitochondrial

disorders

In patients with impaired aerobic glucose

oxidation, ketones may provide

alternative fuels for the central nervous

system and other tissues

https://ojrd.biomedcentral.com/
https://ojrd.biomedcentral.com/
https://ojrd.biomedcentral.com/
https://ojrd.biomedcentral.com/


20 cases (12 female)

The ages at start of KD ranged between 0 and 62 years (1 neonate (aged 7 days), 2

infants (9 and 10 months), 11 children (1.3–16 years), 6 adults (aged 22–62 years)).

8/20 were described as having epilepsy.

In 10/20 individuals muscle involvement was reported.



Orphanet J of Rare Diseases 16,295 (2021)

https://ojrd.biomedcentral.com/


Orphanet J of Rare Diseases 16,295 (2021)

Disorders of mitochondrial energy supply 
In 7/8 cases seizure control was achieved with KD (5 seizure free, 1 reduction of

seizures and 1 “stabilisation” of status epilepticus). In 4 of these cases the effect

was only temporary (lasting a few weeks to 7 months).

In 3/10 cases with muscle involvement KD had a positive effect. A negative

effect was observed in 6/10 individuals. Five of these six individuals experienced

rhabdomyolysis, headache and fatigue.

Tonus dysregulation was reported to improve in 3/7 cases

Developmental delay/Intellectual disability: in 3/10 cases a positive effect of

KD was reported

Other: An improved oral food intake, improved weight gain and growth and hair

growth in an individual with alopecia were reported in one case each.

https://ojrd.biomedcentral.com/


Orphanet J of Rare Diseases 16,295 (2021)

Disorders of mitochondrial energy supply 

In one study all 5 adult participants with mitochondrial myopathy

stopped MAD within 4–11 days because of rhabdomyolysis,

headache and tiredness.

Three individuals, all with POLG-related Alpers syndrome, died

during KD (at the ages of 46 months, 66 months and 16 years of

respiratory failure or paralytic bowel obstruction. 

Other AEs that lead to immediate cessation of the KD were

severe lethargy and lactic acidosis

In 13/20 individuals adverse events were reported:

https://ojrd.biomedcentral.com/


Ketogenic diets targeting underlying metabolic disorder
Glycogen storage diseases (GSDs)



Phosphofructokinase Deficiency (Glycogen Storage Disease Type VII)

Rare GSD, Prevalence: <1 / 1 000 000

Characterized by exercise intolerance,

muscle cramping, and myoglobinuria

associated with compensated hemolysis

and later nascent muscle weakness

and mild myopathy

Front Neurol. 2020; 11: 57.



Phosphofructokinase Deficiency (Glycogen Storage Disease Type VII)

Ketogenic diet (3:1 ratio) was initiated at 4 months of age. 

At 6 months, strength was remarkably improved.

At 9 months electromyography demonstrated significant improvement

At 2 years he continues to gain motor skills and strength but has diffuse proximal

muscle weakness and marked orofacial weakness with jaw contracture.

Arthrogryposis is significantly improved.

At 35 months of age, the patient deteriorated suddenly and died of complications

of pneumonia after 2 weeks of upper respiratory tract infection symptoms 

Case report #1:  boy presenting in the newborn period with congenital arthrogryposis

and severe myopathy

J Pediatr. 1997 Dec;131(6):932-4.

 



Phosphofructokinase Deficiency (Glycogen Storage Disease Type VII)

Front Neurol. 2020; 11: 57.

Patient remained clinically stable with subjective alleviation of muscle pain

symptoms and better exercise tolerance. 

In cardiopulmonary exercise testing, working capacity and mechanical efficiency

had increased. 

Lactate levels had decreased, and the very high ammonia levels associated with

exercise testing detected in the measurements before KD had decreased to

normal. 

KD had a beneficial impact also on respiratory parameters during exercise

Case report #2: 59 years-old man. KD (ratio of 1:1) intervention for a total of 5 years.



Ketogenic diet for GSD type III

Caused by deficient activity of glycogen

debranching enzyme

GSD IIIa is the most common subtype

(85% of cases): it manifests with liver

and muscle involvement. 

Clinical manifestations: hepatomegaly,

hypoglycemia, hyperlipidemia, and

growth retardation. Progressive

muscle (cardiac and skeletal)

involvement also occur in GSD IIIa

Genetics in Medicine volume 12, pages 446–463 (2010)



SUSTAINED
REDUCTION IN

TRANSAMINASES
AND CK LEVELS

 
Reported in: 7 studies

Improvement in: 11/11

transaminases and 10/11 CK

 
IMPROVEMENT IN

PHYSICAL
CAPACITY AND

STRENGTH

Reported in: 5 studies

Improvement in: 7/9

patients

 
IMPROVEMENT OR

REVERSAL OF
CARDIOMYOPATHY

AND HEART FAILURE
 

Reported in: 6 studies

Improvement in: 6/8

patients

 
REDUCTION OF
HEPATOMEGALY

 
 

Reported in: 1 study

Improvement in: 1

Ketogenic diet for GSD type III
8 studies published (2011-2020)
Cases and case series (n=13)
Age: 2 months to 34 years

All with MAD



Minimal
side effects

hypoglycemia

hypertriglyceridemia

hypercholesterolemia

hyperuricemia

https://www.linguee.com.br/ingles-portugues/traducao/hypoglycemia.html


Ketogenic diet for GSD type V (McArdle disease)

Myophosphorylase deficiency 

Severe form of glycogen storage

disease characterized by exercise

intolerance manifested by rapid

fatigue, myalgia, and cramps in

exercising muscles.

 



Ketogenic diet for GSD type V (McArdle disease)
Case reports by Vorgerd et al. (2002) - 55-year-old male - and Reason et al. (2017): 54-

year-old male, a 12-year-old female,and a 45-year-old female

Results: 

Vorgerd et al.: With a continuous one-year diet, his exercise tolerance was 3- to 10-fold

increased, dependent of the endurance level. Maximum strength and activity duration also

improved, and CK levels dropped from 5.300 U/l to 890 U/l on ketogenic diet.

Reason et al.: Exercise tolerance improved and plasma CK was significantly lowered in

all three cases, with two patients exhibiting values within normal range. Overall, each patient

described an improved quality of life.

 



n=8 GSD V patients

Participants were randomised to follow one of three diet regimes for 3 weeks 

Diets #2 and #3 induce ketosis and improve symptoms and exercise capacity in GSDV-patients. 

No serious adverse events were reported.

      (#1: 65%/15%/20%; #2: 75%/15%/10%, or #3: 80%/15%/5%, fat/protein/carbohydrate).

Pilot study to investigate which of three different modified ketogenic diet
regimes is optimal for GSDV-patients

J Inherit Metab Dis 2020 Jul;43(4):778-786.



Ketogenic diet for GSD type V (McArdle disease)

It's not all about ketone bodies!



KD is the 1st line treatment of Glut-1 DS and PDC

Despite limited number os studies, studies have shown

consistent results on benefits of KD in several other IEM,

such as NKH and muscle GSD

Benefits beyond seizure control

KD is feasible!

Take home messages
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@nutricaometabolica

Follow us!

Thank you!
Gracias!
Obrigada !
spoloni@hcpa.edu.br


