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Abstract: Huntington’s disease (HD), a rare autosomal dominant neurodegenerative disease, causes
the gradual deterioration of neurons in the basal ganglia, specifically in the striatum. HD displays a
wide range of symptoms, from motor disturbances such as chorea, dystonia, and bradykinesia to more
debilitating symptoms such as cognitive decline, behavioral abnormalities, and psychiatric
disturbances. Current research suggests the potential use of dietary interventions as viable strategies
for slowing the progression of HD. Most notably, the Mediterranean, vegan, carnivore, paleo, and
ketogenic diets have gained attention due to their hypothesized impact on neuroprotection and
symptomatic modulation in various neurodegenerative disorders. Despite substantial nutritional
differences among these diets, they share a fundamental premise—that dietary factors have an
influential impact in modifying pertinent biological pathways linked to neurodegeneration.
Understanding the intricate interactions between these dietary regimens and HD pathogenesis could
open avenues for personalized interventions tailored to the individual’s specific needs and genetic
background. Ultimately, elucidating the multifaceted effects of these diets on HD offers a promising
framework for developing comprehensive therapeutic approaches that integrate dietary strategies with
conventional treatments.
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1. Introduction

Huntington’s disease (HD) is a rare autosomal dominant neurodegenerative disorder that causes
neurons in the basal ganglia, particularly in the striatum, to gradually break down and die [1].
Impairment of mitochondrial function, heightened oxidative stress, and increased neuronal
excitotoxicity are all probable factors that contribute to the demise of striatal cells observed in this
particular inherited disorder [2]. HD stems from a mutation within the huntingtin (HTT) gene on
chromosome 4p, which is responsible for encoding the huntingtin (HTT) protein. This mutation results
in an abnormal trinucleotide repeat expansion of cytosine, adenine, and guanine (CAG) in the HTT
gene, causing an abnormally long polyglutamine (polyQ) expansion in the HTT protein, thereby
exceeding the typical number of 10-35 repetitions [3]. The extent of the expansion correlates with the
severity of the disease, where higher counts of CAG repetitions accelerate the onset of symptoms [1].
Manifestations of HD encompass motor irregularities such as chorea, dystonia, and bradykinesia,
alongside cognitive decline, behavioral irregularities, and psychiatric disturbances [4]. As the search
for effective treatments continues, emerging research suggests that dietary interventions might offer
promising avenues to manage the progression of HD. Among these dietary regimens, the
Mediterranean, vegan, carnivore, paleo, and ketogenic diets have garnered attention for their potential
impact on neuroprotection and symptom modulation in various neurodegenerative conditions.

The Mediterranean diet, renowned for its emphasis on fruits, vegetables, whole grains, olive oil,
and moderate consumption of fish and poultry, stands out for its proposed neuroprotective properties
due to its rich array of antioxidants and anti-inflammatory compounds [5]. Conversely, the vegan diet,
which is entirely plant-based and devoid of animal products, has gained recognition for its to reduce
oxidative stress and inflammation, which are factors implicated in the progression of
neurodegenerative diseases like HD [6]. In stark contrast, the carnivore diet, characterized by an
exclusive consumption of animal-derived foods, challenges conventional nutritional wisdom, though
it merits examination for its radical departure from conventional dietary norms and its potential effects
on neuroinflammation and metabolic pathways [7]. Meanwhile, the paleo diet, inspired by the
presumed dietary habits of our Paleolithic ancestors, focuses on lean meats, fish, fruits, vegetables,
nuts, and seeds, aiming to optimize an individual’s health by avoiding processed foods and grains [8].
Lastly, the ketogenic diet, characterized by a high fat and low carbohydrate intake, has shown promise
in various neurological conditions due to its ability to induce ketosis, thus altering the brain’s
metabolism and potentially offering neuroprotective effects in HD [9].

While these diets significantly diverge in their nutritional compositions, they share an underlying
premise—that dietary factors play a crucial role in modulating biological pathways relevant to
neurodegeneration. This review aims to elucidate their potential mechanisms of action, the
comparative effectiveness, and implications for clinical practice by comprehensively examining the
current body of literature surrounding each diet’s impact on HD. Understanding the nuanced effects
of these diets on HD could provide valuable insights into strategies that manage this complex
neurological disorder.
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2. Review
2.1. Mediterranean Diet

The Mediterranean diet (MedD) is mainly characterized by the intake of fish and olive oil as the
primary source of monounsaturated fats, as well as plant foods such as fruits, nuts, legumes, and
cereals [10]. Additionally, it involves a limited intake of red meat, poultry, and dairy products, and is
widely recognized for its health benefits due to its protective effects against various chronic
diseases [10]. The protective effects of this diet, specifically through antioxidants like flavonoids, can
combat free radical damage by reducing the concentration of reactive oxygen species like a-tocopherol
radicals, activating antioxidant enzymes, and inhibiting certain oxidases such as xanthine oxidase,
cyclooxygenase, lipoxygenase, and phosphoinositide 3-kinase [11]. Thus, integrating nutritional
interventions such as the Mediterranean diet may either delay the onset or slow down the progression
of neurodegenerative diseases such as HD.

MedD’s potential to function as a neuroprotective agent against HD is due to its increased
antioxidant effect and its ability to reduce inflammation. Olive oil, a major component of this diet, has
been previously shown to be neuroprotective against oxidative stress by reducing the production of
nitric oxide [12]. Moreover, in a study that investigated the efficacy of extra-virgin olive oil (EVOO)
as a brain antioxidant that combated oxidative stress induced by 3-nitropropionic acid (3NP), the
findings indicated that EVOO could mitigate the impact of free radicals triggered by 3NP [13]. In this
study, 3NP was intraperitoneally injected into Wistar rats for four days to induce HD-like symptoms,
which resulted in increased lipid peroxides levels and reduced glutathione content. However, upon
administration of EVOO and hydroxytyrosol for 14 days, results showed a reduction in the lipid
peroxidation product levels and a decrease in glutathione depletion in both the striatum and the rest of
the brain [13]. This suggests that EVOO, which is found in MedD’s, serves as a potent antioxidant
against neurodegenerative diseases.

In addition, MedD’s include a high consumption of sea fish such as mackerel or salmon on a
regular basis. Sea fish has been identified to be a reliable source of both eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA), which are both not synthesized by human enzymes and must
therefore be consumed via diet [14]. Although its exact mechanism is unknown, ethyl-EPA can
improve neuronal dysfunction and stabilize mitochondrial integrity, and its supplementation may be
beneficial for those diagnosed with HD [15]. In a 2005 animal study, Van Raamsdonk et al. examined
the efficacy of ethyl-EPA treatment in a yeast artificial chromosome 128 (YAC128) mouse model of
HD [16]. They reported that oral supplementation of ethyl-EPA to symptomatic mice resulted in a
significant improvement of motor dysfunction. However, there was no observed improvement in the
neurodegeneration of the YAC128 mouse model. Furthermore, a 2005 double-blind, randomized,
placebo-controlled clinical trial did not show ethyl-EPA as an effective treatment for HD patients. In
this study, a total of 135 HD patients were randomly assigned to either the treatment group (2 g/d ethyl-
EPA) or the placebo group to test the efficacy of ethyl-EPA in attenuating HD symptoms. Despite the
study outcome, an exploratory analysis revealed that a significantly higher number of participants in
the ethyl-EPA treatment group displayed either a stable or an improved motor function [17].
Additionally, in a 2013 prospective cohort study, Marder et al. reported that MedD’s were not
associated with HD phenoconversion but observed that the high intake of dairy products had a two-
fold increased risk in phenoconversion [18]. They noted that participants with a lower adherence to a
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MedD were correlated with an expanded CAG repeat length (CAG > 37) and were marginally
associated with risk for phenoconversion, which may suggest that the MedD diet can be a diet
modification that can hinder the worsening of HD symptoms.

As a nutritional intervention for HD, the Mediterranean diet warrants further investigation as
several studies have demonstrated conflicting evidence with HD onset, its severity, and its association
with MedD consumption. In a 2009 randomized, controlled trial of ethyl-eicosapentaenoic acid in
patients with HD, it was shown that the treatment was not beneficial during the 6 months of placebo-
controlled evaluation of 316 HD patients [19]. There were no differences identified in the assessments
of function, cognition, and global impression in the ethyl-EPA assignment group as compared to the
participants in the placebo group. The six-month treatment duration might be insufficient to expect
significant changes in the context of a dietary intervention [19]. Thus, new studies in the field are
needed to validate the association between the consumption of certain diets such as the Mediterranean
diet, with its nutritional components, and the symptom severity of HD.

2.2. Vegan Diet

The vegan diet omits all foods that come from animal sources and from animal by-products. There
are several different forms of veganism that exist; however, all forms of veganism do not allow for the
consumption of any form of meat or products that come from animal sources [20]. Despite this strict
adherence to avoiding meat and food derived from animals, the Academy of Nutrition and Dietetics
has stated that planned vegan diets are healthful, nutritionally adequate, and may even provide health
benefits for the prevention and treatment of certain diseases [21]. A typical vegan diet often consists
of a high intake of vegetables, fruits, whole grains, legumes, soy products, nuts, and seeds, all of which
are rich in fibers and phytochemicals. Additionally, a vegan diet often consists of a low intake of
saturated fats, which leads to the production of lower total and low-density lipoprotein (LDL)
cholesterol levels and an improved serum glucose control [21]. However, despite the benefits of a
vegan diet, it is critical for vegans to have a reliable source of vitamin B-12, such as through the intake
of supplements [21]. Despite the fact that research is still being conducted to discover the exact
mechanism through which a vegan diet reduces chronic disease, several meta-analysis studies have
linked the foods consumed in a vegan diet with a reduction in chronic disease development [21]. A
meta-analysis by Helmer et al. showed that a 200-g/d increase in fruit and vegetable consumption was
associated with a 16% lower risk of stroke, an 8% lower risk of cardiovascular disease (CVD), a 3%
lower risk of total cancer, and a 10% lower risk of all-cause mortality [22]. Furthermore, there was a
strong dose-response relationship between consuming whole-grains and reduced total and cause-
specific mortalities [22]. Additionally, there was an association between the legume intake and a lower
risk of ischemic heart disease [22]. Taking all of these factors of a vegan diet together contributes to
the reduction of chronic disease development, which is evident amongst individuals on a vegan diet.

One of the primary advantages of a vegan diet is that it produces an abundant number of
antioxidants, which can effectively help combat any harm that is caused to cells through oxidative
stress [23]. Antioxidants function by donating electrons to disrupt the chain reaction of oxidation
reactions that can cause cellular damage [24]. Specifically, with a vegan diet, vitamins C and E,
polyphenols, and carotenoids all significantly contribute as diverse antioxidants that can
synergistically collaborate to combat the development of reactive oxygen species (ROS) that arise
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within cells. A vegan diet can significantly improve the health of mitochondria in cells where a large
number of antioxidants are produced, thereby decreasing oxidative stress [23,24].

Compelling data has shown that oxidative stress plays a critical role in the pathogenesis of
neurodegenerative diseases such as HD, which is caused by a polyglutamine expansion in the H
protein [25]. It has been shown that the mutant HTT (mHTT) proteins serve as a significant source of
ROS due to the significant number of oxidized proteins in partially purified aggregates of mHTT
proteins [26]. The large number of antioxidants produced from a vegan diet can serve to help reduce a
significant amount of the oxidative stress caused by the mHTT proteins that are implicated in the
pathogenesis of HD. Furthermore, HD has been linked to an increase in inflammatory markers such as
interleukin-6 (IL-6), interleukin-10 (IL-10), C-reactive protein (CRP), C3, interferon-y (IFN-y),
interleukin-1 (IL-1), interleukin-2 (IL-2), interleukin-8 (IL-8), and tumor necrosis factor-a
(TNF-a)) [27]. Since a vegan diet often consists of a high number of plant-based foods, these have been
shown to significantly reduce the levels of CRP in individuals compared to other diets [28]. The other
inflammatory markers are not significantly reduced in a vegan diet.

A considerable amount of evidence points to the fact that a vegan diet can help reduce ROS and
improve the overall health of a cell by helping mitigate cell damage. However, despite these promising
findings, further research is needed to fully determine the relationship between a vegan diet and HD.
There is encouraging evidence that a vegan diet does decrease inflammation overall, which is often
used as a biomarker to diagnose HD. However, further research is needed to fully determine the true
impact a vegan diet has on the onset of HD.

2.3. Carnivore Diet

The carnivore diet shares a similar macromolecule composition as the ketogenic diet, with a
minimal intake of carbohydrates. It differs slightly through the high consumption of animal products
and saturated fats; however, a recent 2020 study has suggested that adequate essential nutrients can be
obtained through this diet [29]. As a result, the low carbohydrate content stimulates the production of
ketone bodies, which can be used as an alternative energy source for neuron and muscle cells. Ketosis
has been shown to increase Peroxisome proliferator-activated receptor-y-coactivator-1a (PGC-1a) and
mitochondrial remodeling, thus theoretically mitigating the mitochondrial decline in HD [30].
However, the carnivore diet, and other extreme implementations of the ketogenic diet by extension,
typically include little to no plant-based foods. Of the plant-based foods, non-starchy vegetables are
not only an important consideration for micronutrient intake and prebiotic health that is needed for
energy metabolism, but also for the downstream effects of fiber breakdown products by the gut
microbiome. Short-chain fatty acids that are produced support both ketogenic and mitochondrial
cellular functions [31,32]. In addition, ketones provide neuroprotection at the mitochondrial level via
decreasing the number of free radicals and have been demonstrated to be neuroprotective in several
neurodegenerative disorders such as Parkinson’s, Alzheimer’s, and Amyotrophic Lateral Sclerosis
(ALS) [33]. Therefore, the lack of such nutrients may not be the most optimal in mitigating the effects
of HD.

Mitochondrial function has been increasingly implicated in the pathogenesis of HD, with PGC-
la, neuron mitochondria number and stability, and complexes I, I, III, and IV of the mitochondrial
electron transport chain being decreased and/or defective. The electron chain complexes are speculated
to affect the basal ganglia specifically. The decreased mitochondrial function leads to an energy
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shortage that negatively impacts metabolically active cells, especially neuron and muscle
cells [34-36]. Interestingly, other trinucleotide repeat expansion diseases share a common mechanism
of mitochondrial impairment towards their pathogenesis [34].

Decreased lifespans in degenerative diseases, such as HD, have been implicated in response to
the lowered consumption of fruit, vegetables, nuts, seeds, and whole grains. However, it is also
connected with high sodium consumption levels [37]. In addition, increased appetite and weight loss
is also associated with the pathogenesis of HD; thus, dietary intake has increasingly been investigated
for HD patients [38]). Increased caloric intake in patients is associated with an increased chance of
containing a greater number of CAG repeats (>37), a greater risk for disease development, and an
earlier onset of HD. This may be as a compensatory mechanism to maintain body weight and energy
homeostasis in the early stages of the disease [18,39].

HD in mice and humans is associated with urea cycle deficiencies, which are characterized by
increased blood citrulline and ammonia levels. In mice studies, a low protein diet has been shown to
have beneficial effects by reducing hyperammonemia and resulting in improved urea cycle function,
which ultimately led to improved motor skills [40]. In humans, Chen et al. investigated the effect of a
high dietary protein intake, accounting for 26.3% of total calories over for six days, which did not
exacerbate the urea cycle dysfunction observed in HD patients [38]. HD patients have a relatively high
prevalence of low carnitine plasma levels, and carnitine supplementation demonstrated motor,
cognitive, and behavioral improvements [41]. It is found in several animal products, is a lipid
metabolism regulator that assists in beta-oxidation for energy production, and functions as an
antioxidant. Therefore, the carnivore diet may serve to ameliorate motor pathway symptoms via an
increased carnitine intake [42].

Animal products, particularly fatty fish, contain high amounts of omega-3 fatty acids (FAs). Meat
contains significantly less omega-3 FAs, though white meat contains even less than red meat. Grass-
fed meat contains a higher concentration of omega-3 than concentrate-fed counterparts and may serve
as a suitable alternative for essential FA intake with the carnivore diet [43,44]. The two predominant
omega-3 FAs, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), have recently been
discovered to produce lipid mediators named resolvins and neuroprotectins, respectively. These
compounds decrease inflammation and oxidative stress and most noticeably exert its effects in the
central nervous system. As neurodegeneration is an inflammatory process, there has been increased
interest in exploring these compounds for their role in neuroprotection [15]. As HD is characterized
by a disrupted lipid metabolism and insulin resistance, additional benefits of EPA and DHA for HD
patients are their ability to downregulate lipid synthesis, increase mitochondrial turnover, and increase
beta-oxidation [45]. Additionally, these lipid metabolism effects provide a reduced risk for CVD,
which is a leading cause of death in HD patients, thus providing a potential improvement in clinical
outcomes [15,45]. The carnivore diet’s minimal carbohydrate, ketogenesis, and omega-3 fatty acid
consumption have been shown to modulate neuroprotection and mitochondrial function in vivo and in
vitro, and thus should be investigated for its direct effects on HD pathogenesis.

2.4. Paleo Diet

The Paleolithic diet, better known as the Paleo diet, emulates the dietary patterns of ancient
hunter-gatherer societies, particularly in the Paleolithic Era. The primary components of this diet are
its exclusion of excess carbohydrates and an emphasis on lean meats and fish alongside the addition
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of seeds, nuts, and select vegetables that were common in this era [46]. In the modern implementation
of the Paleo diet, there is a hallmark exclusion of dairy products, refined fats, excess sugars, and
processed foods, which emulates the conditions faced by ancestral humans in the Paleolithic era [46].
It is thought that the adoption of the Paleo diet hinges on the notion that shifts in human dietary habits
might have contributed to an increase in chronic conditions stemming from nutritional deficiencies.
Consequently, some proponents suggest that the Paleo diet could potentially serve as a mitigating
factor in the onset or progression of such chronic conditions through the exclusion of highly processed
foods that can promote inflammation [47].

Within the context of HD, the Paleolithic diet can offer some beneficial effects by removing
certain dietary components that may exacerbate the disease, most notably gluten [48]. The
accumulation of misfolded huntingtin proteins in the brain is a classic feature of HD. Inflammatory
responses to gluten can lead to an increase in tissue transglutaminase (TTG), which is a calcium-
dependent ubiquitous enzyme that catalyzes the posttranslational modifications of proteins and is
released from cells during inflammation [48]. One of the posttranslational modifications associated
with TTG is the creation of bonds between amino acids such as glutamine. The expanded
polyglutamine that is encoded by the CAG repeats could be a potential target of TTG activity, which
could suggest a potential increase in the accumulation of misfolded huntingtin protein [49]. While this
link may point towards a potential slowing of the disease, the effectiveness of dietary changes and the
role of TTG in HD progression still requires further study.

HD has also been associated with increased inflammatory biomarkers, particularly IL-6 and IL-
10, compared to other inflammatory markers (i.e., CRP, C3, IFN-y, IL-1, IL-2, IL-8, and TNF-0) as
indicated in a meta-analysis conducted by [27]. While the exact reason behind increased IL-6 levels is
not fully known, it is significantly increased through all stages of disease progression and has the
potential to be used as a biomarker for HD [50]. The Paleolithic diet has been shown to decrease levels
of serum IL-6 in postmenopausal women, which could point toward another potential link between the
diet and HD [53]. The exact mechanism behind this decrease needs additional study; however, certain
nutrients such as omega-3 within the diet help contribute to an overall reduction in inflammation,
which can potentially include IL-6. Omega-3 FA is one such nutrient, since the paleo diet is rich in
fish and lean meats that contain omega-3s [51]. In normal cells, oxidized linoleic acids (omega-6),
which are found in seed oils, can activate Nuclear Factor-Kappa Beta (NF-kB). NF-kB is a
transcription factor that can promote inflammation and has been linked with increased IL-6
levels [51,52]. Consumption of omega-3 along with a reduction of seed oil consumption in the Paleo
diet can help stabilize the omega-6/omega-3 ratio, which can reduce the inflammation caused by
linoleic acids, which in turn can potentially decrease IL-6 levels [54]. However, further studies need
to be conducted on HD patients to determine whether the Paleo diet has these effects on IL-6 levels in
HD patients and whether decreased IL-6 levels have a significant impact on the pathogenesis of
HD [50].

2.5. Ketogenic Diet

The ketogenic diet, commonly known as the keto diet, is primarily characterized by a high intake
of fat, a moderate consumption of protein, and a very low carbohydrate intake. This ratio is crucial to
reach ketosis in order for carbohydrates to reach extremely low levels, thus forcing the body to use fat
metabolism byproducts such as ketones in the liver as an alternative source of energy [55]. High levels
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of ketones can be maintained by continuously depriving the body of carbohydrates, thus allowing
ketones to be used as an energy source by organs such as the brain without altering the blood pH [56].
This diet is different from “low-carbohydrate” diets as this specifically limits carbohydrates into less
than 50 grams as compared to 130 grams per day [55]. In addition, a restricted carbohydrate diet is not
sufficient to induce ketosis, since a higher intake of fats and proteins are needed to replace
carbohydrates as a primary fuel source.

By restricting the caloric intake, the ketogenic diet may exhibit neuroprotective effects by
enhancing mitochondrial functions, thus leading to a decrease in the production of ROS and an increase
in the energy output [58]. This results in a reduction of inflammatory and pro-apoptotic activities,
along with elevated levels of neuroprotective factors generated by ketone bodies, specifically [-
hydroxybutyrate, which is capable of protecting neurons in culture against defects in mitochondrial
energy production, as observed in both Alzheimer’s disease and Parkinson’s disease [58,59]. The
ketogenic diet has been shown to provide neuroprotective effects against several neurological diseases
such as refractory epilepsy, Parkinson’s disease, Alzheimer’s disease, and traumatic brain injury,
specifically in rodent models in which ketogenic diet implementation was able to reduce seizures in
the mice by increasing the activation of adenosine A1 receptors [58, 60]. In a 2011 mouse model study
conducted by Ruskin et al., transgenic mouse models of HD who were fed a ketogenic diet did not
experience adverse effects in locomotor activity, coordination, and their working memory [59]. There
were no significant changes in their lifespans; however, it is crucial to note that their weight loss was
delayed. A common presentation of HD is progressive weight loss, and a slower progression of the
disease has been linked with a high body weight; thus, it is crucial for HD patients to maintain their
weight [61]. In the mouse model study, ketogenic diet intervention showed a delay in body weight loss
in the mice models, even though this diet is widely known to result in weight loss [60]. Thus, the
ketogenic diet was able to confer these benefits without exerting any negative effects on locomotor
activity and memory.

Interestingly, a 2022 case study on a 41-year-old patient with progressive, deteriorating HD,
revealed that management with a time-restricted ketogenic diet led to improvements in their motor
symptoms, their daily living activities, their HD-related behavioral problems, and their mood-related
quality of life [61]. It is worthy to note that there was a 52% improvement in the motor symptoms
within this case study using the Unified HD Rating Scale (UHDRS®) Total Motor Score. Phillips et
al. believed that this was the first documented case of incorporating either fasting or a ketogenic diet
that resulted in improved motor symptoms in a hyperkinetic movement disorder [61]. They compared
this change with tetrabenazine, which was the only available treatment indicated for chorea associated
with HD, which improved baseline chorea by 23.5% with many adverse side effects, thus limiting its
clinical use [61]. Moreover, the case study is also unique in that it led to a 50% to 100% improvement
in terms of behavioral problems related to apathy, disorientation, anger, and irritability [61]. While
these results were specific to a particular patient, the findings are promising, thus highlighting the
necessity for additional research on metabolic strategies in HD.

As with any nutrition modification, adverse reactions must be considered. The current literature
regarding the relationship between the ketogenic diet, insulin resistance, and nonalcoholic fatty liver
disease (NAFLD) is complex and varies among individuals. However, the ketogenic diet has been
associated with insulin resistance, NAFLD, and an increased risk of type 2 diabetes in rodents,
although it was reported that these side effects were temporary [62]. Moreover, there is a lack of
research on the effects of the ketogenic diet in HD; thus, further studies are warranted, especially in
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determining the long-term effects of the ketogenic diet on the symptoms and the course of this
neurodegenerative disease.

3. Conclusion

HD is a complex autosomal dominant genetic disease, in which effective treatments are still
subjects of ongoing research. Recent studies have shown that diet has a potential role to play in
reducing the progression of HD. These diets have been shown to have a slight alleviating effect on the
pathogenesis of several other neurological disorders such as ALS, dementia, Parkinson’s, and
Alzheimer’s. This review examined several popular dietary patterns and their possible effects on the
onset or progression of HD. Although these diets varied in terms of their macromolecule composition,
they may have similarities in their neuroprotective effects due to the anti-inflammatory or antioxidant
properties of these diets and how they could help reduce these stress factors in the pathogenesis of HD.
It should be noted that the potential benefits of each diet and their composition were varied based on
the different studies that were included in this review. Some of the variables that could alter the
outcome of these diets included lifestyle, genetic susceptibility, and the environment, along with the
interactions between these different variables. Determining the beneficial or harmful mechanisms of
certain foods can elicit a better understanding of the pathogenesis of HD and how these foods can
affect the progression of the disease. The limitations of this study are the significant heterogeneity of
the studies examined. There is currently no standardized approach to evaluate dietary impact and
control for the variables that can impact each study’s results. Due to various views regarding the
benefits of these diets within the literature, future studies on the topic should be conducted through
randomized controlled trials (RCTs) with relevant patient populations and standardized techniques to
properly evaluate the effects of these diets discussed in this study on HD.

Conflict of interest
The authors declare no conflict of interest.
References

1. Reiner A, Dragatsis I, Dietrich P (2011) Genetics and neuropathology of Huntington's disease. Int
Rev Neurobiol 98: 325-72. https://doi.org/10.1016/B978-0-12-381328-2.00014-6

2. Jakel RJ, Maragos WF (2000) Neuronal cell death in Huntington's disease: a potential role for
dopamine. Trends Neurosci 23(6): 239—45. https://doi.org/10.1016/S0166-2236(00)01568-X

3. Finkbeiner S (2011) Huntington's Disease. Cold Spring Harb Perspect Biol 3(6): a007476.
https://doi.org/10.1101/cshperspect.a007476

4. Paoli RA, Botturi A, Ciammola A, et al. (2017) Neuropsychiatric Burden in Huntington's Disease.
Brain Sci 7(6): 67. https://doi.org/10.3390/brainsci7060067

5. Tsigalou C, Konstantinidis T, Paraschaki A, et al. (2020) Mediterranean Diet as a Tool to Combat
Inflammation and Chronic Diseases. An Overview. Biomedicines 8(7): 201.
https://doi.org/10.3390/biomedicines8070201

6. Glick-Bauer M, Yeh MC (2014) The health advantage of a vegan diet: exploring the gut microbiota
connection. Nutrients 6(11): 4822-38. https://doi.org/10.3390/nu6114822

AIMS Neuroscience Volume 11, Issue 2, 63-75.



72

7. Lennerz BS, Mey JT, Henn OH, et al. (2021) Behavioral Characteristics and Self-Reported Health
Status among 2029 Adults Consuming a "Carnivore Diet". Curr Dev Nutr 5(12): nzabl33.
https://doi.org/10.1093/cdn/nzab133

8. Fraczek B, Picta A, Burda A, et al. (2021) Paleolithic Diet-Effect on the Health Status and
Performance of Athletes? Nutrients 13(3): 1019. https://doi.org/10.3390/nu13031019

9. Pietrzak D, Kasperek K, Rgkawek P, et al. (2022) The Therapeutic Role of Ketogenic Diet in
Neurological Disorders. Nutrients 14(9): 1952. https://doi.org/10.3390/nu14091952

10. Wtodarek D (2019) Role of Ketogenic Diets in Neurodegenerative Diseases (Alzheimer’s Disease
and Parkinson’s Disease). Nutrients 11(1):169. https://doi.org/10.3390/nul 1010169

11. Shen N, Wang T, Gan Q, et al. (2022) Plant flavonoids: Classification, distribution, biosynthesis,
and antioxidant activity. Food Chem 383: 132531.
https://doi.org/10.1016/j.foodchem.2022.132531

12. De Paola M, Sestito SE, Mariani A, et al. (2016) Synthetic and natural small molecule TLR4
antagonists inhibit motoneuron death in cultures from ALS mouse model. Pharmacol Res 103:
180—187. https://doi.org/10.1016/j.phrs.2015.11.020

13. Tasset I, Pontes AJ, Hinojosa AJ, et al. (2011) Olive oil reduces oxidative damage in a 3-
nitropropionic acid-induced Huntington’s disease-like rat model. Nutr Neurosci 14(3): 106-111.
https://doi.org/10.1179/1476830511Y.0000000005

14. Siriwardhana N, Kalupahana NS, Moustaid-Moussa N (2012) Health Benefits of n-3
Polyunsaturated Fatty Acids: Eicosapentaenoic Acid and Docosahexaenoic Acid. In: Advances in
Food and Nutrition Research 65: 211-222. https://doi.org/10.1016/B978-0-12-416003-3.00013-5

15. Block RC, Dorsey ER, Beck CA, et al. (2010) Altered cholesterol and fatty acid metabolism in
Huntington disease. J Clin Lipidol 4(1): 17-23. https://doi.org/10.1016/j.jacl.2009.11.003

16. Van Raamsdonk JM, Pearson J, Rogers DA, et al. (2005) Ethyl-EPA treatment improves motor
dysfunction, but not neurodegeneration in the YAC128 mouse model of Huntington disease. Exp
Neurol 196(2): 266-272. https://doi.org/10.1016/j.expneurol.2005.07.021

17. Puri BK, Leavitt BR, Hayden MR, et al. (2005) Ethyl-EPA in Huntington disease: a double-blind,
randomized, placebo-controlled trial. Neurology 65(2): 286-292.
https://doi.org/10.1212/01.wnl.0000169025.09670.6d

18. Marder K, Gu Y, Eberly S, et al. (2013) Relationship of Mediterranean diet and caloric intake to
phenoconversion in  Huntington  disease. =~ JAMA  Neurol  70(11):  1382-1388.
https://doi.org/10.1001/jamaneurol.2013.3487

19. Huntington Study Group TREND-HD Investigators (2008) Randomized controlled trial of ethyl-
eicosapentaenoic acid in Huntington disease: the TREND-HD study. Arch Neurol 65(12): 1582—
15809. https://doi.org/10.1001/archneur.65.12.1582

20. Siegelmann-Danieli N, Buetow KH (1999) Constitutional genetic variation at the human aromatase
gene (Cypl9) and breast cancer risk. Br J Cancer 79(3-4). 456-463.
https://doi.org/10.1038/sj.bjc.6690071

21. Melina V, Craig W, Levin S (2016) Position of the Academy of Nutrition and Dietetics: Vegetarian
Diets. J Acad Nutr Diet 116(12): 1970—1980. https://doi.org/10.1016/j.jand.2016.09.025

22. Hemler EC, Hu FB (2019) Plant-Based Diets for Personal, Population, and Planetary Health. Adv
Nutr 10(Suppl_4): S275-S283. https://doi.org/10.1093/advances/nmy117

AIMS Neuroscience Volume 11, Issue 2, 63-75.



73

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Luszczki E, Boakye F, Zielinska M, et al. (2023) Vegan diet: nutritional components,
implementation, and effects on adults’ health. Front Nutr 10: 1294497.
https://doi.org/10.3389/fnhut.2023.1294497

Murphy MP (2009) How mitochondria produce reactive oxygen species. Biochem J 417(1): 1-13.
https://doi.org/10.1042/BJ20081386

Manoharan S, Guillemin GJ, Abiramasundari RS, et al. (2016) The Role of Reactive Oxygen
Species in the Pathogenesis of Alzheimer’s Disease, Parkinson’s Disease, and Huntington’s
Disease: A Mini  Review. Oxid  Med  Cell Longev  2016: 8590578.
https://doi.org/10.1155/2016/8590578

Rotblat B, Southwell AL, Ehrnhoefer DE, et al. (2014) HACE]1 reduces oxidative stress and mutant
Huntingtin toxicity by promoting the NRF2 response. Proc Natl Acad Sci USA 111(8): 3032—-3037.
https://doi.org/10.1073/pnas.1314421111

Soltani Khaboushan A, Moeinafshar A, Ersi MH, et al. (2023) Circulating levels of inflammatory
biomarkers in Huntington’s disease: A systematic review and meta-analysis. J Neuroimmunol 385:
578243. https://doi.org/10.1016/j.jneuroim.2023.578243

Kawada S, Yamashita Y, Ochiai K, et al. (1995) Terpentecin and ECT4B, new family of
topoisomerase II targeting antitumor antibiotics produced by Streptomyces: producing organism,
fermentation and large scale purification. J Antibiot (Tokyo) 48(3): 211-216.
https://doi.org/10.7164/antibiotics.48.211

O’Hearn A (2020) Can a carnivore diet provide all essential nutrients? Curr Opin Endocrinol
Diabetes Obes 27(5): 312-316. https://doi.org/10.1097/MED.0000000000000576

Miller VJ, Villamena FA, Volek JS (2018) Nutritional ketosis and mitohormesis: Potential
implications for mitochondrial function and human health. J Nutr Metab 2018: 1-27.
https://doi.org/10.1155/2018/5157645

Crawford PA, Crowley JR, Sambandam N, et al. (2009) Regulation of myocardial ketone body
metabolism by the gut microbiota during nutrient deprivation. Proc Natl Acad Sci U S A 106(27):
11276-11281. https://doi.org/10.1073/pnas.0902366106

Besten G, van Eunen K, Groen AK, et al. (2013) The role of short-chain fatty acids in the interplay
between diet, gut microbiota, and host energy metabolism. J Lipid Res 54(9): 2325-2340.
https://doi.org/10.1194/j1r.R036012

Ansari U, Wen J, Taguinod I, et al. (2023) Exploring dietary approaches in the prevention and
management of Amyotrophic Lateral Sclerosis: A literature review. AIMS Neurosci 10(4): 376—
387. https://doi.org/10.3934/Neuroscience.2023028

Kim J, Moody JP, Edgerly CK, et al. (2010) Mitochondrial loss, dysfunction and altered dynamics
in Huntington’s disease. Hum Mol Genet 19(20): 3919-3935. https://doi.org/10.1093/hmg/ddq306
Oliveira JMA (2010) Nature and cause of mitochondrial dysfunction in Huntington’s disease:
focusing on  huntingtin  and the striatum. J  Newrochem  114(1): 1-12.
https://doi.org/10.1111/j.1471-4159.2010.06741.x

Phillips MCL, McManus EJ, Brinkhuis M, et al. (2022) Time-restricted ketogenic diet in
Huntington’s disease: A case study. Front Behav Neurosci 16.
https://doi.org/10.3389/fnbeh.2022.931636

Di Renzo L, Gualtieri P, De Lorenzo A (2021) Diet, nutrition and chronic degenerative diseases.
Nutrients 13(4): 1372. https://doi.org/10.3390/nul13041372

AIMS Neuroscience Volume 11, Issue 2, 63-75.



74

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Chen CM, Lin YS, Wu YR, et al. (2015) High protein diet and Huntington’s disease. PLoS One
10(5): e0127654. https://doi.org/10.1371/journal.pone.0127654

Marder K, Zhao H, Eberly S, et al. (2009) Dietary intake in adults at risk for Huntington disease:
Analysis of PHAROS  Research  Participants.  Neurology  73(5):  385-392.
https://doi.org/10.1212/WNL.0b013e3181b04aa2

Chiang MC, Chen HM, Lee YH, et al. (2007) Dysregulation of C/EBPa by mutant Huntingtin
causes the urea cycle deficiency in Huntington’s disease. Hum Mol Genet 16(5): 483—498.
https://doi.org/10.1093/hmg/ddl481

Cuturic M, Abramson RK, Moran RR, et al. (2013) Serum carnitine levels and levocarnitine
supplementation in institutionalized Huntington’s disease patients. Neurol Sci 34(1): 93-98.
https://doi.org/10.1007/s10072-012-0952-x

Carnitine. Nih.gov. Accessed December 25, 2023. https://ods.od.nih.gov/factsheets/Carnitine-
HealthProfessional

McAfee AJ, McSorley EM, Cuskelly GJ, et al. (2011) Red meat from animals offered a grass diet
increases plasma and plateletn-3 PUFA in healthy consumers. Br J Nutr 105(1): 80-89.
https://doi.org/10.1017/S0007114510003090

Ponnampalam EN, Hopkins DL, Jacobs JL () 2018Increasing omega-3 levels in meat from
ruminants  under  pasture-based  systems. Rev  Sci  Tech 37(1): 57-170.
https://doi.org/10.20506/rst.37.1.2740

Solberg OK, Filkukova P, Frich JC, et al. (2018) Age at death and causes of death in patients with
Huntington disease in Norway in 1986-2015. J Huntingtons Dis 7(1): 77-86.
https://doi.org/10.3233/JHD-170270

Fraczek B, Pigta A, Burda A, et al. (2021) Paleolithic Diet-Effect on the Health Status and
Performance of Athletes? Nutrients 13(3): 1019. https://doi.org/10.3390/nu13031019

Singh A, Singh D (2023) The Paleolithic Diet. Cureus 15(1): e34214.
https://doi.org/10.7759/cureus.34214

Di Sabatino A, Vanoli A, Giuffrida P, et al. (2012) The function of tissue transglutaminase in celiac
disease. Autoimmun Rev 11(10): 746—753. https://doi.org/10.1016/j.autrev.2012.01.007
Hadjivassiliou M, Williamson CA, Woodroofe N (2004) The immunology of gluten sensitivity:
beyond the gut. Trends Immunol 25(11): 578-582. https://doi.org/10.1016/.1t.2004.08.011

Eide S, Misztal M, Feng ZP (2023) Interleukin-6 as a marker of Huntington’s disease progression:
Systematic review and meta-analysis. Brain Behav Immun Health 30: 100635.
https://doi.org/10.1016/j.bbih.2023.100635

Swanson D, Block R, Mousa SA (2012) Omega-3 fatty acids EPA and DHA: health benefits
throughout life. Adv Nutr 3(1): 1-7. https://doi.org/10.3945/an.111.000893

Yang H, Qi H, Ren J, et al. (2014) Involvement of NF-kB/IL-6 Pathway in the Processing of
Colorectal  Carcinogenesis in  Colitis Mice. [Int J Inflam  2014:  130981.
https://doi.org/10.1155/2014/130981

Blomquist C, Alvehus M, Burén J, et al. (2017) Attenuated Low-Grade Inflammation Following
Long-Term Dietary Intervention in Postmenopausal Women with Obesity. Obesity (Silver Spring)
25(5): 892-900. https://doi.org/10.1002/0by.21815

DiNicolantonio JJ, O’Keefe J (2021) The Importance of Maintaining a Low Omega-6/Omega-3
Ratio for Reducing the Risk of Autoimmune Diseases, Asthma, and Allergies. Mo Med 118(5):
453-459. https://doi.org/10.1136/openhrt-2018-000946

AIMS Neuroscience Volume 11, Issue 2, 63-75.



75

55. Crosby L, Davis B, Joshi S, et al. (2021) Ketogenic Diets and Chronic Disease: Weighing the
Benefits Against the Risks. Front Nutr 8: 702802. https://doi.org/10.3389/fhut.2021.702802

56. Masood W, Annamaraju P, Khan Suheb MZ, et al. (2023) Ketogenic Diet. StatPearls Publishing.

57. Masino SA, Li T, Theofilas P, et al. (2011) A ketogenic diet suppresses seizures in mice through
adenosine A1l receptors. J Clin Invest 121(7): 2679-2683. https://doi.org/10.1172/JCI57813

58. Yang H, Shan W, Zhu F, et al. (2019) Ketone Bodies in Neurological Diseases: Focus on
Neuroprotection and Underlying Mechanisms. Front  Neurol 10: 585.
https://doi.org/10.3389/fneur.2019.00585

59. Ruskin DN, Ross JL, Kawamura M, et al. (2011) A ketogenic diet delays weight loss and does not
impair working memory or motor function in the R6/2 1J mouse model of Huntington’s disease.
Physiol Behav 103(5): 501-507. https://doi.org/10.1016/j.physbeh.2011.04.001

60. Myers RH, Sax DS, Koroshetz WJ, et al. (1991) Factors Associated With Slow Progression in
Huntington’s Disease. Arch Neurol 48(8): 800-804.
https://doi.org/10.1001/archneur.1991.00530200036015

61. Phillips MCL, McManus EJ, Brinkhuis M, et al. (2022) Time-Restricted Ketogenic Diet in
Huntington’s  Disease: A  Case Study. Front Behav  Neurosci 16: 931636.
https://doi.org/10.3389/fnbeh.2022.931636

62. Kosinski C, Jornayvaz FR (2017) Effects of Ketogenic Diets on Cardiovascular Risk Factors:
Evidence from Animal and Human Studies. Nutrients 9(5): 517.
https://doi.org/10.3390/nu9050517

© 2024 the Author(s), licensee AIMS Press. This is an open access

ATMS ATMS Press article distributed under the terms of the Creative Commons
S Attribution License (http://creativecommons.org/licenses/by/4.0)

AIMS Neuroscience Volume 11, Issue 2, 63-75.



