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Abstract

liver function.

abovementioned results.

Adolescent

Background: High-fat content and carbohydrate restriction of the ketogenic diet (KD) increases the workload of some organs,
especially the liver. Moreover, most of the antiepileptic drugs (AEDs) are metabolized in the liver; therefore, the function of the liver
could be influenced during the treatment with KD. This study was undertaken to investigate the influence of the ketogenic diet on

Methods: A prospective, open-label study was carried out. A total of 28 patients with intractable epilepsy initiated the diet. All pa-
tients were children and adolescents who did not respond to atleast 2 AEDs. Liver function tests including Alanine aminotransferase
(ALT), Aspartate aminotransferase (AST), and alkaline phosphatase (ALP) were analyzed before and after 3 months on the KD.
Results: Fourteen patients with the median age of 4.12 (2.31- 9.70) years completed the study. The serum levels of ALP and AST did
not differ significantly before and after 3 months on the diet (P value > 0.05). There was a significant difference in the serum level
of ALT before and after 3 months of treatment (13 vrs 20, P = 0.014).

Conclusions: Albeit, it seems that KD did not have any influence on the serum levels of AST and ALP; however, it had a significant
effect on the serum level of ALT. More investigations with a larger sample size and longer follow-up duration are needed to approve
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1. Background

The ketogenic diet (KD) is a low-carbohydrate, high fat,
adequate-protein diet. Primarily, KD was introduced to
treat intractable epilepsy in 1921 (1), however, in the recent
years, use of KD expanded to the other diseases including
inherent metabolic diseases (2), autism (3), and glioblas-
toma (4). The diet initially used was the classical KD, which
long chain triglycerides are the primary energy source of
the diet (90%) (5). The diet is calculated based on fat to car-
bohydrate plus protein ratio (ketogenic ratio). The ratio in
the classical ketogenic diet is 4:10r 3:1, 4 g (or 3 gram) of fat
to1g of combined protein and carbohydrate (5).

Under the KD treatment, the body mimics the
metabolic conditions found during fasting (6). Fat be-
comes predominant energy sources during KD treatment
instead of glucose (6). In the liver, long-chain fatty acids
converted to ketone bodies including S-hydroxybutyrate,

acetoacetate, and acetone through the -oxidation path-
way (6).

Generally, patients with intractable epilepsy need long-
term treatment with antiepileptic drugs (AEDs) (7). Most
of the AEDs are predominantly metabolized by the liver, in-
cluding valproate (VPA), carbamazepine, lamotrigine, phe-
nobarbital, oxcarbazepine, phenytoin, felbamate, ethosux-
imide, and benzodiazepines (8). Additionally, some are
AEDs partially metabolized by the liver including levetirac-
etam, topiramate, and zonisamide (8).

It seems that the combination of the KD and AEDs
could influence the liver function. Several studies reported
the short- and long-term adverse effects of KD (9, 10). Yet,
the influence of KD on the liver function is ambiguous.
Therefore, this study was conducted to investigate the in-
fluence of classical KD on the serum levels of liver enzymes
in epileptic children and adolescents.
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2. Methods

2.1. Study Population

A prospective, open-label study design was employed.
The present study was carried out at the children’s medi-
cal centre of Tehran University of Medical Sciences (TUMS)
between September 2015 and October 2016. Patients with
intractable epilepsy who had the following criteria were
included in this study; 1. aged between 2 and 18 years and
2. did not respond to at least 2 anti-epileptic medications.
The exclusion criteria included: 1. previous treatment with
KD; 2. history of metabolic diseases that have contraindi-
cating use of the ketogenic diet, including pyruvate car-
boxylase deficiency and medium-chain acyl-CoA dehydro-
genase; 3. previous history of liver diseases; 4. history of
dyslipidemia; 5. history of thyroid diseases; 6. history of
renal diseases; and 7. difficulty in the swallowing.

2.2. Ketogenic Diet Protocol

Classical KD was initiated for the patients. The keto-
genic ratio of 4:1, 4 grams of fat to 1 gram of carbohydrate
plus protein, was applied for the patients. No fasting, calo-
rie, or liquid restrictions were implemented. Prior to initi-
ation of the diet, patients were screened for metabolic dis-
eases that have contraindication for KD. Since the KD is nu-
tritionally deficient, the multivitamin and mineral as well
as additional calcium plus vitamin D supplements were
given to all the patients. All patients were followed up by
telephone during the treatment and outpatient visit after
1and 3 months on the diet.

2.3. Anthropometric Assessments

Weight and height of the patients were measured at
baseline and 3 months after the initiation of the diet. Prior
to the measurement, participants were asked to take off
their shoes and heavy clothes. A standardized balance-
beam scale was used for measurement the weight (kg).
Height (cm) was measured by stadiometer. The body mass
index (BMI)was calculated as the measured body weight in
kg divided by the square of the measured height in meters

(kg/m?).

2.4. Liver Function Parameters

Blood sample was obtained in the morning after an
overnight fasting. Liver function parameters, namely ala-
nine aminotransferase (ALT), aspartate aminotransferase
(AST),and alkaline phosphatase (ALP) were analyzed before
initiation of the diet and at month-3.

2.5. Ethics Consideration

The study was initiated after approval of
the ethical committee of the research deputy of
Tehran University of Medical Sciences (ethical code,
IR.TUMS.REC.1394.181512.11.94). Informed consent was ob-
tained from all the parents of patients before beginning
the diet. Patients participated in the study voluntarily and
the parents of the patient were assured of being able to
exit the study at any stage in the study. No additional costs
were incurred by family of the patients.

2.6. Statistical Analyses

A Wilcoxon signed rank test was used to compare the
median serum levels of liver function tests before and after
commencement of the KD. The results are depicted as me-
dian and interquartile range (25th - 75th percentiles). The
statistical significance level for all tests was P < 0.05. Sta-
tistical package for social sciences (SPSS, Chicago, IL, USA)
version 16.0 was used for the statistical analysis.

3. Results

Atotal of 28 patients with intractable epilepsy initiated
the diet, among them, 14 patients completed the study, in-
cluding 11 boys. Fourteen patients ceased the diet due to
intolerance of the diet, unwillingness of family, minor aci-
dosis, and pneumonia. A median age at initiation of the
diet was 4.12 years (Interquartile range: 2.31- 9.70). Table 1
demonstrated the general characteristics of the patients.

The median (Interquartile range) serum levels of AST,
ALT,and ALPatbaseline were 21(18-26)U/L,13(8-21) U/L,and
448 (288 - 708) U[L, respectively. After 3 months, the serum
level of ASTwas 29 (17-38) UL, the serum level of ALT was 20
(14 - 44) U[L, and the serum level of ALP was 453 (298 - 569)
U/L.

There was no difference in the level of ALP at baseline
and month-3 (P=0.249) (Figure1). Pvalue of 0.108 divulged
that the serum level of AST did not differ significantly be-
fore and after 3 months of treatment (Figure 2). There was
asignificantdifference in the serum level of ALT before and
after 3 months of treatment (P=0.014) (Figure 3).

4. Discussion

In the present study, we prospectively investigated
the liver function biomarkers of patients with intractable
epilepsy. The results of the current study depicted that
classical KD did not have any pernicious influence on the
serum levels of AST and ALP; however, it has the effect on
the serum level of ALT.
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Table 1. General Characteristics of the Study Population

General Information No. (%)
Male gender 11(78.6%)
Female gender 3(21.4%)
Median (Interquartile Range)
Age (y) 4.12(231-9.70)
Height (cm) 102.85(90.00 -137.92)
Weight (kg) 15.00 (11.65 - 31.25)
BMI (kg/m®) 14.75 (13.80 - 16.35)

Abbreviation: BMI, body mass index.
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Figure 1. The Serum Levels of Aspartate Aminotransferase Before and After Three
Months on the Diet
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Figure 3. The Serum Levels of Alkaline Phosphatase Before and After Three Months
on the Diet
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Figure 2. The Serum Levels of Alanine Aminotransferase Before and After Three
Months on the Diet

The KD has some short-term and long-term detrimen-
tal effects on patients (9). Hypoglycemia, acidosis, nausea,

] Compr Ped. 2017; 8(3):€12609.

constipation, and vomiting are some examples of short-
term side effects (9). Some of the long-term adverse effects
are dyslipidemia, kidney stone, osteopenia, and carnitine
deficiency (11). Earlier studies reported several cases where
following use of KD, the serum levels of liver enzymes al-
tered (9, 12). In the study that was conducted by Arslan et
al., they retrospectively evaluated the long-term effect of
the KD in patients (12). After 3 months, 2 patients had high
serum levels of ALT and AST. One of the patients used VPA
as well as levetiracetam and the other took phenobarbital
and levetiracetam prior to initiation of the diet (12). More-
over, in a study done by Kang et al, among the 129 patients
that were included in the study, 10 of them experienced the
elevation of ALT and AST (9).

Previous studies revealed that combination of AEDs
and KD, especially VPA, could influence liver function.
Stevens et al. reported on an 18-month old girl who ex-
perienced hepatic dysfunction following initiation of the
KD. The patient took VPA concurrently with the KD. The pa-
tient's ALT and AST levels increased dramatically after 1 day
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on KD, from 13 IU/L to 750 IU/L and from 28 IU|L to 785 IU|L,
respectively. After ceasing the VPA, the serum levels of ALT
and AST became normal (13).

One of our patients had a significant elevation of the
serum levels of ALS and AST. The case was 13 years old. He
took nitrazepam and VPA. His baseline serum levels of AST
and ALT were 19 U/L and 12 U[L, respectively. After 3 months
of treatment, the serum levels of AST and ALT raised to 38
U/L and 79 U/L, respectively.

In the study that was done by Lyczkowski et al, 2 pa-
tients who took KD and VPA concomitantly experienced
raises of the serum liver function enzymes (14). In 1 pa-
tient after 3 weeks, the serum levels of ALT and AST were
increased to 201 UL and 161 U|L, respectively. The 2nd pa-
tient experienced the elevation of liver function tests after
2 weeks on the diet (ALT, 229 U|L; AST, 238 U/L). Albeit, af-
ter comparison of the adverse effects of patients who got
the combination of KD and VPA and the patients who took
exclusively KD, they concluded that concomitant introduc-
tion of KD and VPA did not increase the chance of hepato-
toxicity (14). In addition, Ballaban-Gil et al. reported 2 cases
that had the marked elevation of liver function biomark-
ers during initiation of the diet and 13 months after com-
mencement of KD (15).

One of the mechanisms for abnormality of the liver en-
zymes could be the influence of the diet and AEDs on car-
nitine storage. Carnitine is an amino acid derivative that
is responsible for transport of the long-chain fatty acids
to the mitochondria (16). Previous studies unveiled that
both AEDs, especially VPA and KD, deplete the storage of
carnitine (16). VPA is predominantly metabolized by the
liver through glucuronidation and oxidation (8, 16). VPA
undergoes 2 oxidation pathways namely beta- and omega-
oxidation. Conventionally, beta-oxidation dominates over
omega-oxidation (17). In the beta-oxidation pathway, VPA
combines with carnitine to transport to the mitochon-
dria, therefore, the content of carnitine declined gradually
(17). Moreover, high amounts of long-chain triglyceride de-
crease carnitine level. In fact,adding KD to some AEDs, par-
ticularly VPA, has the synergistic influence on depletion of
carnitine storage (16).

Decreasing the amount of carnitine leads to hepatotox-
icity (16). The precise mechanism is not clear, however, ear-
lier studies proposed that carnitine reduction leads to an
imbalance between gamma- and beta-oxidation. Through
gamma-oxidation pathway, some toxic metabolites includ-
ing 4-en-VPA are produced. In the absence of carnitine,
VPA undergoes to gamma-oxidation instead of the beta-
pathway, therefore, accumulation of toxic metabolites
leads to hepatotoxicity (16, 18).

This study had some limitations. One of the limitations
of the present study was the number of sample size. The

absence of the control group was another limitation of the
current study. In conclusion, it seems that KD did not have
any influence on the serum levels of AST and ALP; however,
it had the effect on the serum level of ALT.
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