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Abstract
Introduction: The ketogenic diet improves cell energy and mitochondrial function and supplemental creatine can similarly improve cell energy. Our aim is to 
investigate the role of creatine as an adjunctive therapy to the ketogenic diet. 

Material and methods: A prospective study was carried out in 22 children with refractory epilepsy. All patients were initially on ketogenic diet and none was seizure-
free, although 12 children had benefited.

Results: Creatine supplementation produced a complete cessation of seizures in 2 patients and a 70% to 90% reduction in seizure frequency was reported in additional 
five patients. Creatine was well-tolerated and did not change the level of ketosis. 

Conclusions: Although these data involve a small cohort, the effects of creatine were uniformly positive or neutral. We suggest that creatine supplementation may 
increase the effectiveness of the ketogenic diet in seizure reduction, likely by increasing phosphocreatine and enhancing brain energy balance.

Introduction
Despite rapid progress in new antiepileptic drugs development 

the prevalence of drug resistant epilepsy has remained stable and 
is estimated at 30-40% of cases [1]. There is evidence that drug 
resistant epilepsy is characterized by disturbed brain energy balance 
accompanied by low brain phosphocreatine levels [2,3]. Under 
this view enhancing energy balance in these patients may improve 
clinical symptoms. In parallel, the antiepileptic effects of ketogenic 
diet could be attributed to increase in ATP and phosphocreatine 
levels and consequent improvement of promotion of energy balance 
within the Central Nervous System [4,5]. While ketogenic diet is 
effective in some cases, not all patients benefit from it; in most cases 
this differential response to the diet is not well understood. The key 
underlying anticonvulsant mechanisms of this diet therapy remain a 
subject of active research [6,7].  

On the other hand, emerging clinical and experimental data in 
recent years suggest beneficial effects of creatine on hypoxic/ischemic 
injury in the developing brain, as well as on traumatic brain injury 
[8-11]. Additional evidence implies a potential role of creatine in the 
pathophysiology of refractory epilepsy [12,13]. It is also noteworthy 
that creatine and ketogenic diet share a common property which 
can provide a potential pathophysiological background for their 
anticonvulsant effects; both ketogenic diet and creatine contribute to 
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the energy balance of the body by increasing the phosphocreatine/
creatine ratio [14-17]. Therefore, co- administration of creatine with 
ketogenic diet could help achieve better energy balance in patients with 
epilepsy by increasing phosphocreatine levels in the brain. From this 
perspective, ketogenic diet and creatine may act in a synergistic way 
and supplementary creatine may be a way to increase the “dose” of the 
diet. (Figure 1)

The aim of our study is to investigate in clinical practice the role 
of creatine supplementation as an adjunctive therapy to ketogenic 
diet. Our rationale was that increasing the phosphocreatine: creatine 
(PCr:Cr) energy-store ratio – and thus increase energy production in 
the brain - could enhance the efficacy of the diet and increase its clinical 
benefits.
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Definitions

The main efficacy outcome measure was the proportion of 
responders to ketogenic diet +creatine therapy, which was defined as 
a reduction in seizure frequency of >50%.  

Response to treatment was evaluated by the difference between 
the number of epileptic seizures occurring during ketogenic diet 
+creatine treatment and the number of epileptic seizures occurring in 
the period before starting treatment with creatine. Complete control 
was defined as no seizures occurring in the analysed period. 

Results
From 42 patients initially recruited 22 finally met our eligibility 

criteria. (Figure 2) More specifically, the study sample included 13 
boys and 9 girls, aged from 10 months to 8 years old. Patient diagnoses 
included epilepsy of genetic, infectious, traumatic or unknown origin 
and are summarized in Table 1. No specific cause was identified in 
children with Lennox-Gastaut and West syndrome, while diagnosis of 
Dravet syndrome was based on assessment of pathogenetic mutations 
in SCN1A gene. The duration of follow-up ranged from 3 to 12 months. 
Out of 22 patients on ketogenic diet, 12 had experienced a reduction in 
seizure frequency varying from 20% to 70% with the application of the 
ketogenic diet alone. None had experienced seizure freedom, while 10 
children showed no improvement. (Table 2).

Upon the addition of creatine, 6 out of 22 children (27%) 
responded to this nutritional intervention. One month after 
creatine supplementation 4 out of these 6 patients had a normal 
electroencephalogram, while the other 2 patients had a 90% reduction 

Material and methods
We conducted an open-label trial approved by the Ethical 

Committee of the local University. All parents were asked to sign an 
informed consent form.

Subjects 

Eligibility criteria of our study included: (i) children and 
adolescents with  drug resistant epilepsy according to ILAE criteria 
[18], (ii) no diagnosis of inborn error of metabolism or GLUT-1 
deficiency, (iii) administration of the 4:1 classical ketogenic diet 
for 8-24 months, (iv) no change in seizure frequency within past 3 
months, (v) no change in antiepileptic drugs administration within 
past 3 months, (vi) normal kidney function.

Procedures

Before administration: Before adjuvant administration of 
creatine all patients underwent a 3-month observation period 
to ensure that no changes in seizure frequency, as well as in the 
administration schema of antiepileptic drugs occurred. 

Seizure recording: Seizure documentation was determined by 
parents/caregivers-reported daily seizure logs kept for 1 month prior 
to ketogenic diet initiation (baseline seizure frequency) and continued 
after ketogenic diet initiation. Assessment of seizure improvement 
was achieved with the use of questionnaire filled in by the parents/
caregivers, which included number of seizures, seizure type, duration 
and intervals.

Creatine administration and monitoring: Creatine monohydrate 
from the same manufacturer was administered to all participants. 
Each patient was prescribed 0.4 g/kg daily, per os, divided into two 
doses, and mixed into a beverage. Here we provided patients with a 
dose based on our prior experience with a clinical study using creatine 
ketones were measured daily throughout the study and all children 
underwent monthly renal ultrasounds. The first follow-up took place 
1 month after creatine supplementation and thence forward every 3 
months with electroencephalogram performance, as well as blood 
and urine analysis (kidney function tests included: levels of urea 
and creatine, calcium-to-creatine ratio in urine samples). Seizure 
frequency and antiepileptic medications were recorded on a daily 
basis. No changes to antiepileptic medication regimens were made 
during the study period. 

Figure 1. Proposal of synergistic action between creatine and ketogenic diet

Figure 2. The flow gram of our study
EEG: electroencephalogram, KD: ketogenic diet
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Pat Gender Diagnosis Seizure type EEG Seizures frequency Age at KD 
initiation 

1 M Lennox-Gastaut 
syndrome Multiple Generalized slow spike and wave discharges  >40 abscences/d, 10-12 atonic/d, 

>50myoclonic jerks/d 7 y

2 M West syndrome Infantile spasms Hypsarrhythmia >50 per day 15 m
3 M perinatal asphyxia Infantile spasms Hypsarrhythmia >60 per day 2 y
4 F West syndrome Infantile spasms Hypsarrhythmia >60 per day 10 m
5 M Encephalitis Complex partial Temporal spikes 7 per week 3 y
6 F Dravet syndrome Myoclonic Generalized, 4- to 6-Hz polyspike and wave discharges >30 per day 10 y
7 F Encephalitis Secondarily  generalized Temporal spikes 5 per week 2 y

8 M Lennox-Gastaut 
syndrome Multiple Abnormally slow background and diffuse slow spike and slow 

wave activity
1-2atonic/d, >50abscences/d, 

>30myoclonic jerks/d, 1Grand Mal/d 4 y

9 M frontal lobe 
epilepsy Grand mal during sleep Generalized multiple spike and wave complexes, focal spike-

wave discharges over the left frontal region 3 per week 7 y 

10 F idiopathic epilepsy Grand mal during 
awakening Generalized multiple spike and wave complexes 3 per week 2 y

11 F Lennox-Gastaut 
syndrome Multiple Diffuse slow spike and wave complexes >50 tonic/d, 5-10atonic/ d, 2-3Grand 

Mal/d 4 y 

12 M Lennox-Gastaut 
syndrome Multiple Diffuse, slow and irregular spike and wave complexes 20 tonic/d, 10 atonic/ d, 1 Grand Mal/d 5 y 

13 F Angelman 
syndrome Infantile spasms Hypsarrhythmia >50 per day 5 y

14 M perinatal asphyxia Infantile spasms Hypsarrhythmia >60 per day 1 y

15 M DHII Grand Mal Generalized polyspikes with frontocentral accentuation followed 
by 2.5 Hz slow waves 14 per week 3 y

16 M PR Atonic Generalized spike and wave complexes 8 per week 4 y
17 M idiopathic epilepsy Grand mal Generalized spike and wave complexes 3 per week 4 y

18 F Dravet syndrome Generalized Epilepsy with 
febrile seizures plus Generalized polyspikes 4 per week 8 y

19 M idiopathic epilepsy Partial complex Theta wavesover the right temporal lobe  9-10 per week 5 y
20   idiopathic epilepsy Partial complex Occipital spikes 10-14 per week 5 y

21 F idiopathic epilepsy Secondarily generalized Generalized multiple spike and wave complexes, Spikes over 
the left temporal lobe 2 per week 7 y

22 F perinatal asphyxia Generalized Epilepsy with 
febrile seizures plus Generalized multiple spike and wave complexes 8 per week 3 y

Table 1. Basic clinical traits of our sample before initiation of creatine administration

PR:psychomotor retardation in addition to the seizures, with no progress and no obvious reason despite the extensive diagnostic screening; DHII: Diffuse Hypoxic Ischemic Injury; M: male; 
F: female; EEG: electroencephalogram; y: years; m: months; d:days; KD: ketogenic diet

in the electroencephalographic epileptic activity. It should be noted 
that all these 6 children were patients who had already benefited from 
ketogenic diet and experienced further improvement with creatine 
supplementation. (Table 2, Figure 3)

More specifically, with regards to seizure improvement, 2 patients 
who had already achieved near-complete seizure reduction on the 
ketogenic diet experienced a complete cessation, while 2 patients 
who had experienced a decrease in seizures of 70% and 60% with the 
ketogenic diet had a further reduction in seizure frequency (90% both) 
after the supplementary administration of creatine. In 2 other patients’ 
improvement with the creatine supplementation was smaller: ketogenic 
diet-induced seizure reduction was 70% and 50% before creatine 
supplementation and 80% and 70% after creatine, respectively. 

On the other hand, patients who experienced no improvement of 
their seizures on the ketogenic diet did not achieve any improvement 
of their seizures with the addition of creatine. Table 2 summarizes the 
reduction in seizure frequency in each patient expressed as percentage, 
as well as the pattern of antiepileptic drugs withdrawal. 

Additionally, according to reports from parents or caregivers, 
an improvement was noted with regards to behavior and cognitive 
functioning in patients with seizure reduction after creatine 
administration, particularly in the fields of concentration, learning 

Figure 3. The effect of KD and creatine supplementation on epileptic activity in our cohort
KD: ketogenic diet
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ability and communication skills. All the above parameters were not 
measured on a scale, as this was not the initial question of the study. 
However, this finding was emerged during the study and it should be 
noted. 

With regards to creatine safety, creatine was well-tolerated by all 
patients and no adverse events were reported. All patients remained 
in significant ketosis after the addition of creatine. No exacerbation 
of seizures, in terms of frequency or intensity, was noted in any of 
the 22 study patients during creatine supplementation. In addition, 
no pathological increases in Body Mass Index and no growth curve 
deviations were recorded during the period of the study. Finally, 
parameters of kidney function remained within normal ranges for age.

Discussion
The emerging finding of our study is that all patients who 

benefited from creatine had also benefited from the ketogenic diet. 
This gives us the ground to suppose that creatine acts in a way to 
augment the effects of the ketogenic diet. Nevertheless, it is unknown 
whether the creatine itself has anticonvulsant effects. The present 
study cannot not support such an assumption, because patients 
who had not benefited from the ketogenic diet did not benefit from 
creatine administration, too. At this time, although there is some 
experimental evidence in literature indicating antiepileptic actions 
of creatine, there is still no clinical evidence demonstrating such an 
effect [19-21].

Furthermore, the fact that our patients had already presented 
an improvement of seizure control after the initiation of ketogenic 
diet gives genesis to the question if this further reduction of seizures 
in these patients reflects the continuing effect of the diet over time. 
However, the significant improvement observed shortly after creatine 

supplementation, while these children were for more than 3 months 
in a stable condition, cannot not be exclusively attributed to the 
improving efficacy of ketogenic diet over time. In any case, a double 
-blind randomized clinical trial is the gold-standard to clarify creatine 
efficacy.  

In parallel with seizure reduction an improvement in children’s 
behavior was noted. Better seizure control and a concomitant reduction 
of anticonvulsant medication provide an obvious explanation. Although 
this may be true, there are also clinical data demonstrating independent 
beneficial effects of creatine on cognitive function [22-24]. Besides, 
previous studies have demonstrated improved behavior in children on 
ketogenic diet, while one prospective study has shown that behavioral 
improvement was uncorrelated with seizure reduction [25-27]. Based 
on data of the present study we can neither conclude that creatine itself 
facilitated behavior and cognitive functioning nor delineate the relative 
contributions of the ketogenic diet, decreased seizures and changes in 
medication.

Besides, the observation that 6 of the 22 patients experienced 
a further reduction in the number of seizures without affecting the 
level of ketosis raises the question whether the effects of the metabolic 
therapy can be independent of the level ketosis. If this is true, creatine 
supplementation could allow more liberal diet formulations.

While creatine seems to be a safe supplement, questions arise and 
allegations to the contrary exist from several food agencies and expert 
organizations, such as French Agency for Sanitary and Alimentary 
Security, Food and Drug Administration USA, American College of 
Sports Medicine [28-31]. A major point of controversy and concern is 
kidney function; few case reports have attributed renal dysfunction to 
creatine supplementation. However, this complication mainly concerns 

Pat Age at diet onset 
Follow-up in m Follow-up in m Seizure reduction Seizure 

Number of AED 
Pre  (KD)

Number of AED Number of AED 
 Only KD KD +Creatine Only KD (%) reduction (Only KD) (KD+ creatine) 

      KD+Creatine (%)    
1 7 y 24 12 60 100 3 2 1
2 15 m 24 6 50 100 2 1 1
3 2 y 6 6 70 90 2 1 1
4 10 m 18 6 60 90 3 3 1
5 3 y 15 12 70 80 3 2 1
6 10 y 7 7 50 70 4 3 3
7 2 y 9 6 70 - 3 2 2
8 4 y 9 6 60 - 3 3 3
9 7 y 12 12 50 - 4 3 3
10 2 y 18 3 20 - 2 2 2
11 4 y 6 6 50 - 2 2 2
12 5 y 12 12 50 - 3 3 3
13 5 y 6 3 - - 3 3 3
14 1 y 4 4 - - 3 3 3
15 3 y 5 4 - - 3 3 3
16 4 y 8 4 - - 3 3 3
17 4 y 4 6 - - 2 2 2
18 8 y 4 4 - - 3 3 3
19 5 y 7 6 - - 2 2 2
20 5 y 6 5 - - 2 2 2
21 7 y 6 3 - - 3 3 3
22 3 y 5 5 - - 3 3 3

Table 2. The effect of creatine supplementation to KD on seizure control and the number of antiepileptic drugs used

KD: ketogenic diet; AED: antiepileptic drugs; y: years; m: months
PR:psychomotor retardation in addition to the seizures, with no progress and no obvious reason despite the extensive diagnostic screening; DHII: Diffuse Hypoxic Ischemic Injury; M: male; 
F: female, EEG: electroencephalogram; y: years; m: months; d:days; KD: ketogenic diet
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subjects with preexisting renal disease or predisposed to kidney 
diseases [32-33]. None of our patients during this study had renal 
dysfunction as we monitored kidney function regularly to avoid any 
adverse reactions during oral creatine supplementation.

Limitations of our study include the small number of participants, 
which affects generalizability of the findings, as well as the open 
study design, which does not permit to draw definite conclusions. 
Future double-blind clinical trials are needed to further explore the 
relationship between creatine supplementation and ketogenic diet 
and enhance the statistical power of the findings.

Conclusion
In conclusion, we provide evidence that creatine may have a 

positive effect on seizure control in children aged from 10months to 
8 years old with normal kidney function and stable seizure frequency 
over a 3 -month time interval after being on the ketogenic diet for 8 to 
24months. The response to creatine administration seems to depend 
strongly on previous response to ketogenic diet. 

Further questions arise concerning the optimal duration, dosage, as 
well as the types of epileptic syndromes which may benefit most from 
creatine supplementation. Despite issues needing further clarification, 
our study provides some evidence that adjuvant dietary creatine may 
have the potential to safely enhance the efficacy of ketogenic diet 
therapy. 
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