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ABSTRACT

A notable proportion (10%-20%) of children with
epilepsy remain unresponsive to pharmacological
treatment. Current strategies for the management of
refractory epilepsy encompass surgical treatments
(vagus nerve stimulation) as well as the adoption of a
Ketogenic Diet. By adhering to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
guidelines, we conducted a systematic review to identify
all relevant studies in English language that investigated
the effectiveness of a Ketogenic diet in children with
refractory epilepsy. A total of 125 studies were identified
and eight, involving a total of 1330 patients, met the
criteria. Of the identified eight studies, one was
randomized controlled trial, one was systematic
review/meta-analysis, and the rest were observational
studies. More than half (54%) of the participants
reported seizure resolution, while 17% became seizure-
free after one month of initiating the ketogenic diet.
Ketogenic diet have been shown to be efficacious for the
treatment of epilepsy in infants.

INTRODUCTION AND BACKGROUND

Epilepsy is characterized by the occurrence of recurring
epileptic seizures or alterations in behaviour and
movement. These manifestations are directly caused by
a basic disruption in the brain's electrical activity [1].
Epilepsy accounts for a substantial proportion of the
global disease burden, impacting around 50 million
individuals across the globe. The incidence of epilepsy
shows a bimodal age distribution. It tends to be higher
among individuals in the youngest and oldest age
brackets [2]. In the United States, for instance, the
estimated annual incidence rate is 86 per 100,000 in
infants, gradually declining to approximately 23-31 per
100,000 in individuals aged 30 to 59 years. However,
there is a subsequent increase in incidence rates beyond
this age group, reaching 180 per 100,000 among those
aged 85 and above [3].

In their lifespan, around 65% of patients diagnosed with
epilepsy will experience seizure control through the use
of antiepileptic medicines or achieve spontaneous
remission [4]. Nevertheless, 10-20% of children remain
unresponsive to pharmacological treatment. The
existing approaches for managing refractory epilepsy
include surgical interventions, such as vagus nerve

stimulation, and the implementation of a Ketogenic Diet

[5].

The process of ketogenesis, which involves the
synthesis of ketone bodies, is largely observed in the
liver. This process happens through the conversion of
acetyl-CoA obtained from the breakdown of fatty acids
via B-oxidation. The resulting ketone bodies are then
transferred to extrahepatic tissues, where they undergo
terminal oxidation. The ketone bodies play significant
roles in various essential metabolic pathways, including
fatty acid B-oxidation, gluconeogenesis, the
tricarboxylic acid cycle, de novo lipogenesis, and sterol
biosynthesis [6,7,8]. This metabolic process offers an
alternate means of obtaining energy, particularly when
an individual is in a fasting condition. In such a state,
the supply of carbohydrates is restricted, while the
availability of fatty acids is heightened. Consequently,
this process serves as the primary source of energy [9].
Ketone bodies, namely B-hydroxybutyrate (BHB), have
traditionally been recognised as an alternative energy
source [7,10,11]. In humans, the metabolism of ketone
bodies serves as a substantial fuel supply for the brain
when carbohydrate intake is limited. Brain cells have the
capacity to derive energy from both glucose and
ketones, thereby exhibiting metabolic flexibility. In
instances of significantly reduced carbohydrate
consumption, beta-hydroxybutyrate (BHB) serves as
the principal energy substrate for neurons [12].

The therapeutic use of fasting as a treatment for
epilepsy was documented in the Hippocratic collection
[13]. Following a two-year clinical study, the ketogenic
diet was introduced in 1924 [14]. However, in the year
1921, Woodyatt and colleagues made an observation
regarding the presence of ketones, namely acetone and
B-hydroxybutyric acid, in individuals who were either
experiencing hunger or following a diet that was high in
fat and extremely low in carbohydrates [15]. In the
same year, a Mayo Clinic physician published a case
series on the implementation of a ketone-producing diet
for patients with epilepsy [16]. During the 1920s and
1930s, the diet was extensively employed as a
therapeutic approach for epilepsy. However, its
utilisation experienced a notable decline subsequent to
the emergence of novel and more efficacious antiseizure
medications [13]. The newly developed antiseizure
medications had a reduced incidence of adverse effects
compared to their predecessors and showed enhanced
compliance relative to a stringent dietary regimen. The
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ketogenic diet saw a resurgence in the 1990s due to the
dissemination of positive research findings. Additionally,
the establishment of the Charlie Foundation, a non-
profit organisation dedicated to disseminating
knowledge on dietary therapies for individuals with
epilepsy, can be attributed to the successful treatment
of a 2-year-old child's epilepsy through the
implementation of this therapeutic approach [17].

The classic ketogenic diet typically includes long-chain
triglycerides and is commonly provided in a ratio of 4:1
or 3:1 of fats to non-fats (proteins and carbohydrates).
At present, clinical practice involves the utilisation of
four primary ketogenic diets: the conventional
ketogenic diet, the medium-chain triglyceride (MCT)
diet, the modified Atkins diet (MAD), and the low
glycemic index therapy (LGIT). [18].

The objective of this review is to critically examine the
existing body of evidence pertaining to the utilization
and effect of a ketogenic diet as a therapeutic
intervention for refractory epilepsy in paediatric
patients.

METHODOLOGY

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 criteria were utilised
to structure and present the results of this systematic
literature review. [19].

Search Strategy

A Systematic review using the PRISMA 2020 guidelines
was carried out in 30th October 2023. The following
databases are used: PubMed, Google Scholar,
ScienceDirect, and Research Gate with MeSH (Medical

subject heading): ketogenic diet OR ("Diet,
Ketogenic/adverse effects"[Majr] OR "Diet,
Ketogenic/methods"[Majr] OR "Diet,
Ketogenic/pharmacology"[Majr] OR "Diet,

Ketogenic/statistics and numerical data"[Majr] OR
"Diet, Ketogenic/therapeutic use"[Majr] OR "Diet,
Ketogenic/therapy"[Majr]) AND Refractory epilepsy OR

("Drug Resistant Epilepsy/anatomy and
histology"[Majr] OR "Drug Resistant
Epilepsy/blood"[Majr] OR "Drug Resistant Epilepsy/diet
therapy"[Majr] OR "Drug Resistant
Epilepsy/ethnology"[Majr] OR "Drug Resistant
Epilepsy/genetics"[Majr] OR "Drug Resistant
Epilepsy/metabolism"[Majr] OR  "Drug Resistant
Epilepsy/pathology"[Maijr] OR "Drug Resistant
Epilepsy/physiology”"[Majr] OR  "Drug Resistant

Epilepsy/statistics and numerical data"[Majr])
Inclusion and Exclusion Criteria

The research paper involving only human participants
i.e. children >12 years, with refractory epilepsy,
available for free full text and conducted within 10 years
were included in this review. We restricted our choice of
studies to exclude the following: Animal participants,
studies published before 2012, patients aged more than
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12 years, translated and other language studies, paid
articles, and grey literature. Our selection of studies was
limited to meta-analyses, systematic reviews, clinical
trials, and prospective and retrospective observational
cohorts. The fundamental foundation for our qualifying
criteria was based on the population, intervention,
comparison, and outcomes (PICO) criteria seen in Table
1.

Table 1: Study inclusion criteria

Sex Male and female
Race All
P (Population) Refractory epilepsy was defined as failure of
Refractory Epilepsy seizure control despite use of two or more
antiepileptic medications.
I (Intervention) Ketogenic Diet Classic ketogenic diet and alternate ketogenic diet
C (Comparison) 1. With controls The comparison group is either a control group
2. Pre-post study which is not consuming ketogenic diet, pre- and
3. Different types of | post -intervention comparison of study population,
KDs and comparison of different types of KD.
. . Seizure resolution was defined as achieving =50%
Seizure resolution : )
seizure reduction after =1 month of follow-up.
0 (Outcoms) Seizure freedom ‘1120% seizure reduction after =1 month of follow-
Any acute or chronic side effect observed with
Adverse events y
ketogenic diet

Selection of studies and data extraction

Two reviewers independently screened titles and
abstracts and resolved any conflicts through consensus.
If a disagreement persisted, a third reviewer would step
in to mediate. All potentially relevant records were
assessed by the same set of reviewers. The reasons for
excluding studies from this review were meticulously
documented. The initial review included observational
studies, randomized controlled trials and systematic
reviews/meta-analyses written in the English language
that reported the effectiveness, efficacy and/or
observed the possible adverse events after using the
classic or alternative Ketogenic Diet to treat children
with refractory epilepsy aged 0-12 years.

Search Strategy

A total of 125 publications were identified. After the
elimination of four duplicate records, a total of 121
studies were subjected to screening and assessment to
determine their eligibility based on the inclusion and
exclusion criteria used in this review. Ultimately, only 20
research were found to meet the predetermined
inclusion criteria. Five studies were removed from the
analysis because the reports could not be retrieved.
Seven were excluded as they included
recommendations and recent updates on the topic. A
total of eight studies were incorporated into the quality
assessment and in the final analysis. A flowchart
depicting the selection process under PRISMA
guidelines, along with explanations for the exclusion of
articles, is presented in Figure 1 below.

Figure 1: Flowchart of study selection process.
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Identification of studies via databases and registers

Total records identified from .
o databases and registers: Records removed before screening:
PubMed (Medline) (n = 62) Duplicate records removed (n = 4)
é Google Scholar (n = 35) > Records marked as ineligible by
g ScienceDirect (n = 25) automation tools (n = 0)
4 Cochrane (n = 3) Records removed for other reasons
.'g Registers (n = 0) m=0)
|
L
Records screened (n = 121) * | Records excluded (n=101)
v
g Reports sought for retrieval (n = 20) ——= | Reports not retrieved (n = 5)
rz |
v
Reports assessed for eligibility (n = 15) > Reports excluded:
J
Recommendation only 1 (n=1)
Narrative reviews (n = 3)
Guidelines (n = 3)

v

Studies included in review (n = 8)
Reports of included studies (n = 8)

Quality assessment

In this review, the studies underwent quality evaluation
by two different authors, each employing study-specific
techniques. Each assessment tool utilized had its own
scoring system. Out of the 8 papers examined, the
quality assessment of these investigations and the
corresponding tools are summarized in Table 2, Table 3,
and Table 4. The evaluation process encompassed an
assessment of potential bias in each study. For clinical
trials, the revised Cochrane risk of bias 2 (RoB 2) tool
was employed. The quality of observational studies was
appraised using the adapted Newcastle Ottawa Scale.
Systematic reviews and meta-analyses were subjected
to evaluation using the Assessment of Multiple
Systematic Reviews 2 (AMSTAR 2) tool.

The randomized controlled trial was scrutinized for
potential biases using the latest Cochrane RoB 2 tool,
which considers five specific risks of bias. Each risk of
bias was assigned a score denoting whether it was low,
high, or moderate. Consequently, the overall risk of bias
for the trial was reported as either low, high, or
moderate. The findings from the assessment using the
revised Cochrane RoB 2 tool are presented in Table 2.

Table 2: Assessment of clinical trials using the
revised Cochrane risk of bias 2 tool

First Random Intervention | Incomplete | Inadequate Selective | Final RoB
Author | allocation | non- results assessment of | reporting | judgement
adherence the outcomes

El LowRisk | Low Risk LowRisk | Moderate Low Moderate

Shafie Risk Risk Risk
AM et

al.

(2023)

120]

Similarly, the quality assessment of observational
studies was conducted using the Newcastle Ottawa
Scale (NOS). The evaluation involved scoring the
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studies with regard to the selection criteria applied to
the study population, the comparison made, and the
results reported. The final scores were categorized as
either representing good, fair, or poor quality. A
summary of the NOS assessments for the included
observational studies can be found in Table 3.

Table 3: Newcastle Ottawa Scale adapted for
observational studies [Hegzog]

First author Selection Compara Outeome RE""'
- Based on
Representative | o ) Non- Accertaimment | desien | “TUUEHE | giibiea
ness of the " tof
pk esize | responders | of exposure wa | Ltest
snalysis ome

Ruiz-Herrero 7 ot N - ~ . n 7
al. 2021) [21]
Yang R et al 9
o 22 - - + - -
Torael BA of ol N N = " N 7
(2020) [23]
Rehollo MJ ef al. N - = . n 7
(2020) [24]
Garbuz € et al N N = " N 7
(2019) [25]
Temayilova N et al N - = . n 7
(2018) [26]
‘Ref Vary Good Studlies: 9-10 points, Goed studies- - poivts, Satisfactory studies: 3-8 points, Uncati s (Ld pois

Finally, the assessment of systematic reviews and meta-
analyses was performed by applying the AMSTAR 2 tool,
which involves the consideration of 16 specific
questions. The overall quality of these comprehensive
studies was evaluated and categorized as either
critically low, low, moderate, or high. The outcomes of
the AMSTAR 2 tool assessment are presented in Table
4,

Outcomes:

The primary outcome was effectiveness of ketogenic
diet therapy for epilepsy in children aged up to 12 years,
presented as the number or proportion of children
achieving >50% seizure reduction after =1 month of
follow-up.

Secondary outcomes were:

1. Seizure free rates at =1 month of follow-up

2. KDT Retention rates

3. Side effects

Data extraction:

The following data (where available), were extracted for
each study:

. Study design

. Number of children started on diet

. Type of ketogenic diet

. Seizure outcome at 1, 3, 6, 12, and 24 months

. Seizure outcome at other recorded time points

. Number of children remaining on diet at each time
point

7. Adverse side effects in children

Ul hwWNH

Data analysis:

Descriptive analysis was undertaken for the primary
outcome and for seizure-free rates; data were
presented as aggregate rates, ranges, median, and
interquartile range (IQR), for numerical outcomes.
Collective means were derived by aggregating study
means or individual patient data, whenever available.
The calculation of the collective standard deviation was
not feasible due to the unavailability of data for all
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studies. Narrative syntheses of retention rates, side Ageat KD
effects, and diet-initiation methods were compiled. The Author Country | Study design | 2P ;;“".‘“”" ME |
A ) ) . (year) ountry tudy design size (Maximum (%) onclusion
results obtained from this analysis are presented in 3 age and
Table 4. median/mean)
Classic KD
- (60%) and
Table 4: Summary of the Assessment of Multiple MAD KD
Systematic Reviews 2 (AMSTAR 2) tool (33.3%) is safe
and  effective
El-Shafie therapy for the
4m-12y )
First author (Year) Lyons et al. (2020) t[‘!ﬁ; etal. Egypt RCT 40 4y 4330567 gzmaganem of
127] mug
(1) PICO framework included No E“,sl‘“"”,“ .
pilepsy with a
(2) Pre- defined methods and research proposal Yes positive impact
(3) Design of study outlined Yes on growth and
(4) Thorough literature search Yes EEG
(3) Selection of studies by two individuals Yes KDT are useful
(6) Extraction of data by two individuals Yes Ruiz and  effectrve
(7) Record and reasons of reports excluded Yes HerreroJet | Spain Retrospective, 42 2y 50/50 | freatments Vin
(3) Detailed description of included studies Yes al. 21] study 77m infancy.  Mild
(9) Adequate RoB procedure followed Yes ;:Dd: efzz::ﬁ "
(10) Disclosure of funding sources Yes Dp‘;;zlamg_ém
(11) Appropriate statistical analysis Yes i . management  of
(12) Effect of RoB of primary studies on meta- analysis result | Yes 'lk;z']lg Retal China ?;:;SPECH"E 634 :l‘é); 63.4/36.6 1::;5:;‘;5 h:i::
(13) RoB considered in primary studies Yes - chown to greatly
(14) Investigation of heterogeneity Yes enhance the rate of
(15) Small study bias No EBIC ot
(16) Potential conflicts reported Yes retention,
Total score (/16) 14 e, =
{EnCy of
Final quality appraisal of the review MODERATE adhverse effects.
PICO: Papulation Intervention Comparison Ouicome; RoB: risk of bias BT a_r.l'iﬁl! ]
aption for Te2ting
N refractery epilepey
I‘i"’;;m B | Mexico | Case series 10 i3 5050 | in children after
RESULTS " h o
fallowing
FID 1z 2n affective |
Study characteristics :':'“P‘ .f"'pzm
ERebollo MJ Chile Eetrozpactive 35 Ty 4577543 with DRE withaut
A total of eight studies were included in the present etal [24] stady &8y s
review. Out of eight studies, two studies were sy confroled
conducted in the United Kingdom, one each in Egypt, O E T k|
Spain, China, Mexico, Chile, and Turkey. Of the included Lyometal | |Swtematic | 2 o e
studies, one was a randomized controlled trial, one was [27 review - 13m - opticn ;m s
a systematic review/meta-analysis, and the rest were DRE.
observational studies. All the studies included seizures ;D‘;'f‘“’““@m
o_f heterog_eneous aetiology. Ove_rall sample S|z_e_c_>f ?he RS I P —— o ks sz Gequency
eight studies was 1330. The median age at the initiation al [28] whey | oy 3y ST | Sts4 ofasfectes
of ketogenic diet therapy ranged from 7.7 months to 4.4 P e
years. The males and females in this review were in complortion:_ |
similar proportions (50.7% vs 49.3%). The results e @
obtained from this analysis are presented in Table 5. :;“!:mmm";";‘:
with roughly 0%
. - . - - Lamayilova N Fstrospective 2y - improvement  in
Table 5: Details of the studies comprised in the el 28] |05 | tady ® Ir 6238 | e faquency
review severity - withoat
any negative
impact an
developmental
course.

Ketogenic diet resulted in a reduction in the use of
AEDs, Before the initiation of ketogenic diet, the
majority of the children (57.5%) were on four or more
AEDs, which reduced to 6.2% post-therapy. Similarly,
the proportion of participants who were on 3 AEDs
(40.8%) reduced to 16.2% post-therapy. Whereas,
there was an increase in the proportion of participants
using fewer AEDs, such as participants who were on 2
AEDs (18.2%) increased to 30.4% post-therapy and
participants who were on single AED (12%) increased
to 16.2% post therapy. The mean follow-up duration in
this review was 18.3 months, which ranged from 8
months to 24 months. The mean three-months
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retention rate was 80.4%, while with subsequent
follow-up the retention rate reduced further, such as
53.0% at the end of 6 months, 53.8% at the end of 12
months, and 28% at the end of 24 months. The results
obtained from this analysis are presented in Table 6.

Table 6: Number of anti-epileptic drugs, retention
rate and follow up duration

Number of AED Number of AFD Follow-up
Author (year) Retention rate
used at before KD | nsed after KD duration (m)
333%ond AED Withdraw
El Shafie AM et al. 1 month, 92.5%
333%on3 AED 1 AED m 26.7% 24
[20] 3 months, 85%
133% on2 AED ZAEDm133%
3 months
1% on 4 AED 3 maomths, 79%
24% ond4 AED
Ruiz Herrero Jet | 31% on3 AED 6 momths, 37%
26% on 3 AED 24
al. [21] 1% on 2 AED 12 months, 38%
33% on 2 AED
Toonl AED 24 months, 17%
12%on 1 AED
T months, 2%
YanmgRetal [12] | 50% on=4 AED — 6 months, 60.6% 12
12 months, 34.1%
Lsrael RA et al. [23] | 100%: on >4 AED — 12 months 100% 12
5% on =5 AED T months, 72%
Rehollo M7 et al.
80% on 3-4 AED — 24 months, 40% 24
24
14.3% on <) AED
T months, $1%
Lyons et al. [27] Mean, 29 — 6 months, §8% A
12 months, 43%
24 months, 27%
Gurbuz G etal.
100% on =4 AED — 30% ]
[24]
3% ond AED 10% on 4 AED
Ismayilova Netal | 33%on3 AED 18%on 3 AED 1 month, 86%
13
[26] 14% on2 AED 43% on 2 AED 6 months, 34.3%
17%on1 AED 10% on 1 AED
AED: Ant-Epileptic Drugs, K- Eetogenic Diet

The majority of the participants started on the Classic
ketogenic diet, with more than half (55.6%) of the
participants on the classic 3:1 ketogenic diet, while
around one-third (34.2%) were on the classic 4:1
ketogenic diet. The modified Atkin Diet was introduced
in 23.9% of the participants. Five out of 8 studies
reported a non-fasting state during the initiation of a
ketogenic diet. Resolution of seizure, which was
assessed by >50% reduction in seizure frequency, was
observed at different follow-up intervals. After one
month, 54% of the participants reported seizure
resolution, after three months of ketogenic diet 58% of
the participants had seizure resolution. Similarly, after
six, twelve and twenty-four months, 46.8%, 56.1% and
41.5% of the participants developed seizure resolution,
respectively. Considering seizure freedom, after one,
three, six, twelve and twenty-four months, 17%,
25.7%, 33.3%, 21.3% and 18.8% of the participants
became seizure-free, respectively. The results obtained
from this analysis are presented in Table 7.
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Table 7: Effectiveness and types of KD

Comman [T p—y
Astbar fyeas) KD trpe ratia, (%) Fasting sympeama bofere | aciure roducsion) with Scizere frec
the initiztien s/ KD | respective pvaluca
Moo weiwime | Ler 3 mamths, FTy gy
Classic 4:1, 50
El-Shafic AM cs al. [20] Hin
MAD, 50%
i 3:1, 5%
Rz Hezrers Tezal.
Lasic 4:1, 155 K
1241
BMADL 25%
¥ang Retal [22] Classic 4:1, 21 Ve prea e dmanths, 432500 | Affer S memiks, 1375
1| Afer 13 momitr, 31.5% After 3 manihs, 1935
(pen0ly
Classic 3:1, Ty i § madh, B (006 Afer £ manth, 10
Tarac] R csal. 23] Classic 4:1, 1 Afer 2 mamthe, 10
Lassic 21, 1 Afier 13 memii, 30
Classic 4:1, 15%
Classic Afer 2 manth,
Rickallo BT ct 2l [24] B

MAD, 3T%

LGIT, 14%

Lysmsct al. [17] e

BMADL 5
Clasic 3:1,32.3%

Gurbur G ot 2L [25] K Afler [ mamths, 6.7
Classic 4:1, 66.7%
Classic 3:1, 65.5%

Tamalova N ctal (] | Classic 4:1,3L0% Hir ler 3 mantks, 6.9%

MCT, 3.4%

FE: Kcimgonic D, 1AD: Medyied Az D, MET. Madiim Chain

Traglveeride, LT Law G Trdies Tremiment

The majority of the studies frequently reported
gastrointestinal side effects, the most common being in
the form of gastrointestinal disturbances (35.8%),
GERD (33.7%), constipation (30.7%), vomiting
(17.1%), Diarrhea (15%) and less commonly pain
abdomen (3.2%) and loss of appetite (3%).
Dyslipidemia was developed in 19.6% of the study
participants. Hypoglycemia was present in 15.8%.
Other biochemical abnormalities reported were acidosis,
and disturbances in calcium metabolism. Renal stones
were also reported in three out of eight studies. Weight
loss (33.3%), weight gain (40%) and behavioral
problems (2%) were reported by one each study. The
results obtained from this analysis are presented in
Table 8.
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Author

GT zide effects Biochemical Genitourinary Others
rear)

‘Constipation 33.3%
El-Shafie AM

Diarrhea 16.7% — — —
et al. [20]

Vomiting 13.4%

Dryslipidernia 4.8%

Ruiz-Herrero Hyperuricemia

GI disturbance 5.5% | Hypoglycemia 21.4% —
Jetal [21] Z4%

Hypercaleiuria 4.8%

Constipation 24 5% | Dwslipidemia 1.9% Hyperuricemia

YangRetal | Vomiting 15.8% Acidosis 0.3% 0.6%
221 Diarthea 13.2% Hypoglycemia 0.5% | Renal stones

Abdominal pain 3.2% [ Hypocaleemia 0.9% 0.3%

Trael KA et | Constipation 609 Fieal stonz 10% | Weight gain

Dryslipidemia 50%
al. [23] GEFD 30% UTI 2% 40%
Rehollo MJ at | GI dishrbancas 62%
Dryalipiderma 14% — —
al. [24] Constipation 314
Vomniting 8%
Lyons et al. ‘Comstipation 4% Dryzlipidemia 12% Feenal stones 3% | Behavioral
[27 ‘GERD 4% Acidosis 2% Hematuria 2% problem 2%
Losz of appetite 3%
Curbuz Get | GERD 33.3% Waight loss
Dryslipidemia 16.7% —
al. [25] Vomiting 33.3% 333%

Ismayilova N | Constipation
et al. [26] Vomiting

Dryslipidersia 38% — —

KD: Kstogenic Diet, GI: Gastro-intestinal, GERD: Gastro Intsstinal Reflue Disease

Discussion

The utilisation of the ketogenic diet is increasingly
prevalent on a global scale as a viable therapeutic
approach for the management of refractory childhood
epilepsy. The research incorporated in this analysis was
done in a diverse range of seven nations spanning
across the globe. The findings of this review partially
demonstrate the impact of the diet on a worldwide
scale. Furthermore, the participants included in the
review spanned from birth to 12 years of age, and the
duration of the follow-up period ranged from 1 month
to 24 months. Hence, this review provides a
comprehensive summary of the existing knowledge
regarding the immediate and prolonged effects of
Ketogenic diet on children across various age cohorts.
However, it is imperative to take into account ethnic
disparities when utilising the findings of this review as a
point of reference.

Types of ketogenic diet

The present review revealed that the majority of the
participants started on the classic ketogenic diet with a
ratio of 3:1 (55.6%), while around one-third (34.2%)
were on the classic 4:1 ketogenic diet. The modified
Atkin Diet was introduced in 23.9% of the participants.
The classic ketogenic diet ratio of 3:1 is the most
commonly utilised and highly recommended kind of KDT
throughout infancy due to its ability to adequately fulfil
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protein needs and support optimal growth The ratio may
be modified in accordance with factors such as
acceptability, side effects, ketosis, or intercurrent
circumstances [28,29].

Efficacy of the ketogenic diet

The utilisation of Ketogenic diet was initially
documented by Douglas R et al. [30] in a study
involving 32 newborns, and their findings demonstrated
comparable outcomes. A total of 20% of the patients in
their study achieved seizure freedom, while an
additional 35% exhibited a favourable response.
Several recent studies have provided further
confirmation of the positive outcomes associated with
ketogenic dietary therapy in the management of
infantile spasms, which is the predominant form of
seizure observed in infants [31,32].

Multiple studies have substantiated the effectiveness of
the ketogenic diet and have demonstrated a reduction
in seizure frequency of at least 50% for both the
conventional Ketogenic diet and the modified Atkins diet
[33]. The results of our study indicate that after one
month, 54% of the participants reported seizure
resolution, after three months of ketogenic diet 58% of
the participants had seizure resolution. Similarly, after
six, twelve and twenty-four months, 46.8%, 56.1% and
41.5% of the participants developed seizure resolution,
respectively. While, after one, three, six, twelve and
twenty-four months, 17%, 25.7%, 33.3%, 21.3% and
18.8% of the participants became seizure-free,
respectively in this review, which was higher than those
observed by Rezaei S et al. [34] and Sondhi V et al.
[35]. Furthermore, the efficacy of the ketogenic diet
(KD) treatment demonstrated a major improvement
over three to six months.

Studies have demonstrated the efficacy of the ketogenic
diet in treating epileptic syndromes, including
myoclonic-astatic epilepsy, Rett syndrome, West
syndrome (especially when associated with tuberous
sclerosis), as well as Dravet and Doose syndromes
[36,37,38]. In the present review, El-Shafie AM et al.
[20] observed that all patients with focal seizures, and
more than half of patients with generalised tonic-clonic
seizures, infantile spasms, myoclonic seizures achieved
seizure resolution after the initiation of the ketogenic
diet. Based on a recent review, it has been determined
that ketogenic diet exhibit both safety and efficacy in
the treatment of drug-resistant epilepsy, GLUT1DS, and
pyruvate dehydrogenase deficiency in children who are
two years of age or younger [39].

Retention rate and long-term management

The researchers from the Ketogenic diet study have
reached the conclusion that it is advisable to maintain
the Ketogenic diet therapy for a minimum duration of
three months in order to properly assess its
effectiveness [40]. In relation to the objective and
strategic approach for long-term management, there
has been a notable reduction in the retention rate within
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the present review. The three-months retention rate
was 80.4%, while with subsequent follow-up the
retention rate reduced further, such as 53.0%, 53.8%
and 28% at the end of 6, 12 and 24 months,
respectively. These findings demonstrate similarity to
the outcomes reported in previous research
investigations [41,42]. Efforts aimed at enhancing
patients' adherence to ketogenic dietary therapy have
the potential to concurrently enhance its efficacy [43].
It is crucial for caregivers to be willing to apply
ketogenic diet therapy [44]. The proliferation of internet
technology has significantly enhanced the accessibility
of various aspects of long-term management, including
effective contact with multidisciplinary teams and the
provision of video-based instruction for novel ketogenic
diet recipes [45]. Furthermore, there has been an
improvement in the adaptability of the ketogenic diet in
terms of its variations, and there has been a relaxation
of limitations pertaining to calorie and fluid consumption
in recent times [46].

Safety of ketogenic diet

The ketogenic diet is considered to be a reasonably safe
and well-tolerated dietary intervention for children who
suffer from refractory epilepsy. The occurrence of
Ketogenic diet side effects is often attributed as a
significant factor leading to trial dropouts, as they are
commonly noticed in a substantial proportion of the
young patient population [47]. A comprehensive
analysis revealed the presence of over forty distinct
adverse events, with notable prevalence observed in the
cardiovascular, renal/genitourinary, skeletal systems,
and gastrointestinal tract (mostly manifesting as
constipation). While the studies included in the analysis
did disclose a series of adverse events, it is worth noting
that severe adverse events were few. In order to ensure
the safe implementation of ketogenic diet therapy, it is
recommended that children undergoing this dietary
intervention have regular follow-up and monitoring for
any adverse events.

A comprehensive analysis revealed the presence of
adverse events, with the cardiovascular,
renal/genitourinary, skeletal systems and
gastrointestinal systems (mostly  constipation)
exhibiting the highest incidence rates [48,49]. The
present review findings indicate that gastrointestinal
adverse events were the most often observed.
Specifically, constipation was reported in 30% of
patients.

Another frequently reported side effect in the present
review was dyslipidaemia (20%), Coppola et al. [50]
and Kossoff et al. [51] confirmed this finding in a series
of investigations conducted between 2006 and 2008,
where they noted a concurrent rise in both total
cholesterol and LDL levels. The lipid profile exhibits
variations, particularly within the initial 12 months of
implementing the diet, as reported in a significant
proportion of children [48]. These variations may
manifest within the first month of initiating the diet, but
typically resolve and return to normal levels within a few

A Systemic Review

months after its introduction which may serve as a
reliable measure for the safety of the cardiovascular
system posed due to a high-fat diet [41,52].
Hypoglycaemia, hypocalcaemia and acidosis were also
noted in the current review. It is worth noting that other
studies have shown varying proportions of adverse
events in their studies [48,53,54].

Effect of ketogenic diet on growth

In this review, we found conflicting results on growth,
Israel et al. [23] reported weight gain while Gurbuz et
al. [25] reported weight loss in their studies,
respectively. The findings of systematic reviews have
revealed divergent outcomes regarding the effects of
the ketogenic diet (KD) on growth, with certain studies
suggesting a positive advantage while others
suggesting an adverse influence [52]. Inadequate
caloric and protein consumption, the presence of
acidosis or ketosis, the impact of underlying medical
conditions and treatments, the individual's ability to
ambulate, and associated endocrine alterations are
among the causative factors contributing to impaired
growth in children undergoing ketogenic dietary
regimens [55,56]. The occurrence of growth retardation
in children following a ketogenic dietary therapy has
been documented in previous studies, which aligns with
the findings observed in our own review. Furthermore,
it has been suggested that younger children may face a
higher susceptibility to this adverse effect, particularly
when subjected to extended treatment [17,33,57].

Limitation

The presence of heterogeneity among the patients who
were enrolled in the study included in this review had
an impact on the observed lack of statistical
significance. Another limitation observed in the studies
was the occurrence of drop-out cases resulting from
noncompliance.

The fundamental disadvantage of this review is the
inclusion of the majority of retrospective studies, which
may introduce certain biases. Additionally, relying on
parental reports of seizure decrease increases the
potential for subjective inaccuracies.

Conclusions

The ketogenic diet are efficacious and safe intervention
for the treatment of epilepsy in children. The classic
ketogenic diet ratio of 3:1 is widely recognised as the
most recognised form of ketogenic diet. Although
adverse effects are frequently observed, they are
generally of a mild nature and can be easily managed.
Vigilant surveillance plays a crucial role in identifying
adverse reactions, dietary insufficiencies, and
anthropometric irregularities. Based on the findings of
this review, it can be concluded that the ketogenic diet,
including both classic Ketogenic diet and the modified
Atkins diet, is a viable and generally well-received
therapeutic approach for managing refractory epilepsy
in paediatric patients. Further investigation is warranted
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to provide a more comprehensive understanding of the
efficacy and appropriateness of utilising Ketogenic diet
as a standalone treatment option, either as an initial
course of therapy or following the discontinuation of all
other drugs once optimal disease management has
been achieved. The determination to choose this
particular dietary regimen should additionally consider
factors such as financial implications, personal
preferences, and the safety of the treatment.

Declaration of Conflicting Interests:
The Authors declare that there is no conflict of interest.

REFERENCES

1. Titre-Johnson S, Schoeler N, Eltze C, Williams
R: Ketogenic diet in the treatment of epilepsy in children
under the age of 2 years: Study protocol for a
randomised controlled trial. Trials. 2017, 18:195.
10.1186/s13063-017-1918-3

2. Fiest KM, Sauro KM, Wiebe S: Prevalence and
incidence of epilepsy: a systematic review and meta-
analysis of international studies. Neurology. 2017,
88:296-303. 10.1212/WNL.0000000000003509

3. Hauser WA, Annegers JF, Kurland LT: Incidence
of epilepsy and unprovoked seizures in Rochester,
Minnesota: 1935-1984. Epilepsia. 1993, 34:453-68.
10.1111/j.1528-1157.1993.tb02586.x

4. Kwan P, Schachter SC, Brodie MJ: Drug-
resistant epilepsy. N. Engl. J. Med. 2011, 365:919-926.
10.1056/NEJMra1004418

5. Udani VP, Dharnidharka V, Nair A: Difficult to
control epilepsy in childhood-A long-term study of 123
cases. Indian Pediatr. 1993, 30:1199-206.

6. Puchalska P, Crawford PA: Multi-dimensional
Roles of Ketone Bodies in Fuel Metabolism, Signaling,
and Therapeutics. Cell Metab. 2017, 25:262-284.
10.1016/j.cmet.2016.12.022

7. Cahill GF: Fuel metabolism in starvation. Annu.
Rev. Nutr. 2006, 26:1-22.
10.1146/annurev.nutr.26.061505.111258

8. McGarry JD, Foster DW: Regulation of hepatic
fatty acid oxidation and ketone body production. Annu.
Rev. Biochem. 1980, 49:395-420.

10.1146/annurev.bi.49.070180.002143

9. Robinson AM, Williamson DH: Physiological
roles of ketone bodies as substrates and signals in
mammaliantissues. Physiol. Rev. 1980, 60:143-187.
10.1152/physrev.1980.60.1.143

10. Aneja P, Dziak R, Cai GQ, Charles TC:
Identification of an acetoacetyl coenzyme A synthetase-
dependentpathway for utilization of L-(+)-3-
hydroxybutyrate in Sinorhizobium meliloti. J. Bacteriol.
2002, 184:1571-1577. 10.1128/1B.184.6.1571-
1577.2002

A Systemic Review

11. Krishnakumar AM, Sliwa D, Endrizzi JA:
Getting a handle on therole of coenzyme M in alkene
metabolism. Microbiol. Mol. Biol. Rev. 2008, 72:445-45.
10.1128/MMBR.00005-08

12. Yang H, Shan W, Zhu F: Ketone Bodies in
Neurological Diseases: Focus on Neuroprotection and
Underlying Mechanisms. Front. Neurol. 2019, 10:585.
10.3389/fneur.2019.00585

13. Wheless JW: History of the ketogenic diet.
Epilepsia. 2008, 49:3-5. 10.1111/j.1528-
1167.2008.01821.x

14. Peterman MG: The Ketogenic Diet. JAMA.
1928, 90:1427-1429.

10.1001/jama.1925.02660520007003

15. Woodyatt RT: Objects and Method of Diet
Adjustment in Diabetes. JAMA Intern. Med. 1921,
28:125-141. 10.1001/archinte.1921.00100140002001

16. Wilder R: The effect on ketonemia on the
course of epilepsy. Mayo Clin. Proc.1921. 2:307-308.

17. Vining EP, Freeman JM, Ballaban-Gil K: A
multicenter study of the efficacy of the ketogenic diet.
Arch. Neurol. 1998, 55:1433-1437.

10.1001/archneur.55.11.1433

18. Kossoff EH, Zupec-Kania BA, Rho IM:
Ketogenic diets: An update for child neurologists. J Child
Neurol. 2009, 24:979-88. 10.1177/0883073809337162

19. Page MJ], McKenzie JE, Bossuyt PM: The
PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BMJ. 2021, 372:71.
10.1136/bmj.n71

20. El-Shafie AM, Bahbah WA, Abd El Naby SA.
Impact of two ketogenic diet types in refractory

childhood epilepsy. Pediatr Res. 2023112.
10.1038/s41390-023-02554-w
21. Ruiz-Herrero J, Cafiedo-Villarroya E, Pérez-

Sebastian I: Efficacy and safety of ketogenic dietary
theraphies in infancy. A single-center experience in 42
infants less than two years of age. Seizure. 2021,
92:106-111. 10.1016/j.seizure.2021.08.018

22. Yang R, Wen J, Wei W, Chen H: Improving the
effects of ketogenic diet therapy in children with drug-
resistant epilepsy. Seizure. 2022, 94:183-188.
10.1016/j.seizure.2021.10.021

23. Israel RA, Elizabeth PM: Description and
evaluation of the effects of the cetogenic diet in children
with refractory epilepsy. J. Selva Andina Res. Soc. 2020,
11:142-152. 10.36610/j.jsars.2020.110200142x

24. Rebollo G, Maria ], Diaz SM: Ketogenic Diet in
patients with refractory epilepsy. Rev. chil. pediatr.
2020, 91:697-704. 10.32641/rchped.vi91i5.1563

Journal for International Medical Graduates. 2024.




JIMGS

09 (01) oth, 2024

Journal for International Medical Graduates

25. Girbiiz G, Kumru B, Ozsevik S: The Efficacy,
Safety and Side-Effect Profile of the Ketogenic Diet in
the Treatment of Pediatric Super-Refractory Status
Epilepticus. J Nutri Med Diet Care. 2019, 5:041.
10.23937/2572-3278.1510041

26. Ismayilova N, Leung M, Kumar R: Ketogenic
diet therapy in infants less than two years of age for
medically refractory epilepsy. Seizure. 2018:5-7.
10.1016/j.seizure.2018.02.014

27. Lyons L, Schoeler NE, Langan D: Use of
ketogenic diet therapy in infants with epilepsy: A
systematic review and meta-analysis. Epilepsia. 2020,
61:1261-1281. 10.1111/epi. 16543

28. Van der Louw E, van den Hurk D, Neal E:
Ketogenic diet guidelines for infants with refractory
epilepsy. Eur ] Paediatr Neurol. 2016, 20:798-809.
10.1016/j.ejpn.2016.07.009

29. Dressler A, Trimmel-Schwahofer P: The
ketogenic diet for infants: how long can you go?.
Epilepsy Res. 2020,

164106339:10.1016/j.eplepsyres.2020.106339

30. Nordli DR, Kuroda MM, Carroll J: Experience
With the Ketogenic Diet in Infants. Pediatrics. 2001,
108:129-133. 10.1542/peds.108.1.129

31. Pires, Maria E, Ilea A: Ketogenic Diet for
Infantile Spasms Refractory to First-line Treatments: An
Open Prospective Study. Epilepsy Research. 2013,
105:189-194. 10.1016/j.eplepsyres.2012.11.009

32. Kayyali HR, Gustafson M, Myers T: Ketogenic
diet efficacy in the treatment of intractable epileptic
spasms. Pediatr  Neurol. 2014, 50:224-227.
10.1016/j.pediatrneurol.2013.11.021

33. Ruiz Herrero J: Safety and effectiveness of the
prolonged treatment of children with a ketogenic diet.
Nutrients. 2020, 12:306. 10.3390/nu12020306

34. Rezaei S, Abdurahman AA, Saghazadeh A:
Short-term and long-term efficacy of classical ketogenic
diet and modified Atkins diet in children and adolescents
with epilepsy: a systematic review and meta-analysis.

Nutr Neurosci. 2019, 22:317-334.
10.1080/1028415X.2017.1387721
35. Sondhi V, Agarwala A, Pandey RM: Efficacy of

ketogenic diet, modified atkins diet, and low glycemic
index therapy diet among children with drug-resistant
epilepsy: a randomized clinical trial. JAMA Pediatr. 2020,
174:944-951. 10.1001/jamapediatrics.2020.2282

36. Caraballo RH: Ketogenic diet in patients with
myoclonic-astatic epilepsy. Epileptic Disord. 2006:151-
155.

37. Korff C: Dravet syndrome (severe myoclonic
epilepsy in infancy): a retrospective study of 16

A Systemic Review

patients. J. Child Neurol. 2007, 22:185-194.
10.1177/0883073807300294
38. Kilaru S. & Bergqvist AGC: Current treatment

of myoclonic astatic epilepsy: clinical experience at the
Children’s Hospital of Philadelphia. Epilepsia. 2007,
48:1703-1707. 10.1111/j.1528-1167.2007.01186.x

39. Falsaperla R, D'Angelo G, Pratico AD. Ketogenic
diet for infants with epilepsy: a literature review.
Epilepsy Behav. 2020112107361.

10.1016/j.yebeh.2020.107361

40. Kossoff, Eric H, Beth A: Optimal Clinical
Management of Children Receiving Dietary Therapies for
Epilepsy: Updated Recommendations of the
International Ketogenic Diet Study Group. Epilepsia.
2018, 3:175-192. 10.1002/epi4.12225

41, Cai QY, Zhou ZJ, Luo R: Safety and tolerability
of the ketogenic diet used for the treatment of
refractory childhood epilepsy: a systematic review of
published prospective studies. World J Pediatr. 2017,
13:528-536. 10.1007/s12519-017-0053-2

42. Jagadish S, Payne ET, Wong-Kisiel L: The
Ketogenic and Modified Atkins Diet Therapy for Children
With Refractory Epilepsy of Genetic Etiology. Pediatr

Neurol. 2019, 94:32-37.
10.1016/j.pediatrneurol.2018.12.012
43, Ye F, Li XJ, Jiang WL, Sun HB: Efficacy of and

patient compliance with a ketogenic diet in adults with
intractable epilepsy: a meta-analysis. J Clin Neurol.
2015, 11:26-31. 10.3988/jcn.2015.11.1.26

44. Neal EG, Chaffe H, Schwartz RH: The ketogenic
diet for the treatment of childhood epilepsy: a
randomised controlled trial. The. Lancet Neurol. 2008,
7:500-506. 10.1016/51474-4422(08)70092-9

45. Pasca L, De Giorgis V, Macasaet JA: The
changing face of dietary therapy for epilepsy. Eur J
Pediatr. 2016, 175:1267-1276. 10.1007/s00431-016-
2765-z

46. Kossoff EH, Rowley H, Sinha SR: A prospective
study of the modified Atkins diet for intractable epilepsy

in adults. Epilepsia. 2008, 49:316-319.
10.1111/j.1528-1167.2007.01256.x

47. Martin K, Jackson CF, LevyRG : Ketogenic diet
and other dietary treatments for epilepsy. Cochrane
Database Syst. Rev. 2016, 2:001903.
10.1002/14651858.CD001903.pub3

48. Kim DW, Kang HC, Park JC : Benefits of the

nonfasting ketogenic diet compared with the initial
fasting ketogenic diet. Pediatrics. 2004, 114:1627-
1630. 10.1542/peds.2004-1001

49, Pietrzak D, Kasperek K, Rekawek P : The
therapeutic role of ketogenic diet in neurological

Journal for International Medical Graduates. 2024.




JIMGS

09 (01) oth, 2024

Journal for International Medical Graduates

disorders. Nutrients. 2022, 14:1952.
10.3390/nu14091952
50. Coppola G: Ketogenic diet for the treatment of

catastrophic epileptic encephalopathies in childhood.

Eur. J. Paediatr. Neurol. 2010, 14:229-234.
10.1016/j.ejpn.2009.06.006
51. Kossoff EH, McGrogan JR, Bluml RM: A

modified Atkins diet is effective for the treatment of
intractable pediatric epilepsy. Epilepsia. 2006, 47:421-
4.10.1111/j.1528-1167.2006.00438.x

52. Glzel O, Yilmaz U, Uysal U : The effect of olive
oil-based ketogenic diet on serum lipid levels in epileptic

children. Neurol. Sci. 2016, 37:465-470.
10.1007/s10072-015-2436-2
53. Liu, Hongyan, Yang Y, Wang Y: Ketogenic Diet

for Treatment of Intractable Epilepsy in Adults: A Meta-
analysis of Observational Studies. Epilepsia. 2018, 3:9-
17.10.1002/epi4.12098

54, Kim JA, Yoon JR, Lee EJ: Efficacy of the classic
ketogenic and the modified Atkins diets in refractory

childhood epilepsy. Epilepsia. 2016, 57:51-58.
10.1111/epi.13256
55. Ferraris C: Impact of the ketogenic diet on

linear growth in children: a single-center retrospective
analysis of 34 cases. Nutrients. 2019, 11:1442.
10.3390/nu11071442

56. Svedlund A, Hallb6ék T, Magnusson P:
Prospective study of growth and bone mass in Swedish
children treated with the modified Atkins diet. Eur. J.

Paediatr. Neurol. 2019, 23:629-638.
10.1016/j.ejpn.2019.04.001
57. Groleau V, Schall JI, Stallings VA: Long-term

impact of the ketogenic diet on growth and resting
energy expenditure in children with intractable epilepsy.
Dev Med Child Neurol. 2014, 56:898-904.
10.1111/dmcn.12462

A Systemic Review

Effectiveness of a Ketogenic Diet in Children with
Refractory Epilepsy: A Systemic Review

Authors: Jahnavi Gurramkonda M.D.!, Shaan I.
Chaudhri?, Amina Amin MBBS3, Binay K. Panjiyar
M.D.#, Dhuha S. Al-taie.®, Esraa M. AlEdani M.D.¢,
Lubna Mohammed.’”

Affiliations:
!California Institute of Behavioral Neurosciences &
Psychology, Fairfield, CA, USA

2Lahore Medical and Dental College, Lahore, Punjab,
PK.

3Shifa International Hospitals Ltd, Islamabad,
Islamabad, PK

“Harvard Medical School, Boston, MA, US.

5> California Institute of Behavioral Neurosciences &
Psychology, Fairfield, CA, USA
SUniversity of Basrah,Basrah, Basra, IQ.

’California Institute of Behavioral Neurosciences &
Psychology, Fairfield, CA, USA

Corresponding Author:
Jahnavi Gurramkonda M.D.

California Institute of Behavioral Neurosciences &
Psychology

4751 Mangels Blvd

Fairfield, CA 94534

United States

Phone: +91 8125954008

Email: drjahnavigurramkonda@gmail.com

Journal for International Medical Graduates. 2024.



mailto:drjahnavigurramkonda@gmail.com

