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Ketogenic diets: Opportunities and limitations 
in practical application 
(LITERATURE REVIEW)

Ab  s t r a c t  — During almost 100 years ketogenic diets 
(KD) were used for treatment of epilepsy and certain 
metabolic deficiencies (GLUT1 deficiency and Pyruvate 
dehydrogenase (PDHD). It has been widely suggested 
that KD and their preparations might be used to treat 
obesity, cancer and to prevent neurodegenerative diseases 
(dementia, Alzheimer’s, etc.), diabetes and cardiovascular 
diseases and even aging.  
The literature review provides evidence for KD efficiency 
in reduction of epileptic seizures in children and adults. 
However, the majority of research and the professional 
communities of dietologists, such as German Nutrition 
Society and German Cancer Soceity warn of adverse health 
effects of KD when used for other conditions. Additional 
studies are therefore required.

K ey  w o r d s  — classic ketogenic diet, ketogenic diet, 
modified Atkins diet, Low Glycemic Index-Treatment, 
intermittent fasting, Alternate - day fasting, High Fat Low 
Carbohydrate, time-restricted feeding, overnight-fasting, 
medium chain fatty acids, long chain triglycerides, medium 
chain triglycerides, fatty acids, carbohydrates, proteins, 
amino acid, ketones, β-hydroxybutyrate, adenosine 
triphosphate, ketogenic metabolic therapy, obesity, 
epilepsy, glucose transporter type 1 deficiency syndrome, 
Pyruvatdehydrogenase Deficiency, Multiple Acyl-CoA-
Dehydrogenase Deficiency, hyperinsulinism, type 2 diabetes.
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K e t o g e n ic   D i e t s
The popularity of the classic ketogenic diet 

(CKD), developed for the treatment of childhood 
epilepsy in the 1920s and widely used in the decade 
to follow, has declined with the confirmation of the 
effectiveness of anti-convulsants. 

In the mid-1990s, the Hollywood producer 
Jim Abraham, whose son had successfully dealt with 
his seizures by means of the classic ketogenic diet, 
established a foundation to attract attention and revive 
scientific interest in the diet. 

Experts believe that a ketogenic diet works in half 
of the cases, and in one third of cases it produces very 
good results (1). In 2008, a randomised clinical trial 
found an advantage in children with difficult cases of 
epilepsy who adhere to a classic ketogenic diet (CKD). 
An improvement in treatment over a period of 6–24 
months was observed in over 90% of cases (1, 57).

A "classic" ketogenic diet (CKD) is a strictly bal-
anced diet consisting of a fixed weight ratio (content) 
between fats, proteins and carbohydrates (standard 
4:1, i.e. 4 grams of fat to 1 gram of protein and carbo-
hydrates). For children under 2 years of age, this ratio 
is 3:1, otherwise the age requirement for protein is not 
guaranteed (1). 

The fats used in the classic ketogenic diet (CKD) 
are mainly triglycerides with long-chain fatty acids 
(LCT). There are also options for the use of medium 
chain triglycerides (MCTs).

The protein content of the ketogenic diet is 
calculated using DGE recommendations for each age 
group (2). 

In general, the amount of fat, protein and car-
bohydrates is calculated proportionally according to 
a fixed weight ratio. This fixed ratio should be main-
tained for each meal [3].

The KD is based on the formation of ketone bod-
ies from acetyl-CoA, which is formed by the break-
down of fatty acids. In this context, ketone bodies 
are the water-soluble molecules (acetoacetate(AcAc), 
beta-hydroxybutyrate (βHB), and the spontaneous 
breakdown product of acetoacetate, acetone) (4, 5).

The path to the formation of ketone bodies 
(ketogenesis) occurs in the mitochondria of liver cells. 

FA: fatty acids
CH: carbohydrates 
AA: amino acid
βHB: β-hydroxybutyrate
AcAc: acetoacetate 
MCT: medium chain triglyc-
erides
MCFA: medium chain fatty 
acids 
LCT: long chain triglycerides
LCFA: long chain fatty acids 
ATP: adenosine triphosphate 
Glut1-DS: glucose transporter 
type 1 
MADD: Multiple Acyl-CoA-
Dehydrogenase Deficiency 

PDHM: Pyruvatdehydrogenase-
Mangel
KD: ketogenic diet 
CKD: classic ketogenic diet
HFLC: High Fat Low Carbohydrate
MAD modifed Atkins diet 
LGIT: Low Glycemic Index-
Treatment: 
IFD: intermittent fasting
TRF: time-restricted feeding 
OF: overnight-fasting 
ADF: Alternate - day fasting 
T2D: type 2 diabetes
DGE: German Nutrition Society

Abbreviations:

l i t e r a t u r e
r e v i e w



23|  a r c h i v  e u r o m e d i c a  |  2 0 1 9  |  v o l .  9  |  n u m .  2  |

In this catabolic pathway, fatty acids are converted 
into acetoacetate at the end of β-oxidation through 
acetyl-KoA. 

There are three ways to trigger ketosis – meaning 
an increase in the level of ketone bodies in the blood. 
These are fasting (hunger), exercises, or a very high-
fat diet with simultaneous reduction of carbohydrate 
intake (6, 7, 8). In all three cases, the glucose deficit 
and the stimulation of lipolysis trigger the production 
of an alternative source of energy, which is particularly 
important for the brain. This alternative source of 
energy is the ketone bodies, and especially βHB, which 
is the most abundant among them (9).

In order to significantly increase the level of ketone 
bodies in the blood (> 2 mmol/L), 60–90% of daily 
energy intake (E%; Low Glycemic Index Treatment 
(LGIT) vs. classic kD 4:1) need to come from fat (10). 
Generally, it is assumed that in adults, a carbohydrate 
(CH) intake of over 50 g per day will not produce keto-
sis or will only do so to a very limited extent (11). The 
fact that this diet is so different from a normal balanced 
diet leads to problems with compliance, which in turn 
leads to treatment discontinuation (12, 13).

Therefore, ketone bodies are the norm and are 
present in human blood at all times, albeit at very low 
concentrations.

Recent discoveries have revealed that ketones, 
such as acetoacetate (AcAc) and its precursor 
β-hydroxybutyrate (β-HB), are not only viable fuel 
sources for all cells with mitochondria, including the 
brain (14, 15) but are also legitimate signalling mol-
ecules, eliciting advantageous changes in inflammation 
(16), cognition (17,18), oxidative stress (19) and more. 
Beyond pathology, ketones may also be a relevant 
metabolic fuel in the context of physical activity, 
improving athletic performance (20) and myocardial 
adenosine triphosphate (ATP) generation (21, 22). 

It is important to note that the ketotic metabolic 
state for the most part of the history of humans was a 
physiological state. People had to move a lot, and the 
availability of food was not sufficient and guaranteed. 

However, over the past 200 years, by increasing 
the consumption of simple carbohydrates, increasing 
energy consumption and changing lifestyles, ketosis 
has been an exceptional state of the body. 

The first signs of ketone bodies in the body were 
found in the urine of diabetic patients in the middle 
of the 19th century. For a long time, it was believed 
that these were undesirable, even non-physiological 
by-products of incomplete fat burning. Based on this 
assumption, the well-known expression "fats burn in 
the carbohydrate furnace" was invented, which accord-
ing to the current state and knowledge is considered to 
be obsolete. 

Once considered “metabolic garbage,” ketones 
have become the focus of significant efforts within the 
realm of cardiometabolic research. 

Initially, a ketogenic diet was used only for the 
treatment of pharmacoresistant epilepsy in children. 
Back in the 1980s, exogenous intake of ketone bodies 
had already caught the attention of the field of sports 
medicine (23, 24). Later on, possible medical applica-
tions started to be discussed and compassionate use 
treatments were carried out using sodium βHB in 
various rare metabolic diseases, such as Multiple Acyl-
CoA-Dehydrogenase Deficiency (MADD), PDHD, 
and hyperinsulinism (25–27). 

Therefore, earlier clinical studies have focused on 
the use of "extreme" versions of ketogenic diets for the 
treatment of seizures in epilepsy and other conditions. 

However, recent studies suggest that metabolic 
changes associated with the treatment of epilepsy, 
weight loss, metabolic syndrome and type 2 diabetes 
can be achieved with more gentle approaches. They are 
less restrictive of carbohydrates and proteins, and are, 
therefore, safer and easier to implement, also in other 
groups of patients (14).

A “well-formulated” ketogenic diet is generally 
characterised by a total carbohydrate intake of less 
than 50 g/d and a moderate protein intake of ap-
proximately 1.5 g/d per kg of reference weight (28). 
This typically increases circulating ketone bodies 
(β-hydroxybutyrate (BHB) and acetoacetate (ACA) 
from concentrations that are typically less than 
0.3 mM into the range of nutritional ketosis, which for 
BHB, we define as 0.5–3 mM (29). This range is below 
the typical 5–10 mM range for BHB that occurs dur-
ing prolonged fasting, and well below concentrations 
characteristic of ketoacidosis (28, 29, 30). From the 
perspective of meeting energy demands, the reduced 
carbohydrate and moderate protein intakes necessarily 
make ketogenic diets high in fat. 

Thus, ketogenic diets have been studied sporadi-
cally for over 100 years, however, over the past 15 years 
an increasing number of researchers have concluded 
that the process of keto-adaptation may be associated 
with a wider range of health benefits than just the 
treatment of epilepsy (30-54). 

Increasing general and scientific interest in the KD 
has led to new areas of application being opened up. 
Despite contradiction with mainstream dietary guide-
lines, ketogenic diets may be beneficial for many health 
conditions, particularly the previously mentioned con-
ditions related to mitochondrial impairment, which 
includes obesity (31, 32), diabetes (33–34), cardiovas-
cular disease (35–37), cancer (31, 39–47), neurodegen-
erative diseases (dementia, Alzheimer’s, etc.) (40, 41, 
48–51), and even aging (52–54, 55, 56).
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In terms of trend diets using ketone bodies or the 
KD, the appetite-reducing effect is one of the most 
commonly cited advantages (30).

The possible benefits of using a ketogenic diet for 
a wide range of different diseases are still being actively 
discussed.

Thus, a ketogenic diet simulates metabolic hun-
ger, creating a glucose deficit.

However, in the case of a ketogenic diet (KD), 
ketones are formed from the fatty acids in the diet, not 
only from the body's own fat reserves. 

The brain usually prefers to use glucose as the 
main source of energy. Glucose accumulates in the 
body, primarily in the liver, in the form of a special sub-
stance, glycogen. Glycogen forms an energy reserve, 
which can be quickly mobilised to compensate for 
sudden glucose deficiency, if necessary. 

Some tissues, such as brain and red blood cells, 
depend on a constant supply of glucose. If the amount 
of carbohydrates obtained from the food is insuf-
ficient, the necessary concentration of glucose in 
the blood may be maintained for some time by the 
breakdown of glycogen by the liver. With a glucose 
deficiency in the body, glycogen under the influence 
of enzymes is broken down to glucose, which enters 
the bloodstream. If these reserves are also depleted, the 
liver starts the de novo synthesis of glucose, gluconeo-
genesis. 

Glucose can also be obtained from proteins and 
some other sources (gluconeogenesis). However, after 
only about two weeks of food deprivation, protein 
reserves will be depleted solely because of the necessary 
supply of glucose to the brain, and death will inevitably 
occur (58).

During periods of starvation, however, when glu-
cose is not sufficient, ketone bodies can replace glucose 
as the main source of energy for the human brain.This 
is a prerequisite for the body to survive long periods of 
starvation using fatty deposits, without carbohydrates 
during periods of hunger (57, 59).

In addition to supplying the brain, ketone bod-
ies also play an important role in the metabolism of 
hunger to provide energy to the heart muscle, skeletal 
muscles and kidneys. 

The heart and kidneys can also use ketone bodies 
as an energy supplement under normal physiological 
conditions. In adults, the liver can produce up to 185 g 
of ketone per day. The proportion of free ketone bod-
ies is individually considered very different (60).

Based on β-hydroxybutyrate (βHB), the nor-
mal concentration in the blood serum after meals is 
approximately 0.05 mmol/l and 0.4 mmol/l after an 
overnight fasting. After 2–3 days of fasting, the levels 
of 2–3 mmol/l can be reached. In case of prolonged 

fasting it can reach 7 mmol/l, and in case of a strict 
ketogenic diet — it is possible to reach a concentration 
of 4 mmol/l (61). 

If too many ketone bodies are formed, they accu-
mulate in the blood and penetrate the urine. In medi-
cine, this condition is called ketonuria, or acetonuria, 
and its common name is "acetone in the urine". It is 
very dangerous and can cause serious poisoning, and 
in the case of people with diabetes or small children it 
may lead to an acetonaemic coma.

Healthy people have acetone in their urine when 
they are overworked and hypothermic, and the energy 
is used more quickly than it is replenished. 

A ketogenic diet forces the body to use fats as the 
main source of energy. Usually, carbohydrates from 
food are processed into glucose, which is essential for 
the nourishment and functioning of the brain. How-
ever, if the diet contains little carbohydrates, the liver 
converts fat into fatty acids and ketone bodies. Ketone 
bodies enter the brain and are used as an energy source 
instead of the glucose. 

K e t o s i s  a s  a  r e s ul  t  o f  a  di  e t 
wi  t h  high     fa  t  c o n t e n t  a n d  l o w 
carb    o hydra     t e  c o n t e n t

In addition to the already mentioned method 
of increasing the concentration of ketone bodies in 
the blood serum due to starvation, this can also be 
achieved by intensive physical activity.

However, there is a possibility of a targeted diet 
with a very high fat content and very low carbohydrate 
content (High Fat Low Carbohydrate, HFLC) (66).

Typically, if the consumption of carbohydrates 
exceeds 100 g, no significant increase in ketone bodies 
in the blood (ketosis) should be expected. An increase 
is only possible with an intake of up to 40 g, however, 
there are strong personal differences in this regard (60).

Frequently, a maximum carbohydrate level of 50 g 
per day also causes ketosis (65).

Physiological ketosis, which also occurs during 
a ketogenic diet (KD), must be clearly differentiated 
from pathological ketoacidosis, such as diabetes mel-
litus.

In case of a dietary ketoacidosis, maximum 
ketone body concentrations of up to 7–8 mmol/l are 
achieved, whereas in diabetic ketoacidosis concentra-
tions can rise above 25 mmol/l.

The target ketosis (the desired concentration 
of the ketone body in the blood) in the context of 
such a diet varies from 2 to 7 mmol/l and can only be 
achieved if strict dietary requirements are met (5).

Depending on the references, there are also values 
in the range of 3–5 mmol/l or 2–5 mmol/l (according 
to S1's KD recommendations) (64, 67).
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In addition, in the case of physiological ketosis, 
there is no glucosuria (urinary glucose) associated with 
hyperglycemia and concomitant reduction of plasma 
pH (59, 62).

When using ketogenic diets, an important 
consideration is also given to the concept of the 
ketogenic ratio.

The ketogenic ratio is the ratio between fat and 
carbohydrate/protein content in the diet. In a classic 
ketogenic diet, the ratio is 4:1, perhaps even 3:1. 

Thus, per 1 g of carbohydrates + proteins (in to-
tal), it is necessary to obtain 4 g (3 g) of fat with food.

The common assumption that any of the low-
carbohydrate diets leads to a significant increase in 
ketones in the blood is not true. Regardless of the level 
of carbohydrates in low-carbohydrate diets, protein 
intake is usually too high and the amount of fat is too 
low (57). 

Some proteins, or, more precisely, certain amino 
acids, can be metabolised to glucose and thus prevent 
ketogenesis. These "glucogenic" amino acids make up 
to 58% of the dietary protein (58).

The main area of application and recognised 
indications for ketogenic diets.

Pharmacoresistant epilepsy in childhood and ad-
olescence. Epilepsy is a complex condition that makes 
a child susceptible to seizures. Seizures result from 
abnormal electrical activity in the brain: Some parts of 
the brain get over-excited and fire off too many electri-
cal signals. Treatments for epilepsy have expanded 
greatly in recent years to include many new medica-
tions, specialized diets and a wide range of surgical 
strategies. (70). If there is no effect from the treatment 
of two or more professionally used anticonvulsants, 
ketogenic diet can be assigned. Diet therapy can some-
times be a good option for childhood epilepsy when 
medications don’t control seizures or cause intolerable 
side effects. It can be especially helpful for certain types 
of epilepsy, such as myoclonic astatic epilepsy (Doose 
syndrome). The mid-term effects of a classic ketogenic 
diet in children are comparable with modern anticon-
vulsants (Levy et al., 2012). Some cases (about 10%) 
show pharmacoresistant (also refractory) epilepsy, 
which cannot be adequately controlled by drugs (68).

In these cases, KD (the ketogenic diet) is a good 
option (67, 68), and its short- and medium-term ef-
fects in children, according to Cochrane reviews, are 
comparable to those of modern anticonvulsants (73).

A modern approach to epilepsy provides diet 
therapy despite a good pharmaceutical therapy success. 
A number of different diets can be used for epilepsy. 
These include the Classic Ketogenic Diet (CKD), the 
Modified Atkins Diet (MAD), the Medium Chain 

Triglyceride Diet (MCTD) and the Low Glycemic 
Index Treatment Diet (LGITD). Which diet is best 
for child will depend on the epilepsy diagnosis, child’s 
age and eating habits, and family needs and prefer-
ences. It is possible and sometimes helpful to transition 
between the various diets.

Diet therapy takes a strong commitment, but it 
may offer children a better chance of seizure control 
than trying a new medication. Because there isn’t yet 
a good way to tell exactly how a child will respond to 
diet therapy, a trial of three to four months is usually 
recommended.

The ketogenic diet has been shown to be effective 
for many children with epilepsy when drugs fail. It can 
provide control of seizures for about 30 percent of chil-
dren with epilepsy. The mechanism of action of KD in 
epilepsy is still unclear. There are many suggestions as 
to why this dietary treatment is showing good results 
(67). In addition to the assumption that ketone bodies 
are responsible for anticonvulsant properties, there is 
evidence of the anticonvulsant effects of some fatty 
acids (capric acid, C10) (70, 71, 72).

In its strictest form, the ketogenic diet (CKT) 
provides more than 90 percent of its calories through 
fat (compared to the 25 to 40% usually recommended 
for children). When the body burns fat for energy, 
rather than glucose from carbohydrates, it produces 
compounds known as ketone bodies. The increase 
in ketones is called ketosis. Experts believe ketosis 
reduces seizure activity in the brain, although exactly 
how this works is still unknown.

Though the diet is challenging, it’s easier than it 
used to be. As interest in the diet has increased, “keto-
friendly” products have become more widely available. 
These include coconut oil, low-carbohydrate noodles, 
sugar-free syrups and flavorings, and nut flours. 

Nowadays, the use (CKT) in epilepsy is mainly 
limited to the childhood period. However, good thera-
peutic results are also reported for adults (74). Similar 
side-effects (hypoglycemia, excessive ketosis, etc.) have 
been described in children and adults during (CKT), 
but adolescents and adults have a higher tendency to 
not follow this complex diet therapy (74).

Because of easier use, adolescents and adults 
prefer MAD (modified Atkins' diet) to the CKT (69). 
Overall, the adult refusal rate is more than 50% for 
the classic diet (CKT) and an average of 28–42% for 
MAD (69, 74).

Ketogenic diets have also been used to treat rare 
brain energy metabolic defects, such as Glut1 and Pyru-
vate dehydrogenase deficiency (PDHD) deficiencies. 

The first description of the GLUT1 deficiency 
syndrome was made in 1991 (75). The glucose trans-
porter type 1 (Glut1) is the most important energy 
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carrier of the brain across the blood–brain barrier. 
In the early nineties, the first genetic defect of Glut1 
was described and known as the Glut1 deficiency 
syndrome (Glut1-DS). It is characterised by early 
infantile seizures, developmental delay, microcephaly, 
and ataxia. Recently, milder variants have also been 
described. The clinical picture of Glut1 defects and the 
understanding of the pathophysiology of this disease 
have significantly grown. A special form of transient 
movement disorders, the paroxysmal exertion-induced 
dyskinesia, absence epilepsies particularly with an early 
onset absence epilepsy and childhood absence epilepsy, 
myoclonic astatic epilepsy, episodic choreoathetosis 
and spasticity, and focal epilepsy can be based on a 
Glut1 defect. 

The use of KD is based on the fact that ketone 
bodies pass through the hemato-encephalic barrier 
through another receptor (MCT1) and thus serve the 
brain as a substrate for alternative energy. The treat-
ment is usually done using classic KD with a ratio of 
3:1 or 4:1. Over the last few years, there has been grow-
ing evidence that MAD is also suitable for the treat-
ment of GLUT1 deficiencies (76, 77). MAD can also 
be used for adult patients or in case of non-compli-
ance. There is not yet enough data for such statements 
to be made about the LGIT or MCT diet (77).

Pyruvate dehydrogenase deficiency (PDHD) is a 
rare neurometabolic disorder characterised by a wide 
range of clinical signs with metabolic and neurological 
components of varying severity. Manifestations range 
from often fatal, severe, neonatal lactic acidosis to 
later-onset neurological disorders. 

Pyruvate, the final product of glycolysis, can only 
be metabolised to acetyl-CoA for a limited energy use 
in the citric acid cycle (76, 78). The consequences of 
this disorder include, but are not limited to, increased 
lactate (hyperlactatemia) and lack of energy (78). The 
neurological type is characterised by lesions of the 
brain and nervous system. However, it is worth noting 
that the isolated form of the disease is extremely rare. 
As a rule, patients are found to have a transient type of 
the disease, which is manifested by neurological and 
metabolic disorders. 

The KD bypasses the pyruvate dehydrogenase 
reaction. Acetyl-CoA, which is essential for the citric 
acid cycle, is formed from fats rather than the glucose 
(76). In general, a KD is a safe and effective treatment 
for most PDG patients (Pyruvate dehydrogenase defi-
ciency (PDHD) (78).

Ketones may be an alternative energy supply for 
the reduced glucose transport through the hemato-
encephalic barrier (Glut1 defeciency) or impaired 
glucose degradation (PDH deficiency) and thus effec-
tively treat emerging epileptic encephalopathy (79).

New ketogenic diets are becoming increasingly 
popular (57):

–	 in older children, adolescents, in cases of prob-
lems with compliance with treatment require-
ments; 

–	 therapy for neurodegenerative diseases and crani-
ocerebral injury (Masino and Rho, 2012);

–	 weight loss in adults.

Increased central nervous system energy reserves 
lead to higher neuronal resistance, a reduction in free 
radicals and a decrease in inflammatory activity, which 
makes it possible to use ketogenic diets more widely. 
Ketogenic diets are performed under medical supervi-
sion and are achieved only in the team of the patient, 
parent, pediatrician and specialist nutritionist.

It is necessary to calculate the ratio of LPG indi-
vidually and to add carbohydrate-free additives (vita-
mins, minerals, trace elements) in all ketogenic diets.

The ketogenic diets are not currently recom-
mended for adults (57).

D iff   e r e n t  t yp  e s  o f  K D  di  e t s 
In clinical use, the general term "ketogenic diet" 

includes four diets (80, 81): 
–	 the modified Atkins Diet (MAD), 
–	 MCT (medium-chain triglyceride diet), triglycer-

ides with a medium chain length, 
–	 low glycemic index treatment (LGIT),
–	 a classic ketogenic diet. 

Recently, ketosis has been increasingly reported 
as a possibility for some forms of intermittent fasting 
(intermittent fasting 5:2), but usually it is not consid-
ered to be a ketosis diet (82). 

Th  e  m o difi    e d  A t ki  n s  di  e t  ( M A D ) 
The Atkins diet was developed by an American 

doctor Robert Atkins in 1972 and published under 
the title "Dr. Atkins diet revolution". Atkins advocated 
a diet in which the carbohydrate consumption was 
extremely limited, but one could eat proteins and fatty 
foods, such as meat, fish, sausage, cheese and eggs as 
one wished. In the initial stage of this diet, only 5 g of 
carbohydrates (83) are released daily.

In the modified Atkins diet, which is used as a 
ketogenic diet, this amount is about 10–15 g of carbo-
hydrates per day. 

This diet is more commonly used for children and 
adolescents in the early stages. 

For adults, the daily starting amount is 20 grams of 
carbohydrates. No ballast substances are included in the 
calculation of the carbohydrate consumption, but sweet 
alcohols (xylitol, sorbitol, erythritol) are part of it.
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K e t o g e n ic   di  e t s  i n  c o mpari     s o n  ( 5 7 )

Diet type Fat content % Protein content % Carbohydrate content % Protein to carbohydrate 
ratio

Classic ketogenic diet 90 6 4 4:1
modified Atkins Diet 
(MAD), 64 30 6 5:1–2:1

MCT 73 (incl. 30–60% MCT oil) 10 17 1.2:1 – 1.6:1
Low glycemic index treat-
ment (LGIT) 60 30 10 1:1

Regular diet 35 15 50 0.3:1

CKD: classic ketogenic diet; MAD: modifed Atkins diet; MCT: medium chain triglyc-
erides diet;

LGIT: Low Glycemic Index-
Treatment

When doing the MAD, there is no indication as 
to which carbohydrates should be consumed predomi-
nantly. However, it is recommended to choose food 
with predominantly complex carbohydrates. 

At a later stage, depending on the clinical picture, 
the carbohydrate consumption can be gradually 
increased to a maximum of 60 g/day. The protein con-
sumption is not limited with the MAD and can reach 
up to 30% energy consumption (84).

The ketogenic ratio of the modified Atkins diet is 
1: 1 to 1.5: 1. 

The ketosis achieved with this form of diet is 
usually lower than with a classic ketogenic diet, but 
this diet is also good for the treatment of pharmacore-
sistant epilepsy (85). The calculation of meals is much 
simpler and the time spent on learning and using the 
diet at home is shorter because only carbohydrates are 
counted.

M C T  di  e t ,  u s i n g  t h e  M C T  o il  
( m e dium    - chai    n )

Medium Chain Triglycerides (MCT) are a type 
of synthetic dietary fat first produced in the pharma-
ceutical industry from coconut oil in the 1950s for the 
treatment of patients unable to digest conventional 
fats. Having been used so far for medical purposes, 
the MCT oil has also become a popular fitness sup-
plement, which is advertised as a fat burner, muscle 
growth accelerator and energy source.

Medium chain triglycerides consist mainly of 
fatty acids with 8 and 10 carbon atoms (medium chain 
fatty acids, MCFA).

MCT (or MCT-fats) are triglycerides that contain 
fatty acids with medium chain lengths. Unlike long-
chain fatty acids, MCTs can be absorbed in the intes-
tine independently of bile acids and pancreatic lipases.

From the small intestine, they are transported 
through the blood directly to the liver. There they are 
preferably oxidised in comparison with conventional 

fats and have a higher ketogeneity than long-chain 
triglycerides (LCT). 

The term "ketogenicity" refers to the rate of for-
mation of ketone bodies, which varies depending on 
the initial fat [86, 87].

Fatty acids with an average chain length include 
capron (C 6: 0), caprilic (C 8: 0), caprilic (C 10: 0) 
and lauric acid (C 12: 0). No pure MCT fat is found in 
nature. 

For example, coconut fat contains 60% MCT, 
milk fat 10% MCT.

Commercially available MCT fats are usually 
extracted from coconut fat or palm kernel oil. At the 
same time, MCT fat is available in the form of trans-
parent, tasteless oil, margarine and drinkable emulsion 
for therapy. (Table 2).

MCT oils and fats are usually prescribed for lipid 
metabolism disorders, malabsorption of fats associ-
ated with diseases (e.g., pancreatic insufficiency, short 
intestinal syndrome) and KD. It is also prescribed for 
parenteral nutrition. They are also very popular among 
athletes.

In comparison, structurally shorter MCTs 
(8.4 kcal/g) have a 10% lower energy content than 
long-chain fats (9.3 kcal/g) [88]. On the packaging 
of MCT products, information on the nutritional 
value is given in accordance with the EU Regulation 
1169/2011 with 9 kcal/g or 37 kJ/g. Fat differentiation 
is not provided here (89).

Since MCT fats can cause gastrointestinal 
discomfort, it is recommended to slowly increase their 
amount. Infants and young children start at 1 g/kg 
body weight, older children and adults start at 10–20 
g/day, and then increase the amount in several steps to 
the desired daily dose. 

As early as 1971, HuttenlocHer et al investigated 
the effectiveness of MCT fats in a ketogenic diet in 12 
children. Patients received 60% of the required energy 
in the form of MCT fats. 
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This corresponded to more than 100 g of MCT 
fat per day. 

Children were given MCT oil mixed with low-fat 
milk three times a day for the main meals. The benefits 
of such a diet with the MCT were described as fol-
lows: "MCT fats lead to ketosis faster, so the carbohy-
drate content in the diet does not need to be reduced 
so much, the efficiency is comparable to a ketogenic 
diet in a ratio of 3:1. Compatibility is better and imple-
mentation is easier. (87) 

The MCT diet, according to some researchers, 
has a comparable effect to the classic KD (90, 91). To-
day, an even distribution of MCT fats is recommended 
for all meals (91, 92). 

L o w  G lyca    e mic    I n d e x  Th  e rapy    
( L G I T )

The term glycemic index (GI) was used in 1981 
by Jenkins et al. GI is a calculated value representing 
the increase in the blood glucose concentration (calcu-
lated as an area under the curve) after a certain amount 
(50 g) of food intake compared to the reference 
(glucose or white bread). Consequently, products with 
high GI (simple sugars) result in higher blood glucose 
concentrations than products with low GI (complex 
carbohydrates) (93, 94).

A low glycemic index therapy was developed 
by Pfeifer and Thiele in 2002 in Boston. This form of 
ketogenic diet only uses food with a glycemic index 
of <50. Although the name suggests that no carbohy-
drate counting is required, this cannot be supported in 
practice.

With such a low carbohydrate diet, as is the case 
with the MAD, it is necessary to calculate and main-
tain the daily amount of carbohydrates. 

In general, about 40–60 g of carbohydrates are 
allowed per day. Even with this form of the nutrient 
therapy, it is reported that seizures in epilepsy have 
decreased (95).

I n t e rmi   t t e n t  fa  s t i n g  di  e t 
( 5 : 2 )  ( I F D )

Intermittent fasting is a new trend in weight loss. 
With time-restricted feeding (TRF), food can only be 
supplied at certain intervals [96]. Instead of fasting for 
several consecutive days, short periods of not eating for 
one day (8 hours of eating, 16 hours of fasting) or for 
a week (diet 5: 2: 5 days of eating, 2 days of fasting) are 
applied.

In this case, the daily meal break, which is 
natural due to a night's sleep, is already an over-
night-fasting (OF). The time-restricted feeding 
TRF (97) is achieved by expanding the overnight 
fasting (OF).

The best known method is the 16:8 method, 
which means a total of 16 hours of fasting and eating 
for only 8 hours per day (96).

Alternate-day fasting (ADF) offers a restriction of 
meals every second day. Thus, with ADF, you should 
fast on one day, and can eat an unlimited amount of 
food the next day.

The IF method: 5:2 means that a person eats 
regularly 5 days a week and fasts or severely limits 
energy for the remaining 2 days (96).

The 5:2 diet is best known due to Dr. Michael 
Mosley ("The fast diet"), alternate-day fasting (ADF) 
due to Dr. Krista Varady ("The every other day diet") 
and Harvie's 2-day diet due to the books which have 
been published since 2013 (98, 99, 100). In the case of 
intermittent fasting, ketosis is achieved only in some 
types, namely for the 5:2 type (115). 

Positive metabolic changes in the case of inter-
mittent fasting are caused by the conversion of me-
tabolism from a predominantly carbohydrate to lipid 
metabolism. There is an increase in the mobilisation of 
free fatty acids from fatty tissue. They are used to form 
ketone bodies in ketogenesis. Ketone bodies are then 
used by some organs and the brain after the adapta-
tion phase as an alternative energy substrate to glucose 
(instead of glucose).

β-hydroxybutyrate (βHB) is the main ketone 
body for the energy supply (101, 102). Since ketogen-
esis begins after a brief fasting, it is possible that the 
formation of ketone bodies during the intermittent 
fasting has a decisive influence on the positive effects 
proven in the studies.

This form of nutrition is also of interest in the 
study of hormone levels (glucagon, insulin), free fatty 
acids and glycogen storage. 

There is growing evidence that βHB is not only 
an energy carrier, but also performs signaling functions 
on the cell surface and inside the cell, which, for exam-
ple, affect gene expression, lipid metabolism, neuronal 
function and metabolic rate (103, 104).

Some researchers (115) believe it is possible to 
influence a number of diseases in humans, such as type 
2 diabetes mellitus, Alzheimer's dementia, through 
these molecular signaling functions.

To better understand the metabolic situation of 
short-term intermittent fasting in humans, a nutrition-
al intervention study was conducted that examined the 
effect of the intermittent fasting on ketogenesis using 
the 5: 2 method (115) as an example.

The study concentrated on a brief change in the 
βHB concentration in the capillary blood during 2 
days of fasting with complete energy limitation during 
the intermittent fasting using the 5: 2 diet (106–108, 
109-112). On the days of fasting, there was a notice-
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able increase in the βHB level in the blood, which was 
not observed on other days.

On the second day of fasting, ketone bodies 
appeared in the blood (up to 2–3 mmol per liter). 
The data usually shows the ketone body level rise by 
30–50%. Moreover, there is a rather large difference in 
values (113, 114, 115).

With other forms of intermittent fasting, for 
example, 16/8, 14/10, 24/0 there is no significant 
increase in the production of ketones.

Due to the high hopes that some dieticians and 
sports physicians have today for the intermittent 
fasting, it is of great interest to researchers to compare 
different forms of diet in terms of the weight loss 
(116,117,118).

Intermittent fasting helps reduce weight and can 
contribute to good health, but not better than regular 
diets (116). This is the conclusion reached by the 
scientists from the German Cancer Research Centre 
(DKFZ) and the Heidelberg University Hospital 
(Deutsches Krebsforschungszentrum und das Uni-
versitätsklinikum Heidelberg) in the HELENA study 
(HELENA-Studie) (116), the largest study in this area 
to date. It is obvious to researchers that there are many 
different ways to reduce weight, but it is important to 
select the right option for each patient.

The HELENA study conducted by a team of sci-
entists from the DKFZ and the Heidelberg University 
Hospital examined 150 overweight and obese people 
for one year. The patients were randomly divided into 
three groups: one third had a regular diet for 12 weeks. 
Energy consumption was reduced by 20%. The second 
group was on a 5:2 diet, but they also received 20% less 
energy.

The control group did not follow a specific diet 
plan, but like all the other participants, was motivated 
to follow a balanced diet as recommended by the Ger-
man Food Society (DGE). After the actual phase of 
the diet, the scientists tracked the weight and health 
status of the study participants for another 38 weeks.

The result was unexpected given the high expecta-
tions for the intermittent fasting: the health status im-
proved equally in both groups (weight loss, visceral fat, 
and unhealthy abdominal fat and liver fat deposits).

The changes in the distribution of fat in the par-
ticipants' bodies were precisely determined by a special 
MRI performed at the Heidelberg University Hospital. 
At the same time, the research has shown that with a 
weight loss of only 5%, about 20% of abdominal fat 
and even more than a third of liver fat is lost, regardless 
of a diet type.

There was also no difference between the two di-
ets in all other metabolic values and in all the biomark-
ers and gene activity studied. 

Although the HELENA study does not support 
euphoric expectations of for the intermittent fasting, it 
also shows that it is not worse than common diets for 
weight loss.

This method requires further observation, espe-
cially since there is evidence of a possible relationship 
between the intermittent fasting and family eating 
disorders.

Th  e  C la  s s ic   K e t o g e n ic   D i e t 
( C K D )

According to the classic ketogenic diet (CKD) 
each meal including appetizers should contain a de-
sired proportion of fat to carbohydrate/protein. 

The basis of calculation for the classic ketogenic 
diet was designed in 1924 by Dr. Peterman, the doctor 
of Children Mayo Clinic. The ratio of diet composi-
tion, published by Peterman contained 1 g of protein 
on 1 kilo of a body weight (10 kg), 10-15 г carbohy-
drates per day and the rest energy was received from 
fat (119). To date, the proportion of fat in the ratio is 
given as a ketogenic proportion. 

Ketogenic diet (KD), offered by Peterman has 
already had correlation 4:1, which meant four 4 grams 
of fat for every 1 gram of protein and carbohydrates. 
Each food intake should have a selected concentration. 
As a result it takes some efforts to calculate and apply 
the classic ketogenic diet (120).

For children older than 2 years of age the ratio 4:1 
is generally recommended. 

For children younger than 2 years of age as well 
as for children with good response to KD related to a 
strong ketosis or difficulties in sustaining, the ratio 3:1 
may be established. (67).

In the classic ketogenic diet (CKD) weight 
proportion between fats and proteins is 4 to 1 (but 
when using this diet for weight loss the coefficient is 
shifted toward increasing proteins and reducing fats). 
Thus, the foods high in carbohydrates, such as sweet 
fruits and vegetables, bread, pasta, grains and sugar are 
removed from the ratio whereas the intake of products 
rich in fats such as cheeses and butters is increased. 

Ketosis is explained as an increase in the level of 
ketone bodies in blood that reduces the incidence of 
epileptic seizures. 

Liver in a child accumulates less glycogen than 
in an adult. Therefore a child body recognises earlier 
a deficit of glucose and resorts to fat storages. Ketone 
bodies in urine of newborns often show that a child is 
malnourished. A basic diet for children with epilepsy 
contains the necessary amount of proteins for growth 
and regeneration of the body and an adequate amount 
of calories to support a normal body mass (in accord-
ance with the age and height). 
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Most fats consumed with the food comprise long 
chain fatty acids (LCFA) However, from the point of 
view of using KD medium chain fatty acids (MCFA) 
are more appropriate. In one variant of the ketogenic 
diet a sort of coconut oil is used, which is rich in me-
dium chain fatty acids (MCFA) and covers a half of a 
daily calorie intake. 

C o mpari     s o n  o f  diff    e r e n t 
varia     n t s  o f  di  e t s 

Table 1 presents different types of ketogenic ratios 
with their compositions proportional (%) to amount 
of energy. There are a classic ketogenic diet, МСТ diet, 
modified Atkins diet, Glycemic Index diet and a diet 
recommended by DGE (57).

Table 1. �Legend: DGE = German Nutrition Society; KD = ketogenic diet; 
LGIT = Low Glycemic Index-Treatment; MAD = modified Atkins diet;  
MCT = medium chain triglycerides

Table 2. �

Diets/composition % Fats% Protein% Carbohydrates %
Classic  KD 4:1 90 6 4
MCT Diet 73 10 17
МAD 65 35 5
LGIT 60 30 10
Diet recommended by DGE 55 15 30

Comparison of nutrition value among different 
ketogenic diets and the nutrition recommended by 
DGE (provided from recommended protein con-
sumption as well as recommendation amounts for 
carbohydrates and fats) in energy percentage (En%) 
(68, 69, 32). 

Thus, all KD are extremely high-fat diets, which 
nevertheless differ on their compositions and a range 
of effect. In case of a milder diet it is possible to eat 
more protein, which simplifies the diet and makes it 
similar to a normal diet. 

The stricter is the diet, the higher ketone level is 
achieved. But it should be kept in mind that assignment 
to such a diet affects the taste and social integration. 

Special attention should be paid to regular foods 
that contain certain ketone values. They are shown in 
Table 2 (57) 

U n d e s irabl     e  Eff   e c t s
Ketogenic diet is usually well tolerated by chil-

dren and if administered under medical supervision in 
accordance with standardized protocol and supervi-
sion of an experienced nutrition team it is considered a 
safe diet therapy. (120).

Content in foods 4:1 and more
Pork fat 30,5:1
Melted butter 30,5:1
Mayonnaise (80 % fat) 23,6:1
Brazil nuts 9,6:1
Salad Mayonnaise (50 % fat) 9,5:1
Sour cream (24 % fat) 6,1:1
Macadamia nuts 5,7:1
Cream (30 % fat) 5,6:1
Mascarpone 5,4:1
Black olives 5,0:1
Coffee cream (30 % fat) 4,7:1
Content in foods 3:1 bis 3,9:1
Coconut 3,9:1
Coconut, meat 3,9:1
Walnuts 3,2:1
Pecan 3,1:1
Content in foods 2:1 bis 2,9:1
Green olives 2,9:1
Hazelnut 2,8:1
Avocado 2,6:1
Almond flour 2,4:1
Meat sausage 2,3:1
Almond drink (without sugar) 2,2:1
Meatloaf 2,1:1
Cottage cheese 2,0:1
Content in foods 1:1 bis 1,9:1 
Tuna in oli 1,9:1
Gouda, min. 60 % fat 1,9:1
Meatloaf 1,8:1 1,8:1
Almond 1,8:1 1,8:1
Sesame 1,6:1
Eel 1,6:1
Boiled sausage 1,5:1
Salami 1,5:1
Gouda, min. 45 % fat 1,4:1
Black olives 5,0:1
Coffee cream (10 % Fett) 1,4:1
Herring 1,0:1

Potential side effects occurring in the beginning 
of the application as well as during a long-time apllica-
tion are shown in Table 4. Besides, possible causes and 
symptoms additional countrameasures are offered. 

Especially in the initial phase such side effects as 
nausea, food refusal or hypoglycemia are quite com-
mon. But they seldom occur later. In general possible 
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side effects are not meaningful, can be easily cured and 
differ from person to person. (122).

The effect of a decreased appetite has been also 
discussed in favour of using the diet for weight loss. 
Obese adults assigned to a modified ketogenic diet felt 
less hungry and ate less. (123,124).

Of interest there are findings associated with 
blood lipids and blood glucose level. Improvement in 
triglyceride, cholesterol and glucose levels in the blood 
was observed in obese patients even in a 24-week study 
(125, 126).

Further comments on these effects are not possi-
ble until they studied further. In some cases, which are 
detailed described in the instruction S1, KD is strictly 
forbidden and causes severe and even irreversible side 
effects (67). Thiamine pyrophosphokinase deficiency 
serves as an example. A severe metabolic acidosis and 
irreversible neurological damage caused by KD were 
reported. (127). Therefere before starting a KD, a 
medical consultation is required. 

Sid   e  Eff   e c t s
Thus, the ketogenic diet is the diet with a high 

content of fats and low conternt of carbohydrates. 
Different studies are unanimous on using KD for 
treatment of pharmacoresistent epilepsy when its three 
forms such as classic ketogenic diet, modified Atkins 
diet and МСТ diet showed relatively equal success in 
reducing seisures. (57).

Anyway, significant efforts are needed to teach 
the application of ketogenic diet, introducing it to 
the daily routine since each meal has to be planned 
individually. For instance, a spontaneous lunch with 
friends at a cantine or a restaurant will be impossible 
without a thoroughul planning. 

Due to limitation of carbohydrates contained 
in fruits and grains, which are allowed in very small 
amounts, there is a risk of developing a deficiency of 
vitamins and minerals. 

There are no standard recommendations on 
substitution because the consumption is calculated 
individually for each patient in accordance with the 
protocol and when necessary a corresponding medi-
cation is prescribed. Since food preferences change 
often in childhood, the calculation protocol should be 
revised each 3-6 months. (57).

K e t o g e n ic   di  e t s  f o r  ca  n c e r 
t r e a t m e n t

Recently, the possiblility of using diets with low 
carbohydrate content for cancer patients has been 
widely discussed. As a justification for using ketonic 
diets it was indicated that metabolism of tumor cells 
depends on carbohydrates. 

Depening on interpretation of the data, these 
diets either promise a direct influence on growth of the 
tumor or its metastasis, improve efficiency of chemo-
therapy or radiation therapy. Sometimes, scientists 
promise better tolerance of the treatment, particularly, 
the chemotherapy (128,129,130). However, the review 
carried out by Nicole Erickson and coauthors (131), 
showed an absolute contraindication of using isoca-
loric ketonic diets in cancer patients due to reduction 
of weight and consequent worsening of the prognosis.

The study surveyed 15 researches (8 prospective 
researches, 2 retrospective researches, 5 cases), which 
comprised 330 patients with malignant tumors. 

Since there is no homogeneity in types of tumors, 
their localization and stages, the results of the study 
could not be fully compared. The points of com-
parison for 15 researches were: quality of life and the 
toleration of the diet wheras antitumor effect was not 
considered. 

Moreover, none of the studies showed tumor 
regression, better survival and better tolerance of the 
therapy or reduction of KD side effects. (132).

The German nutrition team «Working Group 
on Prevention and Intergrative Oncology” (PRIO) 
of the German Cancer Society (DKG) (131) states 
that presently there are no human subject researches 
demonstrating that ketogenic diet or low carbohydrate 
diet allows (130):

–	 to prevent or suppress growth or metastasis in 
human;

–	 to enhance efficience of chemotherapy or radia-
tion therapy; 

–	 to improve tolerance of chemotherapy. 

Therefore, based on the data in disposal it is not 
recommended to use low carbohydrate or ketogenic 
diet for cancer treatment. 

Specialists often indicate possible side effects of 
such diets in cancer patients, 

Documented side effects include: nausea, loss of 
appetite, loss of weight, constipation, hyperlipedimia, 
artherosclerosis, hypercholesterolemia, absence of 
thirst, kidney stones, pancreatitis, dehydratation, sele-
nium deficiency and drowsiness. (133, 134, 135).

Such side effects due to the diets are hard to 
distinguish from consequences of cancer or its 
therapy. Ketogic diet carried out without supervi-
sion of an oncologist may lead to serious errors in 
the therapy. 

Ketogenic diet and low carbohydrate diets may 
facilitate malnutition in cancer patients. Fine et al. 
observed already in 2013 reduction of weight by 
4% (±6,1%) in cancer pationts who were 28 days on 
ketogenic diet. 
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Table 3. �Symptoms, Causes and solutions on administering KD (57)

Table 4. �Complications during long-term KD assignment (57)

Symptoms Causes Solutions
Apathy, reduction of 
attention

Effects of ketone bodies on the central 
nervous system After the adaptaion to the changes the symptoms are normally disappear. 

Nausea and vomiting Lack of carbohydrates Under a very high levels of ketones small amount of carbohydrates can be 
administered

Hypoglycemia Lack of carbohydrates Small amount of carbohydrates can be administered.

Decreased appetite

– signs that ketone bodies produce a  
damping effect on hunger  sensation; 
– another reason might deal with 
exposure to unfamiliar food (phase of 
transition)

– one missed food intake is irrelevant to success of the therapy and can be 
rescheduled; 
– food intakes should be planned according to the preferences of the 
patient; 
– to stimulate the consumption through visually appetizing food;

Constipation insufficient intake of fiber and liquids To ensure an adequate intake of liquids  

diarrhea, stomach spasms Excessive intake of fat or excessive 
consumption of TMC 

Under excessive intake of long chain fatty acids one part can be replaced 
with MCT fats.  

Hyperlipidemia Too many animal products with high fat content and conse-
quntly too high consumption of saturated fatty acids

Careful selection of fats (training in  fats /oils), preference 
of oils, if possible  MCT fats 

Kidney stone disease Hypercalciuria, inadequate fluid intake To control fluid intake

Tan-Shlalaby et al. reported that 73% of patients 
lost in average 7,5 ± 5,8 kg of body mass during a 16-
week ketogenic dieting (137).

Urbain et al. (2017) reported on loss of weight by 
2,0 ± 1,9 kg of the body mass in healthy volunteers on 
ketogenic diet, though their average consumption of 
energy has not changed confirming earlier evidences 
that isocaloric ketogenic diets facilitate loss of weight 
due to metabolic changes (138).

The menioned loss of weight is known due to 
investigations aimed at intensive medical support of 
patients. Nevetheless the loss might be more danger-
ous for patients assigned to the diets under question-
able conditions (for example without blood control).

Therefore, basing on the latest data low carbohy-
drate or ketogenic diets can be recommended neither 
as a complementary therapy nor as a nutrition pattern 
for cancer patients. 

The patients who are interested in low carb or 
ketogenic diets should be as early as possible informed 
about possible negative consequences of such diets. 
Besides, the cancer patients who assigned to such 
diets should be found and persuaded to discontinue. 
If patients stick to low carbohydrate or KD inspite of 
intensive contraargumentation, it is necessary to sub-
ject them from the very beginning to a strict interdis-

ciplinary supervision, including control of the weight, 
body composition, laboratory values (131).

K e t o g e n ic   di  e t 
f o r  r e duc   t i o n  o f  w e igh   t 
( Ob  e s i t y )

To date, more and more specialists refer positively 
to the diets with low carbohydrate content due to a 
negative experience to the ratios recommended cur-
rently for weight loss in the practice. 

Nowadays, in Germany a mediterenean diet, 
DASH and vegetarian diets with limitation of energy 
are commonly recommended in the medical practice, 
but the data of their efficiency is limited (139). 

Besides, the diets with lower content of fats did 
not demostrate that they are more effective for weight 
loss (140). Commercially available weight loss pro-
grams show a short-time success in reduction of sugar 
level (in glycemic control), yet a long-term success 
during one year is rare (141).

The official point of view on KD and the effect 
of ketone bodies in terms of health benefits is rather 
contradictional (142). 

Certain works found definite advantages of 
KD for weight loss, however other works did not 
find advantages compared to other diets. (143, 144). 
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Neverthelss a current consensus admits that KD 
decreases appetite and patients feel themselves less 
hungry compared to other diets based on reduction 
of carbohydrates. Ketosis is considered responsible for 
this phonomenon (145).

Well-known medical institutions have currently 
started ambitious researches to provide additional 
arguments to change the paradigm. Therefore some 
specialists call on their colleagues to reconsider DGE 
recommendations and to ignore general nutrional 
recommendations (146). 

E.g. Sarah Hallberg from Virta Health Centre, 
a branch of University in Lafayette in Indiana/USA 
advocates a sharp decrease in carbohydrate intake. By 
the way, there was no suprise that her article appeared 
in British Journal of Sport Medicine (147). Sport doc-
tors were the first to stress that there is no actual need 
in carbohydrates (148).

Already in 1980s exogene consumption of ketone 
bodies became a subject of sport medicine. (149, 
150). Later medical use of KD has been debated and 
independent therapeutical investigations were carred 
out, including the study of Natrium-βHB for rare 
metabolic conditions, such as multiple acyl-CoA 
dehydrogenase deficiency (MADD), PDH deficiency 
or hyperinsulinism (151–154). 

Among others, intake of dietary supplements 
based on exogenous ketone body was described as a 
supporting and at the same time facilitating therapy 
during clinicialy feasible KD (152).

Hallberg’s team (155) has recently published 
an impressive „proof of principle“: she compared a 
treatment of 262 patients with Type 2 diabetes with a 
limited daily carbohydrate ratio (up to 30 gram) aimed 
at achieving ketosis, with a conventional treatment of 
87 control patients. After one yeat HbA1C values in 
the respondent group reduced from 7,6 to 6,3, body 
mass decreased by 13,8 kg. Whereas prior to the study 
such patients in 56,9% cases needed oral antidiabetic 
medications but after restructuring their nutrition the 
drugs were needed only 29,7% of cases. 

Besides, 94% of the patients on diet did not need 
insulin therapy. The advantages were also evident in 
lipid metabolism as well as in serum creatinine and 
liver enzymes. In patients with daibetes who received a 
traditional therapy, biomarkers, medications and doses 
of insulin remained unchanged. (155).

Hallberg links a ratio with high carbohydrate 
contents to overweight, obesity, metabolic syndrome 
and type 2 diabetes (T2D). First of all it is meant to 
reduce the level of insulin secretion enabling not to 
suppress burning of fat but to stimulate it. Such regula-
tion of lipolysis can be achived with the help of “very 
low carbohydrate/ketogenic diet“(VLCKD). 

This is a kind of a medium position between a low 
carbohydrate content, which is also popular among 
healthy people, and a strict ketogenic diet, used for the 
treatment of epilepsy. 

Thus, the ketogenic ratio with an intake of 20 to 
50 grams of carbohydrates per day is discussed. Fats 
may contain 45% or more (it always depends on total 
amount of calories), proteins - about 40%. Other re-
search groups do not focus on percentage but calculate 
carbohydrates, proteins and fats based on body weight. 

Specialists (146) indicate that on the initial stage 
of transition to a ketogenic diet the use of high-protein 
formula diets can be helpful. They have an advantage 
that patients do not need to think about cooking a 
meal and their benefits are seen promptly. The amounts 
are defined individually for each patient in accordance 
with his body weight so that carbohydrate intake cor-
responds to a diet with low or very low carbohydrate 
content. Additionally, consumption of olive oil and 
vegetable juices is recommended. During several days a 
formula diet is gradually replaced with a low carbohy-
drate ration, which is stipulated by instructions. 

The target can be achieved not only in T2D 
patients, but also in people, only susceptible to over-
weight. According to a recently published research 
in Dusseldorf (156), where the use of an intervention 
program aimed at changing the way of life under su-
pervision of a medical team led to a significant loss of 
weight and improved metabolic control in overweight 
patients at risk for diabetes.

The experts from Dusseldorf drove a conclu-
sion from the findings of their 2-year-long study that 
about one-third of respondents are able to follow the 
diet with carbohydrate depletion. Half of those who 
stopped dieting (one-third of the whole group) man-
aged to continue to loose weight. 

Simular positive results were reported in some 
reviews (157, 158). Often there were no comprehen-
sive definitions of how low the levels of carbohydrates 
were, whether ketone bodies were measured, what 
fat or protein levels were rationed; whether calorie 
restrictions or a sport program were incorporated. This 
makes it difficult to assess the influence of VLCKD in 
each separate case. 

As a main achievement, the adherers of ketogenic 
diets consider the reduction of insulin dosage in a 
long-term period. Insulin in overweight patients does 
not only suppress lipolysis but also slows down fat 
absorbtion. Unfortunately, insulin makes it more effec-
tively when the body weight is higher, which was re-
ported by a research team from Basel University Clinic 
(156, 159). It was shown that glucose load in patients 
with body mass index ≥ 30 kg/m2 increases the level of 
insulin more than when BMI ≤ 25 kg/m2. 
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It was long known from multiple reseaches that 
insulin therapy is not regarded as an effective option 
for patients with T2D in a long-term perspective. It 
refers to the general mortality as well as to cardiovas-
cular diseases. (160–162). 

This was observed by german diabetologists 30 
years ago in the long-term investigation in 1987 (163). 

Therefore, treatment with insulin was often 
doubted. Especially in Germany this issue should be 
cleared since practically nowhere insulin is used as a 
mass therapy for T2D (146). 

According to the publication of the Independent 
Research and Consulting Institute for Health Issues 
(IGES) in Berlin, an individual consumption in Ger-
many is much higher, e.g. twice as much as in France 
(146). It is evident that the system that stil calculates 
carbohydrates in “bread” units may face difficulties 
during transition to KD. 

Reduction of triglyceride level and increase in 
HDL is viewed as a positive effect but at the same time 
there was an increase in LDL cholesterol level (164). 
However it is not problematic since it is explained by 
the transformation of small low density participles 
into bigger lower density participles, which are consid-
ered to be significantly less atherogenic (165). 

Hallberg and authors gives a clear picture of 
risk factors for cardiovascular diseases: higher LDL 
was associated with bigger participles. Besides, ApoB 
remained unchanged and levels of blood pressure and 
inflammation markers developed favourably (166). 

It is unknown, whether reduction of carbo-
hydrates in a ratio has a positive influence on non-
alcoholic fatty liver disease (NAFLD). Although the 
results are controversial (167, 168, 169), but the tran-
scriptome analysis has recently showed that improved 
lipid metabolism in the liver may be traced even on the 
genetic level (170). 

We have already mentioned complications caused 
by low carbohydrate diets. 

There are such problems as apathy, decreased at-
tention, nausea and vomiting, hyperlikemia, decreased 
appetite, constipation, kidney stones arising with a 
lower fiber intake dealt with the decreased intake of 
carbohydrates. (57, 171). It is important that the nutri-
tion contains enough fiber, as, for example, in leafy 
green vegetables, for example. General objections are 
not in the least justified with tolerance of the diet by 
patients, who should considerably change their food 
preferences. Nevertheless to date, numerous formula 
diets have emerged with cooking recommendations as 
practical solutions.

Finally, the experience of using a strick KD in pa-
tients with epilepsy shows that in certain cases cooper 
deficiency associated with anemia was found (172). 

There are also findings that ketosis may prolong effects 
of anesthetic gases (173, 34).

And not less important: at the beginning the 
patients report about drowsiness, dizziness, fatique, 
insomnia, light nauseas, constipation — all symptoms 
that were named “keto-flu” but they normally lessen 
(26). Important: patients can continue physical train-
ing despite of limitation of carbohydrates (176, 177). 

Lately a number of articles in the field of Wellness 
and Lifestyle has appeared on salts of ketone bodies. 
Main attention is paid to sport and additional heath 
benefits for using ketonic diet or ketone bodies as 
preparations (178–180).

The use of additional ketone bodies seems to be a 
new and interesting development at the world market. 

Growing general and scientific interest to KD has 
given way to development of new fields of applications. 
We have already reported that in addition to classic 
ways of weight reduction and increasing working ca-
pacity a posivite effect of KD on cancer and treatment 
of neurodegenerative diseases (dementia, Alzheimer's 
disease etc) has been widely debated (181). Ablitlty of 
ketone bodies to reduce appetite has been often men-
tioned as an advantage for use as a trend diet (182). 

KD, probably has a high market potential. To 
date, there is no data on market volume of prepara-
tions based on βHB and other co-products. Scientifi-
cally relevant monitoring of general values of vital 
functions such as levels of blood (βHB, glucose) and 
concentrations of acetone in outbreathed air could be 
performed during KD (183, 184). 

Eventually, it should be necessary to write a 
review on supplements of ketone bodies based on 
βHB salts that are available in Europe and USA, with 
a focuse on their benefits and risks. Such assessment, 
which could review the market situation, its evolution 
and the degree of existing “keto-tendency”, has not 
been conducted yet. 

In addition, dietary supplements based on the ke-
tone body β-hydroxybutyrate are interesting develop-
ment that should be used with caution in KD practice. 
The new development of the market and the related 
researches has provided a great deal of new informa-
tion on ketone bodies. Anyway, βHB salts should not 
be used without control because we still do not have 
the full information on spread and severity of their 
side effects, for example, in relation to gastrointestinal 
symptoms. Particularly in a long-term perspective. 

A general estimation of some advertisements, 
concerning the benefits for neurodegenerative dis-
eases and weight reduction has shown the necessity 
of further researches in many fields. This would allow 
referring to possible βHB effects as evidence-based 
facts. 
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There is substantial evidence of decreased ap-
petite. That is why the use in combination with KD 
is considered as an interesting aspect that improves a 
daily diet. For instance, the limitation of daily amount 
of fat might considerably simplify and improve the 
situation on KD(154).

Not long ago such titles as “Earliar death due to 
low cab nutrition” shocked the adherers of low carb 
diets (185). In particular, there is a research of Harvard 
University team headed by cardiologist Prof. Dr. Scott 
D. Solomon (186). It was shown that diets with low 
and high contents of carbohydrates were linked with 
increase in mortality compared to moderate consump-
tion of carbohydrates (about 50% of daily requirement 
in energy). This moderate option is associated with 
lowerest mortality level (Lancet Public Health 2018; 3 
(9): e419–28).

Solomon team has analysed the data of 15428 
Americans, who provided information on their ratio in 
1987–1989. Then the respondents participated in the 
study on risk of atherosclerosis (ARIC). In the period 
from 1993 to 1995 the respondents were questioned 
again and the study was targeted on mortality level. 

According to ARIC, “sweet spot“ for carbohy-
drate intake comes to 50–55% оf the total energy 
and associated with the lowest risk of death. Intake of 
carbohydrates <30% is correlated with a higher level of 
mortality (Hazard Ratio [HR] 1,37; 95%-confidence 
interval [95-%-СI] 1,16–1,63). The result was less 
manifested at a higher consumption of carbohydrates 
> 65 (HR 1,16; 95-%-KI 1,02–1,33).

Solomon and his colleagues has discovered this 
U-shaped connection between carbohydrates and 
mortality in metaanalyses of 7 further studies (carbo-
hydrates <40%: HR 1,20 [1,09–1,32], carbohydrates > 
70%, HR 1 , 23 [1,11–1,36]).

In addition, when respondents consumed more 
animal fats and proteins the mortality was higher (HR 
1,18, 95% СI 1,08–1,29); when fats and proteins were 
of plant-based, the mortality level was lower. (HR 0,82 
[0,78–0,87]).

Besides, a recent study of Polish researches pre-
sented at European Cardiological Conference reached 
a similar conclusion (187). And the press release of 
German Society of Cardiology warns of dangers of 
low carbohydrate diets. The cardiologists are sup-
ported by DGE experts (188).

On the other hand there has been a massiive 
methodological criticism of ARIC study. 

Apart from carbohydrate intake, there is a ques-
tion of the quality of nutrition in the group of the 
lowest carbohydrate intake. This issue has not been 
addressed. The critics see this as the weakest point. In 
1980s and 1990s it was traditionally recommended 

to consume more products that rich in carbohydrates 
and low in fat. We may suggest that those who used 
the diet with low carbohydrates intake regardless the 
modern recommendations were not most healthy and 
disciplined people. Suggestively the „low level carbohy-
drate level“, mentioned in the ARIC study had nothing 
to do with a modern conceipt of low carbohydrate in-
take. Fried chicken and hamburgers had been preferred 
to salmon and zucchini. Moreover, in the ARIC-study 
there was no data on alcohol consumption.

From the point of view of the opponents (185) 
none of these studies can provide evidence that a 
certain diet may cause long-term effect on mortality 
— either a positive or a negative one. To perform these 
prospective randomized controlled studies are neces-
sary, but unfortunately, they are hardly conductable, in 
the first line because of ethical reasons. 

Animal studies and short intervention researches 
of a controlled diet showed that diets with low carbo-
hydrate content were favorable in terms of longevity or 
at least positevely influenced risks factors for cardio-
vascular diseases (185).

The opponents of the study consider that the 
current analysis has no scientific evidence to claim that 
low carbohydrate diet could shorten life expectancy. 
At least there is nothing adverse if doctors continue 
to recommend their overweight patients to use a 
mediterenean diet with low content of carbohydrates 
according to Prof. Matthias Blüher, Head of Clinic 
of Endocrinology and Nephrology for Overweight 
Adults, at Leipzig University (185). So far, however, 
the disagreement among specialists has not been 
resolved and the subject should be further explored. 

24 experts from U.S. News Diet Ranking placed 
Atkins diet, Eco-Atkins and ketogenic diet in the 
categories “the best diet in general”, “loss of weight” 
and “quick loss of weight”. The best note was given to 
Atkins diet. In the category of quick loss of weight 
the ketogenic diet took 13th place, anyway KD only 
occupied 39th place in the general ranking of diets 
(139, 154, 189–191).

The DGE opinion in regard of KD and other 
unbalanced diets remains practically the same: any diet 
with a big amount of nutricients, either fat or carbohy-
drate or protein limits the choice of foods. 

In this case the body is inadequately supplied with 
essential micronutrients, such as vitamins, minerals 
and fibers or, too much calories or saturated fatty acids 
are released. The oneside diet in long term has nega-
tive effects on health. Thus, the results of ARIC study 
(188) show that a shortened life expectancy due to 
inbalanced diets is not suprising. 

Foods with high content of fiber, such as whole 
grains, legumes, vegetables and fruits should be eaten 
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without restriction, simple carbohydrates, such as 
mono- and disaccharides as added sugar and purified 
starch — only in small amounts. It is important to 
improve the quality of fats and carbohydrates in our 
western diet, as well as to avoid too high consumption 
of energy. This was stated by DGE in its PURE-Study 
(192) published in Lancet in 2018. 

A well balanced, wholesame and plant-based diet 
formulated in 10 guidelines by DGE maintains good 
health, which is also confirmed by ARIC-Study (188).

C o n clu   s i o n s
Recent studies of ketonic diets (KD) for treat-

ment of neurologlical, oncological diseases and dis-
eases of the metabolic syndrome were reviewed.

Based on the literary sources a conclusion on 
unacceptability of using ketogenic diets in cancer 
patients was drawn. This was also stated by German 
Cancer Gesellscaft. German Nutrition Society and 
other researches consider it irrational to use KD for 
reduction of weight referring to ARIC-study, which 
associates carbohydrate depletion with a shorted life 
expectancy and possible complications. 

Nevertheless, there is no doubt that the use of dif-
ferent ketogenic diets (KD) for treatment of epilepsy 
and certain metabolic deficiencies (GLUT1 deficiency 
and pyruvate dehydrogenase deficiency (PDHD)) 
remains feasible and effective. 
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