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Abstract More than 25 % of children with epilepsy

develop refractory seizures unresponsive to both old and

new generation anticonvulsants. Since such seizures have a

serious negative impact on the quality of life, other treat-

ment options are considered. The ketogenic diet is a well-

known treatment for managing refractory seizures,

although its mechanism of action is unknown. Studies have

shown that this diet is as good as, or better than, any of the

newer medications in reducing seizure frequency. How-

ever, concerns about adverse effects have been raised. We

conducted an open label trial to show the effects of this diet

on serum lipid profile. Thirty-three children with refractory

epilepsy were treated with the ketogenic diet and were

followed for 6 months. Their serum lipid profile was

assessed at baseline, and at 3 and 6 months after initiating

the diet. Seizure frequency was reduced in 63 % of chil-

dren (no seizures in 2/33 and reduced [50 % in 19/33).

However, after 6 months of administering the diet, median

triglyceride was significantly increased (from 84 to

180 mg/dl, P\ 0.001), median total cholesterol was sig-

nificantly increased (from 180 to 285 mg/dl, P\ 0.001),

median serum low-density lipoprotein (LDL) was signifi-

cantly increased (from 91 to 175 mg/dl, P\ 0.001), and

median serum high-density lipoprotein (HDL) was signif-

icantly increased (from 51 to 58 mg/dl, P\ 0.001).

Results of this study indicate that a classic ketogenic diet in

children with refractory seizures is effective in seizure

reduction, but leads to development of hypercholes-

terolemia and hypertriglyceridemia.

Keywords Children � Refractory seizures � Ketogenic
diet � Serum lipid profile

Introduction

Although many pediatric epilepsies and epileptic syn-

dromes are well-managed using both old and new gener-

ation anticonvulsants, more than 25 % of children with

epilepsy develop refractory seizures, uncontrolled even

with a combination of 3 or more properly selected anti-

convulsive agents [1–3]. The negative impact of uncon-

trolled seizures on the quality of life of children and their

parents has motivated the use of other treatments including

epilepsy surgery and the ketogenic diet [4–6].

The ketogenic diet is a high fat, low carbohydrate and

adequate protein diet that has been used for decades for the

treatment of children with refractory seizures. The mech-

anism of the ketogenic diet in managing refractory seizures

is unknown, but many pediatric studies have shown that the

effect of this diet on seizure control is as good as, or better

than, that of any of the newer medications [7]. Based on

these findings, many tertiary pediatric epilepsy centers

have developed ketogenic diet programs and clinics. After

eight decades of administering the ketogenic diet, questions

are now being raised about its adverse developmental

effects [8–10].

The classic ketogenic diet dictates a 4:1 fat to carbo-

hydrate ratio. Many of authorities prefer a 3:1 ratio plus

adequate protein intake to ensure adequate growth in
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children [7]. This fat to carbohydrate ratio has raised

concerns about the effects of the ketogenic diet on total

plasma cholesterol and triglyceride levels, and subsequent

cardiovascular sequelae in children with refractory seizures

[7]. Few studies have investigated the effects of the keto-

genic diet on plasma lipid levels. Most studies conclude

that the ketogenic diet is associated with increased plasma

lipid levels in children [8, 10], but at least two studies

showed opposing results [9, 11]. We have summarized the

main findings of these studies in Table 1. Different sample

sizes and methodologies may account for divergent results.

In our country, two major pediatric neurology centers

have developed ketogenic diet programs and clinics to

administer the diet in children with refractory seizures.

Studies conducted in these centers have primarily focused

on the effects of the diet on seizure control and adverse

developmental effects. However, effects of the diet on

plasma lipids remain unstudied. The current study thus aims

to evaluate the effects of the classic 4:1 ketogenic diet on

plasma lipid levels in children with refractory seizures and

compare our results with the results of previous studies.

Methods

Study design and setting

We conducted an open label trial between January 2014

and July 2015, and administered a classic 4:1 ketogenic

diet to children with refractory epilepsy. To evaluate the

effects of a classic ketogenic diet on the serum lipid pro-

files, we obtained measures at baseline, and at 3 and

6 months after implementing the diet. Our epilepsy clinic

is the second largest pediatric epilepsy clinic offering a

ketogenic diet program. The program is directed by qual-

ified nutritionists specialized in administering the keto-

genic diet. The study design was approved by the Ethical

Board Committee of the children’s medical center and

Tehran University of Medical Sciences. Written informed

consent, approved by the Institutional Review Board, was

obtained from the parents of participants before enrolment.

Subjects

We enrolled 33 children over the age of 2 years who suf-

fered from refractory epilepsy and experienced at least two

seizure episodes weekly while being treated with at least

three properly selected anticonvulsant agents including at

least one that was second or third generation. All children

who were enrolled had acceptable serum anticonvulsant

concentrations. Exclusion criteria were children younger

than 2 years, children whose parents were reluctant to

provide consent, children with primary carnitine defi-

ciency, children with a family history of dyslipidemia and

early cardiac death. We also excluded children with dilated

cardiomyopathy, systemic hypertension, and systemic and

metabolic diseases such as diabetes mellitus and obesity,

because previous studies indicated harmful effects of

Table 1 Main studies reporting the effects of the ketogenic diet on plasma lipid profile and seizure frequency in children with refractory

epilepsy

References Sample size,

[age range]

Type of diet Follow-up time Plasma lipids Reduction in seizure frequency

Dekaban

et al. [8]

11, [1 month

to 6.5 years]

Classic 4:1 24 months Significantly

increased

5 became seizure free, more than

60 % reduction in 4

Chesney

et al. [10]

45,

[1–17 years]

Classic 4:1 10 months Triglycerides and

mean total

cholesterol

significantly

increased

Not reported

Schwartz [9] 55,

[1–20 years]

Classic 4:1, medium chain

triglycerides (MCT), and

modified MCT-some

children treated with two

types of diets

6 weeks No significant

change

More than 90 % in 26 treated with

classic 4:1 diet, between 50%

and 90 % in 25 treated with

MCT, and less than 50 % in 12

treated with modified MCT

Katyal et al.

[11]

42,

[1–9 years]

Classic 3:1 350 days in half the

patients

No significant

change

More than 90 % in 16, 50–90 % in

14, and less than 50 % in 12

Kwiterovich

et al. [7]

141,

[1–20 years]

Classic 4:1 in 102, 3.5:1 in

7, and 3:1 in 32

All children for at

least 6 months, in

59 at least 1 year,

and in 27 at least

2 years

Total cholesterol,

LDL, VLDL,

triglycerides, and

ApoB

significantly

increased

More than 50 % reduction in 93

(66 %) of children and in the rest

of patients less than 50 %
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ketogenic diet in such conditions. We also excluded chil-

dren due to non-compliance.

Pre-implementation procedure

Before diet implementation, interviews were conducted

with all the children and their parents. A thorough history

was taken and a precise systemic and neurologic exam was

performed by the center’s pediatric neurology staff. Chil-

dren and their parents were educated about the diet and the

effect of the diet on seizures. Parents were asked to record

the frequency and severity of the seizures in a seizure diary

2 months prior to diet implementation and throughout the

entire length of the study to assess efficacy. Children who

adopted the diet were admitted. Prior to diet implementa-

tion, blood samples were obtained after an overnight fast,

and echocardiography and renal ultrasonography were

conducted. The following assessments were conducted to

rule out possible metabolic diseases because our country

does not offer routine neonatal metabolic screening: serum

and urine organic acid profile, serum acylcarnitine profile,

serum ammonia and lactate, venous blood gases, and a

thorough serum metabolic screening by MS/MS method.

Diet implementation

Children enrolled into the study were admitted and fasted

for 48 h. Their body weight and urine output along with

serum and urine ketones were precisely monitored. Our

center follows the Johns Hopkins ketogenic diet program

[7]. After being released from the hospital, parents were

asked to monitor their child’s diet by checking urine

ketones daily using urine dipsticks. All children were fol-

lowed using hot lines (24/7 available mobile phones) and

online social media (web-based support group using

Telegram� social network). In all children, anticonvulsants

were continued during administering the diet.

Patient follow-up and outcome measures

During monthly follow-up visits, we assessed seizure fre-

quency and severity, and measured height and weight.

Serum lipid profiles and triglycerides were measured at

baseline, and at 3 and 6 months following diet imple-

mentation using enzymatic/colorimetric methods that are

well described in previous studies [7, 12, 13].

Statistical methods

By using the prevalence of hyperlipidemia reported in

previous studies [14] and accounting for 10 % lost to fol-

low-up, we calculated a minimum sample of 31 patients,

required to achieve 80 % power with Type I error

a = 0.05, and Type II error b = 0.2. All data were regis-

tered in prepared forms and entered into a computerized

database. If quantitative data followed a normal distribu-

tion, we described measures using means and standard

deviations, otherwise data were described using median

and range. We used a repeated measure ANOVA to cal-

culate differences in serum lipid profiles and triglycerides

at the baseline, and at the third and sixth months after diet

implementation. For data that were not distributed nor-

mally, we used the Kruskal–Wallis one-way ANOVA on

ranks. In all statistical evaluations, P\ 0.05 was consid-

ered significant.

Results

Baseline characteristics

Of the 33 children with refractory seizures who met the

inclusion criteria, 25 were male and 8 were female, and the

mean age was 6 years (±2.5, 2.5–10 years). Children

presented with multiple seizure types including generalized

tonic–clonic (GTC), atypical absence, tonic, clonic, myo-

clonic, and focal tonic and clonic seizures. Based on the

age, etiology, seizure type, and epileptic syndrome, chil-

dren were treated with a combination of at least three

anticonvulsants including phenobarbital, phenytoin, car-

bamazepine, valproate, clobazam, nitrazepam, ethosux-

imide, primidone, vigabatrin, levetiracetam, prednisolone,

and ACTH. Anticonvulsive medications were not changed

during study. During the study, 25 children developed

nausea, 23 developed constipation, and 2 developed diar-

rhea, but none of these complications resulted in the dis-

continuation of the diet.

Seizure frequency

Three months following diet implementation, seizures

stopped in 2 of the 33 children, and seizure frequency

decreased 75–90 % in 2 children, 50–75 % in 17, and

25–50 % in 7, compared to baseline measures. In 5

children, seizure frequency was unaffected by the

change in diet. We thus considered the diet to be suc-

cessful ([50 % seizure reduction) in 63 % (21/33) of

children at 3 months. Six months after administering the

diet, seizure frequency decreased 75–90 % in 6 chil-

dren, 50–75 % in 15, and 25–50 % in 9 compared to

baseline. In 3 children, seizure frequency was unaf-

fected by the change in diet. The diet was thus suc-

cessful in the same 63 % (21/33) of children after

6 months diet administration (Table 2).
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Serum lipid profile and triglyceride levels

Median serum triglyceride and lipid levels over the study

period are shown in Table 2. Primary analysis revealed that

the data were not distributed normally. We thus present the

data as median and range. Compared to baseline, serum

triglyceride, serum total cholesterol, LDL, and HDL were

all significantly increased 3 months after initiating the diet

(P value \0.001). We found no significant changes

between 3 and 6 months (Table 2).

Compared to a healthy pediatric population [15], 79 %

of studied children demonstrated hypercholesterolemia

(C200 mg/dl), 64 % had high LDL levels (C130 mg/dl),

and 58 % had hypertriglyceridemia (C100 mg/dl in

0–9 years and C130 mg/dl in 10–19 years) 6 months after

diet implementation. Serum lipid profiles of all children are

shown in detail in Table 3.

Discussion

In this study, we have shown that even though the diet

successfully reduced seizure frequency by more than half

in 63 % (21/33) of children, serum total cholesterol, LDL,

and triglycerides significantly increased and a significant

number of children in this cohort became hypercholes-

terolemic and hypertriglyceridemic. Evidence supporting

these conclusions is that after 6 months of administering

the diet, the median serum triglyceride increased from 84

to 180 mg/dl (P\ 0.001), the median serum total choles-

terol increased from 180 to 285 mg/dl (P\ 0.001), and the

median serum LDL increased from 91 mg/dl to 175 mg/dl

(P\ 0.001) (Table 2). Interestingly, over the study period

and 6 months after initiating the diet, the majority of

children demonstrated acceptable levels of serum HDL

([45 mg/dl) [15] (Table 2). Our results confirm findings

from previous studies [7, 8, 10] indicating that the keto-

genic diet significantly increases serum total cholesterol,

LDL, and triglycerides.

Our results contribute to the growing body of evidence

that plasma lipids and triglycerides increase in patients

treated with the ketogenic diet [7, 8, 10]. Indeed both our

study and a previous study with similar methodology [7]

found a significant increase in plasma total cholesterol,

LDL, triglycerides 6 months after initiating a classic 4:1

ketogenic diet in children with refractory seizures. In

contrast, in our study, we did not observe the decrease in

serum HDL described previously [7]. However, a second

study with similar methodology [16] reported the same

findings as ours: serum total cholesterol, LDL, and

triglycerides significantly increased, and serum HDL

remained constant over the study period. We believe the

discrepancy in serum HDL levels may be accounted for by

respective ethnic backgrounds of children across studies,

different to ours in the former study [7], and similar to ours

in the latter study [16].

We reviewed the methodology of those studies that

reported no significant increase of triglyceride and serum

lipids in children treated with the ketogenic diet [9, 11].

The best explanation for the discrepancy of findings

between studies is the type of ketogenic diet employed.

Katyal et al. [11] treated children using a classic 3:1

ketogenic diet and Schwartz et al. [9] treated three groups

of children with different ketogenic diets (a classic 4:1,

medium chain triglyceride (MCT), and MCT modified).

Fat content in the diets administered in the first study and in

a group of children in the second study is lower than the

classic 4:1 ketogenic diet. This may explain why serum

lipids were not significantly higher in either study [9, 11].

Previous studies in children and adults have claimed that

increased levels of serum total cholesterol, LDL, triglyc-

erides, and decreased level of serum HDL could lead to

early cardiovascular death. Based on this knowledge, a

number of studies were conducted to evaluate the short-

term effects of the ketogenic diet on vascular function in

children with refractory epilepsy [17–19]. None of these

studies suggested that the ketogenic diet has a significant

and long-lasting effect on carotid intima media thickness or

on the elastic properties of the carotid artery and aorta.

Moreover, even under the best conditions, a significant

number of children with epilepsy refuse to continue the diet

beyond 2 years because of the adverse events, including

Table 2 Seizure frequency and

serum lipid profile over the

study period

Baseline After 3 months After 6 months P value*

Weekly seizure frequency; median (range) 10 (2–60) 3 (0–10) 3 (1–10) \0.001

Triglyceride (mg/dl); median (range) 84 (53–216) 183 (50–821) 180 (62–700) \0.001

Total cholesterol (mg/dl); median (range) 180 (65–217) 280 (138–391) 285 (142–410) \0.001

Serum LDL (mg/dl); median (range) 91 (67–222) 170 (80–336) 175 (71–258) \0.001

Serum HDL (mg/dl); median (range) 51 (35–82) 59 (43–90) 58 (51–92) \0.001

* P values by Kruskal–Wallis one-way analysis of variance on ranks between baseline and 3 and 6 months

after administering the diet. No significant differences were found between 3 and 6 months after admin-

istering the diet
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gastrointestinal side effects. Based on the results of studies

about the cardiovascular effects of the ketogenic diet,

hypercholesterolemia and hypertriglyceridemia will be

expected as known side effects of the treatment with

unknown long-lasting effects.

This study had a number of limitations, which should be

considered. This is a single center study with a small

sample size. Logistics prevented the long-term follow-up

of children and thus the long-term effects of the ketogenic

diet remain unknown. Because of small sample size we

could not determine a correlation between antiepileptic

medications or type of seizures and serum lipid profiles.

In conclusion, results of this study indicate that a classic

4:1 ketogenic diet in children with refractory seizures is

effective for seizure control, but could lead to development

of hypercholesterolemia and hypertriglyceridemia over the

course of treatment. Unfortunately, none of the studies in

children, including our study, followed up the children for

a long enough period to show the delayed effects of this

treatment on the function of the cardiovascular system.

Therefore, long-term cohort studies are warranted to

evaluate the delayed effects of the ketogenic diet in

children.

Acknowledgments This paper is from the thesis of Parviz Karimi,

M.D., registration number 9211118002. The Research Deputy of

Tehran University of Medical Sciences provided financial and logistic

support for this study (Grant number: 134395-9211118002), but had

no role in study design; data collection, analysis, or interpretation;

writing the report; or in the decision to submit the article for publi-

cation. The authors are grateful to all parents and patients for their

participation in this study. We are extremely indebted to the author-

ities of the Research Deputy of Tehran University of Medical Sci-

ences for their financial and logistic support and the staff of nutrition

ward of the Children’s Medical Center for their kind cooperation.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict

of interest.

Ethical approval The study design was approved by the Ethical

Board Committee of the children’s medical center and Tehran

University of Medical Sciences.

Informed consent Written informed consent, approved by the

Institutional Review Board, was obtained from the parents of par-

ticipants before enrolment.

References

1. French JA (2007) Refractory epilepsy: clinical overview.

Epilepsia 48(Suppl 1):3–7. doi:10.1111/j.1528-1167.2007.00992.

x

2. Wirrell EC (2013) Predicting pharmacoresistance in pediatric

epilepsy. Epilepsia 54(Suppl 2):19–22. doi:10.1111/epi.12179

3. Kong ST, Ho CS, Ho PC, Lim SH (2014) Prevalence of drug

resistant epilepsy in adults with epilepsy attending a neurology

clinic of a tertiary referral hospital in Singapore. Epilepsy Res

108(7):1253–1262. doi:10.1016/j.eplepsyres.2014.05.005

4. Levy RG, Cooper PN, Giri P (2012) Ketogenic diet and other

dietary treatments for epilepsy. Cochrane Database Syst Rev

3:CD001903. doi:10.1002/14651858.CD001903.pub2

5. Klein P, Janousek J, Barber A, Weissberger R (2010) Ketogenic

diet treatment in adults with refractory epilepsy. Epilepsy Behav

19(4):575–579. doi:10.1016/j.yebeh.2010.09.016

6. Mosek A, Natour H, Neufeld MY, Shiff Y, Vaisman N (2009)

Ketogenic diet treatment in adults with refractory epilepsy: a

prospective pilot study. Seizure 18(1):30–33. doi:10.1016/j.sei

zure.2008.06.001

7. Kwiterovich PO Jr, Vining EP, Pyzik P, Skolasky R Jr, Freeman

JM (2003) Effect of a high-fat ketogenic diet on plasma levels of

lipids, lipoproteins, and apolipoproteins in children. JAMA

290(7):912–920. doi:10.1001/jama.290.7.912

8. Dekaban AS (1966) Plasma lipids in epileptic children treated

with the high fat diet. Arch Neurol 15(2):177–184

9. Schwartz RM, Boyes S, Aynsley-Green A (1989) Metabolic

effects of three ketogenic diets in the treatment of severe epi-

lepsy. Dev Med Child Neurol 31(2):152–160

10. Chesney D, Brouhard BH, Wyllie E, Powaski K (1999) Bio-

chemical abnormalities of the ketogenic diet in children. Clin

Pediatr (Phila) 38(2):107–109

11. Katyal NG, Koehler AN, McGhee B, Foley CM, Crumrine PK

(2000) The ketogenic diet in refractory epilepsy: the experience

of Children’s Hospital of Pittsburgh. Clin Pediatr (Phila)

39(3):153–159

12. Shih WJ, Bachorik PS, Haga JA, Myers GL, Stein EA (2000)

Estimating the long-term effects of storage at -70 degrees C on

cholesterol, triglyceride, and HDL-cholesterol measurements in

stored sera. Clin Chem 46(3):351–364

13. Friedewald WT, Levy RI, Fredrickson DS (1972) Estimation of

the concentration of low-density lipoprotein cholesterol in

plasma, without use of the preparative ultracentrifuge. Clin Chem

18(6):499–502

14. Ballaban-Gil K, Callahan C, O’Dell C, Pappo M, Moshe S,

Shinnar S (1998) Complications of the ketogenic diet. Epilepsia

39(7):744–748

15. American Academy of Pediatrics (1992) National Cholesterol

Education Program: Report of the Expert Panel on Blood

Cholesterol Levels in Children and Adolescents. Pediatrics 89(3

Pt 2):525–584

16. Raju KN, Gulati S, Kabra M, Agarwala A, Sharma S, Pandey

RM, Kalra V (2011) Efficacy of 4:1 (classic) versus 2.5:1 keto-

genic ratio diets in refractory epilepsy in young children: a ran-

domized open labeled study. Epilepsy Res 96(1–2):96–100.

doi:10.1016/j.eplepsyres.2011.05.005

17. Doksoz O, Guzel O, Yilmaz U, Isguder R, Celegen K, Mese T,

Uysal U (2015) The short-term effect of ketogenic diet on carotid

intima-media thickness and elastic properties of the carotid artery

and the aorta in epileptic children. J Child Neurol. doi:10.1177/

0883073815576793

18. Kapetanakis M, Liuba P, Odermarsky M, Lundgren J, Hallbook T

(2014) Effects of ketogenic diet on vascular function. Eur J

Paediatr Neurol 18(4):489–494. doi:10.1016/j.ejpn.2014.03.006

19. Coppola G, Natale F, Torino A, Capasso R, D’Aniello A, Pironti

E, Santoro E, Calabro R, Verrotti A (2014) The impact of the

ketogenic diet on arterial morphology and endothelial function in

children and young adults with epilepsy: a case-control study.

Seizure 23(4):260–265. doi:10.1016/j.seizure.2013.12.002

534 Acta Neurol Belg (2016) 116:529–534

123

http://dx.doi.org/10.1111/j.1528-1167.2007.00992.x
http://dx.doi.org/10.1111/j.1528-1167.2007.00992.x
http://dx.doi.org/10.1111/epi.12179
http://dx.doi.org/10.1016/j.eplepsyres.2014.05.005
http://dx.doi.org/10.1002/14651858.CD001903.pub2
http://dx.doi.org/10.1016/j.yebeh.2010.09.016
http://dx.doi.org/10.1016/j.seizure.2008.06.001
http://dx.doi.org/10.1016/j.seizure.2008.06.001
http://dx.doi.org/10.1001/jama.290.7.912
http://dx.doi.org/10.1016/j.eplepsyres.2011.05.005
http://dx.doi.org/10.1177/0883073815576793
http://dx.doi.org/10.1177/0883073815576793
http://dx.doi.org/10.1016/j.ejpn.2014.03.006
http://dx.doi.org/10.1016/j.seizure.2013.12.002

	The effects of classic ketogenic diet on serum lipid profile in children with refractory seizures
	Abstract
	Introduction
	Methods
	Study design and setting
	Subjects
	Pre-implementation procedure
	Diet implementation
	Patient follow-up and outcome measures
	Statistical methods

	Results
	Baseline characteristics
	Seizure frequency
	Serum lipid profile and triglyceride levels

	Discussion
	Acknowledgments
	References




