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Abstract

The ketogenic diet (KD) is a high-fat and low-carbohydrate
diet with controlled amounts of protein. The use of drastic
caloric restriction or ultralow-carbohydrate diets increases
the production of ketone bodies, which are an alternative
energy substrate in situations of insufficient glucose supply.
Alzheimer’s disease (AD) and Parkinson’s disease are the
most common neurodegenerative diseases in the world. Itis
believed that carbohydrate metabolism disorders may affect
the progression of these diseases, as confirmed by both ani-
mal and human studies. Among patients with AD, the pres-
ence of ketone bodies in the body can improve cerebral cir-
culation. Among Parkinson’s patients, the presence of ke-
tone bodies can reduce muscle tremor and stiffness, as well
as improve cognitive function. The results of the research
indicate that using a low-carbohydrate diet, including a KD,
may have a beneficial effect on brain function in diseases

that cause neuronal damage. ©2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

The ketogenic diet (KD) is a high-fat, low-carbohy-
drate diet with controlled amounts of protein. The pro-
portion of carbohydrates in the food ration is less than
10%. Such a low supply of sugars causes fatty acids to be
converted to ketone bodies and used as the main energy
substrate when glucose, the brain’s energy source, is in
short supply. Different models of the KD are currently
used, depending on the goal of therapy. What is particu-
larly noteworthy is its importance in the treatment of
neurodegenerative disorders such as Alzheimer’s disease
(AD) and Parkinson’s disease (PD) [1-3]. This study aims
to evaluate the validity of the KD among people with AD
and PD, and its effect on improving cognitive function.

Review

Ketosis

During calorific restriction or extremely low-carbohy-
drate diets, insulin production by pancreatic -cells is re-
duced, lipogenesis is decreased and glycogen stores are
depleted. When glycogen stores are too low, it is neces-
sary to obtain an alternative substrate to provide suffi-
cient energy for central nervous system function and fat
oxidation, in order to carry out energy processes. Fatty
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acids produce acetoacetate, which is converted to acetone
and beta-hydroxybutyrate (BOHB). Ketones are then de-
tected in the urine (ketonuria), in the blood (ketonaemia)
and in the exhaled air. Ketosis is indicated by reaching a
blood BOHB concentration of 0.5 mmol/L. Ketone bod-
ies are used in tissues, serving as their main energy sub-
strate. In the state of ketosis, blood glucose levels are sta-
ble, reaching physiological values. Apart from the small
amount supplied by the diet, glucose is then produced by
gluconeogenesis from amino acids and by oxidation of
fatty acids. Nutritional ketosis can be achieved by follow-
ing a KD or fasting [2, 4]. The products of ketone body
metabolism can cover as much as 80% of the brain’s en-
ergy needs, while also showing neuroprotective effects,
which are especially important in neurological disorders.
For the remaining 20% of the area, glucose is the sole
source of energy [5, 6].

The Ketogenic Diet

The classic KD is characterized by a 4:1 ratio of fats to
carbohydrates and proteins, where for every 4 g of fats,
thereis 1 g of carbohydrates and proteins combined. Var-
ious modifications of the classic KD are currently in use.
It is assumed that in a KD about 70%-80% of energy
should come from fat, and the rest of the requirement
should be covered by proteins and carbohydrates. The
amount of carbohydrates must not exceed 50 g/day. Once
the adaptation to using ketone bodies as the main energy
substrate has taken place, these ratios are modified. At-
tention is paid not only to macronutrient ratios but also
to vitamins and minerals. The classic KD is generally a
low-energy diet [2].

Another variation of the KD is the Modified Atkins
Diet. It is aless restrictive form of the classic KD. It carries
a lower risk of side effects than classical KD [7].

Alzheimer’s Disease

AD is the most common cause of dementia worldwide.
It is estimated to affect more than 35 million people. It is
a progressive condition manifested by cognitive decline
[8,9]. The disease is characterized by abnormalities at the
molecular and biochemical levels. The condition also in-
volves an impairment of energy production at the mito-
chondrial level, the formation of large amounts of free
radicals and DNA damage. These changes are progressive
and lead to irreversible neuronal destruction, resulting in
death of the patient [10, 11].

The cause of the disease is currently unknown, but sev-
eral factors have been identified that may predispose to
its occurrence. The most important of these is the aging
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of the body and the occurrence of type 2 diabetes [10, 11].
One’s genetic makeup is another factor that promotes the
development of AD [9, 12].

Disorders of Glucose Metabolism: A Predisposing

Factor for AD

In AD, glucose metabolism is impaired at the nerve cell
level. There is an association between the occurrence of
type 2 diabetes and the progression of neurodegenerative
processes. Increased risk of AD correlates with hyperin-
sulinemia, a component of insulin resistance. Insulin re-
ceptors are located in areas of the brain that are particu-
larly vulnerable to neurodegeneration. However, insulin
must be delivered to them with blood because it is not
synthesized in sufficient amounts in the brain. This hor-
mone plays a significant role in the regulation of pro-in-
flammatory cytokines and the formation of neuroplastic
and neurotrophic factors, which are essential for memory
processes and the disposal of amyloid beta from the brain.
Insulin deficiency in the brain leads to dysregulation of
these mechanisms [13, 14].

Effects of Ketonaemia and KD on the Course of AD

In people with AD, damage to the mechanisms that al-
low glucose to be used in energy processes is observed.
Reducingits supply in favor of a substrate that can be used
more efficiently by the brain appears to be a reasonable
addition to therapy. Reducing carbohydrate supply dur-
ing KD results in a decrease in insulin levels, which stim-
ulates the oxidation of fatty acids to ketone bodies, which
then permeate the blood. BOHB and acetoacetate cross
the blood-brain barrier. The ability to utilize ketone bod-
ies in individuals with AD is preserved, allowing the brain
to efficiently carry out energy processes using them [11].

The presence of ketone bodies in blood has a beneficial
effect in AD. Ketone bodies reduce f-amyloid, improve
mitochondrial function, and reduce reactive oxygen
forms in the hippocampus [11].

Krikorian et al. [14] conducted a study involving 5 in-
dividuals over 70 years of age, with diagnosed mild cogni-
tive impairment (MCI), aiming to demonstrate that a KD
can improve memory. The study group was examined for
brain biochemical composition using proton magnetic
resonance spectroscopy (H MRS). Patients were also test-
ed for cognitive functions such as long- and short-term
memory and mood stability. In this group, a dietary in-
tervention was introduced to reduce dietary carbohy-
drates to 20-50 g/day. After a few hours of carbohydrate
restriction, the process of adaptation to ketosis begins and
takes about 3 weeks. Dietary protein and fat supply were
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not restricted. At the end of the 6-week dietary interven-
tion, an increase in serum BOHB levels, a reduction in
waist circumference and weight of the subjects was ob-
served, with a slight decrease in glucose and insulin levels.
Changes in the biochemical composition of the brain re-
sulted in improved memory - both short- and long-term
- but there was no effect of dietary intake on the mood of
study participants [14].

In another study conducted by Taylor et al. [11], 10
patients diagnosed with a mild form of Alzheimer’s un-
derwent a dietary intervention to introduce a KD con-
taining 70% fat for 3 months. In the first part of the study,
10% of the required energy from fat was supplied by MCT
oil. Its amount was gradually increased until it reached
40% of energy from fat. When analyzing the results of the
study, no significant differences were observed in bio-
chemical parameters after the diet, but better results were
reported in tests measuring the patients’ ability to re-
member and focus attention [11].

The study authors suggest that diets that induce a state
of ketosis may improve memory and other cognitive
functions. The benefits of carbohydrate restriction (20-
50 g/day) and the addition of MCT have been reported
after only 6 weeks on the diet [11, 14].

Benefits of Ketone Bodies in the Blood in Patients with

AD

A study conducted by Ota etal. [15] demonstrated that
consumption of MCT oil as a supplement to the usual diet
raises the blood levels of ketone bodies and affects cogni-
tive function in AD patients. A group of people over the
age of 70 years with diagnosed early- or intermediate-
stage AD was selected. A formulation containing 50 g of
MCT was administered to the subjects for 12 weeks.
There was no difference in test scores after a single intake
of an MCT-containing formula, but subjects consuming
medium-chain triglycerides for 12 weeks displayed sig-
nificantly better scores on the Trail Making Test, the
Wechsler Adult Intelligence Scale III test, and the
Wechsler Memory Scale - revised method tests compared
to the control group. The effects of ketone bodies were
seen even when serum BOHB concentrations dropped to
<0.5 mmol/L. The authors of the study concluded that
one does not have to be continuously in nutritional keto-
sis to derive health benefits from the intermittent pres-
ence of ketone bodies in serum [15].

Other studies also indicate that it is possible to achieve
improvements in cognitive function in AD patients de-
spite the absence of a deep ketosis state. The use of ca-
prylic acid alone (which is part of medium-chain triglyc-

102 Dement Geriatr Cogn Disord Extra 2022;12:100-106

DOI: 10.1159/000524331

erides) at approx. 20 g for approx. 3 months resulted in
an increase in serum BOHB levels to <0.4 mmol/L, which
may have a therapeutic effect in some individuals, al-
though entry into the ketosis state is indicated by BOHB
levels at >0.5 mmol/L [2, 8].

Medium-chain triglycerides pass through the blood-
brain barrier. The brain metabolizes them in a different
way than ketone bodies. Caprylic acid ester is metabo-
lized by astrocytes, affecting memory and learning pro-
cesses, which may improve synapse function in the hypo-
glycemic state. Ketone bodies are oxidized by both neu-
rons and astrocytes [16].

Parkinson’s Disease

Like AD, PD is one of the most common neurodegen-
erative diseases in the world. It affects more than 1% of
the population over 60 years of age [16]. It is a chronic,
progressive disease associated with destruction of dopa-
minergic neurons and progressive loss of mobility and
cognitive impairment. The causes of the disease remain
unknown, but a multifactorial pathogenesis, including
mitochondrial dysfunction, abnormal glucose metabo-
lism in the brain, or inflammation within the nervous sys-
tem, is indicated [17, 18].

Movement disorders associated with PD include hy-
pokinesia, muscle stiffness, tremors, and difficulty main-
taining normal posture. Extramotor symptoms worsen
the quality of life of patients with PD. These include mood
disorders, memory problems, pain, sleep problems, and
impairment of the autonomic nervous system. People
with PD also suffer from depression, impaired sense of
smell and taste, and constipation [19]. The onset of PD
dementia worsens the patient’s prognosis [20, 21].

Cognitive impairment is an early sign of the disease.
MCI is diagnosed in 20%-33% of people with newly di-
agnosed disease. Furthermore, 60%-80% of patients with
PD and MCI develop dementia over the next 12 years
[22].

It is estimated that 50%-80% of PD patients are simul-
taneously diagnosed with impaired carbohydrate metab-
olism. Peripheral tissue insulin resistance is often the first
symptom of PD and is associated with abnormal energy
metabolism within the brain [23]. Current forms of ther-
apy (e.g., the use of L-DOPA) can prevent the onset of
motor dysfunction but do not affect other cognitive func-
tions [24].

KD in PD
According to the position of an interdisciplinary board
of experts, a protein redistribution diet is reccommended
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for patients with PD. It involves limiting protein intake in
the morning and afternoon to optimize absorption of L-
DOPA, the most effective drug used to treat PD. High-
protein foods should be consumed in the evening [25].
High-carbohydrate and low-fat diets may facilitate the
conversion of tyrosine to dopamine, a deficit of which is
observed in PD. In addition, a high intake of dietary fiber
results in increased production of short-chain fatty acids
in the intestine through the endogenous gut microbiota,
which also benefits the nervous system, including intesti-
nal motility [24].

It is also believed that PD patients have defects in the
function of respiratory chain complex I, which is involved
in the production of energy from glucose. Ketone bodies
mainly pass through respiratory complex II, so they may
serve as a more efficient energy substrate than glucose,
enabling proper mitochondrial function and energy pro-
duction in the brain. Therefore, the KD may prove to be
a beneficial option in patients with PD. Putting the pa-
tient into a state of ketosis affects both their motor func-
tions, i.e., hypokinesia, muscle tremors, or stiffness, as
well as non-motor impairments such as impaired mem-
ory and cognitive function [24].

A study conducted by Shaafi et al. [17], examined the
effects of a KD on a group of 56 rats with an animal mod-
el of PD. It was observed that limiting glucose supply en-
hances the resistance of neurons in the substantia nigra
to destruction and prevents the progression of PD symp-
toms. The animals were divided into groups: a control
group, a placebo group, a healthy group on the KD, sick
animals on a regular diet, sick animals on the KD, sick
animals taking pramipexole on a regular diet, and sick
animals taking pramipexole and being on the KD. To in-
duce a state of ketosis, a selected group of rats was fed a
diet, including MCT oil for a period of 24 days, covering
50% of their daily energy requirements. After 2 weeks,
serum BOHB levels increased. The rats were examined to
check the degree of catalepsy. An analysis of the study re-
sults showed no differences between the control and pla-
cebo groups. Thelargest differences were observed among
animals on KD. The authors concluded that administer-
ing the KD slightly increases the effect of pramipexole on
motor function [17].

Side Effects of the KD

Keto-Adaptation and the “Keto-Flu” Phenomenon

When inducing a state of ketosis, a number of side ef-
fects can occur due to changes in metabolic levels, which
appear a few days after the diet is first introduced. The
phenomenon is commonly referred to as “keto flu” and
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passes spontaneously after a few days. The timing of ad-
verse reactions is individual [2]. The most commonly cit-
ed side effects include nervous system disorders such as
trouble concentrating, as well as muscle pain, feelings of
weakness and lack of energy, and bloating or constipation
[2].

Side effects of MCTs can include gastrointestinal ail-
ments, such as diarrhea or abdominal pain - which, like
the other symptoms, pass after a few days. The addition
of MCT oil to the diet accelerates the efficient use of ke-
tone bodies by the body, so that the discomfort associated
with keto-adaptation lasts shorter [2].

Side Effects of Long-Term Use of the KD

The authors of an animal model study suggest that fol-
lowing a KD may lower bone mineral density (BMD). In
a study conducted by Xu et al. [3], rats were divided into
three groups: one was fed standard feed for laboratory
animals, the second received a classic 3:1 KD, and the
third group alternated between 1 day of classic KD and 1
day of fasting (every - other - day ketogenic diet, EODKD).
The animals were fed this way for 12 weeks. After this
time, their body weight, body fat, and BMD were con-
trolled. Rats fed the KD were characterized by the pres-
ence of a reduced mass of both cortical bone and sin can-
cellous bone in hind limb bones. The occurrence of lower
mechanical strength of the harvested bones was also ob-
served. Researchers have suggested that osteoblasts are
inhibited and osteoclasts are stimulated when KD and
EODKD are used. Higher body mass in the test animals
had a protective effect on preserving bone mass, although
excessive weight and obesity were associated with more
fractures and reduced BMD. Serum calcium, phospho-
rus, and vitamin D concentrations did not differ among
the three study groups, suggesting that dietary vitamin
and mineral content when on the KD is not protective
against osteoporosis risk. Ding et al. [26] further demon-
strated that these lesions mainly affect the bones of the
extremities and, to a lesser extent, the bones of the head
and trunk.

Studies involving humans are inconclusive on this is-
sue. In a study by Bertoli et al. [27] involving three wom-
en following a KD for 5 years, no negative effect of this
diet on the subjects’ skeletal status was observed. The au-
thors suggested that the effect of KD on BMD may be age-
related, with more changes seen in children whose skel-
eton is not yet mature. In adults with a formed bone, this
diet presents no such effect. The effect of long-term KD
use on BMD in humans requires further study.
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In a study conducted by Phillips et al. [28], 26 patients
switched to KD for 12 weeks. The diet contained 58%E
from fats (including 26%E from saturated fatty acids and
32%E from unsaturated fatty acids), 29%E from protein,
7%E from fiber, and 6%E from assimilable carbohydrates.
Side effects that have been observed among AD patients
include, among others, high nervousness, fatigue, muscle
cramps, constipation, and an increased desire to eat sug-
ary foods. These occurred both after 6 weeks from the
intervention and on the day the intervention ended [28].

Use of KD by Seniors: Risks

Among the elderly, malnutrition is a particularly com-
mon problem, caused by comorbidities, poor nutrition,
and the aging process. Patients with dementia are more
likely to develop it than healthy individuals [29]. Malnu-
trition is associated with an inadequate and/or insuffi-
cient supply of nutrients, which can affect the loss of mus-
cle mass and also contribute to poorer health, including
the potential for premature death [30].

People diagnosed with PD are more likely to be mal-
nourished and have a lower BMI compared to healthy
individuals. The cause of this phenomenon is not fully
understood. This is believed to be influenced by factors
such as the severity of the condition, the presence of sei-
zures, dyskinesia, and limited food intake among PD pa-
tients. Some patients are diagnosed with taste and smell
disorders that may be related to dietary changes [31].

People suffering from AD are significantly more likely
to develop sarcopenia compared to healthy individuals.
The use of classic 4:1 and 3:1 KDs may exacerbate malnu-
trition and loss of muscle mass due to the reduced calo-
rific value of the diet and low protein supply [2, 32]. The
authors of some studies suggest that KD can prevent mus-
cle atrophy, but other studies do not support this [33, 34].

Following low-carbohydrate diets often leads to re-
duced appetite and suppressed hunger. Seniors, especial-
ly those with dementia, suffer from a number of food in-
take disorders, including lack of appetite and swallowing
problems. The use of KD in patients with preexisting ab-
normalities may result in skipping meals and thus lead to
energy and nutrient deficiencies, which will result in
worsening of the patient’s condition [35]. In the senior
population, the elimination of certain foods (so-called
food “pickiness”) is observed, which can increase the risk
of malnutrition. A study involving 559 people over the
age of 65 examined the effects of food selectivity on nu-
tritional status. Difficulties that may have been experi-
enced in consuming particular products were also con-
sidered, i.e., missing teeth, problems with grinding, swal-
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lowing, and ingesting a bite of food. It was observed that
greater food pickiness was strongly correlated with an in-
creased risk of malnutrition compared to those consum-
ing more foods [30].

Constipation is frequently diagnosed among patients
with PD and AD. The KD is characterized by low-carbo-
hydrate supply and therefore, it is low in dietary fiber.
Especially in the first few weeks of its use, constipation
problems may become worse. No studies are currently
available to assess the long-term effects of low-carbohy-
drate diets on gut microbiota and gut health [2, 32].

In addition to impaired concentration, muscle pain,
subjective feelings of lack of energy and weakness, and
bloating and constipation, the occurrence of nausea,
vomiting, hypoglycemia, hypercalciuria, hypocalcemia,
and hypertriglyceridemia are among the early side effects
of implementing the KD. The consequences of dehydra-
tion can be particularly dangerous, especially for repre-
sentatives of the senior population [36].

The effects of long-term KD use include those occur-
ring during the induction of a state of ketosis, as well as
the more serious side effects: the presence of protein in
urine, hyperuricemia, and metabolic acidosis, especially
with coexisting diabetes and inadequate insulin dosage.
Increased aminotransferase activity is also observed.
When following a KD, the risk of urinary tract lithiasis
also increases. Most discomfort passes spontaneously af-
ter the first few weeks of the diet, but the risk of more se-
vere complications can be a significant problem in the
senior population, burdened with a large number of con-
ditions resulting from aging [36].

Conclusion

Low-carbohydrate diets are claimed to have beneficial
effects on brain function. A switch to KD is recommend-
ed both in the treatment of neurodegenerative diseases
and to improve memory and learning efficiency among
healthy individuals [15]. Authors of studies on the effects
of the KD on improving cognitive function in people with
AD or PD point to its positive effects on neuronal func-
tion. This prevents the progression of neurodegenera-
tion, which significantly improves the patient’s quality of
life [10, 11, 13, 17, 18, 23]. The risks associated with ad-
verse effects of the diet prevent the KD from being recom-
mended for routine use among individuals with AD and
PD [2,36-38]. The KD may support the treatment of neu-
rodegenerative diseases, but further studies involving
larger numbers of patients are required to recommend it
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asa preventive measure among those at high risk for these
conditions. There are also no long-term studies that can
confirm that following a KD can inhibit the development
of dementia in Alzheimer’s or Parkinson’s patients with-
out causing harmful side effects. Particular attention
should be paid to the risk of malnutrition in this group of
patients. Also, the selectivity of food choices may exacer-
bate it [29, 30]. It is necessary to develop a management
protocol that is safe for this group of patients and leads to
the desired therapeutic effect, eliminating possible side
effects [15]. In light of recent reports, it seems more rea-
sonable to use MCT oil and BOHB-containing supple-
ments in addition to the standard diet than to follow a KD
among AD and PD patients [2, 8, 15, 16].
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