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Abstract: Background: The ketogenic diet (KD) has become widespread for the therapy of epileptic
pathology in childhood and adulthood. In the last few decades, the current re-emergence of its popu-
larity has focused on the treatment of obesity and diabetes mellitus. KD also exerts anti-inflammatory
and neuroprotective properties, which could be utilized for the therapy of neurodegenerative and
psychiatric disorders. Purpose: This is a thorough, scoping review that aims to summarize and scruti-
nize the currently available basic research performed in in vitro and in vivo settings, as well as the
clinical evidence of the potential beneficial effects of KD against neurodegenerative and psychiatric
diseases. This review was conducted to systematically map the research performed in this area as
well as identify gaps in knowledge. Methods: We thoroughly explored the most accurate scientific
web databases, e.g., PubMed, Scopus, Web of Science, and Google Scholar, to obtain the most recent
in vitro and in vivo data from animal studies as well as clinical human surveys from the last twenty
years, applying effective and characteristic keywords. Results: Basic research has revealed multiple
molecular mechanisms through which KD can exert neuroprotective effects, such as neuroinflam-
mation inhibition, decreased reactive oxygen species (ROS) production, decreased amyloid plaque
deposition and microglial activation, protection in dopaminergic neurons, tau hyper-phosphorylation
suppression, stimulating mitochondrial biogenesis, enhancing gut microbial diversity, restoration of
histone acetylation, and neuron repair promotion. On the other hand, clinical evidence remains scarce.
Most existing clinical studies are modest, frequently uncontrolled, and merely assess the short-term
impacts of KD. Moreover, several clinical studies had large dropout rates and a considerable lack
of compliance assessment, as well as an increased level of heterogeneity in the study design and
methodology. Conclusions: KD can exert substantial neuroprotective effects via multiple molecular
mechanisms in various neurodegenerative and psychiatric pathological states. Large, long-term,
randomized, double-blind, controlled clinical trials with a prospective design are strongly recom-
mended to delineate whether KD may attenuate or even treat neurodegenerative and psychiatric
disease development, progression, and symptomatology.

Keywords: ketogenic diet; neurodegenerative diseases; Alzheimer’s disease; Parkinson’s disease;
cognitive impairment; depression; eating disorders; autism; nutritional intervention; ketosis

1. Introduction

The classic ketogenic diet (KD) is defined as a diet with one gram of protein per
kilogram of body weight, 10-15 g of carbohydrates daily, and the remaining calories from
fat [1]. The purpose of this diet is to induce ketosis [2]. Several variations of the classical KD
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are presently in use. Currently, KD comprises typical KD, the medium chain triglyceride
(MCT) diet, the modified Atkins diet (MAD), and low glycemic index treatment (LGIT) [1].
From a percentage point of view, in a KD, approximately 70-80% of energy is produced by
fat, and the remaining 20-30% is covered by both proteins and carbohydrates [2]. During
the KD, fatty acids are transformed to ketone bodies by hepatic metabolism and afterwards
move into the blood circulation to promote nutritional ketosis, participating in several
physiological or pathological responses [2]. Ketosis is considered to modify metabolic
pathways to induce weight loss and potentially improve other health outcomes, such as a
reduction in hyperglycemia and an improvement in lipid profiles [3]. Moreover, ketosis has
been associated with the reduction of oxidation damage and the regulation of inflammation
conditions. The products of ketone bodies’ metabolism are capable of covering about 80% of
the brain’s energy requirements while additionally exerting neuroprotective properties [3].
As effective treatment of KD mainly depends on the patients” compliance, collaboration
amongst physicians, dieticians, the family environment, and patients is of great significance.

Low-carbohydrate diets have recently received attention from various international
scientific organizations due to their feasibility and efficiency in treating mainly obesity
and diabetes mellitus [4]. Low-carbohydrate diets such as KD can decrease insulin fluxes,
causing an increased rate of lipolysis and resulting in increased fat breakdown [5]. More-
over, there has been significant attention paid to the use of KDs to treat type 2 diabetes
in combination with obesity, improving hyperglycemia by decreasing circulating glucose
and increasing insulin sensitivity [5]. KDs have also been shown to repeatedly decrease
triglycerides and increase HDL-cholesterol levels, reducing cardiovascular disease risk [6,7].
Several randomized controlled clinical studies showed increased LDL-cholesterol during
KD treatment in at least certain patient populations. However, in meta-analyses, the
LDL-cholesterol response remained variable [4,6,7].

KD may also decrease cancer risk as it benefits from the decreased expression of
ketolytic enzymes in tumor cells [8]. A substantial meta-analysis of 24 human studies
indicated that KD could reduce tumor development and growth [9]. Accordingly, most
of the animal studies supported the idea that KDs could exhibit anti-cancer properties.
However, the currently available data concerning the anti-cancer impacts of KD in humans
is still inadequate and restricted to specific cases. In this aspect, a probabilistic disagreement
indicates that the existing data reinforces the concept of the anti-cancer impact assumption,
at least for certain people [9].

KD can possibly enhance the genomic variety of the gut microbiota and raise the
fraction of Bacteroidetes to Firmicutes [10]. Individuals affected by obesity represented an
increase in Bacteroidetes, whereas Firmicutes were unaltered, and thus it seems that decreas-
ing obesity through KD could lead to beneficial modifications in the gut microbiota [11].
Notably, recent research has proven a strong association between epileptic pathology
and the gut microbiota [12]. In addition, the mechanisms that were involved in the well-
known antiseizure actions of the KD in people with epilepsy could be affected by the gut
microbiota [12].

Several surveys have noticed a substantially beneficial effect of KD intervention in
the therapy of refractory epileptic pathology in both childhood and adulthood [13]. KD is
currently a well-recognized therapeutic strategy for drug-resistant epilepsy with established
efficiency. Notably, there is a gradually increasing number of studies supporting the idea
that KD acts by affecting diminished adaptive and innate immunity, which arises in drug-
tolerant epileptic pathology and in refractory status epilepticus [14]. Apart from epilepsy,
there are still further possible applications in neuropsychiatric diseases, as KD seems
to exhibit multiple anti-inflammatory, anti-oxidant, and neuroprotective activities [14].
Emergent findings support that KD may act effectively against neurodegenerative diseases
like Alzheimer’s disease (AD), Parkinson’s disease (PD), amyotrophic lateral sclerosis
(ALS), multiple sclerosis (MS), autism spectrum disorder (ASD), headache, and psychiatric
diseases like depression, eating disorders, anxiety, bipolar disorder, and schizophrenia [15].
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In this aspect, the current study intends to thoroughly summarize and scrutinize the
currently available basic research performed in in vitro and in vivo settings, as well as the
clinical evidence of the potential beneficial effects of classic KD against neurodegenerative
and psychiatric diseases.

2. Methods

This is a scoping review that aims to map the literature on the relationship of KD
with neurodegenerative and psychiatric diseases and provide an opportunity to identify
key concepts, gaps in the research, and types and sources of evidence to inform practice,
policymaking, and research on this topic. Peer-reviewed journal papers were included if
they were: published between the periods of 2000 and 2023, written in English, involved
in vitro and in vivo animal studies, as well as human participants, and described a measure
for burden of treatment, e.g., including single measurements, measuring and/or incor-
porating one or two dimensions of burden of treatment. Quantitative, qualitative, and
mixed-method studies were included to consider different aspects of measuring treatment
burden. A comprehensive search of the existing international literature was carried out in
the most accurate scientific databases, e.g., PubMed, Scopus, Web of Science, and Google
Scholar, applying effective and characteristic keywords like ketogenic diet, ketosis, ketone
bodies, neurodegenerative diseases, psychiatric diseases, Alzheimer’s disease, Parkinson’s
disease, cognitive impairment, dementia, Huntington’s disease, autism spectrum disorder,
eating disorders, anorexia and bulimia nervosa, binge eating, emotional eating, depression,
schizophrenia, anxiety, stress, etc. The search was supplemented with the scanning of
reference lists of relevant reviews and hand-searching key journals, commentaries, edi-
torials, and abstracts in congress proceedings. The retrieved surveys were additionally
comprehensively checked for related studies quoted in their text. The search strategies
were drafted by an experienced librarian and further refined through team discussion by all
authors. The final search results were exported into EndNote, and duplicates were removed
by a library technician [Constantinos Gryparis]. All authors acted as reviewers. To increase
consistency among reviewers, all reviewers screened all the retrieved publications, dis-
cussed the results, and amended the screening and data extraction manual before beginning
screening for this review. Six reviewers working in pairs sequentially evaluated the titles,
abstracts, and then full text of all publications identified by our searches for potentially
relevant publications. We resolved disagreements on study selection and data extraction by
consensus and discussion with all the authors/reviewers, if needed. A data charting form
was jointly developed by two reviewers (G.K.V. and C.G.) to determine which variables
to extract. The two reviewers independently charted the data, discussed the results, and
continuously updated the data-charting form in an iterative process. Where we identified a
systematic review, we counted the number of studies included in the review that potentially
met our inclusion criteria and noted how many studies had been missed by our search.
Inclusion criteria were any prospective, cross-sectional, descriptive, pilot, or case-report
clinical studies conducted on Caucasian individuals. In vitro and in vivo animal models
treated with KD were also included. Papers were excluded if they did not fit into the
conceptual framework of the study. Only studies applying classical KD interventions that
induce endogenous nutritional ketosis were included, whereas the MCT diet, MAD, and
LGIT, as well as exogenous ketone supplementations, were excluded. The findings were
selected based on relevance, and the most relevant ones were chosen and mentioned below
according to the PRISMA flow diagram depicted in Figure 1. We examined emerging
evidence on the potential beneficial effects of KD in a heterogenous group of diseases, such
as neurodegenerative and psychiatric disorders, to help map the literature on this specific
topic that may inform future research and systematic reviews on this issue.
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Figure 1. PRISMA Flow Diagram.

3. Results and Discussion
3.1. Basic Research: In Vivo and In Vitro Studies Highlighting the Most Important Molecular
Mechanisms of KD against Neurodegenerative and Psychiatric Diseases Development and Progression
The most important neuroprotective impacts of KD have been linked to multiple
molecular mechanisms, as depicted in Figure 2. In an in vitro study, Beta-hydroxybutyrate
acid (BHBA), the main ketone body generated throughout carbohydrates” deprivation that
arises in KD, was found to exert an essential impact on neuroprotection and prevention
in neurodegenerative disorders, exerting promising therapeutic activity [16]. Microglial
activation exerts a crucial impact on neurodegenerative disorders by inducing the release
of several proinflammatory enzymes and cytokines [16]. In this aspect, BHBA affected BV2
microglial cells, stimulating microglial polarization to an M2 anti-inflammatory phenotype
and decreasing migration’s capability after lipopolysaccharide (LPS) stimulation. Moreover,
BHBA considerably lowered the production of the proinflammatory cytokine interleukin
(IL)-17 and raised the levels of the anti-inflammatory cytokine IL-10 [16]. BHBA also
substantially decreased LPS-stimulated protein and mRNA expression levels of inducible
nitric oxide synthetase (iNOS), cyclooxygenase (COX)-2, tumor necrosis factor (TNF)-c,
IL-1B, and IL-6 [17]. BHBA reduced LPS-induced degradation of inhibitor of NF-«B (IkB)-oc
and translocation of nuclear factor kappa B (NF-kB), whereas no effect was observed on
mitogen-activated protein kinases (MAPKs) phosphorylation [17]. The above neuroprotec-
tive effects may occur by regulating the response of immune cells, such as by suppressing
the activation of the nucleotide-binding domain and leucine-rich repeat (NLR)P3 inflam-
masome that is related to microglial inflammation progression [18]. NLRP3 inhibition
was associated with reduced amounts of IL-1f3 and caspase-1, lessened reactive oxygen
species (ROS) release, and lowered cellular mortality, as noted both in vitro and in vivo [19].
BHBA NF-kB inhibition led to a subsequent increase in glutathione synthesis [20], caused
by increased nicotinamide adenine dinucleotide (NADH) oxidation [21].
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Figure 2. Molecular mechanisms through which KD can exert neuroprotective effects in vitro
and in vivo (adenosine trisphosphate, ATP; reactive oxygen species, ROS; gamma-amino butyric
acid, GABA; peroxisome proliferator activated receptor, PPAR; mammalian target of rapamycin,
mTOR; 5 adenosine monophosphate-activated protein, AMPK; interleukin, IL; brain-derived neu-
rotrophic factor, BDNF; transforming growth factor beta, TGF-§3; inducible nitric oxide synthase,
iNOS; cycloogygenase-2, COX-2; tumor necrosis factor alpha, TNF-«; nuclear factor kappa B, NF-«B;
uncoupling proteins, UCPs; increase, 1; decrease, |).

In vivo, BHBA, functioning as an anti-inflammatory regulator, suppressed IL-6 and
TNF-« production and induced brain-derived neurotrophic factor (BDNF) and transform-
ing growth factor (TGF)-3 generation in the brains of LPS-treated mice [22]. Thus, BHBA
suppressed microglial progress retraction and depression-like behaviors, and these effects
were eliminated by Akt suppression [22]. In vitro, BHBA suppressed IL-6 and TNF-«
production, raised BDNF and TGF-3 generation, decreased ROS levels, enhanced mor-
phology alterations, and promoted the survival of LPS-stimulated BV2 cells [23]. In a
transgenic mouse AD model, BHBA administration improved cognitive function by affect-
ing multiple mechanisms, including being able to regulate dopamine neurons by inhibiting
LPS-stimulated microglia triggering, both in vitro and in vivo, through facilitating the
GPR109A signaling pathway [24]. BHBA diminished amyloid 3 (Af) peptide accumulation
and microglial overactivation in the nervous system, enhancing mitochondrial respiratory
function of hippocampus neurons and protecting them from Af toxicity [24]. In a rat
PD model, KD provided protection in dopamine neurons against 6-hydroxydopamine
(6-OHDA) neurotoxicity by increasing glutathione levels [25]. In a murine MS model,
KD reduced disease development, enhanced motor disability and hippocampus atrophy,
repaired lesions, and inhibited inflammation-related cytokines and ROS [26].

KD attenuated Af 40 and 42 accumulations in a mouse AD model after only 43 days
of dietary intervention [27] and repaired motor deficits in transgenic ALS mice [28]. The
later effects could be attributed to the capability of ketones to induce ATP production
and skip suppression of complex I across the mitochondrial respiratory chain [28]. Sim-
ilarly, 5 x familial Alzheimer’s disease (FAD) mice following a 16 week KD exhibited
lower hippocampus A3 accumulation than typical chow diets, which may be attributed
to decreased microglia triggering and neuroinflammation [29]. Sixteen weeks of KD also
enhanced spatial learning and memory as well as working memory in 5XFAD mice, a
validated animal AD model [29]. Cognitive functions’” improvements were related to a
repaired number of neurons and synapses in both the hippocampus and the cortex. In this
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animal model, KD intervention also lowered amyloid plaque accumulation and microglia
triggering, leading to decreased neuroinflammation [29]. Kashiwaya et al. also showed
that ketosis decreased both brain A content and hyperphosphorylated tau in mouse AD
models [30]. In addition, either inflammation or thermal nociception were considerably
diminished by KD intervention in juvenile and adult rats [31]. In this aspect, KD exerts
such neuroprotective roles by suppressing ROS release via stimulation of mitochondrial
uncoupling proteins (UCPs) in juvenile mice [32].

There are various other mechanisms that may possibly cause the favorable impact
of KD on AD. More to the point, aberrant glucose metabolism was noted even before
the beginning of cognitive impairment in AD [33]. Positron emission tomography (PET)
imaging analyses have documented that the use of glucose declined in AD brains, whereas
ketone bodies’ usage did not [34]. Hence, KD may enhance cognitive function by supplying
a supplementary fuel source to the nervous system. Moreover, apolipoprotein E (Apo-E) is
considered an unfavorable AD hereditary risk factor, and the Apo-E €4 allele was associated
with decreased efficacy in fatty acid transfer and elevated AD prevalence [35]. So, KD may
attenuate AD symptomatology by stimulating lipid metabolism.

Furthermore, several substantial pieces of evidence support the idea that KD could
modify the gut microbiome [36]. The gut microbiome controls host brain functions through
the gut-brain axis, which can exert crucial effects against AD pathogenesis [37]. The gut-
brain axis links bidirectionally, and the gut microbiome can affect neurotransmission in
the central nervous system (CNS) and vice versa. In a small clinical survey conducted on
25 MS patients, KD for 6 months positively affected the gut microbiome by improving gut
microbial diversity [38]. Hence, KD may attenuate AD pathology by modulating the gut
microbiome and lowering neuroinflammation. KD had considerable effects on modifying
the gut microbiota to ameliorate disease symptomatology, mostly by increasing the Bac-
teroidetes to Firmicutes (B/F) fraction and decreasing proteobacteria in some cases [39].
Overall, clinical studies have supported the fact that the gut microbiota varied when KD
intervention was applied; however, certain findings demonstrated that the microbial modi-
fications were conflicting among different studies. This may be ascribed to the small sample
size and the short period of the KD intervention.

KD for 16 weeks was also found to regulate the gut microbiota in young, healthy mice,
and ketone bodies’ release was associated with the gut microbiota modifications [40]. KD
significantly increased cerebral blood flow (CBF) and P-glycoprotein passages on the blood-
brain barrier (BBB) to accelerate A clearance [40]. These neurovascular enhancements
were related to decreased mechanistic target of rapamycin (mTOR) and increased endothe-
lial NOS (eNOS) protein expression levels. Moreover, KD raised the relative plethora
of potential favorable gut microbiomes (Akkermansia muciniphila and Lactobacillus) and
diminished that of potential pro-inflammatory taxa (Desulfovibrio and Turicibacter) [40].

Valproic acid (VPA) administration has been associated with elevated ASD preva-
lence in childhood, which is linked with problems in social behavior and connection and
constrained monotonous interactions and interests. In vivo, animals treated with VPA
showed enhanced social impairment, monotonous behavior, and an elevated nociceptive
threshold [41]. Remarkably, animals co-treated with both VPA and KD presented improve-
ments in social interaction. The above animals exhibited greater rates in the sociability
index and social novelty index in comparison with the standard diet fed to VPA mice [41].
Another in vivo study determined whether KD may reverse the social impairments and mi-
tochondrial dysfunction detected in a prenatal VPA rodent ASD model [42]. The offspring
exposed to VPA prenatally showed a considerable reduction in the number of play initia-
tions/attacks, which was inversed by KD intervention. Moreover, although prenatal VPA
administration modified mitochondrial respiration, the KD was capable of restoring parts
of bioenergetic disfunction. As KD is capable of modifying complex social behaviors and
the mitochondrial respiratory system, it could constitute an effective therapeutic approach
for ASD [42].
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KD for 28 days suppressed mitochondria-facilitated apoptosis, probably by modu-
lating acid-sensing ion channel 1a (ASIC1a), which facilitates Ca?*-dependent neuronal
damage through acidosis, to exert neuroprotective effects and lead to excellent cogni-
tive improvement in a rat model of temporal lobe epileptic pathology [43]. In KD-fed
pentylenetetrazol (PTZ)-kindled rats, mitochondrial cytochrome c was elevated, cytosolic
cytochrome ¢ was diminished, and downstream cleaved caspase-3 was diminished, in-
dicating a decrease in mitochondrial apoptosis [44]. Moreover, KD activated autophagy
pathways and reduced brain damage during PTZ-kindled seizures. The neuroprotec-
tive KD impact seems to be mediated through a decrease in mitochondprial cytochrome ¢
production [44].

In vivo, after 21 days of sleep deprivation, the wild-type one year old C57BL/6 female
mice showed AD symptoms, followed by cognition impairment, A3 accumulation, and
tau hyperphosphorylation in the hippocampus. However, the above effects are able to be
reversed by KD intervention, implying a protective KD impact on sleep deprivation (SD)-
caused AD [45]. This preventive action of KD was associated with ferroptosis suppression
and neuronal repair stimulation through the Sirt1/Nrf2 pathway in SD wild-type, one year
old C57BL/6 female mice [45]. KD also ameliorated prolonged SD-stimulated cognitive
impairment by suppressing hippocampus neuronal ferroptosis in young mice (7 weeks
old) [46].

In the LPS-stimulated rat PD model, KD exerted an anti-inflammatory effect that was
associated with the regulation of the Akt/GSK-3(3 /CREB signaling pathway facilitated by
the histone acetylation of the mGluR5 promotor region [47]. Thus, targeting mGluR5 with
epigenetic modification could be a promising approach to attenuate the microglia triggering
in PD. Moreover, the KD needs to be initiated before the PD begins in high-risk populations
to obtain an additional beneficial effect [47]. A survey assessed KD impacts in a rat PD
model [48]. It was found that restricting glucose supply improved neuronal tolerance in
the substantia nigra to damage and inhibited the development of PD symptomatology [48].

Ruskin et al. applied a KD in a transgenic mouse model of HD (R6/2 1]), with empha-
sis on its life-long behavior and physiological properties [49]. This study did not find any
harmful effects of KD on any behavior characteristic examined (locomotor action and coor-
dination, working recall capacity) or a considerable alteration in life expectancy. Although
gradual weight decline is a conventional characteristic of HD, this study supported the
hypothesis that the KD, which usually leads to weight decrease in control animals, slowed
down the decrease in body weight of the transgenic mice [49].

An in vivo study investigated the impacts of KD intervention and routine voluntary
exercise on anxiety and depressive behavior in Balb/c mice [50]. Both anxiety and depres-
sive symptoms were reduced in KD-exercised mice. This decrease in anxiety and depressive
behavior caused by KD and routine voluntary exercise could be related to enhanced BHBA
amounts, reduced LDL/HDL fraction, and insulin or glucose concentrations [50].

In a Shank3 mouse model of autism, KD was also considered a favorable therapeutic
approach for social deficits through restoring histone acetylation and gene expression in the
nervous system [51]. A 4 week KD elevated histone acetylation levels in prefrontal cortex
(PFC) neurons. Moreover, behavior analyses indicated that KD intervention extended the
rescue of social preference impairments in Shank3-deficient mice [51].

3.2. Clinical Studies Evaluating the Potential Beneficial Impacts of KD Intervention in the
Treatment and Management of Neurodegenerative and Psychiatric Diseases

3.2.1. Alzheimer’s Disease

KD intervention may exert multiple favorable effects in the treatment and management
of neurodegenerative and psychiatric diseases, as depicted in Figure 3. Precision medicine
techniques have been applied using personalized, targeted, and multifactorial approaches
for reversing cognitive decline [52]. As far as KD is concerned, in a randomized crossover
trial, a 3 month modified KD in 21 individuals with AD significantly increased their AD
Cooperative Study—Activities of Daily Living (ADCS—ADL) inventory and Quality of Life
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Ketogenic Diet — . . % improved Autism Treatment Evaluation Test scores
Autism spectrum disorder

in AD (QOL-AD) questionnaire scores [53]. Participants with AD following KD exhibited
merely a borderline correlation with enhanced cognitive function, which increased by
about two points on the Addenbrookes Cognitive Examination-IIT (ACE-III) scale [53].
Thus, KD improved everyday performance status and quality of life, two factors of high
significance for individuals diagnosed with dementia [53]. However, this clinical study
had certain limitations. More to the point, the number of enrolled participants is small,
while a short-term KD intervention was applied. Moreover, non-AD participants were not
enrolled, while individuals with AD in the KD intervention group showed a moderate
degree of weight loss compared to those following a conventional diet, and this could affect
additional clinical outcomes [53].
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=

Psychiatric disorders}

| —

Figure 3. Potential beneficial impacts of KD intervention in the treatment and management of
neurodegenerative and psychiatric diseases.

A small clinical survey evaluated the effect of a 3 month KD intervention on 15 older
adults with AD [54]. Amongst the 10 final completers, the mean of the AD Assessment
Scale-cognitive subscale (ASCS) rating increased by about four points for the duration of
KD intervention. Then, MCT-complemented KD was applied for a 1 month washout and
returned to baseline next to the washout [54]. However, this study did not include any
control groups, and therefore potential confounders might not be excluded [54]. A previous
randomized controlled clinical survey (phase 1/1I) documented preliminary evidence on
the effect of a 12 week MAD compared to a conventional nutritional intervention in 14 older
adults diagnosed with mild cognitive impairment (MCI) or early AD [55]. Participants
with high MAD compliance increased their memory scores; however, total diet compliance
was just fair, and cognitive function did not improve [55].

In another small clinical survey, 17 older individuals (eleven with MCI and six with
normal cognition status) were randomly assigned to adopt a modified KD for 6 weeks
following a 6 week washout period [56]. This study identified specific gut microbiota
signs that were linked with MCI, revealing that these signs correlated with certain disease
biomarkers such as the accumulation of A3-40 and Ap-42 and tau (total and phospho-
rylated) in the cerebrospinal fluid (CSF) of study participants [56]. Although this is a
single-center, double-blinded study, it can support causality due to its cross-over design. A
case study focused on a middle-aged woman with Down syndrome diagnosed with AD
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and the absence of seizures with progressive cognitive impairment over 6 years [57]. A
KD reversed her cognition performance over 6 weeks, with a rise in her Activities of Daily
Living Scale (ADLS) score [57].

3.2.2. Cognitive Impairment

A small pilot study on 23 older individuals with MCI indicated that a modified KD for
6 weeks improved memory function in those with a high risk of AD [58]. In a following un-
controlled survey on five older adults with MCI, proton magnetic resonance spectroscopy
(MRS) image analysis revealed considerably elevated myo-inositol and borderline rises
of N-acetyl-aspartate and creatine plus phosphocreatine, along with enhanced cognition
performance status [59]. This evidence supported the hypothesis that the KD was asso-
ciated with enhanced autophagy, greater neuronal integrity, and increased bioenergetic
function [59]. A phase I/II randomized clinical survey assessed the efficiency of applying a
MAD intervention to stimulate ketogenesis in 27 individuals with MCI or early AD [55,60].
Among the participants of the MAD intervention group who showed at least low levels of
urinary ketones, a considerably strong rise in the Memory Composite Score (MCS) between
baseline and the 6 week evaluation was recorded [55,60]. A modified Mediterranean-KD
regimen decreased amyloid beta, p181-tau, and neurofilament light in a randomized cross-
over study of persons with MCI, and it specifically addressed the activation of different
glutamate receptors [61].

In a 6 week controlled-KD intervention, no evidence of a constant decrease in mood
or cognition performance was found in adults affected by overweight or obesity (n = 13)
aged between 21 and 65 years [62]. The insertion of a ketone salt into a well-formulated
hypocaloric KD attenuated negative mood parameters during the early intervention stages
with no evidential variations in cognitive function [62]. A significant advantage of this
survey was the presence of a controlled-nourishing design, which guarantees that partici-
pating individuals efficiently adopt the applied nutritional intervention [62]. On the other
hand, this survey was performed on a military sample group, and its findings cannot be
extrapolated to the general population [62]. In a small clinical survey of 20 older adults with
subjective memory complaints (n = 11) or MCI (n = 9), two diets were followed, including a
modified KD [63]. The modified KD resulted in improved CSF AD biomarkers’ profiles,
as demonstrated by enhanced CSF A{342 (independently by grouping), reduced CSF tau
(only in MCI), and elevated CSF Af342/tau fraction after modified KD (higher in MCI) [63].
This study had some limitations despite promising results. In fact, the rather small number
of participants limited generalizability, reducing the ability to take into account subclass
response factors like APOE genotype or gender.

Brain-derived neurotropic factor (BDNF) constitutes a crucial component of brain plas-
ticity, which improves neuronal survival through growth and maturation, and BDNF expres-
sion is reduced in disease states related to cognitive decline and metabolic dysregulation [64].
In humans, fasting plasma BDNF levels decreased in individuals following KD compared
to those that did not. Moreover, intense cycling exercise promptly increased plasma BDNF
levels independently of ketosis. Body weight loss decreased fasting plasma BDNF levels
independently of dietary components or ketosis levels [64]. The above findings highlighted
the plasticity of plasma BDNF levels stimulated by lifestyle factors; however, they do not
suggest any considerable relationship with temporally paired BHBA levels [64].

An exploratory, randomized, cross-over clinical trial was performed on seven male
military personnel. Individuals followed an iso-energy KD or a carbohydrate-based nutri-
tional intervention for two weeks. Then, 36 h of continued sleeplessness following a 12 day
washout were applied [65]. BHBA was higher and glucose was lower in the KD group in
comparison with the carbohydrate-based nutritional intervention group. KD enhanced
psychomotor watchfulness task function, the running recall constant performance test, and
vigor, fatigue, and sleepiness in comparison with the carbohydrate-based diet [65].
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3.2.3. Parkinson’s Disease

A small randomized-controlled clinical trial enrolled patients with MCI associated
with PD in a 2 month dietary intervention with enrollment in either a high-carbohydrate
intake characteristic of the Western diet model (1 = 7) or a low-carbohydrate intake, KD
(n =7) [66]. The KD participants’ group showed improved vocabulary access and recall
as well as a tendency for decreased interference in recall in comparison with the high-
carbohydrate group [66]. Another pilot randomized controlled clinical trial was conducted
on 47 individuals with PD who followed either a low-fat or a KD for 2 months [67]. This
study demonstrated that both diets substantially enhanced motor and nonmotor symp-
tomatology, but the KD group was characterized by higher improvements in nonmotor
symptoms than the low-fat diet group [67].

In a small feasibility study, 5 of 7 participants with PD made a household “hyperke-
togenic” diet and adhered to it for about one month [68]. All five participants showed
increased Unified Parkinson’s Disease Rating Scale (UPDRS) rates for the duration of hyper-
ketonemia, as did symptoms like resting tremor, freezing, balance, gait, mood, and energy
levels; however, a placebo effect was not taken into consideration [68]. These findings
should be considered with attention, as this study had certain limitations, such as a small
sample size and subjective ratings, while a control group to eliminate the placebo effect
was absent. A comparative clinical study was conducted on 74 individuals with PD who
reported a voice disorder associated with their disease and who followed either KD or a
regular diet group for 3 months [69]. All mean Voice Handicap Index (VHI) characteristics
improved in the KD group. Thus, KD could be considered an alternate therapeutic strategy
to enhance the voice quality of people with PD [69].

A recent case report on a 68 year old woman with PD stage I and previous moderate
anxiety and depressive symptomatology who followed a conventional KD for 24 weeks
was performed [70]. Anxiety symptomatology at 12 and 24 weeks was improved, and small
improvements on depressive scale scores at 24 weeks were noted [70]. A small pilot clinical
study conducted on 16 adults ages 36-80 with PD also showed that a low carbohydrate
and healthy fat KD intervention for 12 weeks resulted in significant improvements in
Parkinson’s Anxiety Scale (PAS) rates and Part I of the UPDRS [71].

3.2.4. Multiple Sclerosis

A small preliminary clinical study was performed to evaluate the safety and practi-
cability of fasting mimicking diet (FMD) or KD on health-related quality of life (HRQOL)
in randomly assigned individuals with relapsing-remitting MS [72]. In fact, 60 individu-
als with relapsing-remitting MS were enrolled at random in a conventional diet or a KD
for a half year or a single cycle of modified FMD for one week that was then adopted
as a Mediterranean dietary pattern for a half year. The KD cohort presented clinically
significant increases in HRQOL rates at 12 weeks that comprised the whole quality of life
modification in health, including the physical health component and the psychological
health component [72]. KD in people with MS was safe, well tolerated, and resulted in high
compliance [72]. However, MRI analyses, adequately blinded clinical assessments, and
immune function analyses could greatly enhance the strength of these clinical findings.

In this context, the following randomized controlled clinical trial was conducted on
60 people with relapsing-remitting MS who were assigned to one of the below groups
(n =20 for each group): (a) adapted KD, (b) caloric restriction diet, and (c) control diet [73].
Six months of KD significantly reduced the production of the pro-inflammatory arachido-
nate 5-lipoxygenase (ALOX5), a crucial factor in pro-inflammatory leukotriene biosynthesis,
and decreased the production of pro-inflammatory COX1 and COX2 [73]. KD in individuals
with relapsing-remitting MS improved the Multiple Sclerosis Quality of Life (MSQOL)
54 index and lowered the peripheral lymphocyte count [73]. It should be noted that in
individuals with MS, the ALOXS5 path is associated with microglial triggering and neuroin-
flammation, contributing to axonal impairments and motor neuron dysregulation [74].
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A small, open-label, single-arm clinical trial that assessed the safety and tolerability of
KD revealed reduced BMI, body fat mass, fatigue, and depressive symptoms in 20 indi-
viduals with relapsing-remitting MS [75]. Nevertheless, the above study did not include
a control group and had only a six month dietary intervention duration that does not
establish reliable impacts on disease development [75]. Moreover, the above study exclu-
sively enrolled people with relapsing, clinically, and radiographically constant MS, which
prohibited any extrapolation to advanced MS subcategories or to individuals with actively
relapsing MS, highlighting the need for future longitudinal studies with a randomized
and case-control design to interpret the impact of KD on disease management [75]. More
recently, in a two-phase clinical study, 65 individuals with relapsing MS were assigned
to a half year longitudinal, intention-to-treat KD intervention [76]. MS patients showed
substantial declines in fatty mass and an approximately 50% decrease in self-reported
fatigue and depressive symptoms. MS QoL physical and mental health composite scores
increased on diet. Substantial improvements in Expanded Disability Status Scale rates, the
6 min walk, and the Nine-Hole Peg Test were recorded [76]. Serum leptin decreased and
adiponectin increased in the KD-treated group, revealing an adipose-associated inflam-
matory state in participants with relapsing MS [76]. The main disadvantage of the above
survey is the absence of a paired control group that adopted a conventional dietary pattern.
However, while this study lacked controls, its findings seem crucial for the upcoming phase
III clinical study design [76]. In this aspect, in 24 healthy young people, following a very
low-carbohydrate, high-fat diet combined with regular exercise for a 12 week duration
led to a beneficial alteration in body weight status and fatty mass, along with favorable
alterations in serum adiponectin and leptin concentrations [77].

In an ongoing single-center, controlled clinical trial, 111 individuals with relapsing-
remitting MS following constant immunoregulatory treatment or no disease-regulating
treatment are randomly assigned to one of three 18 month nutritional interventions, to
which a KD with a limited daily carbohydrate consumption of 2040 g is applied [78]. This
clinical trial aims to evaluate the impact of a KD on MS development and progression [78].
This study has several strengths, including an adequate sample size and a randomized
design blinded to any outcome assessment with a long duration of 18 months. Additionally,
this study focuses on both MRI-measured disease activity and progression measures and
various patient-associated endpoints like fatigue, depressive symptoms, and quality of life.
The findings of this survey remain to be published [78].

3.2.5. Autism Spectrum Disorder

A small longitudinal clinical survey on the effect of KD was performed on 30 children
with autism aged from 4 to 10 years [79]. KD was utilized for a half year, with constant
administration for one month, disrupted by two week diet-free periods. Among 18 of
30 children (60%) who remained on the diet, improvements were noted in various param-
eters in agreement with the Childhood Autism Rating Scale (CARS) [79]. Considerable
improvements were noted in two patients, average improvements in eight patients, and
minor improvements (2-8 units) in eight MS patients [79].

In an open-label, observer-blinded clinical trial, a modified gluten-free KD in con-
junction with MCTs was applied to 15 children aged between 2 and 17 years with autism
spectrum disorder (ASD) [80]. At 3 months, considerable improvement, characterized by a
reduction of more than seven points in the Autism Diagnostic Observation Schedule, 2nd
edition (ADOS-2) overall score, was noted in six children. Modest improvement was found
(>3 points) in two children, and slight or no improvement (<3 points) was detected in
seven children [80]. Overall, 8 of 15 children who adhered to KD enhanced their total rate
by at least four units. An increase in CARS rates was also documented at 3 months [80].

In a case-control study, 45 children with ASD at the age of 3-8 years old were dis-
tributed into three groups: one group followed modified Atkins KD, another consumed a
gluten-free, casein-free (GFCF) diet, and the last group followed a conventional diet as a
control [81]. At 6 months, the first two groups exhibited substantially improved Autism
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Treatment Evaluation Test (ATEC) and CARS rates than the control group. Notably, the KD
group exhibited higher scores in cognition and sociability in comparison to the GFCG diet
group [81].

Herbert and colleagues examined a 4 year old girl presenting serious progressive autism
and previous epileptic pathology for whom medication treatment was not effective [82].
Following a GFCG KD, she exhibited a decrease in ASD symptomatology. During a follow-
up of over 8 years, she obtained a reduction in her CARS rating from 49 to 17, demonstrating
a shift from serious autism to no autism. She also showed a rise in her intelligence quotient
(IQ) of about 70 units [82]. Another case report has been published concerning a 6 year old
child presenting high-functioning autism and subclinical epilepsy discharges who did not
respond adequately to various behavioral and psychopharmacological medications [83].
After one month following KD, the child’s performance and mental capacity were enhanced
with respect to hyperactivity, attention period, no normal responses to visual and acoustic
stimuli, objects’ usage, changes’ adaptation, communication capacity, fear, anxiety, and
emotional responses. The above improved characteristics remained up to the end of the
follow-up interval at 16 months on the KD [83].

3.2.6. Huntington’s Disease

Huntington’s disease (HD) is a progressive, severe neurodegenerative disorder with
inadequate therapy approaches. Several studies support the idea that mitochondrial
disfunction in the nervous system and skeletal muscle is implicated in HD pathological
processes. In this aspect, a case report study was performed on a 41 year old man with
developing and worsening HD who followed a period-limited KD for 48 weeks [84].
He exhibited a 52% improvement in his motor symptoms, a 28% improvement with
respect to his daily living activities, and a 20% improvement in his combined Unified HD
Rating Scale (cCUHDRS). Moreover, his HD-associated behavioral difficulties such as apathy,
disorientation, anger, and irritability were improved by 50-100%, and his mood-associated
quality of life by 25% [84].

3.2.7. Eating Disorders
Anorexia Nervosa

In a small pilot case study, five individuals who regained weight after anorexia nervosa
but with chronic constant eating disease psychopathology implemented a therapeutic
KD to maintain body weight [85]. After experiencing nutritional ketosis, individuals
were treated with six ketamine infusions and were then followed for around 6 months.
Two individuals adopted KD for 2 months before ketamine treatment because of a great
behavioral response and continued KD, while three individuals followed KD for one month
before and during ketamine and then diminished gradually on the last infusion [85]. The
study group exhibited substantial advancements on the Clinical Impairment Assessment,
Eating Disorder Examination Questionnaire (EDEQ) Global Rating, EDEQ-Eating Concerns,
EDEQ-Weight Concerns, EDEQ-Shape Concerns, Eating Disorders Recovery Questionnaire
(EDRQ) Acceptance of Self and Body, and EDRQ-Social and Emotional Connection [85].
Scolnick and colleagues [86] performed a case study on the impacts of KD on a 29 year old
woman with a 15 year history of anorexia nervosa. A KD of 2:1 to 1:1 relative rate of fats to
carbohydrates was applied, and a KD dietitian supported nutritional training. Following
3 months of KD, the patient showed some improvement; however, she was still suffering
from anorexia-related symptoms [86].

Binge Eating

In a case report, three patients affected by obesity (age 34, 54, and 63 years; mean
BMI 43.5 kg /m?) and suffering from comorbid binge eating and foodstuffs’ dependence
symptomatology followed a KD for a period of 6-7 months [87]. Participants documented
considerable decreases in binge eating incidents and foodstuffs” dependence symptoms
concerning cravings and absence of control as determined by the Binge-Eating Scale (BES),
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Yale Food Addiction Scale (YFAS), or Yale-Brown Obsessive-Compulsive Scale (Y-OB-CS)
modified for binge eating, depending on the case [87]. In a small pilot study, five female
individuals suffering from binge eating and/or foodstuff dependency symptomatology
followed a very low-calorie KD with protein alternatives for a duration of 5-7 weeks and
later followed a low-calorie diet for 11-21 weeks [88]. All participating women showed
reduced food dependence and/or BES rates [88].

Emotional Eating

Decreases in emotional and external eating performances in 35 adult individuals af-
fected by obesity were associated with increased BHBA levels and a reduction in peripheral
neuropeptide Y (pNPY) following 12 weeks of KD [89]. Moreover, BHBA is negatively
associated with pNPY levels. The above relationships did not depend on obesity markers
like fatty mass, reduced carbohydrate consumption, or elevated fat consumption, or other
stress-associated indicators like cortisol, which supports a potential effect of BHBA in
modulating the detected emotional and functional responses [89]. The same research group
found that 12 week KD resulted in decreased appetite, reduced emotional and external
eating, enhanced body-look satisfaction, and favorable physical functioning in 35 obese
adults [90]. A significant increase in BDNF levels was noted in the first 2 weeks, which
then went back to baseline. Elevated NPY levels were also noted throughout the duration
of the 12 week KD [90].

3.2.8. Migraine

Migraine is considered a common comorbidity in several neurodegenerative diseases
and is characterized by similar pathological disease mechanisms, including inflamma-
tion and microglial overexpression [91,92]. There are currently several pieces of evidence
demonstrating an association between migraine and an increased risk of cognitive impair-
ment [93-95]. Refractory migraine constitutes a mainly incapacitating type of prolonged
migraine that does not respond to various preventive approaches. In a small clinical trial,
22 individuals with refractory migraine were enrolled. Thirteen patients were recruited
in the KD arm, and eight were not eligible for KD and went on a low-carb diet [96]. Pa-
tients following KD exhibited a substantial decrease in the incidence of migraine attacks,
headache strength, and medication dose, whereas no considerable decrease was noted
in the low-carb diet group. An association between ketone generation and the impact of
headaches was found among individuals who more frequently adopted KD [96]. Moreover,
a 3 month KD intervention on 50 individuals led to a decline in the painful symptoms of
medication-refractory prolonged migraine [97]. In fact, the number of days with symptoms
reduced from 30 (the median value) to 7.5, and the period of the migraine incidents lowered
from 24 h (the median value) to 5.5 h. The participants’ pain level, first at maximum value
for 83% of the patients, became better for 55% of them, and medications taken in 4 weeks
were reduced from thirty (median value) to six doses [97].

In a randomized, double-blinded, cross-over clinical trial, a one month period of very
low-calorie KD, despite resulting in comparable weight decline and glycemic profile, was
considerably more efficient compared to a very low-calorie diet without KD in reducing
the risk of migraine attacks [98]. The above was proved by a reduction in the prevalence
of migraine days and attacks in 35 people with overweight or obesity and migraine [98].
Moreover, a 3 month randomized controlled crossover clinical survey including two nu-
tritional intervention phases was undertaken in 16 individuals [99]. Eligible participants
had previous migraines and repeatedly experienced incidents of modest or slightly severe
headaches in the past 4 weeks. A clinically significant shift to reduced migraine intervals
in the KD intervention group was documented [99]. In addition, MAD was applied to
adolescent individuals with prolonged daily headaches [100]. This survey was dismissed
too early because of the lower adherence of participants to the diet. However, three indi-
viduals documented a lower headache intensity and a better quality of life, even if they
even needed medication to cope with their disorder [100].
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3.2.9. Psychiatric Pathological Conditions

A cross-sectional analysis of clinical care was conducted on 31 individuals with serious,
constant psychiatric disease (major depression, bipolar disease, and schizoaffective disease)
whose symptomatology was inadequately controlled in spite of thorough psychiatric
management [101]. The participants were assigned to a psychiatric hospital and followed
a KD limited to a daily maximum of 20 g of carbohydrates as a complement to typical
inpatient care [101]. The period of KD administration varied between 6 and 248 days. KD
was linked to considerable improvements in depressive and psychotic symptomatology.
Effect sizes were high concerning all mental health outcome rates in all participants’ groups
and were even higher amongst those primarily diagnosed with major depression [101]. In
addition, a case study was performed on a 65 year old woman who had simultaneously
a 26 year history of non-insulin dependent diabetes and major depression disorder [102].
A 12 week KD personalized intervention attended to functionally inverse 26 years of
diabetes mellitus, ameliorated two and a half decades of persistent depression disease,
and empowered /equipped the patient with a new experience of optimism and positive
completion [102].

In a case study, two female individuals with type II bipolar disease were capable
of retaining ketosis for long durations (2 and 3 years, respectively) [103]. Both obtained
mood stabilization that was better than that attained with drug therapy and showed a
considerable subjective improvement that was clearly associated with ketosis, while they
accepted the diet fairly [103]. These cases demonstrated that KD may be a viable approach
for mood stabilization in type II bipolar disorder. It was also supported by the assumption
that acidic plasma could enhance mood stabilization, possibly by decreasing intracellular
Na and Ca [103]. Moreover, an analytical observational survey applied networked bipolar
disease forums to obtain records from 141 individuals [104]. Eighty-five percent of the
study individuals’ self-reported records showed helpful impacts on emotional state when
adapting a KD [104]. Reports of emotional state maintenance or alleviation of symptoms
were considerably greater for patients following KD than for patients following other
dietary patterns like w-3 fatty acid-enriched or vegetarian diets. Moreover, the enrolled
individuals documented a reduction in depressive symptoms, better clarity of thoughts
and oral communication, a weight decrease, and enhanced total energy [104].

The first indicative clinical evidence for the possible efficiency of KD in psychotic
diseases was obtained 55 years ago in a small, open-label, uncontrolled clinical survey of
10 women hospitalized with schizophrenia [105]. In this study, the KD was complemented
by medical therapy for 4 weeks. This study showed a substantial reduction in disease
symptomatology following two weeks on KD [105]. In another case study, a 70-year-
old female individual suffering from constant schizophrenia since her adolescence was
documented to improve her schizophrenic symptoms considerably after adapting a KD
for body weight decrease [106]. Within 8 days of beginning KD, she had no delusions and
enhanced energy. After one year, her body weight decreased by 5 kg, and she stayed free of
hallucinations [106].

More thorough and long-term case surveys have been performed in diverse popula-
tions and have presented promising findings concerning symptoms’ management, safety,
and feasibility [107]. Two individuals with established, therapy-tolerant schizoaffective
disease adopted KD for body weight reduction [106]. Within two months of beginning KD,
both patients showed improvement in psychosis symptomatology as determined by the
Positive and Negative Symptom Scale. Both individuals either intentionally or accidentally
interrupted KD, and their psychotic symptoms reverted immediately [106]. Two additional
case studies [108] highlighted the prolonged efficiency of KD as a balanced therapy that
may lead to a complete reduction of psychotic symptoms, at least in certain individuals.
The first case concerned a 12 year follow-up of a 70 year old woman [106]. At the age
of 82, this woman, who experienced therapy-tolerant schizophrenia for 53 years, stayed
active and well on the KD. She remained off all psychotropic medicines for 11 years, such
as antipsychotic drugs, and stayed free of psychosis symptomatology. The other case
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concerned a 39 year old woman who showed therapy-resistant psychosis symptomatology
for 20 years [106]. She adapted the KD following the instructions of a physician and, after
quite a few months, exhibited full remission of her psychosis symptomatology. She was also
capable of interrupting antipsychotic drugs and staying free of psychosis symptomatology
for 5 years on the KD. Moreover, her social function was considerably enhanced [106].
Mechanistically, KD can change the fraction of GABA:glutamate in favor of GABA by
inhibiting catabolism and enhancing GABA biosynthesis as well as glutamate metabolism,
which may contribute to balancing the disturbed GABA concentrations in the schizophrenic
brain, resulting in a better disease outcome regarding symptomatology [109].

In another clinical survey, 50 participating children and adolescents from a tertiary
epilepsy center were randomly enrolled to a KD intervention group or a control group [110].
Follow-up evaluations concerning cognition and behavior were achieved almost four
months after admission to KD, combined with parental report questionnaires and per-
sonally provided psychology assessments for the children [110]. The intervention group
indicated decreased levels of anxiety and emotional state-disrupted behavior and was
graded as more active. Cognitive assessment analysis indicated an increase in motivation
in the intervention group [110].

3.2.10. Stress-Related Pathologies

Stress urinary incontinence (SUI) restricts women’s daily lives and affects their quality
of life, mainly for those affected by obesity. In a report of five cases, KD was utilized for the
treatment of older female individuals diagnosed with SUI and simultaneously affected by
obesity, and it was shown that KD might efficiently decrease body weight, ameliorate the
symptoms of urine leakage, and reduce menopause symptoms [111].

4. Conclusions

Basic in vitro and in vivo research has revealed multiple molecular mechanisms
through which KD can exert neuroprotective effects, such as neuroinflammation inhi-
bition, decreased ROS production, lowered amyloid plaque accumulation and microglia
triggering, protection in dopaminergic neurons, tau hyper-phosphorylation suppression,
stimulating mitochondrial biogenesis, enhancing gut microbial diversity, induction of
autophagy, restoration of histone acetylation, and neuron repair promotion.

On the other hand, clinical evidence remains scarce. Most existing clinical surveys are
modest, usually without including a control group, and merely evaluate the short-term
effects of KD. Moreover, several clinical studies had large dropout rates and a considerable
lack of compliance assessment, as well as an increased level of heterogeneity concerning
their design and methodological approaches. The above heterogeneity concerns age and
sex fractions or individuals’ cognition states, which all exert a substantial impact on the
probability of subsequent cognition impairment. The short follow-up periods and the
repetitive cognition evaluations are predisposed to be potential contributing factors for a
reexamination impact, mainly in cognitively unimpaired or MCI older adults. Inversely,
individuals with mild-to-moderate dementia could be strictly diminished as well to achieve
gains from a dietary intervention. Another concern is that the majority of surveys evalu-
ating the impacts of dietary intervention on dementia or cognitive ability are performed
by dietary questionnaires completed by individuals who already might exhibit problems
recalling what they consumed or who present memory difficulties [112]. Thus, further
studies are required to delineate whether the influence of KD in patients with neurodegen-
erative diseases may depend on the etiology of the illness by comparing the effects of the
diet on patients with AD and PD and those with MS.

Moreover, several side effects can appear during ketosis, which are ascribed to
metabolic modifications that occurred a few days after the beginning of the diet. This
phenomenon is usually stated as “keto flu” and terminates naturally after a few days. The
most commonly mentioned complications involve mental diseases like disturbed focus-
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ing as well as muscle pain, emotions of fragility and energy deficiency, and bloating or
constipation [113].

Substantial evidence strongly supports the efficiency of KD in the management and
therapy of epileptic pathology; however, this state is not comparable with other mental
disorders. All meta-analyses and systematic reviews regarding AD, PD, and MS have been
carried out in the last few years, supporting the necessity for further evaluation. Up to date,
large-scale, longstanding clinical studies including participants” randomization and control
groups and assessing the effects of KD in people with neurodegenerative and psychiatric
disorders remain scarce. Combined methods could be more efficient in preventing and/or
slowing down these disorders, restraining disease development, and probably moderating
disease symptomatology. Moreover, the currently available investigations of KD effects in
patients with HD and stress-related pathologies remain extremely scarce, highlighting the
need for future research in these fields.

A central disadvantage of KD is the use of ketone bodies in directed organs, mainly
in the nervous system. The kinetics of ketone bodies seem to be highly influenced by the
formulation and dosage of diverse KD remedies. Moreover, KD is very limiting [114] in
comparison with other “healthy” dietary models, and its initiation is frequently related
to various gastrointestinal complications such as constipation, diarrheic episodes, nausea,
pancreatitis, and hepatitis, as well as hypoglycemia, electrolyte disturbances like hypo-
magnesemia and hyponatremia, and metabolic dysregulation evidenced by hyperuricemia
or transient hyperlipidemia [115]. According to Taylor et al. [116], KD is able to be nutri-
tionally compact, covering the Recommended Daily /Dietary Allowances (RDAs) of older
adults. On the other hand, KD compliance necessitates intense daily adjustments, and, for
this purpose, prolonged adherence is difficult and highly demanding to sustain [117]. For
all these purposes, the periods of most KD interventions did not rise above six months.

The impact of KD on cognitive function appears promising; however, there are certain
doubts concerning the efficient use of this dietary model in individuals diagnosed with
mental diseases. In addition, comorbidities are very frequent among frail older adults,
who are also at high risk of malnutrition during such restrictive diets. Among the most
important features of KD is the decrease in desire for food, which could be related to
stomach and intestine complications [118]. The above anorexic effect may also decrease
eating quantities and total food consumption in aging individuals adapted to a KD, with the
following enhanced probability of malnourishment and worsening of neurodegenerative
symptomatology [117].

One more critical issue is the diversity of KD interferences applied in different study
designs and methodologies. Moreover, several ketone salts are commercially accessible,
and their major drawback deals with the fact that unhealthy salt consumption is needed
to reach therapeutic doses of BHBA [119]. Endogenous and exogenous ketosis have
their own possible advantages and disadvantages. Endogenous ketosis needs a more
thorough metabolic shift, presenting the advantage of stimulating a wide range of metabolic
pathways. Additionally, endogenous ketosis does not allow the specific targeting of ketone
amounts, while exogenous ketosis does. There is also substantial data that both KD
and exogenous ketone supplementation could support therapeutic advantages against
neurodegenerative and psychiatric diseases. However, it remains uncertain which method
is more effective than the other. In addition, a significant limitation of many KD studies is
that many of them do not report the proportion of their sample that achieves nutritional
ketosis. In this context, it should be noted that BHBA is a low-cost and easily obtainable
biomarker of KD compliance. Most diets do not concern such a biomarker, and future
clinical studies need to include this biomarker in their design and methodology to monitor
nutritional ketosis conditions.

Furthermore, the specific food components of KD need to be considered since specific
kinds of fat sources are healthier compared to others. Several types of KD necessitate rigor-
ous monitoring of carbohydrate consumption, which frequently falls under the obligation
of the caregiver. Thus, forthcoming surveys could be more advantageous in an institutional
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situation where it may be accessible to manage and adopt a strict nutritional protocol.
Exogenous supplementation could be adapted easier as a prolonged remedy as the dietary
adjustments are not so extreme. Conclusively, multidomain strategies and policies could be
more efficient in preventing and/or delaying neurodegenerative and psychiatric diseases,
alleviating disease progression, and improving quality of life.

Author Contributions: Conceptualization, M.M., A.D., and C.G.; development of methodology, GK.V,,
and M.G,; formal analysis, M.M., A.D., and S.K.P; resources, GK.V. and M.G.; writing—original draft
preparation, M.M., A.D., SK.P, and C.G.; writing—review and editing, C.G.; visualization, A.D.,
S.K.P, and C.G.; supervision, C.G.; project administration, C.G. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Roehl, K.; Sewak, S.L. Practice Paper of the Academy of Nutrition and Dietetics: Classic and Modified Ketogenic Diets for
Treatment of Epilepsy. J. Acad. Nutr. Diet. 2017, 117, 1279-1292. [CrossRef] [PubMed]

2. Jiang, Z;Yin, X.; Wang, M.; Chen, T.; Wang, Y.; Gao, Z.; Wang, Z. Effects of Ketogenic Diet on Neuroinflammation in Neurodegen-
erative Diseases. Aging Dis. 2022, 13, 1146-1165. [CrossRef] [PubMed]

3. McGaugh, E.; Barthel, B. A Review of Ketogenic Diet and Lifestyle. Mo. Med. 2022, 119, 84-88.

4. Pavlidou, E.; Papadopoulou, S.K.; Fasoulas, A.; Mantzorou, M.; Giaginis, C. Clinical Evidence of Low-Carbohydrate Diets against
Obesity and Diabetes Mellitus. Metabolites 2023, 13, 240. [CrossRef] [PubMed]

5. Feinman, R.D.; Fine, E.J. Nonequilibrium thermodynamics and energy efficiency in weight loss diets. Theor. Biol. Med. Model.
2007, 4, 27. [CrossRef]

6. Boden, G.; Sargrad, K.; Homko, C.; Mozzoli, M.; Stein, T.P. Effect of a Low-Carbohydrate Diet on Appetite, Blood Glucose Levels,
and Insulin Resistance in Obese Patients with Type 2 Diabetes. Ann. Intern. Med. 2005, 142, 403—411. [CrossRef]

7. Gjuladin-Hellon, T.; Davies, I.G.; Penson, P.; Amiri Baghbadorani, R. Effects of carbohydrate-restricted diets on low-density
lipoprotein cholesterol levels in overweight and obese adults: A systematic review and meta-analysis. Nutr. Rev. 2019, 77, 161-180.
[CrossRef] [PubMed]

8.  Dabek, A.; Wojtala, M.; Pirola, L.; Balcerczyk, A. Modulation of Cellular Biochemistry, Epigenetics and Metabolomics by Ketone
Bodies. Implications of the Ketogenic Diet in the Physiology of the Organism and Pathological States. Nutrients 2020, 12, 788.
[CrossRef] [PubMed]

9.  Klement, R.]. Beneficial effects of ketogenic diets for cancer patients: A realist review with focus on evidence and confirmation.
Med. Oncol. 2017, 34, 132. [CrossRef]

10. Dowis, K.; Banga, S. The Potential Health Benefits of the Ketogenic Diet: A Narrative Review. Nutrients 2021, 13, 1654. [CrossRef]

11.  Schwiertz, A ; Taras, D.; Schaefer, K.; Beijer, S.; Bos, N.A.; Donus, C.; Hardt, P.D. Microbiota and SCFA in Lean and Overweight
Healthy Subjects. Obesity 2010, 18, 190-195. [CrossRef] [PubMed]

12.  Fan, Y,; Wang, H.; Liu, X.; Zhang, J.; Liu, G. Crosstalk between the Ketogenic Diet and Epilepsy: From the Perspective of Gut
Microbiota. Mediat. Inflamm. 2019, 2019, 8373060. [CrossRef] [PubMed]

13. D’Andrea Meira, I.; Romao, T.T.; Pires do Prado, H.J.; Krtiger, L.T.; Pires, M.E.P.; da Conceicao, P.O. Ketogenic Diet and Epilepsy:
What We Know So Far. Front Neurosci. 2019, 13, 5. [CrossRef] [PubMed]

14. Koh, S.; Dupuis, N.; Auvin, S. Ketogenic diet and Neuroinflammation. Epilepsy Res. 2020, 167, 106454. [CrossRef]

15. Yang, H.; Shan, W,; Zhu, E; Wu, ].; Wang, Q. Ketone Bodies in Neurological Diseases: Focus on Neuroprotection and Underlying
Mechanisms. Front. Neurol. 2019, 10, 585. [CrossRef]

16. Polito, R.; La Torre, M.E.; Moscatelli, F.; Cibelli, G.; Valenzano, A.; Panaro, M.A.; Monda, M.; Messina, A.; Monda, V.;
Pisanelli, D.; et al. The Ketogenic Diet and Neuroinflammation: The Action of Beta-Hydroxybutyrate in a Microglial Cell Line.
Int. ]. Mol. Sci. 2023, 24, 3102. [CrossRef]

17. Fu, S.P; Li, SN.; Wang, J.E; Li, Y,;; Xie, S.S.; Xue, WJ.; Liu, HM.; Huang, B.X.; Lv, Q.K,; Lei, L.C.; et al. BHBA suppresses
LPS-induced inflammation in BV-2 cells by inhibiting NF-«B activation. Mediat. Inflamm. 2014, 2014, 983401. [CrossRef]

18. He, C,; Zhao, Y,; Jiang, X,; Liang, X.; Yin, L.; Yin, Z.; Geng, Y.; Zhong, Z.; Song, X.; Zou, Y.; et al. Protective effect of Ketone musk

on LPS/ATP-induced pyroptosis in J774A.1 cells through suppressing NLRP3/GSDMD pathway. Int. Immunopharmacol. 2019, 71,
328-335. [CrossRef]


https://doi.org/10.1016/j.jand.2017.06.006
https://www.ncbi.nlm.nih.gov/pubmed/28754198
https://doi.org/10.14336/AD.2021.1217
https://www.ncbi.nlm.nih.gov/pubmed/35855338
https://doi.org/10.3390/metabo13020240
https://www.ncbi.nlm.nih.gov/pubmed/36837859
https://doi.org/10.1186/1742-4682-4-27
https://doi.org/10.7326/0003-4819-142-6-200503150-00006
https://doi.org/10.1093/nutrit/nuy049
https://www.ncbi.nlm.nih.gov/pubmed/30544168
https://doi.org/10.3390/nu12030788
https://www.ncbi.nlm.nih.gov/pubmed/32192146
https://doi.org/10.1007/s12032-017-0991-5
https://doi.org/10.3390/nu13051654
https://doi.org/10.1038/oby.2009.167
https://www.ncbi.nlm.nih.gov/pubmed/19498350
https://doi.org/10.1155/2019/8373060
https://www.ncbi.nlm.nih.gov/pubmed/31281229
https://doi.org/10.3389/fnins.2019.00005
https://www.ncbi.nlm.nih.gov/pubmed/30760973
https://doi.org/10.1016/j.eplepsyres.2020.106454
https://doi.org/10.3389/fneur.2019.00585
https://doi.org/10.3390/ijms24043102
https://doi.org/10.1155/2014/983401
https://doi.org/10.1016/j.intimp.2019.03.054

Nutrients 2023, 15, 2270 18 of 22

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Julio-Amilpas, A.; Montiel, T.; Soto-Tinoco, E.; Gerénimo-Olvera, C.; Massieu, L. Protection of hypoglycemia-induced neuronal
death by B-hydroxybutyrate involves the preservation of energy levels and decreased production of reactive oxygen species. J.
Cereb. Blood Flow Metab. 2015, 35, 851-860. [CrossRef]

Gzielo, K,; Soltys, Z.; Rajfur, Z.; Setkowicz, Z.K. The Impact of the Ketogenic Diet on Glial Cells Morphology: A Quantitative
Morphological Analysis. Neuroscience 2019, 413, 239-251. [CrossRef]

Maalouf, M.; Rho, ].M.; Mattson, M.P. The neuroprotective properties of calorie restriction, the ketogenic diet, and ketone bodies.
Brain Res. Rev. 2009, 59, 293-315. [CrossRef] [PubMed]

Huang, C.; Wang, P.; Xu, X.; Zhang, Y.; Gong, Y.; Hu, W.; Gao, M.; Wu, Y,; Ling, Y.; Zhao, X; et al. The ketone body metabolite
B-hydroxybutyrate induces an antidepression-associated ramification of microglia via HDACs inhibition-triggered Akt-small
RhoGTPase activation. Glia 2018, 66, 256-278. [CrossRef] [PubMed]

Zhang, Y.; Liu, K.; Li, Y,; Ma, Y,; Wang, Y.; Fan, Z.; Li, Y,; Qi, J]. D-B-hydroxybutyrate protects against microglial activation in
lipopolysaccharide-treated mice and BV-2 cells. Metab. Brain Dis. 2022, 38, 1115-1126. [CrossRef]

Wu, Y,; Gong, Y.; Luan, Y.; Li, Y.; Liu, J.; Yue, Z,; Yuan, B.; Sun, J.; Xie, C.; Li, L.; et al. BHBA treatment improves cognitive function
by targeting pleiotropic mechanisms in transgenic mouse model of Alzheimer’s disease. FASEB ]. 2020, 34, 1412-1429. [CrossRef]
Cheng, B.; Yang, X.; An, L.; Gao, B.; Liu, X,; Liu, S. Ketogenic diet protects dopaminergic neurons against 6-OHDA neurotoxicity
via up-regulating glutathione in a rat model of Parkinson’s disease. Brain Res. 2009, 1286, 25-31. [CrossRef]

Kim, D.Y,; Hao, J.; Liu, R,; Turner, G.; Shi, ED.; Rho, ]. M. Inflammation-mediated memory dysfunction and effects of a ketogenic
diet in a murine model of multiple sclerosis. PLoS ONE 2012, 7, e35476. [CrossRef]

Van der Auwera, I.; Wera, S.; Van Leuven, F.; Henderson, S.T. A ketogenic diet reduces amyloid beta 40 and 42 in a mouse model
of Alzheimer’s disease. Nutr. Metab. 2005, 2, 28. [CrossRef] [PubMed]

Zhao, Z.; Lange, D.J.; Voustianiouk, A.; MacGrogan, D.; Ho, L.; Suh, J.; Humala, N.; Thiyagarajan, M.; Wang, ].; Pasinetti, G.M. A
ketogenic diet as a potential novel therapeutic intervention in amyotrophic lateral sclerosis. BMC Neurosci. 2006, 7, 29. [CrossRef]
Xu, Y,; Jiang, C.; Wu, J.; Liu, P; Deng, X.; Zhang, Y.; Peng, B.; Zhu, Y. Ketogenic diet ameliorates cognitive impairment and
neuroinflammation in a mouse model of Alzheimer’s disease. CNS Neurosci. Ther. 2022, 28, 580-592. [CrossRef]

Kashiwaya, Y.; Bergman, C.; Lee, ].H.; Wan, R.; King, M.T.; Mughal, M.R.; Okun, E.; Clarke, K.; Mattson, M.P,; Veech, R.L. A
ketone ester diet exhibits anxiolytic and cognition-sparing properties, and lessens amyloid and tau pathologies in a mouse model
of Alzheimer’s disease. Neurobiol. Aging 2013, 34, 1530-1539. [CrossRef]

Ruskin, D.N.; Kawamura, M.; Masino, S.A. Reduced pain and inflammation in juvenile and adult rats fed a ketogenic diet. PLoS
ONE 2009, 4, 8349. [CrossRef] [PubMed]

Sullivan, P.G.; Rippy, N.A.; Dorenbos, K.; Concepcion, R.C.; Agarwal, A.K.; Rho, ]. M. The ketogenic diet increases mitochondrial
uncoupling protein levels and activity. Ann. Neurol. 2004, 55, 576-580. [CrossRef] [PubMed]

Mosconi, L.; Mistur, R.; Switalski, R.; Tsui, W.H.; Glodzik, L.; Li, Y.; Pirraglia, E.; De Santi, S.; Reisberg, B.; Wisniewski, T.; et al.
FDG-PET changes in brain glucose metabolism from normal cognition to pathologically verified Alzheimer’s disease. Eur. J. Nucl.
Med. Mol. Imaging 2009, 36, 811-822. [CrossRef] [PubMed]

Castellano, C.A.; Nugent, S.; Paquet, N.; Tremblay, S.; Bocti, C.; Lacombe, G.; Imbeault, H.; Turcotte, E.; Fulop, T.; Cunnane, S.C.
Lower brain 18F-fluorodeoxyglucose uptake but normal 11C-acetoacetate metabolism in mild Alzheimer’s disease dementia. J.
Alzheimers Dis. 2015, 43, 1343-1353. [CrossRef] [PubMed]

Liu, C.C,; Kanekiyo, T.; Xu, H.; Bu, G. Apolipoprotein E and Alzheimer disease: Risk, mechanisms and therapy. Nat. Rev. Neurol.
2013, 9, 106-118. [CrossRef]

Olson, C.A.; Vuong, H.E; Yano, ].M,; Liang, Q.Y.; Nusbaum, D.J.; Hsiao, E.Y. The gut microbiota mediates the anti-seizure effects
of the ketogenic diet. Cell 2018, 174, 497. [CrossRef]

Cho, J.; Park, Y.J.; Gonzales-Portillo, B.; Saft, M.; Cozene, B.; Sadanandan, N.; Borlongan, C.V. Gut dysbiosis in stroke and its
implications on Alzheimer’s disease-like cognitive dysfunction. CNS Neurosci. Ther. 2021, 27, 505-514. [CrossRef]

Swidsinski, A.; Dorffel, Y.; Loening-Baucke, V.; Gille, C.; Goktas, O.; Reisshauer, A.; Neuhaus, J.; Weylandt, K.-H.; Guschin, A;
Bock, M. Reduced mass and diversity of the colonic microbiome in patients with multiple sclerosis and their improvement with
ketogenic diet. Front. Microbiol. 2017, 8, 1141. [CrossRef]

Lim, J.M.; Letchumanan, V; Tan, L.T.; Hong, K.W.; Wong, S.H.; Ab Mutalib, N.S.; Lee, L.H.; Law, ].W. Ketogenic Diet: A Dietary
Intervention via Gut Microbiome Modulation for the Treatment of Neurological and Nutritional Disorders (a Narrative Review).
Nutrients 2022, 14, 3566. [CrossRef]

Ma, D.; Wang, A.C.; Parikh, I.; Green, S.J.; Hoffman, J.D.; Chlipala, G. Ketogenic diet enhances neurovascular function with
altered gut microbiome in young healthy mice. Sci. Rep. 2018, 8, 6670. [CrossRef]

Castro, K.; Baronio, D.; Perry, 1.S.; Riesgo, R.D.S.; Gottfried, C. The effect of ketogenic diet in an animal model of autism induced
by prenatal exposure to valproic acid. Nutr. Neurosci. 2017, 20, 343-350. [CrossRef] [PubMed]

Ahn, Y,; Narous, M.; Tobias, R.; Rho, ].M.; Mychasiuk, R. The ketogenic diet modifies social and metabolic alterations identified in
the prenatal valproic acid model of autism spectrum disorder. Dev. Neurosci. 2014, 36, 371-380. [CrossRef] [PubMed]

Qiao, Q.; Qu, Z,; Tian, S.; Cao, H.; Zhang, Y.; Sun, C,; Jia, L.; Wang, W. Ketogenic Diet Alleviates Hippocampal Neurodegeneration
Possibly via ASIC1a and the Mitochondria-Mediated Apoptotic Pathway in a Rat Model of Temporal Lobe Epilepsy. Neuropsychiatr.
Dis. Treat. 2022, 18, 2181-2198. [CrossRef] [PubMed]


https://doi.org/10.1038/jcbfm.2015.1
https://doi.org/10.1016/j.neuroscience.2019.06.009
https://doi.org/10.1016/j.brainresrev.2008.09.002
https://www.ncbi.nlm.nih.gov/pubmed/18845187
https://doi.org/10.1002/glia.23241
https://www.ncbi.nlm.nih.gov/pubmed/29058362
https://doi.org/10.1007/s11011-022-01146-7
https://doi.org/10.1096/fj.201901984R
https://doi.org/10.1016/j.brainres.2009.06.060
https://doi.org/10.1371/journal.pone.0035476
https://doi.org/10.1186/1743-7075-2-28
https://www.ncbi.nlm.nih.gov/pubmed/16229744
https://doi.org/10.1186/1471-2202-7-29
https://doi.org/10.1111/cns.13779
https://doi.org/10.1016/j.neurobiolaging.2012.11.023
https://doi.org/10.1371/journal.pone.0008349
https://www.ncbi.nlm.nih.gov/pubmed/20041135
https://doi.org/10.1002/ana.20062
https://www.ncbi.nlm.nih.gov/pubmed/15048898
https://doi.org/10.1007/s00259-008-1039-z
https://www.ncbi.nlm.nih.gov/pubmed/19142633
https://doi.org/10.3233/JAD-141074
https://www.ncbi.nlm.nih.gov/pubmed/25147107
https://doi.org/10.1038/nrneurol.2012.263
https://doi.org/10.1016/j.cell.2018.06.051
https://doi.org/10.1111/cns.13613
https://doi.org/10.3389/fmicb.2017.01141
https://doi.org/10.3390/nu14173566
https://doi.org/10.1038/s41598-018-25190-5
https://doi.org/10.1080/1028415X.2015.1133029
https://www.ncbi.nlm.nih.gov/pubmed/26856821
https://doi.org/10.1159/000362645
https://www.ncbi.nlm.nih.gov/pubmed/25011527
https://doi.org/10.2147/NDT.S376979
https://www.ncbi.nlm.nih.gov/pubmed/36187562

Nutrients 2023, 15, 2270 19 of 22

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Wang, B.H.; Hou, Q.; Lu, Y.Q.; Jia, M.M,; Qiu, T.; Wang, X.H.; Zhang, Z.X.; Jiang, Y. Ketogenic diet attenuates neuronal injury via
autophagy and mitochondrial pathways in pentylenetetrazol-kindled seizures. Brain Res. 2018, 1678, 106-115. [CrossRef]

Yang, Y.; Wang, X,; Xiao, A.; Han, J.; Wang, Z.; Wen, M. Ketogenic diet prevents chronic sleep deprivation-induced Alzheimer’s
disease by inhibiting iron dyshomeostasis and promoting repair via Sirtl/Nrf2 pathway. Front. Aging Neurosci. 2022, 14, 998292.
[CrossRef]

Wang, X.; Yang, Y.; Xiao, A.; Zhang, N.; Miao, M.; Wang, Z.; Han, J.; Wen, M. A comparative study of the effect of a gentle
ketogenic diet containing medium-chain or long-chain triglycerides on chronic sleep deprivation-induced cognitive deficiency.
Food Funct. 2022, 13, 2283-2294. [CrossRef]

Zhu, Y; Tang, X.; Cheng, Z.; Dong, Q.; Ruan, G. The Anti-Inflammatory Effect of Preventive Intervention with Ketogenic Diet
Mediated by the Histone Acetylation of mGluR5 Promotor Region in Rat Parkinson’s Disease Model: A Dual-Tracer PET Study.
Park. Dis. 2022, 2022, 3506213. [CrossRef] [PubMed]

Shaafi, S.; Najmi, S.; Aliasgharpour, H.; Mahmoudj, J.; Sadigh-Etemad, S.; Farhoudi, M.; Baniasadi, N. The efficacy of the ketogenic
diet on motor functions in Parkinson’s disease: A rat model. Iran ]. Neurol. 2016, 15, 63-69. [PubMed]

Ruskin, D.N.; Ross, ].L.; Kawamura, M., Jr.; Ruiz, T.L.; Geiger, ].D.; Masino, S.A. A ketogenic diet delays weight loss and does
not impair working memory or motor function in the R6/2 1] mouse model of Huntington’s disease. Physiol. Behav. 2011, 103,
501-507. [CrossRef]

Gumus, H.; Ilgin, R.; Koc, B.; Yuksel, O.; Kizildag, S.; Guvendi, G.; Karakilic, A.; Kandis, S.; Hosgorler, E; Ates, M.; et al. A
combination of ketogenic diet and voluntary exercise ameliorates anxiety and depression-like behaviors in Balb/c mice. Neurosci.
Lett. 2022, 770, 136443. [CrossRef]

Qin, L.; Ma, K;; Yan, Z. Rescue of histone hypoacetylation and social deficits by ketogenic diet in a Shank3 mouse model of autism.
Neuropsychopharmacology 2022, 47, 1271-1279. [CrossRef] [PubMed]

Bredesen, D.E.; Sharlin, K.; Jenkins, D.; Okuno, M.; Youngberg, W.; Hausman Cohen, S.; Stefani, A.; Brown, R.L.; Conger, S.; Tanio,
C.; et al. Reversal of cognitive decline: 100 patients. |. Alzheimers Dis. Park. 2018, 8, 450. [CrossRef]

Phillips, M.C.L.; Deprez, L.M.; Mortimer, G.M.N.; Murtagh, D.K.J.; McCoy, S.; Mylchreest, R.; Gilbertson, L.J.; Clark, KM.;
Simpson, P.V.; McManus, E.J.; et al. Randomized crossover trial of a modified ketogenic diet in Alzheimer’s disease. Alzheimers
Res. Ther. 2021, 13, 51. [CrossRef] [PubMed]

Taylor, M.K,; Sullivan, D.K.; Mahnken, J.D.; Burns, ].M.; Swerdlow, R.H. Feasibility and efficacy data from a ketogenic diet
intervention in Alzheimer’s disease. Alzheimers Dement. 2017, 4, 28-36. [CrossRef]

Brandt, J.; Buchholz, A.; Henry-Barron, B.; Vizthum, D.; Avramopoulos, D.; Cervenka, M. Preliminary report on the feasibility
and efficacy of the modified Atkins diet for treatment of mild cognitive impairment and early Alzheimer’s disease. ]. Alzheimers
Dis. 2019, 68, 969-981. [CrossRef]

Nagpal, R.; Neth, B.J.; Wang, S.; Craft, S.; Yadav, H. Modified Mediterranean-ketogenic diet modulates gut microbiome and
short-chain fatty acids in association with Alzheimer’s disease markers in subjects with mild cognitive impairment. EBioMedicine
2019, 47, 529-542. [CrossRef]

Bosworth, A.; Loh, V.; Stranahan, B.N.; Palmer, C.M. Case report: Ketogenic diet acutely improves cognitive function in patient
with Down syndrome and Alzheimer’s disease. Front. Psychiatry 2023, 13, 1085512. [CrossRef]

Krikorian, R.; Shidler, M.D.; Dangelo, K.; Couch, S.C.; Benoit, S.C.; Clegg, D.J. Dietary ketosis enhances memory in mild cognitive
impairment. Neurobiol. Aging 2012, 33, 425.e19-425.e27. [CrossRef]

Krikorian, R.; Boespflug, E.L.; Dudley, J.A.; Norris, M.M.; Chu, W.-].; Summer, S.S.; Eliassen, J.C. Enhanced cerebral bioenergetics
with dietary ketosis in mild cognitive impairment. Nutr. Aging 2014, 2, 223-232. [CrossRef]

Devranis, P.; Vassilopoulou, E.; Tsironis, V.; Sotiriadis, PM.; Chourdakis, M.; Aivaliotis, M.; Tsolaki, M. Mediterranean Diet,
Ketogenic Diet or MIND Diet for Aging Populations with Cognitive Decline: A Systematic Review. Life 2023, 13, 173. [CrossRef]
Kumar, A.; Sharma, M.; Su, Y.; Singh, S.; Hsu, EC.; Neth, B.].; Register, T.C.; Blennow, K.; Zetterberg, H.; Craft, S.; et al. Small
extracellular vesicles in plasma reveal molecular effects of modified Mediterranean-ketogenic diet in participants with mild
cognitive impairment. Brain Commun. 2022, 4, fcac262. [CrossRef] [PubMed]

Kackley, M.L.; Brownlow, M.L.; Buga, A.; Crabtree, C.D.; Sapper, T.N.; O’Connor, A.; Volek, ].S. The effects of a 6-week controlled,
hypocaloric ketogenic diet, with and without exogenous ketone salts, on cognitive performance and mood states in overweight
and obese adults. Front. Neurosci. 2022, 16, 971144. [CrossRef]

Neth, B.J.; Mintz, A.; Whitlow, C.; Jung, Y.; Sai, S.K.; Register, T.C.; Kellar, D.; Lockhart, S.N.; Hoscheidt, S.; Maldjian, J.; et al.
Modified ketogenic diet is associated with improved cerebrospinal fluid biomarker profile, cerebral perfusion, and cerebral
ketone body uptake in older adults at risk for Alzheimer’s disease: A pilot study. Neurobiol. Aging 2020, 86, 54-63. [CrossRef]
[PubMed]

Kackley, M.L.; Buga, A.; Crabtree, C.D.; Sapper, T.N.; McElroy, C.A.; Focht, B.C.; Kraemer, W.].; Volek, ].S. Influence of Nutritional
Ketosis Achieved through Various Methods on Plasma Concentrations of Brain Derived Neurotropic Factor. Brain Sci. 2022,
12,1143. [CrossRef] [PubMed]

Henderson, L.R.; van den Berg, M.; Shaw, D.M. The effect of a 2 week ketogenic diet, versus a carbohydrate-based diet, on
cognitive performance, mood and subjective sleepiness during 36 h of extended wakefulness in military personnel: An exploratory
study. J. Sleep Res. 2023, 32, €13832. [CrossRef]


https://doi.org/10.1016/j.brainres.2017.10.009
https://doi.org/10.3389/fnagi.2022.998292
https://doi.org/10.1039/D1FO04087A
https://doi.org/10.1155/2022/3506213
https://www.ncbi.nlm.nih.gov/pubmed/36105302
https://www.ncbi.nlm.nih.gov/pubmed/27326359
https://doi.org/10.1016/j.physbeh.2011.04.001
https://doi.org/10.1016/j.neulet.2021.136443
https://doi.org/10.1038/s41386-021-01212-1
https://www.ncbi.nlm.nih.gov/pubmed/34703011
https://doi.org/10.4172/2161-0460.1000450
https://doi.org/10.1186/s13195-021-00783-x
https://www.ncbi.nlm.nih.gov/pubmed/33622392
https://doi.org/10.1016/j.trci.2017.11.002
https://doi.org/10.3233/JAD-180995
https://doi.org/10.1016/j.ebiom.2019.08.032
https://doi.org/10.3389/fpsyt.2022.1085512
https://doi.org/10.1016/j.neurobiolaging.2010.10.006
https://doi.org/10.3233/NUA-140044
https://doi.org/10.3390/life13010173
https://doi.org/10.1093/braincomms/fcac262
https://www.ncbi.nlm.nih.gov/pubmed/36337342
https://doi.org/10.3389/fnins.2022.971144
https://doi.org/10.1016/j.neurobiolaging.2019.09.015
https://www.ncbi.nlm.nih.gov/pubmed/31757576
https://doi.org/10.3390/brainsci12091143
https://www.ncbi.nlm.nih.gov/pubmed/36138878
https://doi.org/10.1111/jsr.13832

Nutrients 2023, 15, 2270 20 of 22

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Krikorian, R.; Shidler, M.D.; Summer, S.S.; Sullivan, P.G.; Duker, A.P; Isaacson, R.S.; Espay, A.J. Nutritional Ketosis for Mild
Cognitive Impairment in Parkinson’s Disease: A Controlled Pilot Trial. Clin. Park. Relat. Disord. 2019, 1, 41-47. [CrossRef]
Phillips, M.C.; Murtagh, D.K.; Gilbertson, L.J.; Asztely, FJ.; Lynch, C.D. Low-fat versus ketogenic diet in Parkinson’s disease:
A pilot randomized controlled trial. Mov. Disord. 2018, 33, 1306-1314. [CrossRef]

Vanitallie, T.B.; Nonas, C.; Di Rocco, A.; Boyar, K.; Hyams, K.; Heymsfield, S.B. Treatment of Parkinson disease with diet-induced
hyperketonemia: A feasibility study. Neurology 2005, 64, 728-730. [CrossRef]

Koyuncu, H.; Fidan, V.; Toktas, H.; Binay, O.; Celik, H. Effect of ketogenic diet versus regular diet on voice quality of patients
with Parkinson’s disease. Acta Neurol. Belg. 2021, 121, 1729-1732. [CrossRef]

Tidman, M. Effects of a Ketogenic Diet on Symptoms, Biomarkers, Depression, and Anxiety in Parkinson’s Disease: A Case Study.
Cureus 2022, 14, €23684. [CrossRef]

Tidman, M.M.; White, D.; White, T. Effects of a low carbohydrate/healthy fat/ketogenic diet on biomarkers of health and
symptoms, anxiety and depression in Parkinson’s disease: A pilot study. Neurodegener. Dis. Manag. 2022, 12, 57-66. [CrossRef]
[PubMed]

Choi, I.Y.; Piccio, L.; Childress, P.; Bollman, B.; Ghosh, A.; Brandhorst, S.; Suarez, J.; Michalsen, A.; Cross, A.H.; Morgan, T.E,; et al.
A diet mimicking fasting promotes regeneration and reduces autoimmunity and multiple sclerosis symptoms. Cell Rep. 2016, 15,
2136-2146. [CrossRef] [PubMed]

Bock, M.; Karber, M.; Kuhn, H. Ketogenic diets attenuate cyclooxygenase and lipoxygenase gene expression in multiple sclerosis.
EBioMedicine 2018, 36, 293-303. [CrossRef]

Arthur, A.T.; Armati, PJ.; Bye, C.; Consortium, SM.G.; Heard, RN.; Stewart, G.J. Genes implicated in multiple sclerosis
pathogenesis from consilience of genotyping and expression profiles in relapse and remission. BMC Med. Genet. 2008, 9, 17.
[CrossRef]

Brenton, J.N.; Banwell, B.; Bergqvist, A.G.C.; Lehner-Gulotta, D.; Gampper, L.; Leytham, E.; Coleman, R.; Goldman, M.D. Pilot
study of a ketogenic diet in relapsing-remitting MS. Neurol. Neuroimmunol. Neuroinflamm. 2019, 6, e565. [CrossRef]

Brenton, J.N.; Lehner-Gulotta, D.; Woolbright, E.; Banwell, B.; Bergqvist, A.G.C.; Chen, S.; Coleman, R.; Conaway, M.;
Goldman, M.D. Phase II study of ketogenic diets in relapsing multiple sclerosis: Safety, tolerability, and potential clinical
benefits. . Neurol. Neurosurg. Psychiatry 2022, 93, 637-644. [CrossRef] [PubMed]

Cipryan, L.; Dostal, T.; Plews, D.J.; Hofmann, P; Laursen, P.B. Adiponectin/leptin ratio increases after a 12-week very low-
carbohydrate, high-fat diet, and exercise training in healthy individuals: A non-randomized, parallel design study. Nutr. Res.
2021, 87, 22-30. [CrossRef]

Bahr, L.S.; Bock, M.; Liebscher, D.; Bellmann-Strobl, J.; Franz, L.; Prii§, A.; Schumann, D.; Piper, S.K.; Kessler, C.S,;
Steckhan, N.; et al. Ketogenic diet and fasting diet as Nutritional Approaches in Multiple Sclerosis (NAMS): Protocol of a
randomized controlled study. Trials 2020, 21, 3. [CrossRef]

Evangeliou, A.; Vlachonikolis, I.; Mihailidou, H.; Spilioti, M.; Skarpalezou, A.; Makaronas, N.; Prokopiou, A.; Christodoulou, P;
Liapi-Adamidou, G.; Helidonis, E.; et al. Application of a ketogenic diet in children with autistic behavior: Pilot study. J. Child
Neurol. 2003, 18, 113-118. [CrossRef]

Lee, RW.Y,; Corley, M.].; Pang, A. Arakaki, G.; Abbott, L.; Nishimoto, M.; Miyamoto, R.; Lee, E.; Yamamoto, S.;
Maunakea, A K; et al. A modified ketogenic gluten-free diet with MCT improves behavior in children with autism spectrum
disorder. Physiol. Behav. 2018, 188, 205-211. [CrossRef]

El-Rashidy, O.; El-Baz, E; El-Gendy, Y.; Khalaf, R.; Reda, D.; Saad, K. Ketogenic diet versus gluten free casein free diet in autistic
children: A case-control study. Metab. Brain Dis. 2017, 32, 1935-1941. [CrossRef]

Herbert, M.R.; Buckley, J.A. Autism and dietary therapy. J. Child Neurol. 2013, 28, 975-982. [CrossRef] [PubMed]

Zarnowska, L; Chrapko, B.; Gwizda, G.; Nocun, A.; Mitosek-Szewczyk, K.; Gasior, M. Therapeutic use of carbohydrate-restricted
diets in an autistic child; a case report of clinical and 18FDG PET findings. Metab. Brain Dis. 2018, 33, 1187-1192. [CrossRef]
[PubMed]

Phillips, M.C.L.; McManus, E.J.; Brinkhuis, M.; Romero-Ferrando, B. Time-Restricted Ketogenic Diet in Huntington’s Disease:
A Case Study. Front. Behav. Neurosci. 2022, 16, 931636. [CrossRef] [PubMed]

Calabrese, L.; Scolnick, B.; Zupec-Kania, B.; Beckwith, C.; Costello, K.; Frank, G.K.W. Ketogenic diet and ketamine infusion
treatment to target chronic persistent eating disorder psychopathology in anorexia nervosa: A pilot study. Eat. Weight Disord.
2022, 27,3751-3757. [CrossRef]

Scolnick, B.; Zupec-Kania, B.; Calabrese, L.; Aoki, C.; Hildebrandt, T. Remissions from chronic anorexia nervosa with ketogenic
diet and ketamine: Case report. Front. Psychiatry 2020, 11, 763. [CrossRef]

Carmen, M.; Safer, D.L.; Saslow, L.R.; Kalayjian, T.; Mason, A.E.; Westman, E.C.; Dalai, S.S. Treating binge eating and food
addiction symptoms with low-carbohydrate Ketogenic diets: A case series. J. Eat. Disord. 2020, 8, 2. [CrossRef]

Rostanzo, E.; Marchetti, M.; Casini, I.; Aloisi, A.M. Very-Low-Calorie Ketogenic Diet: A Potential Treatment for Binge Eating and
Food Addiction Symptoms in Women. A Pilot Study. Int. ]. Environ. Res. Public Health 2021, 18, 12802. [CrossRef]
Cerneli¢-Bizjak, M.; Kenig, S.; Petelin, A.; Jenko-Praznikar, Z.; Mohorko, N. Link between emotional and external eating behaviors,
peripheral neuropeptide Y, and B-hydroxybutyrate in participants with obesity on 12-week ketogenic diet. Nutr. Health 2023,
in press. [CrossRef]


https://doi.org/10.1016/j.prdoa.2019.07.006
https://doi.org/10.1002/mds.27390
https://doi.org/10.1212/01.WNL.0000152046.11390.45
https://doi.org/10.1007/s13760-020-01486-0
https://doi.org/10.7759/cureus.23684
https://doi.org/10.2217/nmt-2021-0033
https://www.ncbi.nlm.nih.gov/pubmed/35179078
https://doi.org/10.1016/j.celrep.2016.05.009
https://www.ncbi.nlm.nih.gov/pubmed/27239035
https://doi.org/10.1016/j.ebiom.2018.08.057
https://doi.org/10.1186/1471-2350-9-17
https://doi.org/10.1212/NXI.0000000000000565
https://doi.org/10.1136/jnnp-2022-329074
https://www.ncbi.nlm.nih.gov/pubmed/35418509
https://doi.org/10.1016/j.nutres.2020.12.012
https://doi.org/10.1186/s13063-019-3928-9
https://doi.org/10.1177/08830738030180020501
https://doi.org/10.1016/j.physbeh.2018.02.006
https://doi.org/10.1007/s11011-017-0088-z
https://doi.org/10.1177/0883073813488668
https://www.ncbi.nlm.nih.gov/pubmed/23666039
https://doi.org/10.1007/s11011-018-0219-1
https://www.ncbi.nlm.nih.gov/pubmed/29644487
https://doi.org/10.3389/fnbeh.2022.931636
https://www.ncbi.nlm.nih.gov/pubmed/35967897
https://doi.org/10.1007/s40519-022-01455-x
https://doi.org/10.3389/fpsyt.2020.00763
https://doi.org/10.1186/s40337-020-0278-7
https://doi.org/10.3390/ijerph182312802
https://doi.org/10.1177/02601060231154464

Nutrients 2023, 15, 2270 21 of 22

90.

91.
92.
93.
94.
95.
96.
97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Mohorko, N.; Cernelié-Bizjak, M.; Poklar-Vatovec, T.; Grom, G.; Kenig, S.; Petelin, A.; Jenko-PraZnikar, Z. Weight loss, improved
physical performance, cognitive function, eating behavior, and metabolic profile in a 12-week ketogenic diet in obese adults. Nutr.
Res. 2019, 62, 64-77. [CrossRef]

Schrag, A.; Bohlken, J.; Dammertz, L.; Teipel, S.; Hermann, W.; Akmatov, M.K,; Bétzing, J.; Holstiege, ]. Widening the Spectrum of
Risk Factors, Comorbidities, and Prodromal Features of Parkinson Disease. JAMA Neurol. 2023, 80, 161-171. [CrossRef] [PubMed]
Sudershan, A.; Younis, M.; Sudershan, S.; Kumar, P. Migraine as an inflammatory disorder with microglial activation as a prime
candidate. Neurol. Res. 2023, 45, 200-215. [CrossRef] [PubMed]

de Aradjo, C.M.; Barbosa, I.G.; Lemos, S.M.A.; Domingues, R.B.; Teixeira, A.L. Cognitive impairment in migraine: A systematic
review. Dement. Neuropsychol. 2012, 6, 74-79. [CrossRef] [PubMed]

Gu, L.; Wang, Y.; Shu, H. Association between migraine and cognitive impairment. |. Headache Pain 2022, 23, 88. [CrossRef]
Vuralli, D.; Ayata, C.; Bolay, H. Cognitive dysfunction and migraine. J. Headache Pain 2018, 19, 109. [CrossRef]

Lovati, C.; d’Alessandro, C.M.; Ventura, S.D.; Muzio, F.; Pantoni, L. Ketogenic diet in refractory migraine: Possible efficacy and
role of ketone bodies-a pilot experience. Neurol. Sci. 2022, 43, 6479-6485. [CrossRef]

Bongiovanni, D.; Benedetto, C.; Corvisieri, S.; Del Favero, C.; Orlandi, E; Allais, G.; Sinigaglia, S.; Fadda, M. Effectiveness of
ketogenic diet in treatment of patients with refractory chronic migraine. Neurol. Sci. 2021, 42, 3865-3870. [CrossRef]

Di Lorenzo, C.; Pinto, A ; Ienca, R.; Coppola, G.; Sirianni, G.; Di Lorenzo, G.; Parisi, V.; Serrao, M.; Spagnoli, A.; Vestri, A.; etal. A
Randomized Double-Blind, Cross-Over Trial of very Low-Calorie Diet in Overweight Migraine Patients: A Possible Role for
Ketones? Nutrients 2019, 11, 1742. [CrossRef]

Haslam, R.L.; Bezzina, A.; Herbert, J.; Spratt, N.; Rollo, M.E.; Collins, C.E. Can Ketogenic Diet Therapy Improve Migraine
Frequency, Severity and Duration? Healthcare 2021, 9, 1105. [CrossRef]

Kossoff, E.; Huffman, J.; Turner, Z.; Gladstein, J. Use of the modified Atkins diet for adolescents with chronic daily headache.
Cephalalgia 2010, 30, 1014-1016. [CrossRef]

Danan, A.; Westman, E.C.; Saslow, L.R.; Ede, G. The Ketogenic Diet for Refractory Mental Illness: A Retrospective Analysis of 31
Inpatients. Front. Psychiatry 2022, 13, 951376. [CrossRef] [PubMed]

Cox, N.; Gibas, S.; Salisbury, M.; Gomer, ].; Gibas, K. Ketogenic diets potentially reverse Type II diabetes and ameliorate clinical
depression: A case study. Diabetes Metab. Syndr. 2019, 13, 1475-1479. [CrossRef] [PubMed]

Phelps, ].R.; Siemers, S.V.; El-Mallakh, R.S. The ketogenic diet for type II bipolar disorder. Neurocase 2013, 19, 423-426. [CrossRef]
[PubMed]

Campbell, L.H.; Campbell, H. Ketosis and bipolar disorder: Controlled analytic study of online reports. BJPsych. Open 2019, 5, e58.
[CrossRef] [PubMed]

Pacheco, A.; Easterling, W.S.; Pryer, M.W. A pilot study of the ketogenic diet in schizophrenia. Am. ]. Psychiatry 1965, 121,
1110-1111. [CrossRef]

Kraft, B.D.; Westman, E.C. Schizophrenia, gluten, and low-carbohydrate, ketogenic diets: A case report and review of the
literature. Nutr. Metab. 2009, 6, 10. [CrossRef]

Sarnyai, Z.; Palmer, C.M. Ketogenic therapy in serious mental illness: Emerging evidence. Int. ]. Neuropsychopharmacol. 2020, 23,
434-439. [CrossRef]

Palmer, C.M.; Gilbert-Jaramillo, J.; Westman, E.C. The ketogenic diet and remission of psychotic symptoms in schizophrenia: Two
case studies. Schizophr. Res. 2019, 208, 439-440. [CrossRef]

Wriodarczyk, A.; Cubata, W.J.; Stawicki, M. Ketogenic diet for depression: A potential dietary regimen to maintain euthymia?
Prog. Neuropsychopharmacol. Biol. Psychiatry 2021, 109, 110257. [CrossRef]

IJff, D.M.; Postulart, D.; Lambrechts, D.A.J.E.; Majoie, M.H.].M.; de Kinderen, R.J.A.; Hendriksenm, ].G.M.; Evers, SM.A.A;
Aldenkamp, A.P. Cognitive and behavioral impact of the ketogenic diet in children and adolescents with refractory epilepsy:
A randomized controlled trial. Epilepsy Behav. 2016, 60, 153-157. [CrossRef]

Sun, Y.; Chen, H.; Bai, Y.; Zhang, T.; Bai, W.; Jiang, B. Ketogenic diet may be a new approach to treatment stress urinary
incontinence in obese elderly women: Report of five cases. BMC Womens Health 2022, 22, 402. [CrossRef] [PubMed]
Dominguez, L.J.; Barbagallo, M. Nutritional prevention of cognitive decline and dementia. Acta Biomed. Atenei Parm. 2018, 89,
276-290. [CrossRef]

Harvey, C.; Schofield, G.M.; Williden, M.; McQuillan, J.A. The effect of medium chain triglycerides on time to nutritional ketosis
and symptoms of keto-induction in healthy adults: A randomised controlled clinical trial. . Nutr. Metab. 2018, 2018, 2630565.
[CrossRef]

Tolar, M.; Abushakra, S.; Sabbagh, M. The path forward in Alzheimer’s disease therapeutics: Reevaluating the amyloid cascade
hypothesis. Alzheimers Dement. 2020, 16, 1553-1560. [CrossRef]

Lin, A.; Turner, Z.; Doerrer, S.C.; Stanfield, A.; Kossoff, E.H. Complications during ketogenic diet initiation: Prevalence, treatment,
and influence on seizure outcomes. Pediatr. Neurol. 2017, 68, 35-39. [CrossRef] [PubMed]

Taylor, M.K,; Swerdlow, R.H.; Burns, ].M.; Sullivan, D.K. An experimental ketogenic diet for Alzheimer disease was nutritionally
dense and rich in vegetables and avocado. Curr. Dev. Nutr. 2019, 3, nzz003. [CrossRef] [PubMed]

Wriodarek, D. Role of ketogenic diets in neurodegenerative diseases (Alzheimer’s disease and Parkinson’s disease). Nutrients
2019, 11, 169. [CrossRef]


https://doi.org/10.1016/j.nutres.2018.11.007
https://doi.org/10.1001/jamaneurol.2022.3902
https://www.ncbi.nlm.nih.gov/pubmed/36342675
https://doi.org/10.1080/01616412.2022.2129774
https://www.ncbi.nlm.nih.gov/pubmed/36197286
https://doi.org/10.1590/S1980-57642012DN06020002
https://www.ncbi.nlm.nih.gov/pubmed/29213777
https://doi.org/10.1186/s10194-022-01462-4
https://doi.org/10.1186/s10194-018-0933-4
https://doi.org/10.1007/s10072-022-06311-5
https://doi.org/10.1007/s10072-021-05078-5
https://doi.org/10.3390/nu11081742
https://doi.org/10.3390/healthcare9091105
https://doi.org/10.1111/j.1468-2982.2009.02016.x
https://doi.org/10.3389/fpsyt.2022.951376
https://www.ncbi.nlm.nih.gov/pubmed/35873236
https://doi.org/10.1016/j.dsx.2019.01.055
https://www.ncbi.nlm.nih.gov/pubmed/31336509
https://doi.org/10.1080/13554794.2012.690421
https://www.ncbi.nlm.nih.gov/pubmed/23030231
https://doi.org/10.1192/bjo.2019.49
https://www.ncbi.nlm.nih.gov/pubmed/31530294
https://doi.org/10.1176/ajp.121.11.1110
https://doi.org/10.1186/1743-7075-6-10
https://doi.org/10.1093/ijnp/pyaa036
https://doi.org/10.1016/j.schres.2019.03.019
https://doi.org/10.1016/j.pnpbp.2021.110257
https://doi.org/10.1016/j.yebeh.2016.04.033
https://doi.org/10.1186/s12905-022-01987-5
https://www.ncbi.nlm.nih.gov/pubmed/36195868
https://doi.org/10.23750/abm.v89i2.7401
https://doi.org/10.1155/2018/2630565
https://doi.org/10.1016/j.jalz.2019.09.075
https://doi.org/10.1016/j.pediatrneurol.2017.01.007
https://www.ncbi.nlm.nih.gov/pubmed/28188074
https://doi.org/10.1093/cdn/nzz003
https://www.ncbi.nlm.nih.gov/pubmed/30931426
https://doi.org/10.3390/nu11010169

Nutrients 2023, 15, 2270 22 of 22

118. Paoli, A.; Bosco, G.; Camporesi, E.M.; Mangar, D. Ketosis, ketogenic diet and food intake control: A complex relationship. Front.
Psychol. 2015, 6, 27. [CrossRef]
119. Stubbs, B.J. On the metabolism of exogenous ketones in humans. Front. Physiol. 2017, 8, 848. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3389/fpsyg.2015.00027
https://doi.org/10.3389/fphys.2017.00848

	Introduction 
	Methods 
	Results and Discussion 
	Basic Research: In Vivo and In Vitro Studies Highlighting the Most Important Molecular Mechanisms of KD against Neurodegenerative and Psychiatric Diseases Development and Progression 
	Clinical Studies Evaluating the Potential Beneficial Impacts of KD Intervention in the Treatment and Management of Neurodegenerative and Psychiatric Diseases 
	Alzheimer’s Disease 
	Cognitive Impairment 
	Parkinson’s Disease 
	Multiple Sclerosis 
	Autism Spectrum Disorder 
	Huntington’s Disease 
	Eating Disorders 
	Migraine 
	Psychiatric Pathological Conditions 
	Stress-Related Pathologies 


	Conclusions 
	References

