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Abstract

Epilepsy is a chronic neurological disorder characterized by a persistent tendency for the brain
to generate seizures, affecting approximately 0.5-1% of the global population. Despite
advances in pharmacological treatments and surgical interventions, around 30% of individuals
with epilepsy continue to experience seizures, leading to significant impacts on quality of life.
Among these individuals, many suffer from drug-resistant epilepsy (DRE), where seizures
persist despite optimal drug therapy or surgical interventions.

In recent years, the ketogenic diet (KD)—a high-fat, low-carbohydrate dietary regimen—has
emerged as an effective non-pharmacological strategy for managing DRE. The KD works by
inducing ketosis, a metabolic state where the body uses fat as the primary energy source
instead of carbohydrates, which has been associated with neuroprotective effects and
significant seizure reduction. Variants of the KD, such as the Modified Atkins Diet (MAD)
and Low Glycemic Index Treatment (LGIT), offer less restrictive alternatives that have shown
similar efficacy in reducing seizure frequency.

This review explores the cellular and molecular mechanisms of the KD, evaluates its safety
and tolerability across different age groups, and assesses its efficacy in treating epilepsy,
particularly DRE. The findings underscore the potential of personalized dietary interventions
to serve as effective adjunctive therapies in the management of epilepsy, offering new hope

for individuals who do not respond to conventional treatments.

Introduction
Epilepsy stands as a chronic and debilitating neurological disorder marked by the enduring

predisposition of the brain to generate seizures—a condition affecting a global populace with



a prevalence rate of 0.5-1% and a lifetime incidence of 1-3% (1). Despite advancements in
pharmacological treatments and surgical interventions, approximately 30% of individuals
living with epilepsy continue to suffer from seizures throughout their lives, underscoring a
substantial impact on both societal and global health scales. Among these individuals, a
significant proportion is categorized under the umbrella of drug-resistant epilepsy (DRE)—a
condition wherein seizures persist in spite of the administration of optimal drug therapy or
after surgical interventions have been attempted (2).

In recent years, the ketogenic diet (KD)—a high-fat, low-carbohydrate regimen—has
emerged as an efficacious non-pharmacological strategy for managing DRE. Endorsed by
accumulating clinical data, KD and its variations, including the modified Atkins diet, have
demonstrated considerable potential in mitigating epileptogenesis through the biochemical
cascade triggered by physiological ketosis. Furthermore, these dietary manipulations have
proven both safe and tolerable across diverse demographic groups, including both pediatric
and adult populations (3)(1).

The ketogenic diet operates on the premise of inducing a state of ketosis, where the body
utilizes fat as the primary energy source instead of carbohydrates. This metabolic shift has
been credited with neuroprotective properties, presenting a viable therapeutic avenue for
individuals struggling with epilepsy. Given the pressing need to address the limitations of
current therapeutic strategies and the rising prevalence of DRE, a comprehensive exploration
of dietary interventions offers a promising adjunctive therapeutic pathway.

This paper aims to better understand how diets, especially the ketogenic diet, could change
the way epilepsy is treated. By looking at how these diets work at the cellular level, checking
their safety for different age groups, and seeing how effective they are, the goal is to develop

more personalized dietary treatments.

Classic ketogenic diet (KD)

The classical ketogenic diet is a rigorous, carefully calculated, high-fat, low-carbohydrate diet
that has been used effectively in the treatment of epilepsy and other neurological disorders. Its
principle hinges on inducing a physiological state of ketosis, where the body transitions from
utilizing glucose as its primary energy source to burning fats, leading to the production of
ketones. The diet's efficacy in controlling seizures has been well-documented across various
studies, highlighting its benefits especially for those with drug-resistant epilepsy. One variant

of the ketogenic diet, known as the classical ketogenic diet, maintains a strict 4:1 ratio of fats



to carbohydrates and proteins. This regimen has shown promise in reducing seizure frequency
and improving the quality of life for patients with pharmacoresistant epilepsy,
notwithstanding concerns regarding potential long-term cardiovascular risks owing to its
high-fat content (4).

Despite its challenges and strict dietary restrictions, the classical ketogenic diet, alongside
other variants like the modified Atkins diet and medium-chain triglyceride ketogenic diet,
provides a viable alternative to traditional seizure medications, particularly for pediatric
populations and, with growing evidence, for adults as well (5)(6). Long-term adherence to this
diet has been associated with significant control over seizures, although it poses certain risks
such as slowed growth, kidney stones, and potential cardiovascular impacts requiring careful
monitoring (7). The diet's implementation requires meticulous planning and monitoring by
healthcare professionals to mitigate adverse effects and ensure patient safety, thereby

improving compliance and maintaining its therapeutic efficacy (1).

Modified Atkins Diet (MAD)

The Modified Atkins Diet (MAD) is a less restrictive variant of the classical ketogenic diet,
designed to induce ketosis through a high-fat, low-carbohydrate regimen, offering an
alternative therapeutic option for managing epilepsy in both children and adults. Unlike the
classical ketogenic diet that requires a strict ratio of fats to carbohydrates and protein, MAD
allows for a more flexible eating plan, emphasizing fat intake while limiting carbohydrates to
a set amount per day without strict calorie or fluid intake restrictions (8)(9). This approach has
gained popularity due to its efficacy in seizure control and its improved palatability and
tolerability compared to more restrictive diets (10).

MAD has demonstrated significant efficacy in reducing seizure frequency, with various
studies reporting substantial reductions in adult and adolescent populations (10). Its
implementation has shown that it can be a successful management strategy for drug-resistant
epilepsy, with fewer side effects and potential health benefits beyond seizure control, such as
weight management and improved metabolic profiles (8). Despite its benefits, successful
application of MAD, similar to other ketogenic dietary therapies, requires careful planning
and monitoring to mitigate potential side effects and ensure dietary adherence and

effectiveness (1)(11).

Low glycemic index treatment (LGIT)



Low Glycemic Index Treatment (LGIT) is a dietary approach specifically designed for
managing epilepsy, characterized by the consumption of foods that have a low glycemic index
(GI). This method focuses on controlling seizures by modulating blood glucose levels and
promoting a mild state of ketosis, without the strict fat-to-carbohydrate ratios inherent in the
classical ketogenic diet or the Modified Atkins Diet. LGIT encourages the intake of
carbohydrates that result in a slower and more gradual increase in blood glucose levels,
thereby potentially reducing the frequency of epileptic seizures. Although LGIT is less
restrictive and may offer a more palatable and feasible option for long-term adherence, it
maintains the principle of limiting glucose intake to influence the metabolic changes
associated with seizure control (4).

The efficacy and tolerability of LGIT have been explored in various studies, suggesting that
this diet can be a beneficial alternative therapy for patients with drug-resistant epilepsy,
including both children and adults. Research has demonstrated that LGIT can lead to
significant reductions in seizure frequency, with the advantage of being associated with
milder side effects compared to more restrictive ketogenic diets (12)(2). Given its emphasis
on low-GI foods, LGIT may also present a more manageable and sustainable diet for patients
with intractable epilepsy, promoting better long-term compliance while optimizing seizure

control (1).

Medium-chain triglyceride diet (MCTD)

The Medium-Chain Triglyceride (MCT) diet is a specialized form of ketogenic diet therapy
that emphasizes the consumption of fats in the medium-chain triglyceride form, rather than
the long-chain fats predominantly found in typical diets. This approach allows for a greater
proportion of carbohydrates and proteins than traditional ketogenic diets while still
maintaining the body in a state of ketosis, where it burns fat for energy instead of
carbohydrates. The MCT diet's distinct advantage lies in the metabolism of medium-chain
triglycerides, which are rapidly absorbed and metabolized by the liver, leading to efficient
ketone production. This can be especially beneficial in managing epilepsy, offering an
alternative for those who may find the restrictions of classical ketogenic diets challenging to
maintain over time.

While the MCT diet has been primarily considered in pediatric epilepsy management, recent
research and interest have expanded its application to adults, recognizing its potential benefits

in managing drug-resistant seizures and other neurological conditions. The efficacy of the



MCT diet, along with patient compliance rates, has been encouraging, indicating that it can
offer a promising complementary therapy for intractable epilepsy in adults, potentially with
fewer dietary restrictions and more flexibility than classical ketogenic or Atkins diets (6) (13).
However, adherence to such dietary therapies remains a challenge, underscoring the need for
effective support and educational strategies to help patients and their families navigate the
treatment (14). Moreover, the specialized nature of dietary treatment for epilepsy, including
the MCT diet, requires strong motivation from patients, relatives, and careful follow-up from

healthcare providers to ensure success and mitigate potential adverse effects (15).

Pathophysiology of the ketogenic diet and epilepsy

The pathophysiology of the ketogenic diet (KD) in epilepsy involves multiple complex
mechanisms, reflecting its multifaceted impact on the brain's function and energy metabolism.
The core principle of the KD, a high-fat and low-carbohydrate regimen, induces a state of
ketosis, where ketone bodies become the primary source of energy instead of glucose,
mimicking the metabolic effects of fasting on the brain. This metabolic shift is thought to
enhance mitochondrial function and energy production, potentially stabilizing neuronal
membranes and reducing neuronal excitability (1).

Furthermore, the diet's influence extends to altering the expression and function of
neurotransmitters, such as gamma-aminobutyric acid (GABA) and glutamate, which are
critical in the regulation of neuronal excitability. The ketogenic state is believed to increase
the synthesis of GABA, a major inhibitory neurotransmitter in the brain, thereby exerting an
antiepileptic effect through the suppression of neural overactivity (4).

The efficacy of KD in reducing seizures has been well documented across various age groups,
seizure types, and epilepsy syndromes, with studies reporting significant seizure reduction and
even seizure freedom in some cases. Meta-analyses and randomized controlled trials have
highlighted the diet's effectiveness, revealing that patients on KD show a higher likelihood of
achieving more than a 50% reduction in seizure frequency compared to those discontinuing
the diet (16)(17).

While the precise mechanisms through which KD exerts its antiepileptic effects remain
incompletely understood, the diet's impact on enhancing brain energy metabolism, altering
neurotransmitter levels, and modulating neuroinflammation are considered key factors.

Despite its proven efficacy, the KD's restrictiveness, potential side effects, and the need for



close medical supervision limit its widespread use, with patient compliance playing a crucial

role in its clinical effectiveness (18).

Indications for the use of the ketogenic diet in epilepsies

The utility of the ketogenic diet (KD) as a treatment modality spans a growing array of
indications in the realm of epilepsies, particularly for those forms resistant to pharmacological
treatments. Initially devised as a means to mimic the metabolic state of fasting, KD has re-
emerged as a vital intervention for managing drug-resistant epilepsy in both children and
adults, demonstrating success in reducing the frequency and severity of seizures (19). Even
more, considerations have expanded towards the feasibility and safety of this dietary approach
in mitigating acute status epilepticus when conventional antiseizure medications or anesthetic
agents prove ineffective.

Scientific inquiries have elucidated the KD's effects across different versions and ratios in
managing epilepsy, underscoring its adaptability and potential for tailored treatment strategies
(20). Whether for children or adults, the diet's adjustment to individual needs—be it through
classical formulations or less restrictive variants—emphasizes the significance of patient-
centric interventions to enhance efficacy and tolerability (21).

The underpinning mechanisms, ranging from impacts on neurotransmission and neuro-
inflammation to modulation of oxidative stress, align with the positive outcomes observed in
seizure control and cognitive benefits. This underlies the KD’s application not only in
epilepsy management but also its exploratory use in other neurological disorders, accentuating

a neuroprotective profile that could transcend traditional seizure-related outcomes (22).

Clinical efficacy in the treatment of epilepsy

The clinical efficacy of the ketogenic diet (KD) in treating epilepsy has been well-
documented across multiple research studies, showcasing its significant impact in reducing
seizure frequencies in both pediatric and adult populations dealing with drug-resistant
epilepsy. The KD, characterized by its high-fat and low-carbohydrate composition, is

designed to mimic the metabolic state of fasting, leading to a reduction in seizure occurrences



through various proposed mechanisms including alterations in neurotransmitter levels and
energy metabolism optimization (1)(22).

Clinical trials and studies have indicated that the adoption of KD and its variants, such as the
modified Atkins diet (MAD) and the classical ketogenic diet (cKD), can result in substantial
improvements in seizure control. This has been evidenced by reductions in weekly seizure
rates and improved tolerability among patients with pharmacoresistant epilepsy (4)(23)(24).
Interestingly, the implementation of KD therapies has also been linked to potential
cardiometabolic benefits, further suggesting a multifaceted impact beyond seizure control.
Despite concerns regarding the diet's high-fat content, the assessment of lipid profiles and
other biomarkers in adults has generally showcased a manageable risk profile, underpinning

the importance of careful monitoring and adjustments to maximise efficacy and safety (4).

Ketogenic Diet Therapies for Drug-Resistant Epilepsy

Ketogenic diet therapies (KDT) are increasingly recognized as effective treatment options for
patients with drug-resistant epilepsy, offering potential benefits across diverse age groups and
epilepsy types. For adult patients with pharmacoresistant epilepsy, the ketogenic diet (KD)
stands out as a promising treatment alternative. Characterized by high fat and low
carbohydrate content, KD aims to induce a state of ketosis, mimicking the metabolic effects
of fasting, which has been associated with a reduction in seizure frequency. This therapeutic
approach encompasses various diet formulations such as the classical KD, modified Atkins
diet (MAD), medium-chain triglycerides KD, and low glycemic index KD, each tailored to
enhance patient compliance and minimize side effects (4). However, the implementation of
KD in adults presents unique challenges, including poor dietary adherence and concerns about
potential cardiometabolic risks due to its high-fat content.

Furthermore, evidence from the literature suggests that while both KD and MAD have shown
efficacy in reducing seizure frequency in adults with refractory epilepsy, these dietary
interventions often face barriers to long-term adherence. Despite the potential for significant
seizure reduction, many patients discontinue the diet due to its restrictive nature and the
complexity of dietary management (25)(26). The feasibility and willingness of patients to
participate in randomized control trials (RCTs) for KD further illustrate the need for tailored
approaches that consider dietary preferences, potential side effects, and individual patient

needs (26).



Despite these challenges, the effectiveness of KD in reducing episodes of seizures in patients
with refractory epilepsy cannot be overlooked. Systematic reviews and clinical trials have
provided evidence supporting its use, particularly when comparing the classical ketogenic diet
to other dietary approaches like the medium-chain triglyceride diet and the gradual
modification of KD ratios (27). It's imperative that future research addresses the limitations
associated with KD, exploring strategies to improve compliance, minimize side effects, and

ultimately increase the number of patients who can benefit from this dietary therapy (28).

Ketogenic Diet Therapies for status epilepticus and neurological disorders

The ketogenic diet (KD), a high-fat, low-carbohydrate regimen, has broadened its scope of
efficacy beyond treating drug-resistant epilepsy to include a variety of adult neurological
disorders. Originally developed for seizure management, KD therapies have evolved over the
past century, with significant clinical trials conducted in the last three decades highlighting
their role in both pediatric and adult epilepsy, as well as in the management of acute status
epilepticus (SE) in critical care settings (29). Moreover, KD's therapeutic potential has been
expanding, showing promise in managing adult epilepsy, adult malignant glioma, Alzheimer’s
disease, migraines, motor neuron diseases, and other neurological conditions, attributed to its
effects on neurotransmission, oxidative stress, and neuroinflammation (22)(30).

The effectiveness of KD in acute management of SE, a medical emergency characterized by
prolonged seizures, reflects a significant advancement, offering a safe and potential
therapeutic option when standard antiseizure medications fail. Systematic reviews have
underscored KD's safety and efficacy, with an 82% success rate in ceasing SE among
observed patients, though these findings necessitate further validation through rigorous
controlled trials due to inherent study limitations (31). Beyond epilepsy, the role of KD in
cases of refractory status epilepticus (RSE) reveals its capacity to not only reduce seizure
frequency significantly but also to allow tapering of antiepileptic drugs and mechanical
ventilation withdrawal, despite associated adverse events such as aspiration pneumonia and

hypertriglyceridemia (32).

Ketogenic diet in the treatment of various diseases
The ketogenic diet (KD) has been extensively studied for its effectiveness in treating various

conditions, demonstrating a broad spectrum of responses among different populations. For



instance, KD and its variants, such as the modified Atkins diet (MAD), have established roles
in managing drug-resistant epilepsy, showing potential in reducing seizure frequency and
improving the quality of life in both pediatric and adult populations (1)(3). Beyond epilepsy,
KD has also been investigated for its impacts on psychiatric comorbidities in adults with
epilepsy, where a longer duration on the diet correlated with fewer symptoms of anxiety and
depression, signifying a positive psychiatric effect (33). Moreover, various forms of KD,
including MAD and medium-chain triglyceride (MCT) diets, show promise in treating central
nervous system diseases beyond epilepsy, such as Alzheimer's and Parkinson's disease, with
reported improvements in memory and motor functions (34).

However, not all responses to KD are beneficial or universally effective. The diet's adherence
is challenged by its restrictiveness and potential side effects, which could influence its long-
term sustainability and user compliance. Furthermore, while evidence suggests improvements
in conditions such as Type 2 diabetes and nonmotor Parkinson's symptoms, inconsistencies
and the need for further research highlight a gap in understanding the full extent of KD's
applicability (35).

Short- and long-term adverse events

The ketogenic diet (KD), a high-fat, low-carbohydrate diet, has been historically used for the
treatment of refractory epilepsy in children and adults. While it is effective in reducing seizure
frequency and achieving seizure freedom in certain patient populations, its adoption comes
with potential short- and long-term adverse events. Studies examining the modified Atkins
diet (MAD), a variant of the KD, reported constipation (17%), lethargy (11%), and anorexia
(12%) as common short-term adverse events among patients with drug-resistant epilepsy (36).
In terms of long-term compliance and adverse effects, implementation among adults has
shown significant challenges, including increased LDL cholesterol levels, which may pose a
cardiovascular risk (37). In a prospective open-label pilot study, common adverse effects
included gastrointestinal symptoms like nausea, vomiting, diarrhea, constipation, and
significant weight loss (38). Despite these setbacks, patient adherence varied, and a
substantial proportion of subjects experienced a notable reduction in seizure frequency,

indicating a balance between efficacy and the manageable nature of most adverse effects (38).

Deaths, retention rates and reasons for stopping the ketogenic diet
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The ketogenic diet (KD), utilized in managing drug-resistant epilepsy, presents with
variability in retention rates and reasons for discontinuation, though specific data on deaths
directly attributed to the KD remain scant within the selected literature. Verrotti et al. (2020)
provide an overview of various dietary regimens, including the KD and its modifications,
emphasizing their efficacy and safety in both pediatric and adult populations with epilepsy.
The review underlines the therapeutic potential of these diets in managing refractory epilepsy,
focusing broadly on safety and tolerability without delving into mortality rates or specific
discontinuation reasons related to adverse effects (1). Similarly, Neves et al. (2020) discuss
the utility and metabolic impacts of the KD in adult patients with pharmacoresistant epilepsy,
highlighting concerns related to its cardiovascular risks due to high fat and cholesterol intake

but not detailing retention rates, reasons for discontinuation, or deaths associated with the diet

4.

Exclusion criteria for the ketogenic diet

The efficacy of the Ketogenic Diet (KD) as a treatment for drug-resistant epilepsy has been
widely recognized, supporting its role in managing refractory seizures across various age
groups. Despite its therapeutic potential, specific exclusion criteria limit its applicability.
According to Verrotti et al. (2020), while detailing the role of dietary regimens in epilepsy
treatment, exclusionary conditions are not explicitly outlined but emphasize the necessity for
personalized dietary protocols (1). McDonald and Cervenka (2020) also provide an extensive
review of KD therapies for seizures and status epilepticus, highlighting its history, utility, and
potential safety in managing drug-resistant epilepsy without directly specifying exclusion
criteria (29). Similarly, van Berkel et al. (2018) focus on the cognitive benefits of the KD in
epilepsy patients, contributing to understanding its positive effects beyond seizure control,
without detailing specific exclusions for diet initiation (39). Chan et al. (2023) systematically
reviews the economic evaluations of nonpharmacological treatments for drug-resistant
epilepsy, including KD, yet specific exclusion criteria for the KD application are not
described (40). Lastly, Murphy (2005) traces the KD's development and investigates its
clinical and animal research effects, providing a historical context rather than current clinical

practice exclusion criteria (41).

Conclusion

11



The ketogenic diet (KD), with its variants like the classical ketogenic diet, modified Atkins
diet (MAD), low glycemic index treatment (LGIT), and medium-chain triglyceride (MCT)
diet, has demonstrated substantial efficacy in managing drug-resistant epilepsy across diverse
populations. These dietary therapies induce a state of ketosis, shifting the body's energy
source from glucose to ketones, which has been linked to significant reductions in seizure
frequency and improvements in patient quality of life. Despite its proven benefits, the
ketogenic diet requires rigorous planning and monitoring due to potential side effects such as
cardiovascular risks, slowed growth, and gastrointestinal issues.

Long-term adherence remains a challenge due to the diet's restrictive nature, with patient
compliance being a critical factor in its effectiveness. However, alternative approaches like
MAD and LGIT offer more flexibility and better palatability, potentially enhancing adherence
and expanding the applicability of ketogenic therapies. The pathophysiological mechanisms
behind KD's antiepileptic effects, including alterations in neurotransmitter levels and energy
metabolism, highlight its multifaceted impact on brain function.

While KD therapies have shown remarkable success in reducing seizures, their
implementation necessitates careful patient selection, monitoring, and support to mitigate
adverse effects and ensure safety. Future research should focus on improving dietary
adherence, exploring personalized dietary protocols, and addressing the long-term
cardiovascular implications to maximize the therapeutic potential of ketogenic diets in
epilepsy treatment.
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