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Background: To investigate the efficacy of the ketogenic diet (KD) and anti-epileptic drugs (AEDs) on 
children with refractory epilepsy (RE), and to analyze the effects of gender, therapeutic time, age, type of 
epilepsy syndrome, number of epileptic seizure types, and number of AEDs on the efficacy of the KD. A 
prospective, non-randomized, controlled cohort study was used and a total of 200 children with RE who 
were hospitalized in the Department of Pediatric Neurology, Children’s Hospital of Chongqing Medical 
University from November 2015 to December 2020 were divided into a KD group and AEDs only group 
according to their parents’ wishes. 
Methods: Children in the KD group were treated with a classical KD in addition to the AEDs, while in the 
AEDs group, the original AEDs were continued and could be adjusted according to the clinical seizure types 
and other conditions. The effects of gender, therapeutic time, age, type of epilepsy syndrome, number of 
epileptic seizure types, and number of AEDs on the efficacy of the KD were analyzed.
Results: In the KD group, the efficacy was 79.41%, 79.59%, 81.05%, 81.11%, 77.01%, and 78.75%, at 
3, 6, 9, 12, 18, and 24 months, respectively. In the AEDs group, the efficacy was 59.18%, 60.42%, 59.78%, 
59.55%, 59.30%, and 53.01% at 3, 6, 9, 12, 18, and 24 months, respectively. After 3, 6, 9, 12, 18, and  
24 months of treatment, a statistically significant difference in the effective rate between the KD group and 
the AEDs group was seen (P<0.05). Chi-square test was used to analyze the effects of gender, therapeutic 
time, age, type of epilepsy syndrome, number of epileptic seizure types, and number of AEDs on the efficacy 
of the KD, and the results showed no statistical significance (P>0.05). 
Conclusions: KD therapy reduces the frequency of seizures in children with RE compared with AEDs 
alone. In the KD group, the gender, therapeutic time, age, type of epilepsy syndrome, number of epileptic 
seizure types, and number of anti-epileptic drugs had no significant effect on the efficacy of the KD diet.
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Introduction

Epilepsy is a heavy burden on children, who can have 
changes in behavior or movement due to repeated 
abnormal electrical discharges in the brain (1). Epilepsy 
as one of the most common neurological diseases, with a 
prevalence in children of 0.3–0.6% (2). While drug therapy 
is currently the preferred treatment, 20–30% of children 
develop drug-refractory epilepsy [referred to as refractory 
epilepsy (RE)] (2). For refractory epilepsy, we can choose 
ketogenic diet (KD), vagal nerve stimulation or surgery 
for different causes. The ketogenic diet was developed in 
1921 and consists of high fat, moderate protein, and low 
carbohydrates. In the 1920s and 1930s, ketogenic diets 
were used to treat epilepsy, but the emergence of new 
anti-epileptic drugs (AEDs) made AEDs the dominant 
antiepileptic treatment (3). Because AEDs have fewer 
side effects and are more convenient than ketogenic diet. 
Ketogenic diets returned to the public consciousness in the 
1990s after the publication of a promising study that cured 
a 2-year-old children with epilepsy with a ketogenic diet, 
and the founding of the Charlie Foundation, a nonprofit 
that provides dietary therapy for people with epilepsy (4). 
However, many neurologists are not familiar with the use of 
ketogenic diets. In the past few years, alternative and more 
flexible KD variants to the classic form have been developed, 
including a medium-chain triglyceride diet, modified Atkins 
diet, and low glycemic index treatment (5). The use of 
ketogenic diet needs the joint participation of clinicians and 
dietitians, so that more patients with refractory epilepsy 
can get effective treatment. Clinical studies have shown 
that the KD can reduce seizure frequency in about half of 
children with RE by more than 50% (6-8). However, the 
anti-epileptic mechanisms of the KD and related factors 
that affect therapeutic outcomes remain unclear. A large 
number of ketone bodies (acetone, acetoacetic acid and 
β-hydroxybutyric acid) produced during KD treatment can 
affect sodium and potassium ion channels, cause neuronal 
depolarization and reduce neuronal excitability, thus 
playing an anti-epileptic role. KD can increase the synthesis 
of polyunsaturated fatty acids in vivo, and the latter can 
inhibit the voltage-gated sodium channel in neurons, thus 
exerting its antiepileptic effect. In recent years, it has been 
found that KD can inhibit the activation of mammalian 
target of rapamycin (mTOR) in hippocampus, thus playing 
an anti-epileptic role. KD can play an anti-epileptic role 
by activating the adenosine A1 receptor, which in turn 
enables the latter to regulate adenosine kinase (9). There 

are very few prospective controlled studies on the KD in 
the treatment of RE in children in southwest China, and 
a prospective non-randomized controlled cohort study 
was conducted in this study. In this study, we investigated 
the effects of multiple factors on the ketogenic diet and 
confirmed its effectiveness in treating refractory epilepsy. As 
is known to all, Chongqing is located in the west of China. 
It is not easy to carry out ketogenic diet in the relatively 
backward areas of western China. This study can bring 
hope to more children with refractory epilepsy in western 
China and guide the development of ketogenic diet in 
other neighboring cities of western China. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-21-595/rc).

Methods

Subjects

A prospective non-randomized controlled cohort study 
was used in this study and was approved by the Ethics 
Committee of the Children’s Hospital of Chongqing 
Medical University [Approval document No. (2017) ethics 
review (research) No. 122]. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki (as revised in 2013) and 
informed consent was taken from the patients’ guardians. A 
total of 200 children with RE who were hospitalized in the 
Department of Pediatric Neurology, Children’s Hospital 
of Chongqing Medical University from November 2015 to 
December 2020 were divided into a KD treatment group 
and AEDs only group according to their parents’ wishes. 
Inclusion criteria were as follows: (I) all children met the 
diagnostic criteria for drug-RE, which states that seizures 
cannot be completely controlled after the use of two or 
more AEDs with a reasonable and sufficient amount of 
single drug or combination therapy (International League 
Against Epilepsy (ILAE) 2010) (2). (II) Patients could 
not have previously received KD treatment. (III) Family 
members agreed to KD treatment and provided written 
informed consent. Exclusion criteria were as follows: (I) 
absolute contraindications to KD treatment, such as fatty 
acid oxidation defects, pyruvate carboxylase deficiency, 
glycogen storage disease (except type 2), ketone generated 
defects, ketone metabolic disorders, porphyrins, long QT 
syndrome or other heart disease, liver, kidney or pancreatic 
insufficiency, high insulin hematic disease, and being less 

https://tp.amegroups.com/article/view/10.21037/tp-21-595/rc
https://tp.amegroups.com/article/view/10.21037/tp-21-595/rc
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than 2 months of age (7). (II) Poor compliance or the 
presence of related factors that affect treatment compliance, 
such as serious heart, lung, and blood system diseases; liver 
and kidney function impairment; hyperlipidemia; urinary 
calculi; or severe gastrointestinal reflux. In the KD group, 
102 children were enrolled, and 102, 98, 95, 90, 87, and 
80 children persisted in treatment for 3, 6, 9, 12, 18, and  
24 months, respectively. In the AEDs group, 98 children 
were enrolled, and 98, 96, 92, 89, 86, and 83 children 
persisted in treatment for 3, 6, 9, 12, 18, and 24 months, 
respectively. 

Study methods

We used the classical KD in addition to AEDs in the KD 
group. Laboratory assessment prior to the start of the 
diet, included blood tandem mass spectrometry, urine gas 
chromatography, blood routine, urine routine and urine 
calcium, liver and kidney function, electrolyte, blood 
sugar, blood gas analysis, trace element, fasting blood lipid, 
concentration of AEDs, abdominal ultrasound, urinary tract 
ultrasound, echocardiogram and cardiac function, chest 
X-rays, bone age and bone mineral density, intelligence 
assessment, cranial MRI, and EEG examination, and when 
it is was necessary, a gene examination was performed (10). 

Doctors and nutritionists jointly integrated the basic 
level of children's growth and development, activity level, 
standard weight, and nutritional status to construct the diet 
plan. The KD commenced at 1/3 of the total amount on the 
first day, 2/3 of the total amount on the second day, and the 
full amount on the third day. A variety of vitamins, minerals 
and calcium and potassium were added during the KD, and 
children could drink freely. Blood glucose and blood ketone 
bodies were monitored every 8 hours, and if the former  
<2.2 mmol/L, 2–4 gram carbohydrates were given orally, 
and the level reviewed 15–20 minutes later. Blood gas 
analysis was performed if the blood ketone was more than 
5 mmol/L. The type and dose of AEDs were not adjusted 
(11,12) during the diet, and the hospital stay during the 
diet was for one week. Members of the KD group were 
then discharged after ketogenic bodies were stabilized by 
adjusting eating methods and time, and the diet continued 
outside the hospital.

Children in the AEDs group continued their original 
anti-epileptic drugs therapy after enrollment although 
this was continuously monitored and modified subject to 
the type of seizure, age, severity of seizure, diagnosis of a 
specific epilepsy syndrome, the cause of the epilepsy, and 

comorbidities, when appropriate. 
It is suggested that if patients insist on KD treatment 

for 3 months, but the attack decrease less than 50% can 
be considered as invalid. If the seizures are completely 
controlled for two years, according to the clinical situation, 
it is generally considered to stop KD (10). For patients 
with complete seizure control, electroencephalogram 
examination and clinical data evaluation should be 
performed before KD discontinuation. Inform parents of 
the risk of recurrence after KD discontinuation. During KD 
transition, KD is usually phased out unless it is necessary to 
stop KD urgently.

The main factors affecting compliance were efficacy, 
side effects, economic factors and ketogenic diet taste. 
If the children have adverse reactions, we will deal with 
them in time, and actively communicate with the families 
of the children to relieve their anxiety and increase their 
compliance.

Evaluation of therapeutic effect

Evaluation of the therapeutic effect was determined by 
the frequency of seizures 3 months before enrollment 
and 3, 6, 9, 12, 18, and 24 months after treatment, and 
compared between the two groups. Parents of the enrolled 
children recorded the frequency of seizures before and 
after enrollment for statistical analysis. However, since the 
parents are not professional pediatric neurologists, there is 
information bias in the judgment of the children’s seizure 
type, seizure time, seizure frequency, and other information. 
To help solve this and more accurately record details, 
an education program was provided to parents detailing 
how to identify when a seizure begins, the different types 
of seizures, how to perform first aid after seizures, and 
common problems associated with the use of AEDs. The 
Engel grading criteria (13-15) was used to evaluate the 
reduction in seizure frequency in children treated receiving 
the KD and AEDs continuously for 3, 6, 9, 12, 18, or  
24 months. The Engel classification includes the following 
four levels: Grade I no seizures; Grade II more than 90% 
reduction in seizure frequency; Grade III 50–90% reduction 
in seizure frequency; Grade IV less than 50% reduction 
in seizure frequency. The efficacy rate = (total number of 
grade I + II + III)/all the enrolled children ×100%.

Statistical methods

The number of cases during the study period determined 
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Table 1 Clinical features of enrolled patients

Groups Gender
Average therapeutic 

time (month)
Average age 

(months)
Epilepsy syndrome Seizure types

KD group Male: 54, 
Female: 48

21.15±6.07 36.17±39.74 IS: 45; LGS: 13; FIRES: 7 1 type: 40; 2 type: 35; 3 type:18;  
4 type: 5; 5 type: 3; 6 type:1

AEDs 
group

Male: 52, 
Female: 46

21.83±5.50 34.14±36.57 IS: 38; LGS: 9; FIRES: 4; DS: 5 1 type: 35; 2 type: 29; 3 type:17;  
4 type: 9; 5 type: 5; 6 type: 3

KD, ketogenic diet; AEDs, anti-epileptic drugs. 

Table 2 Efficacy of refractory epilepsy in the ketogenic group

Therapeutic time (months) Total cases
Valid cases (%)

Invalid cases (%)
Grade I (%) Grade I, II and III Effective rate (%)

3 102 61 (59.80) 20 81 (79.41) 21 (20.59)

6 98 56 (57.14) 22 78 (79.59) 20 (20.41)

9 95 53 (55.79) 24 77 (81.05) 18 (18.95)

12 90 48 (53.33) 25 73 (81.11) 17 (18.89)

18 87 49 (56.32) 18 67 (77.01) 20 (22.99)

24 80 43 (53.75) 20 63 (78.75) 17 (21.25)

the sample size, and children who dropped out of the study 
were no longer included in the efficacy analysis. SPSS 22.0 
was used for data processing. Chi-square test was used to 
compare the treatment efficiency of the KD group and the 
AEDs group at different treatment times and analyze the 
effects of gender, therapeutic time, age, type of epilepsy 
syndrome, number of epileptic seizure types, and number of 
AEDs. Fisher’s exact probability method was used to analyze 
those that did not meet the chi-square test conditions, and a 
P value less than 0.05 was considered statistically significant.

Results

Overview of clinical efficacy

The profiles of all 200 cases are shown in Table 1. Three 
epileptic syndrome types were identified in the KD group: 
infantile spasm (IS), Lennox-Gastaut syndrome (LGS), and 
febrile infection-related epilepsy syndrome (FIRES), and 
four epileptic syndrome types were identified in the AEDs 
group: infantile spasm (IS), Lennox–Gastaut syndrome 
(LGS), febrile infection-related epilepsy syndrome (FIRES), 
and dravet syndrome (DS). In the KD group, 102, 98, 95, 
90, 87, and 80 children were followed up to 3, 6,9, 12, 18, 
and 24 months, respectively. In the AEDs group, 98, 96, 92, 

89, 86, and 83 children were followed up to 3, 6, 9, 12, 18, 
and 24 months, respectively. Children dropped out of the 
study mainly because of poor outcomes. The therapeutic 
effects of the KD at 3, 6, 9, 12, 18, and 24 months are 
summarized in Table 2, and show the efficacy was 79.41%, 
79.59%, 81.05%, 81.11%, 77.01%, and 78.75%, and the 
total control rates were 59.80%, 57.14%, 55.79%, 53.33%, 
56.32%, and 53.75% at 3, 6, 9, 12, 18, and 24 months, 
respectively. The efficacy of the AEDs group only at 3, 6, 9, 
12, 18, and 24 months are summarized in Table 3, and show 
this was 59.18%, 60.42%, 59.78%, 59.55%, 59.30%, and 
53.01%, and the total control rates were 35.71%, 37.50%, 
32.61%, 32.58%, 32.56%, and 28.92% at 3, 6, 9, 12, 18, 
and 24 months, respectively.

Comparison of efficacy between the KD group and AEDs 
group

The efficacy of the KD group and the AEDs group are 
shown in Tables 2,3, and using chi-square test to compare 
the treatment efficacy of the two groups, as shown in 
Table 4. After 3, 6, 9, 12, 18, and 24 months of treatment, 
the comparison of efficacy of the two groups showed that 
the P value was less than 0.05, confirming the efficacy of 
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Table 3 Efficacy of refractory epilepsy in the AEDs group

Therapeutic time (months) Total cases
Valid cases (%)

Invalid cases (%)
Grade I (%) Grade I, II and III Effective rate (%)

3 98 35 (35.71) 23 58 (59.18) 40 (40.82)

6 96 36 (37.50) 22 58 (60.42) 38 (39.58)

9 92 30 (32.61) 25 55 (59.78) 37 (40.22)

12 89 29 (32.58) 24 53 (59.55) 36 (40.45)

18 86 28 (32.56) 23 51 (59.30) 35 (40.70)

24 83 24 (28.92) 20 44 (53.01) 39 (46.99)

the KD was better than that of using AEDs only therapy. 

Analysis of factors influencing efficacy of the ketogenic diet

Effect of gender on the efficacy of the ketogenic diet
The results showed that gender had no significant effect on 
the efficacy of the KD (Table 5).

Effect of therapeutic time on efficacy of the ketogenic 
diet
102, 98, 95, 90, 87, and 80 of the 102 children with RE 
were treated with the KD for 3, 6, 12, 18, and 24 months, 
respectively, and the effect of therapeutic time on the 
curative effect of the KD. The results in Table 6 show 
there is no significant effect of the therapeutic time on the 
efficacy of the KD.

Effect of age on efficacy of the ketogenic diet
Patients enrolled were divided into a 1 year or younger age 
group, 1–3 years of age, and >3 years of age, and the KD 
treatment efficacy ranged from 73.91–88.46%. The results 
in Table 7 show that age had no significant effect on the 
effect of the KD.

Effects of epilepsy syndrome types on efficacy of the 
ketogenic diet
Epilepsy types observed in the KD group were IS, LGS, 
and FIRES, and the efficacy of the KD ranged from 77.78% 
to 100%, as shown in Table 8. The results show that the 
type of epilepsy syndrome had no significant effect on the 
efficacy of the ketogenic diet 

Effect of number of epileptic seizure types on efficacy 
of the ketogenic diet
We identified six forms of seizures, and KD treatment 

efficacy ranged from 68.42% to 85.71%. Epileptic seizure 
types were divided into three groups: single type, two types, 
and ≥3 types, and the results are summarized in Table 9. The 
results show that the number of epileptic seizure types had 
no significant effect on the efficacy of the KD.

Effect of the number of anti-epileptic drugs on efficacy 
of the ketogenic diet
Between two and five types of anti-epileptic medication 
were used during this study. Subjects were divided into two 
groups: ≤ three kinds of AEDs and > three kinds of AEDs, 
and the results in Table 10 show the number of AEDs had 
no significant effect on the efficacy of the KD.

Discussion

Wilder first used the KD to treat RE in 1921, and this 
treatment strategy has been widely used in the past  
10 years. Retrospective, multi-center studies, and 
randomized controlled trials have demonstrated the 
effectiveness of KD therapy for treatment of RE (16-18). 

One study of 216 children with RE treated with the KD 
followed up for 6 years and showed 56.5% experienced a 
sustained reduction in seizures greater than 75% (15). In 
2008, Neal et al. (18) designed a randomized controlled trial 
to demonstrate the therapeutic effect of the KD in children 
with intractable epilepsy on 145 cases of children aged 2–16. 
The results showed that 38% of children had a greater 
than 50% reduction in epileptic seizure frequency, while 
only 6% of the control group had a similar reduction. This 
study also demonstrated that the therapeutic effect of KD 
therapy was similar in patients with comprehensive seizures 
and focal seizures. In 2016, a randomized controlled trial by 
Lambrechts et al. (19) showed that the efficacy of the KD 
was greater than 50% for treatment of children with RE.
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The KD results in energy production derived primarily 
from fat metabolism, with the β-oxidation of fatty acids as 
the main energy metabolism pathway in the body, resulting 
in systemic changes in metabolic products such as increased 
ketones (20,21). The mechanism of the KD for the 
treatment of epilepsy is not clear, and factors associated with 
the efficacy of the KD treatment of epilepsy have not been 
determined. Therefore, this study evaluated the therapeutic 
effect of the KD in children with intractable epilepsy and 
analyzed associated factors, to facilitate the screening of 
children who are suitable for the diet, and to identify factors 
that that may improve its efficacy.

In this study, 200 children with RE were recruited. In 
the KD group, the efficacy was 79.41%, 79.59%, 81.05%, 
81.11%, 77.01%, and 78.75%, and the total control rates 
were 59.80%, 57.14%, 55.79%, 53.33%, 56.32%, and 
53.75% at 3, 6, 9, 12, 18, and 24 months, respectively. In 
the AEDs group, the efficacy was 59.18%, 60.42%, 59.78%, 
59.55%, 59.30%, and 53.01%, and the total control rates 
were 35.71%, 37.50%, 32.61%, 32.58%, 32.56%, and 
28.92% at 3, 6, 9, 12, 18, and 24 months, respectively. We 
used the chi-square test to compare the treatment efficacy 
of the two groups after 3, 6, 9, 12, 18, and 24 months of 
treatment, and the comparison showed that the P value was 
less than 0.05, confirming the efficacy of the KD was better 
than that of using AEDs only therapy. This shows KD 
therapy is an effective treatment for children with RE. 

The study showed that the efficacy of the KD was 
independent of gender and age, which is in agreement with 
the findings of a study by Kossoff et al. (16). However, the 
causes of epilepsy and treatment compliance in children 
in different age groups differ. Therefore, in future studies 
larger sample sizes will be necessary to further analyze 
the relationship between the efficacy of the KD and age 
distribution.

We found there was no significant effect of therapeutic 
time on the efficacy of the KD, with efficacy ranging from 
77.01% to 81.11% at all time points. Therefore, children 
who responded positively to the diet at 3 months should 
continue to follow it. However, whether children who 
respond to the KD should be treated for 24 months before 
stopping it is unclear. Kang et al. (22) conducted a study on 
the prognoses of children with IS treated with the KD for  
6 months and those without epileptic seizures and found 
there was no statistical difference in prognosis or recurrence 
rate between the two groups of children treated for  
8 months and 2 years. As a prolonged KD may affect 
normal growth and development, a reduction in the 
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Table 5 Effect of gender on the efficacy of the ketogenic diet

Therapeutic time (month) Gender Valid cases (%) Invalid cases (%) P value

3 Male 44 (81.48) 10 (18.52) 0.583

Female 37 (77.08) 11 (22.92)

6 Male 41 (78.85) 11 (21.15) 0.846

Female 37 (80.43) 9 (19.57)

9 Male 39 (79.59) 10 (20.41) 0.708

Female 38 (82.61) 8 (17.39)

12 Male 37 (82.22) 8 (17.78) 0.788

Female 36 (80.00) 9 (20.00)

18 Male 34 (77.27) 10 (22.73) 0.953

Female 33 (76.74) 10 (23.26)

24 Male 33 (78.57) 9 (21.43) 0.967

Female 30 (78.95) 8 (21.05)

Table 6 Effect of therapeutic time on efficacy of the ketogenic diet

Therapeutic time (month) Valid cases (%) Invalid cases (%) P value

3 81 (79.41) 21 (20.59) 0.986

6 78 (79.59) 20 (20.41)

9 77 (81.05) 18 (18.95)

12 73 (81.11) 17 (18.89)

18 67 (77.01) 20 (22.99)

24 63 (78.75) 17 (21.25)

treatment duration of children with IS should be considered 
in the absence of seizures.

Our study found that the number of epileptic seizure 
types had no significant effect on the efficacy of the KD. 
However, we did not evaluate associations between KD 
efficacy and specific seizure types due to sample size 
limitations. A retrospective, multi-center study by Caraballo 
et al. (17) showed that the KD was more effective for 
myoclonic seizures. Therefore, further studies are needed 
to evaluate the correlation of KD efficacy and seizure 
type. We also found that the efficacy rates of the KD for 
IS, LGS, and FIRES were between 77.78–100%, but the 
results showed that the type of epilepsy syndrome had 
no significant effect on the efficacy of the diet However, 
Dhamija et al. (23) showed that the KD was very effective 
for the treatment of children with IS and those with Dravet 

syndrome and Landau-Kleffner syndrome (LKS). They 
suggested the KD could be used early in children with 
Dravet syndrome, rather than as a last resort when other 
treatments have failed. Kossoff et al. (16) showed differences 
in the efficacy of the KD among different types of epilepsy, 
and it was more effective in children with Dravet syndrome 
and LKS. A retrospective, multicenter study by Caraballo 
et al. (17) showed that the effectiveness of the KD followed 
the rank order of LGS >IS > Dravet syndrome. 

The results showed that the number of AEDs had no 
significant effect on the efficacy of the KD. Therefore, 
the number of AEDs used should not limit use of the KD. 
However, an interaction between AEDs and the KD has 
been demonstrated. Spilioti et al. (24) showed that valproic 
acid affected the levels of ketones in the body, and van der 
Louw et al. (25) found that using lamotrigine was associated 
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Table 8 Effects of epilepsy syndrome types on efficacy of the ketogenic diet

Therapeutic time (month) Epilepsy syndrome Valid cases (%) Invalid cases (%) P value

3 IS 35 (77.78) 10 (22.22) 0.162

LGS 11 (84.62) 2 (15.38)

FIRES 7 (100.00) 0 (0.00)

6 IS 33 (78.57) 9 (21.43) 0.582

LGS 10 (90.91) 1 (9.09)

FIRES 6 (85.71) 1 (14.29)

9 IS 32 (82.05) 7 (17.95) 0.817

LGS 9 (90.00) 1 (10.00)

FIRES 5 (83.33) 1 (16.67)

12 IS 30 (81.08) 7 (18.92) 0.845

LGS 8 (88.89) 1 (11.11)

FIRES 5 (83.33) 1 (16.67)

18 IS 29 (85.29) 5 (14.71) 0.852

LGS 7 (77.78) 2 (22.22)

FIRES 4 (80.00) 1 (20.00)

24 IS 28 (87.50) 4 (12.50) 0.908

LGS 6 (85.71) 1 (14.29)

FIRES 4 (80.00) 1 (20.00)

IS, infantile spasm; LGS, Lennox-Gastaut syndrome; FIRES, febrile infection-related epilepsy syndrome. 

Table 7 Effect of age on the efficacy of the ketogenic diet

Therapeutic time (month) Age Valid cases (%) Invalid cases (%) P value

3 ≤1 year 34 (73.91) 12 (26.09) 0.436

1–3 years 23 (82.14) 5 (17.86)

>3 years 24 (85.71) 4 (14.29)

6 ≤1 year 34 (77.27) 10 (22.73) 0.753

1–3 years 22 (78.57) 6 (21.43)

>3 years 22 (84.62) 4 (15.38)

9 ≤1 year 33 (78.57) 9 (21.43) 0.526

1–3 years 21 (77.78) 6 (22.22)

>3 years 23 (88.46) 3 (11.54)

12 ≤1 year 32 (78.05) 9 (21.95) 0.669

1–3 years 21 (80.77) 5 (19.23)

>3 years 20 (86.96) 3 (13.04)

18 ≤1 year 30 (75.00) 10 (25.00) 0.897

1–3 years 20 (80.00) 5 (20.00)

>3 years 17 (77.27) 5 (22.73)

24 ≤1 year 29 (76.32) 9 (23.68) 0.486

1–3 years 18 (75.00) 6 (25.00)

>3 years 16 (88.89) 2 (11.11)
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Table 9 Effect of epileptic seizure type on efficacy of the ketogenic diet

Therapeutic time (months) Seizure type (n) Valid cases (%) Invalid cases (%) P value

3 1 31 (77.50) 9 (22.50) 0.494

2 30 (85.71) 5 (14.29)

≥3 20 (74.07) 7 (25.93)

6 1 30 (81.08) 7 (18.92) 0.948

2 27 (79.41) 7 (20.59)

≥3 21 (77.78) 6 (22.22)

9 1 29 (78.38) 8 (21.62) 0.824

2 26 (81.25) 6 (18.75)

≥3 22 (84.62) 4 (15.38)

12 1 28 (80.00) 7 (20.00) 0.886

2 26 (83.87) 5 (16.13)

≥3 19 (79.17) 5 (20.83)

18 1 26 (76.47) 8 (23.53) 0.793

2 25 (80.65) 6 (19.35)

≥3 16 (72.73) 6 (27.27)

24 1 26 (78.79) 7 (21.21) 0.364

2 24 (85.71) 4 (14.29)

≥3 13 (68.42) 6 (31.58)

Table 10 Effects of the number of anti-epileptic drugs on efficacy of the KD

Therapeutic time (month) Kinds of AEDs (n) Valid cases (%) Invalid cases (%) P value

3 ≤3 37 (80.43) 9 (19.57) 0.817

>3 44 (78.57) 12 (21.43)

6 ≤3 34 (75.56) 11 (24.44) 0.361

>3 44 (83.02) 9 (16.98)

9 ≤3 34 (80.95) 8 (19.05) 0.982

>3 43 (81.13) 10 (18.87)

12 ≤3 31 (79.49) 8 (20.51) 0.731

>3 42 (82.35) 9 (17.65)

18 ≤3 27 (72.97) 10 (27.03) 0.441

>3 40 (80.00) 10 (20.00)

24 ≤3 26 (74.29) 9 (25.71) 0.389

>3 37 (82.22) 8 (17.78)
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with a lower efficacy of KD treatment, which indicated that 
concurrent use of lamotrigine might reduce the efficacy of 
KD treatment. In our study, four children used lamotrigine, 
and only one child did not respond favorably to the KD, 
confirming the interaction between the KD and AEDs 
requires further study.

In conclusion, children who responded effectively at  
3 months of treatment continued to benefit from the KD at 
later time points, which indicated it should continue when 
effective at 3 months. Furthermore, the results showed that 
the gender, age, types of epilepsy syndrome, the number 
of epileptic seizure types, and the number of AEDs had 
no significant effect on the efficacy of the KD (P>0.05). 
Therefore, the KD can be considered for children with RE 
in the absence of any contraindications. Finally, studies with 
larger sample sizes are needed to determine whether KD 
treatment is more effective for specific epilepsy syndrome 
and specific epileptic seizure type, and the interactions 
between the diet and AEDs.

We must point out that we did not describe the side 
effects of KD therapy in this study. Short-term side effects 
of ketogenic diets have been reported in the literature 
to include nausea, vomiting, hypoglycemia, acidosis, 
drowsiness, dehydration, and food rejection. Long-term 
side effects include kidney stones, constipation, growth 
disorders, and fractures (20,26).
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