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Abstract

Introduction. Pharmacoresistant epilepsy and epileptic syndromes in children remain a
pressing clinical problem. The ketogenic diet (KD), a high-fat and low-carbohydrate metabolic
intervention, is considered an effective method to reduce seizure frequency and improve
neurocognitive status.

Aim. The aim of this study was to evaluate the efficacy and tolerability of KD in children
with pharmacoresistant epilepsy in a rehabilitation setting.

Materials and Methods. A prospective observational study was conducted at the
National Center for Child Rehabilitation (Astana, Kazakhstan) from January 2022 to March
2025. The study included 30 patients aged 1 to18 years (median age — 8 years) with confirmed
pharmacoresistant epilepsy or epileptic syndromes. KD was applied in the classic ratio of 2:1,
3:1, and 4:1 alongside antiepileptic therapy. Effectiveness was assessed by reduction in seizure
frequency at 4, 6, 12, and 12—18 months of therapy. Additionally, EEG dynamics, cognitive
status, and adverse effects were evaluated. Statistical analysis was performed in SPSS 25.

Results. After 4 months of therapy, a clinically significant response (=50% reduction in
seizure frequency or remission) was observed in 22 patients (73.3%). At 6 months, positive
dynamics persisted in 13 patients (56.5%), at 12 months — in 7 of 15 (46.7%), and at 12—18
months —in 7 of 17 (41.2%). The presence of pronounced cognitive impairment was associated
with lower KD effectiveness (p=0.04). Completion of the full course of the diet was
significantly more frequent among patients with a positive effect (p=0.006). Adverse effects
were more common in the non-responder group (p=0.03); no severe complications were
recorded.

Conclusion. The ketogenic diet is an effective and safe method of treating
pharmacoresistant epilepsy in children, including patients with severe neurodevelopmental
disorders. High adherence and multidisciplinary support contribute to clinical improvement.
Controlled studies with larger samples are needed to confirm long-term efficacy.
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Introduction. Epilepsy is one of the most common chronic neurological disorders in
children, with a global prevalence of the active form ranging from 6.8 to 18.6 per 1000 of the
pediatric population [1]. In children with focal cortical dysplasia, therapy resistance reaches
74% [2]. Pharmacoresistant epilepsy is closely associated with a high risk of severe cognitive
impairments, delays in speech and motor development, behavioral disorders, and social
maladaptation [3]. The risks of injury, social isolation, and sudden unexpected death in epilepsy
(SUDEP) also increase, especially in cases of frequent generalized seizures [4].
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Low pharmacotherapy efficacy is the key problem in the treatment of pediatric epilepsy.
The term «pharmacoresistance», according to the consensus of the International League Against
Epilepsy (ILAE), is defined as a failure to achieve seizure control when using two adequately
chosen antiseizure medications (ASMs), and is observed in approximately 20-30% of children
with epilepsy [5].

There is a high prevalence of resistance even among patients who have undergone
surgical treatment or vagus nerve stimulation. In children with focal cortical dysplasia, the rate
of drug-resistant epilepsy (DRE) reaches 74% [6].

Prolonged lack of response to ASMs leads to the progression of cognitive deficits, delays
in speech development, and deterioration of quality of life — all effects well described in studies
on childhood epilepsy [7]. The risk of sudden unexpected death in epilepsy (SUDEP) also
increases, particularly with frequent uncontrolled generalized seizures [4].

In addition to lack of efficacy, long-term ASM use is associated with risks of cognitive
side effects, adverse reactions, and financial burden. In adults, cognitive adverse effects are
reported with drugs such as phenytoin and valproate, requiring caution in pediatric practice [8].

At the same time, alternative treatments such as surgery and vagus nerve stimulation are
less accessible for children or have limited effectiveness in complex epilepsy forms. Surgical
interventions are not always feasible in generalized epilepsies and systemic encephalopathies,
highlighting the need for additional non-pharmacological approaches.

The ketogenic diet (KD), characterized by high fat and low carbohydrate content, has
been used in drug-resistant epilepsy since the early 20th century. Numerous randomized
controlled trials have shown that 35-56% of children receiving a classical or modified KD
achieved >50% seizure reduction (RR = 5.1, 95% CI 3.18-8.21; p<0.001) compared to the
control group without diet [9].

Meta-analyses and reviews confirm that approximately 16% of children achieve complete
remission, 32% experience >90% seizure reduction, and about 56% achieve >50% reduction
[10].

Among patients with severe epileptic syndromes, such as West syndrome and Lennox—
Gastaut syndrome, KD demonstrates improvement in 75-90% of cases, including full seizure
control [11].

The mechanism of KD is complex and multifactorial. It is hypothesized that ketone bodies
(acetoacetate, B-hydroxybutyrate), produced in the liver during ketosis, provide stable energy
supply to neurons, increase resistance to energy-dependent stress, and modulate GABAergic
and glutamatergic neurotransmission [12]. Experimental models have shown that KD increases
mitochondrial density and functionality and stabilizes ion channel activity [13]. In addition to
its antiepileptic effect, the diet may improve cognitive functions, behavioral responses, and
quality of life in children due to its influence on neuronal plasticity and metabolic regulation
[14].

KD is also effective in specific epilepsy forms, such as GLUT1 deficiency syndrome and
West syndrome, as confirmed by national and international guidelines [15]. Despite the proven
efficacy of KD in children with pharmacoresistant epilepsy, its implementation and sustainable
use in clinical rehabilitation settings remain an open question, especially in patients with severe
neurological and cognitive impairments. Most randomized and controlled trials have been
conducted in specialized epilepsy centers with high resource availability, whereas
implementing KD in routine practice, including rehabilitation facilities, faces multiple barriers
— from low parental awareness to limited access to nutritionists and outpatient follow-up [16].
Particularly challenging is the organization of KD in patients with comorbidities: cerebral palsy,
speech development delay, autism, or congenital malformations of the central nervous system.
These children require not only diet therapy but also comprehensive multidisciplinary support,
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including neurologists, rehabilitation specialists, dietitians, speech therapists, and social
adaptation experts.

Long-term tolerability of the diet, frequency and structure of side effects, adherence in
real-world clinical settings, and sustainability of positive outcomes after therapy
discontinuation remain insufficiently studied. To date, only a limited number of studies have
evaluated KD use in inpatient and outpatient rehabilitation, emphasizing the need to accumulate
clinical data from everyday practice.

Thus, conducting observational studies on the use of KD in pediatric rehabilitation,
especially in patients with a high degree of neuropsychological comorbidity, is a relevant and
highly demanded direction of modern neurology and nutritional science.

Materials and Methods.

Ethical Issuies

The study was approved by the local ethics committee of NJSC «National Center for
Children's Rehabilitation», Astana, Kazakhstan (protocol No. 1 dated February 22, 2022). All
parents or legal representatives of the patients gave written informed consent to participate in
the ketogenic therapy program and to the processing of medical information in a generalized
form. The therapy and follow-up protocol complied with national standards and the principles
of the Declaration of Helsinki.

Study type

This study is a prospective series of clinical observations conducted at the National Center
for Children's Rehabilitation (NCCR), Astana, Republic of Kazakhstan, from March 2022 to
March 2025. The aim of the work was to study the effectiveness and tolerability of the ketogenic
diet in patients with pharmacoresistant epilepsy and epileptic syndromes of various etiologies.

Participants

The study included patients aged 1 to 18 years (median age — 8 years) with an established
diagnosis of pharmacoresistant epilepsy or confirmed epileptic syndromes on the background
of various neurological diseases. The diagnosis was established on the basis of clinical
presentation, electroencephalography (EEG-video monitoring), neuroimaging (MRI, if
available), medical history, and previous therapy. A mandatory inclusion criterion was the
absence of sustained effect from at least two antiepileptic drugs (AEDs) administered in
adequate dosage. Exclusion criteria were: decompensated somatic conditions, severe metabolic
disorders, parental refusal to follow the ketogenic diet, or intolerance of the main dietary
components. All patients were hospitalized and monitored by a multidisciplinary team,
including a neurologist, dietitian, clinical pharmacologist, and epileptologist.

Intervention

The ketogenic diet was prescribed while maintaining previously selected antiepileptic
therapy. The ratio of fats to proteins and carbohydrates was selected individually, depending
on age, body weight, metabolic tolerance, and clinical presentation. Classical KD regimens with
ratios of 2:1, 3:1, and 4:1 were used. The diet was designed according to physiological caloric
intake and daily fluid requirements. The diet was based on high-fat foods (cream, oils, fatty
meats and fish), proteins (eggs, meat, cheese), and a limited amount of carbohydrates
(vegetables, fruits with a low glycemic index). All patients received vitamin and mineral
supplements (calcium, magnesium, carnitine, multivitamins) as indicated. Ketone levels in
urine and blood glucose were monitored 2—3 times per day. Patients and their families received
instructions on dietary adherence, maintaining a food diary, and monitoring side effects.
Patients were followed up throughout the KD period (from 4 to 18 months).

Outcome assessment methods

The primary criterion of therapy effectiveness was a reduction in seizure frequency
compared to baseline. Changes were evaluated according to the following categories: complete
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seizure remission, >50% reduction, <50% reduction, and no effect. Additional observed
parameters included EEG changes (if available), improvement in cognitive and behavioral
status (as assessed by physicians and parents), and presence and severity of side effects. Data
were recorded in medical documentation and observational protocols. Time points of
observation: 4 months, 6 months, 12 months, and 12—18 months after initiation of KD.

Methods of controlling confounding factors

All participants had equal access to dietary support in inpatient settings. However, after
discharge, diet adherence at home was carried out either under remote supervision (if contact
with NCCR was maintained) or without systematic monitoring. The volume and quality of
home support could vary. Parents were provided with guidelines and recommendations, but
comprehensive multidisciplinary monitoring at the place of residence was not available.

Statistical analysis

Statistical data analysis was carried out using IBM SPSS Statistics version 25. All
variables were preliminarily checked for completeness and distribution. For descriptive
statistics, quantitative variables were presented as mean and standard deviation (M + SD) or
median with range (min—max), depending on the type of distribution. Categorical variables
were described in absolute numbers and percentages.

To assess the association between clinical characteristics and the response to the
ketogenic diet, non-parametric tests were applied. Comparison of frequencies in independent
groups (e.g., by sex, epilepsy type, presence of side effects) was performed using Pearson's y?
test; in cases of expected counts <5, Fisher’s exact test was applied. To compare quantitative
variables between two independent samples (e.g., age, epilepsy duration before therapy
initiation), Student’s t-test was used for normally distributed variables, or the Mann—Whitney
U test in case of non-normal distribution (normality assessed by the Shapiro—Wilk test).

To evaluate the dynamics of clinical response to the ketogenic diet at different time points
(4, 6, 12, and 12—18 months), ¥* test was used with calculation of degrees of freedom and
corresponding p-value. The statistical significance level was set at p < 0.05. No correction for
multiple comparisons was applied, since the main purpose of the analysis was to evaluate the
general trend of associations in the context of a limited sample.

Results. Thirty patients were included in the study, with a median age of 8 years (range:
1-27) (Table 1). There were 16 males (53.3%) and 14 females (46.7%). The mean duration of
adherence to the ketogenic diet was 10 months. Concomitant neurological disorders were
identified in 22 patients (73.3%). The mean duration of epilepsy prior to initiation of the
ketogenic diet was 3.6 £ 2.0 years. The mean number of previously tried antiepileptic drugs
was 3.4 = 1.1. The mean body mass index was 17.2 + 2.5. Cognitive status: normal — in 6
patients (20%), developmental delay — in 12 (40%), intellectual disability —in 12 (40%).

Table 1. Clinical and demographic data

Variable Indicator
Total number of patients 30

Age, years (median, range) 8 (1-27)
Male, n (%) 16 (53.3%)
Female, n (%) 14 (46.7%)
Mean duration of KD, months 10 months
Comorbid neurological diagnoses 22 (73.3%)
Duration of epilepsy before KD initiation, years 3.6 2.0
Mean number of AEDs tried before KD 34+1.1
BMI (mean + SD) 172+2.5
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Variable | Indicator
Cognitive status
Normal 6 (20%)
Developmental delay 12 (40%)
Intellectual disability 12 (40%)

The largest proportion of patients receiving the ketogenic diet (Figure 1) belonged to the
group with focal drug-resistant epilepsy — 12 individuals (40.0%). Seven patients (23.3%) were
observed in the groups with epileptic encephalopathies and generalized epilepsy. Less common
were cases of congenital malformations of the central nervous system (2 patients, 6.7%), as
well as rare forms — FIRES syndrome and GLUT1 deficiency, each represented by a single case

(3.3%).

Of 30 patients observed during 4 months after the initiation of the ketogenic diet (Table
2), 22 (73.3%) demonstrated a clinically significant response in the form of complete cessation
of seizures or their reduction by >50%. After 6 months, 23 patients continued therapy, of whom
positive dynamics persisted in 13 (56.5%). At 12 months, efficacy >50% was noted in 7 out of
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Figure 1. Distribution of patients by nosological categories

15 (46.7%), and at 12—18 months — in 7 out of 17 (41.2%).

The distribution of clinical response across time points was analyzed using the y? test.
The obtained x? value = 5.67 with 3 degrees of freedom did not reach statistical significance (p

=0.129).

Table 2. Effectiveness of CD at different time points

Observation Total number of Clinical response Response <50% or no
period patients (n) >50% n (%) dynamics n (%)
4 months 30 22 (73.3%) 8 (26.7%)
6 months 23 13 (56.5%) 10 (43.5%)
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Observation Total number of Clinical response Response <50% or no
period patients (n) >50% n (%) dynamics n (%)
12 months 15 7 (46.7%) 8 (53.3%)
12—18 months 17 7 (41.2%) 10 (58.8%)
y>-test df=3/p=0,129

Adverse effects of the ketogenic diet were recorded in 11 out of 30 patients (36.7%)
(Table 3). The most common were gastrointestinal disorders (nausea, pain, constipation),
identified in 3 patients (10.0%), in one case becoming the reason for discontinuation of therapy.
General weakness was observed in 2 patients (6.7%), in one case it was a factor leading to
withdrawal from KD. One patient (3.3%) experienced paresthesia and burning in the legs,
which was accompanied by discontinuation of the diet. Episodes of hypoglycemia were
registered in one patient (3.3%) and did not lead to discontinuation of KD.

Four patients (13.3%) discontinued the diet due to the difficulty of adherence, another
five (16.7%) —by family decision not related to adverse effects. In three patients (10.0%) the
reason for withdrawal was the absence of clinical improvement. In 19 patients (63.3%) no
adverse effects were observed, therapy continued. The predominant severity level of the
recorded effects corresponded to Grade 1-2 according to the CTCAE scale.

Table 3. Adverse events and reasons for withdrawal

Adverse event / Number of Share of Severity by CTCAE Relate.d to trial
reason patients (n) sa1:1p1e (predominant grade) completion (yes/no
(%) (m))
GI dysfunction
(nausea, pain, 3 10.0% Grade 2 (moderate) 1/2
constipation)
General weakness 2 6.7% Grade 1 (mild) 1/1
Paresmes;::gz’ummg mn 1 33% | Grade 2 (moderate) 1/0
Hypoglycemia .
(episodes by 1 3.3% Grade.l (.mﬂ.d’ no 0/1
alucometer) hospitalization)
leﬁc““%fe‘ihermg ol 4 13.3% Not applicable 410
W“hdrgzvc?;zi family\ 4 16.7% Not applicable 5/0
Lack of clinical effect 3 10.0% — 3/0
No adverse events 19 63.3% — 0/19

A more detailed description of the clinical cases, including patient characteristics,
methods for assessing effectiveness, and side effects, is provided in (Appendix 1).

Of the 30 patients, a positive response to the ketogenic diet (Table 4) (seizure reduction
>50%) was recorded in 18 individuals. Among them, the proportion of males was 55.6% (10 of
18), while in the group with <50% effect or no effect (n=12) it was also 50% (6 of 12); the
difference by sex was statistically insignificant (p=0.94). The mean age of patients in the
effective response group was 7.5 + 2.1 years, whereas in the ineffective response group it was
8.3 + 3.0 years (p=0.42). The focal form of epilepsy predominated in both groups but was more
pronounced among responders: 12 versus 6 patients, respectively; conversely, generalized
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forms were more frequent among non-responders (5 versus 3), but no statistically significant
association was found (p=0.21).

The mean duration of epilepsy before the initiation of KD was 3.2 + 1.8 years in the
responder group and 4.1 + 2.2 years in the non-responder group (p=0.19). The presence of
severe cognitive impairments (intellectual disability) was noted in 10 of 18 in the responder
group and in 2 of 12 in the non-responder group; patients with developmental delay
predominated in the latter, with the difference being statistically significant (p=0.04).
Adherence to the diet was higher in the group with a positive effect: 88.9% completed the full
course versus 41.7% in the ineffective response group (p=0.006).

Side effects were recorded in 4 of 18 patients with >50% response and in 7 of 12 with
<50% response (p=0.03), which suggests a possible link between the severity of adverse events
and the reduction of effectiveness or adherence to KD.

Table 4. Associations between characteristics and response to KD

. Response >50% n=18 Response <50% or no -
Variable b (%) effoct no12 (%) value
Sex
male 10 (55.6%) 6 (50.0%) 0.94
female 8 (44.4%) 6 (50.0%) ]
Age, years (mean + SD) 7.5+2.1 83+3.0 0.42
Type of epilepsy
focal 12 (66.7%) 6 (50.0%) 001
generalized 3 (16.7%) 5(41.7%) '
Duration of epilepsy
before KD, years 32+1.8 41+£22 0.19
Cognitive impairment
DD 8 (44.4%) 10 (83.3%) 0.04
1D 10 (55.6%) 2 (16.7%) )
Comlﬁtley‘}f&;ourse 16 (88.9%) 5 (41.7%) 0.006
Side effects
present 4 (22.2%) 7 (58.3%) 0.03
absent 14 (77.8%) 5 (41.7%) )

Discussion. The study included 30 patients, with a median age of 8 years (range 1-27
years), which is comparable to the characteristics of large cohorts, where the mean age of
children at the initiation of KD is between 5 and 8 years [9, 17]. The gender ratio (males —
53.3%, females — 46.7%) also corresponds to the proportions noted in similar studies, where a
slight male predominance is more commonly observed.

The mean duration of epilepsy prior to the initiation of KD was 3.6 + 2.0 years, and the
mean number of previously tried antiepileptic drugs (AEDs) was 3.4 £+ 1.1. This reflects the
nature of the sample—patients with pronounced drug resistance: in the trajectories of large
studies, similar figures reach 6 or more AEDs by the time KD is initiated [17]. The presence of
concomitant neurological disorders in 73.3% of patients (cerebral palsy, developmental delay,
intellectual disability) is also typical for trained samples, highlighting the complexity of the
clinical picture and the need for a comprehensive approach.

The average body mass index (BMI) was 17.2 £ 2.5, indicating a normal nutritional status,
which is characteristic of children who began KD in a timely manner and received specialist
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monitoring [15]. The distribution of cognitive status (normal — 20%, developmental delay —
40%, intellectual disability — 40%) demonstrates a significant proportion of patients with
neuropsychological disorders, which is typical for a pharmacoresistant pediatric epilepsy
cohort.

After 4 months of therapy, 22 out of 30 patients (73.3%) demonstrated a clinically
significant response (=50% seizure reduction or complete seizure freedom), which is
comparable to the results of large meta-analyses: >50% reduction was observed in 56-65% of
children at 3—4 months of therapy [9, 10].

With continued follow-up, the proportion of responders decreased: 13 out of 23 (56.5%)
at 6 months, 7 out of 15 (46.7%) at 12 months, and 7 out of 17 (41.2%) at 12—18 months. A
decline in efficacy over time has been described in several cohorts: from 75% at 3—6 months to
40-50% by 1 year [16]. Reasons for the decline may include reduced adherence, physiological
adaptation, and increased metabolic mass.

Statistical analysis of dynamics using the x>-test did not reveal a significant difference
between time points of efficacy (y* = 5.67, df = 3, p = 0.129), which corresponds to the trend
of gradual reduction without sharp fluctuations. A similar pattern is described in cohorts where
the response rate stabilizes after 612 months at 40-50% [18].

Among the 18 patients with a clinical response (=50%), focal epilepsy was found in 12
individuals (66.7%), whereas among the 12 non-responders only 6 (50%) had focal epilepsy.
In the generalized epilepsy group — 3 (16.7%) versus 5 (41.7%). The observed difference did
not reach statistical significance (p = 0.21), which is consistent with reports that focal epilepsy
tends to show better response to KD, but without consistent evidence [19].

The success rate of KD in focal versus generalized epilepsy usually ranges around 60%
and 40%, respectively, according to a meta-analysis of neurocognitive and clinical outcomes
[20]. Our results, showing 66.7% versus 41.7%, fall within this range and do not contradict the
global trend.

Among rare forms — encephalopathies, KD also demonstrates efficacy in 45-75% of cases
[21], which corresponds to our sample and supports the interpretation of KD’s success in the
diversity of epilepsy types.

In the group with a clinical response to the diet (=50% seizure reduction), 10 out of 18
patients (55.6%) had intellectual disability, and 8 (44.4%) had speech and psychomotor
developmental delay; among the 12 non-responders, the figures were 2 (16.7%) and 10 (83.3%),
respectively. The difference reached statistical significance (p = 0.04), indicating a more
pronounced response in children with severe cognitive dysfunction.

The obtained data confirm the presence of some correlation between the severity of
neurodevelopmental impairment and KD outcomes—both negative and positive. The efficacy
of KD in severe forms of epilepsy, including Lennox—Gastaut syndrome, has been confirmed
in several clinical series and reviews. At the same time, the severity of cognitive impairment is
not a factor reducing the response to therapy: in patients with intellectual disability and epileptic
encephalopathies, the rate of clinical response reaches 45—70% [22].

In our study, the predominance of children with intellectual disability among responders
may reflect well-organized dispensary care and high motivation of families of such children.
This is confirmed by literature sources: with appropriate support, KD outcomes remain stable
regardless of the severity of initial cognitive impairment [23].

Adverse effects of KD were noted in 11 out of 30 patients (36.7%). The largest share
consisted of gastrointestinal disorders (3 patients, 10.0%), of whom one developed severe
symptoms leading to discontinuation of therapy. General weakness was observed in 2 patients
(6.7%), with one case resulting in withdrawal from the diet. Another patient (3.3%) developed



BECTHUK KASHMY Ne3 (74) — 2025

ISSN 2524 - 0684 e-ISSN 2524 - 0692

paresthesias and burning sensations in the legs, also leading to discontinuation. Hypoglycemia
was recorded in one child (3.3%), but without requiring cessation of KD.

Discontinuation of KD due to reasons not related to adverse effects occurred in 4 patients
(13.3%) because of difficulties in maintaining the diet, and in 5 patients (16.7%) for family
reasons. In 3 patients (10.0%), the diet was discontinued due to lack of clinical effect, while no
adverse reactions were observed. Among all patients, 19 (63.3%) experienced no adverse
effects and continued therapy.

This structure of adverse events corresponds to literature data: the frequency of GI
syndromes with KD is 10-15%, and general weakness about 5-8% [24]. Discontinuation of the
diet is mainly associated with side effects and organizational issues, rather than dietary toxicity.

Comparison of «responders» and «non-responders» revealed a statistically significant
association between the presence of side effects and discontinuation of therapy (p = 0.03),
consistent with data indicating reduced adherence when discomfort arises [25].

Among 18 patients with a clinical response >50%, 16 (88.9%) completed the KD course
fully, compared to 5 out of 12 (41.7%) in the group without a significant response (p = 0.006).
This demonstrates a clear statistical relationship between higher adherence and therapy efficacy
in our cohort.

The literature confirms the importance of adherence to KD as a key factor for sustained
response: in a large cohort, more than 70% of children with good adherence had >50% seizure
reduction, whereas among those unable to maintain the diet, the figure was no more than 35%
[26].

Difficulties in implementing KD — strict restrictions, increased time for meal preparation,
and the need for frequent biochemical monitoring — often lead to decreased adherence. This is
reflected in a meta-analysis: up to 25% of families discontinue the diet due to inconvenience,
despite initial benefit [25].

Consistent family and medical support facilitates adherence: with the involvement of a
dietitian, frequent consultations, and regular feedback, adherence levels increase to 80—90%
[27].

In our study, groups receiving higher levels of support (in a rehabilitation center setting)
showed significantly better response. This underscores the importance of a specialized team
and family support as a key component of successful dietary therapy.

Conslusion. The use of the ketogenic diet in children with pharmacoresistant epilepsy in
a specialized center demonstrated moderate but clinically significant efficacy: after 4 months
from the start of the diet, 73.3% of patients had a response of > 50%, while after one year the
positive effect persisted in 46.7%. Long-term adherence to the diet proved challenging: only
half of the patients continued KD after 12 months.

The highest efficacy was observed in focal forms of epilepsy and in patients without
pronounced cognitive impairments. High adherence to the diet directly correlated with
therapeutic effect (p = 0.006), whereas the presence of side effects was associated with lower
adherence and worse outcomes (p = 0.03).

However, efficacy may decrease in cases of poor adherence or the presence of
concomitant neurological and cognitive impairments. These factors should be taken into
account when selecting patients and planning management.
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Appendix 1. Individual clinical cases of patients receiving the ketogenic diet

Patient | Age | Diagnosis Cognitive Comorbidities | Duration | Seizure | Assessment | Side Effects | Completed Notes
Status of KD | Dynamics | Method KD
m-1 3 West severe deficit — 6 months | no effect clinical gastrointestinal No Hormone
syndrome assessment dysfunction therapy
+ EEG ineffective
-2 6 CP+ moderate pituitary 12 complete diary + — Yes Reduction of
focal developmental adenoma months | remission EEG pituitary
FRES delay adenoma
m-3 11 GLUT1 moderate — 4 months | decrease EEG — No No clinical
deficiency | developmental in EEG effect
delay discharges
-4 14 | Rolandic normal — 6 months 50% diary paresthesia No Discontinued
epilepsy reduction KD due to
regimen

10
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SIMWIENICUSACHI BAP BAJTIAJIAPIBI EMIEY KOHE
PEABMJIMTAIIUAJIAY JAT'BI KETOTI'EH/AI AUETA

K.A. MEJETBEKOBA ', A. FUHUAT ', C. AMAHTEJIJIIKBI3BI
A.C. KYJIAUBEPI'EHOB !, JI.A. EPEXXEIIOB 2, A K. FABIYJIKAIOM 2

U «¥nrTeIK Oanamapasl oHanTy opranbirey KeAK, Actana, Kazakcran
2 «National Laboratory Astana» KM, Hazap6aes Ynusepcureri, Acrana, Kazakcran

Tyiingeme

Kipicnme. ®apmakope3WCTEHTTI OIWJENCUA KoHE Oanajmapiarbl  SITHICTICHSITBIK
CUHAPOMJIAp ©3€KTi KIIMHUKAIIBIK Macene 6ot Kana 6epeni. Kerorenmai nuera (K1) — »orapbl
MaMJIbI )KOHE TOMEH KOMIPCYJIIbl METaOOIMKAJIBIK apajiacy, o0J1 ycTaMasap IbIH KHULIIT1H a3alTy
KOHE HEMPOKOTHUTHUBTI JKaFJaiIbl dKaKcapTy YILIiH THIMII 9JIiC pETiH/IE KapacThIPbLUIA/IbI.

Makcarbl. by 3epTTeyniH MakcaTbl — OHAITY MeKeMeciHae (papMakope3ucCTeHTTI
smwIericuschl 0ap 6amanapaa KJI-HbIH THIMIITITIH )KOHE KOTEPIMALUTITiH Oaranay.

Marepuangap MeH Jaicrep. IIpocnekTwBTI 00CEpBAIUSIBIK 3€pTTEY YJTTHIK
Oamamapapl OHaNTy opTanbiFbiHna (AcraHa K., Kazakcran) 2022 xputFbl KaHTapaan 2025
JKBUTFBI HAYPBI3Fa JeHiH Kyprizuiai. 3eprreyre 1 skactan 27 xacka qeiinri (Mmeanana — 8 yxac)
30 mamMeHT eHri3iiAl, oMapablH (apMaKOpPE3UCTEHTT] AMUJICTICUSCHI HEMECE SIUIICTICUSIIBIK
cuHapoMuapel pactanFraH. KJ[ kmaccukanmelk apakateiHacta  (2:1, 3:1 xome 4:1)
AHTURMHIICNTUKAIBIK Tepanusl asChHAa KOMIaHbUIabl. Tuimainik 4, 6, 12 sxone 12—18 aiinbik
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Tepanus Ke3eHIHIe ycTamayiap KHUUTITIHIH ToMeH eyl OoibiHma Oaramanasl. Kockimmma 39T
JMHAMUKAChI, KOTHUTHBTI CTaTyC >KOHE jkKaHama acepiiep eckepingi. CTaTUCTHKANIBIK Tajaay
SPSS 25 6arnapiaMachiHa OpbIHIAIIB.

Hoatu:kesep. 4 aiiIblK Tepanusiad KeHiH KIMHUKAIBIK MaHBI3]IBI XKayar (ycTamallapIblH
>50% temMeHneyi Hemece pemuccust) 22 nanuentrte (73,3%) Oaitkanasl. 6-aiija OH TUHAMHKA
13 marmuentre (56,5%), 12-atina — 15 nauuenttiy 7-iH1e (46,7%), 12—18 aiina — 17 manueHTTIH
7-iane (41,2%) cakranabl. AWKBIH KOTHUTHBTI Oy3buibicTap K[ THIMILTITIHIH TOMEHIITIMEH
acconranusianasl (p=0,04). /lnetanblH TOJBIK KypChIH asKTay OH HOTHIKEre KOJI XKETKi3reH
nanuentrepae xuipek Oaikanasl (p=0,006). XKXanama ocepnep keOiHece jkayarn OoaMaraH
torta Tipkenni (p=0,03), ayblp acKbIHyJIap aHBIKTAIFaH KOK.

KopobiThinapl. COVID-19 undexnusace y3ak Mep3iMi ©iM-XKITiM, HHCYJIbT HEMEcCe
MHUOKap/ MHGApKTiCl AeHreline alTapibIKTail acep eTHereHiMeH, apTepUsUIbIK THIIEPTEH3US,
TEMEKi MIETy JKOHE CO3BUIMAJBl CTPECC Hallap HOTHXKEIIEpMEH OalIaHBICTBI OOl by
HOTHDKETIEp SHAOBACKYJISPIBIK CTEHTTEY/IEH OTKeH HayKacTap/a >KYpPEeK-KaHTaMbBIPIIbIK Kayim
dakToprapbiH 6acKapy/IbIH MaHbI3ABLUIBIFEIH KOPCETE/I.

Tyiiinai ce3mep: KeToreHIi AWeETa, SMHICIICUS, PE3UCTEHTTUTIK, Oanamap, OHaITy,
JTUETOTEPAITHS.

KETOI'EHHAS THETA B IEYHEHUU U PEABUJINTALIUNA
JAETEU C DIIMJIEIICUEHN

K.A. MEJIETBEKOBA ', A. TUHUAT ', C. AMAHTEJIJIIKbBI3bI ',
A.C. KYJIAMBEPTEHOB ', JI.A. EPEXXEIIOB 2, A.K. FAB/IYJIKAIOM 2

"HAO «HarnmonansHbIi HEHTp IEeTCKOM peabmnuranuny, Acrtana, Kazaxcran
24y «National Laboratory Astana», Hazap6aes Yuusepcuter, Acrana, Kasaxcran

AHHOTANUA

BBenenune. ®apmMakope3uCTEHTHAS SMWICTICUS U SMWICNTHYECKUE CUHAPOMBI Y JIETEeH
OCTalOTCS aKTyaabHOU KIMHUYECKOU mpobnemoii. Kerorennas nuera (KJI), mpencrasmustomias
co00il  BBICOKO)KMPOBOE€ M  HHM3KOYIJIEBOJHOE  META0OJMYECKOE  BMEIIATENbCTBO,
paccmarpuBaeTcsi Kak 3(QGEKTUBHBII METOJ| CHMKEHHUS YacCTOTHI MPHUCTYIIOB U YIyUIICHHUS
HEHPOKOrHUTHUBHOI'O CTaTyca.

Heas. lLlenpio HacTOSIIETO HUCCIEAOBaHUS Obula oOLEHKAa A(PQPEKTUBHOCTH H
nepeHocumoct  KJ[ y gereit ¢ (papMakope3UCTEHTHOM OHIWICTICHEH B  YCIOBHUSIX
PeabUITUTAIMIOHHOTO YUPEKIACHHUS.

Matepuanbl u MeToabl. [IpocriekTHBHOE 00CEpBAIIIOHHOE UCCIIEI0OBAaHUE ITPOBEICHO B
HarnmonansHoM 1eHTpe neTckoi peabmnmuranuu (r. Acrana, KasaxcraH) B mepuoa ¢ ssHBaps
2022 roma o mapt 2025 rona. B uccinenoanue BkitodeHsl 30 MaMeHToOB B BO3pacte oT 1 110
27 ner (MeamaHa — 8 JIeT) C MOATBEPKIEHHOM (hapMaKOpe3MCTEHTHOH smuiencueil ambo
snwienTudeckumu cuaapomamu. KJI npuMensinace B Kiiaccuueckom cooTHomenuu 2:1, 3:1 u
4:1 Ha ¢oHE MPOTUBOINMIECTITUIECKOH Tepanuu. ((HEeKTUBHOCTH OIICHUBATIACH IO CHUKCHUIO
4acToThl cyaopor Ha 4, 6, 12 u 12-18 mecdane Tepanuu. J[ONMOTHUTETBHO YYUTHIBAIUCH
nuHaMuka D3I, KOTHUTUBHBIA cTaTyc M 1moOouHble 3PQexTsl. CTaTHCTUYECKUN aHaIH3
BBINIOJIHEH B SPSS 25.

Pe3yabTaThl. Uepes 4 Mecsiia Tepanuy KITMHHYECKH 3HAYUMBIH 0TBeT (>50% cHIkeHue
4acTOThl MPUCTYNOB WM pemuccus) oTMeueH y 22 maunueHtoB (73,3%). Ha 6-m mecsue
MOJIOKUTEbHAS TUHAMUKA coxpaHsachk y 13 (56,5%), Ha 12-m —y 7 u3 15 (46,7%), va 12—18
mecsiie — y 7 u3 17 (41,2%). Hanuuue BbIpakeHHBIX KOTHUTUBHBIX HapyUIeHHH ObLIO
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accoruupoBaHo ¢ MeHblne sddexruBHoCcThIO K]l (p=0,04). 3aBepuienune moaHOro Kypca
JTUETHI TOCTOBEPHO Yaliie HabI0aloch y MAIMEeHTOB ¢ MOI0XKUTENbHBIM 3 dekToM (p=0,006).
[To6ounbIe 3(pdekThl yalie BcTpeyanuch B Tpynie 06e3 orBeTa Ha Tepanuio (p=0,03), TxEnbIx
OCIIO’)KHEHUH He 3aUKCUPOBAHO.

3akiouenue. Kerorennas auera mpencrtasisieT coOoi 3¢ GeKTUBHBIN M 0e30MacHbBIN
METO/ JIeUeHUs (hapMaKOPE3UCTEHTHOM MHUIICTICUH Y JIETEH, BKII0Yasl MalUEHTOB C THKETBIMU
HEHpOpa3BUBAIONIMMH HApYIICHUSAMHU. BBICOKas MPHUBEPKEHHOCTh M MEXKIUCIUTUTHHAPHAS
MOJJIEPIKKA CIIOCOOCTBYIOT KIMHIUYECKOMY YIYUIICHUIO. J{J1s TOTBEPKASHUS JOITOCPOTHON
3¢ PeKTUBHOCTH HEOOXOIMMBI KOHTPOJIMPYEMBIEC UCCIIEIOBaHUS Ha 00JIee MUPOKUX BRIOOPKAX.

KiroueBble ¢Jji0Ba: KETOICHHAs JHUETa, OIMHICNCHS, PE3UCTEHTHOCTh, JIETH,
peabdunTaIys, JUETOTEePAITHsI.
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