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Abstract: This study explores the ocourrence of Non-alcoholic Fatty Liver Disease (NAFLD), Insulin Resistance
(IR), dyslipidemia and atherogenic ratios in epileptic children and adolescents receiving Valproic Acid (VPA),
Carbamazepine (CBZ) or both (combination therapy) compared to healthy controls. Abdominal Computerized
Tomography (CT), measwrements of serum fasting insulin, glucose, serum lipids and liver enzymes were
performed in VPA (n = 14), CBZ (n = 14) or both (n = 10) treated non-diabetic non-obese epileptic patients
compared to healthy controls (n = 10). Abdominal CT demonstrated characteristics of fatty liver disease in
42.8% of VPA, in 21.4% of CBZ, in 60% of combination therapy treated patients and none of the healthy
controls. All of them were overweight and 53.3% had TR. In conclusion VPA therapy was associated with
increased risk of TR and NAFLD, while CBZ therapy was associated with dyslipidemia and combination therapy

was associated with all these risks.
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INTRODUCTION

Epilepsy 1s not a disease, but a syndrome of different
cerebral disorders of the Central Nervous System (CNS)
which is characterized by paroxysmal, excessive and
hypersynchronous  discharges
neurons (Nikalje et al., 2011). Tt is very often a disabling
condition, rendered especially disturbing because of its
unpredictability and its seriousness for being a common
neurological disorder worldwide (Ahmad, 2011).

Multiple side effects of commonly used antiepileptic
drugs which become obvious with lgh doses and in
combination therapy directed researches toward the
possible use of natural products in management strategies
of epilepsy (Abdel-Wahab and Metwally, 2011).

Long term antiepileptic therapy in patients with
epilepsy  has long been associated with adverse
metabolic changes. First generation AED such as VPA
and CBZ has an increased potential for interactions and
side effects due to enzyme induction and/or inhibition.
(Nejad et al, 2009).

Several studies have demonstrated weight gain,
hyperinsulinemia and IR m those receiving VPA
(Verrotti et al, 2009, 2002), others demonstrated
dyslipidemia and increased risk of atherosclerosis in those

of large numbers of

receiving CBZ therapy (Demircioolu et al, 2000
Eiris etal., 1995, Franzoni et @l , 1992; Sonmez et ai., 2006,
Verrotti et al., 1997).

Non Alcoholic Fatty Liver Disease (NAFLD) which
is a clinicopathological syndrome that ranges from
simple steatosis to steatohepatitis, fibrosis or cirthosis
(Ramzan et al., 2009) is closely associated with visceral
adiposity, dyslipidemia and mnsulin resistance and has
been described as the hepatic compenent of the metabolic
syndrome (Akbar and Kawther, 2006, Manco et af., 2008).

Ultrasound-diagnosed NAFLD was previously
demonstrated in adults (Luef et al., 2004) and in obese
adolescents (Verrotti et af., 2011) undergoing long-term
treatment with VPA. Moreover, Gastaldelli et al. (2009)
showed that the presence of fatty liver assessed by fatty
liver index was significantly associated with increased
Coronary Artery Disease (CAD) risk and reduced insulin
sensitivity in non diabetic subjects. Recently, it is
strongly suggested that NAFLD is likely to be a marker as
well as an early mediator of atherosclerosis (Targher and
Arcaro, 2007).

Therefore, we choose to study IR, dyslipidemia,
atherogenic and NAFLD in chlildren and
adolescents with epilepsy on long term antiepileptic
therapy as indicators of metabolic derangements due to

ratios
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the impact of dietary programming and early metabolic
changes on long term cardiovascular risk.

MATERIALS AND METHODS

The study was a cross-sectional case-control study
that included 38 children and adolescents with epilepsy
and epileptic syndromes classified according to the
recommendations of the International League Against
Epilepsy (Commission on Classification and Terminology
of the Intemational League Against Epilepsy, 1989; Engel
and International League Against Epilepsy (ILAE, 2001).
Diagnosis was made on the basis of clinical history,
seizure semiology, EEG and brain imaging. Patients were
treated with VPA (n = 14), CBZ (n = 14), or both
(combination therapy) (n = 10) for at least 18 months.
AEDs dose was unchanged during the last 3 months.
Liver function tests done before AED therapy was started
and at routine laboratory tests during the first 6-month
period were normal in all patients. Moreover, each group
was further divided equally using the BMI into
overweight and lean subjects (WHO, 2006; De Onis et al.,
2007). They were 21 males and 17 females with ages
ranging between 2.5 and 14 years and a mean age of
(8.4043.42) years. They were recruited from those
following up in the Pediatric Neurology Clinic, Children’s
Hospital, Ain Shams Umniversity in the perioed from
October 2009 and February 2010. Ten children and
adolescents, selected to match the patients group for age,
sex, weight and socioceconomic aspects with no history
suggesting epilepsy or other medical, neurological or
psychiatric disorders served as controls. They were 5
males and 5 females with ages ranging between 3.5 and 13
years and a mean age of 7.704+3.19 years.

Subjects with any condition or medication that may
affect the liver, body weight and lipid profile or glucose
metabolism (eg., obesity, diabetes, metabolic, endocrine,
liver diseases and family history of atherosclerosis) were
excluded from the study.

Methods: The local ethical committee approved the study
and consents were obtained from the parents of the
mcluded subjects. Detailed medical history and clinical
assessment were done with special emphasis on the
duration of the disease, type of seimwes, its frequency
and calculation of AED cumulative dose.

Measurements: Height and weight were measured using
a wall-mounted stadiometer and a calibrated weight scale,
respectively, wearing underwear only. Body-mass Index
(BMI) was calculated by using the formula: BMI = weight
(kg)/height (m”). Blood pressure was obtained using a

6o

mercury sphygmomanometer and cuff sizes were selected
so that the mflatable bladder width was at least 40%
of the arm circumference. The cutoffs for overweight
(WHO, 2006, De Oms et al., 2007) and elevated blood
pressure (systolic or diastolic) WHBPEP, 2004) were fixed.

Laboratory workup: Venous blood was collected from
patients and controls after 12-14 h fasting. The samples
were divided into two aliquots. One was taken on plain
tubes and the serumn sample was used for assay of liver
function, fasting glucose, fasting insulin, lipid profile and
AED drug levels. The other aliquot was taken on EDTA
and plasma was stored at -20°C for subsequent
measurement of Apolipoprotein A and B.

Serum glucose level, Total Cholesterol (TC) and
Triglycerides (TG) were assayed using Synchron
CX9 system auto analyzer applying enzymatic
colorimetric method (Carl et al., 2006; Dietschy et al.,
1976, McGowan et al., 1983).

High density lipoprotein-cholesterol (HDL-C) was
assayed also on Synchron CX9 after precipitation of Low
Density Lipoprotem-cholesterol (LDL-C) and Very Low
Density Lipoprotein (VLDL) by dextran sulphate and
magnesium 1n the separating reagent (Assmann et af.,
1983). LDL-C was calculated according to Friedwald
equation LDL-C = TC-(HDL-C+TG/5) (Warnuck et al.,
1990).

Apolipoproten A and B were assayed by RID
(Sindarid, Birmingham, United Kingdom). The method
involves antigen diffusing radially from a cylindrical well
through an agarose gel containing an appropriate
monospecific antibody.

Tnsulin was assayed by Micro-particle Enzyme
Immunoassay (MEIA) on the AxSYM* for the
quantitative determination of insulin in human serum
(Abbott  Ireland, Diagnostic Division-Lisnamuck,
Longford Co. Longford, Treland).

The homeostasis model assessment of insulin
resistance (HOMA-TR) was calculated using the equation:

fasting glucose (mg dL. ! )xfasting Insulin (IU mL ™"}
405

HOMA-IR =

The cutoffs for high TGs (2110mg dL ™, low HDL-C
{<40 mg dI.7") and high fasting glucose (=110 mg d.™"
{Cook et al., 2003). Cutoffs for high TC (2200 mg 4L ™)
and high LDL-C (>130 mg dI.7") (National Cholesterol
Education Program (NCEP, 1994). Abnormal ALT
(=40 U L™ (Park et al., 2005) and insulin resistance
(HOMA-IR >3.16) (Keskin et ai., 2005) were fixed.

CT scan of the abdomen: Assessment of the liver fat
content was done by a non-contrast abdominal CT scan.
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The children were sedated with chloral hydrate
(50 mg kg™) before scan according to standard
radiological practice. To reduce radiation exposure, a
single cross sectional CT scan 10 mm thickness was taken
at the level of the intervertebral disc between the body of
the 12" thoracic and 1% lumbar vertebrae to include both
lobes of the liver and the spleen. For all scans, the
window level and the window width were kept constant
and the machine was operated in the tissue optimization
mode. A Region of Interest (ROT) was placed on 3 areas of
the liver and 1 area of the spleen: at depths of 1.5and 3.0
cm from the liver capsule on the right lobe of the liver, at
a depth of 1.5 cm from the liver capsule on the left lobe
and at a depth of 1.5 cm from the splenic capsule on the
spleen. Splenic attenuation was measwred from the later
RIO. Care was taken not to mnclude major portal, arterial
and venous vessels. For each ROI, the attenuation
measured in Hounsfield Units (HU) was recorded. The
mean liver attenuation was calculated from the 3 liver
ROTs and the ratio of mean liver attenuation to spleen
attenuation (1.:S) was ascertained. L:S is inversely related
to hepatic fat content such that the lower the 1.:S, the
greater the amount of fat in the liver and a ratio <1
denotes significant hepatic steatosis (Rockall et al., 2003).

Statistical analysis: Standard computer program SPSS for
Windows, release 10.0 (SPSS Inc, USA) was used for data
entry and analysis. Comparison of different variables in
various groups was done using student t test and Mann
Whitney test for normal and nonparametric variables
respectively. Qualitative variables were compared using
chi square test. Spearman’s correlation test was used for
correlating non-parametric variables. For all tests a
probability p<0.05 was considered sigmificant. Graphic
presentation of the results was also done (Daniel, 1995).

RESULTS

Baseline clinical characteristics of patients and
controls are presented in Table 1. A total of thirty-eight
patients and ten centrols fulfilling the inclusion criteria
agreed to participate in the study.

Table 1: Clinical and treatment data of the included patients

15(2): 68-77, 2012

Lipid profile, atherogenic ratios and apolipoproteins: The
results of our study showed increased TC levels in 21.4%
of VPA, 78.5% of CBZ and 80% of combination therapy
groups. LDL-C levels were also increased m 21.4% of
VPA, 78.5% of CBZ and 90% of combination therapy
groups. TC and LDL-C levels were significantly higher in
the CBZ and combination groups when compared to VPA
and control groups, as shown m Table 2.

TG and HDL-C levels were within normal range for
age and sex in all groups. However, HDL-C levels were
significantly higher in the CBZ group when compared to
VPA group (p<0.05). TG and Apo B100 levels were not
significantly different between the studied groups,
whereas, Apo-Allevels were significantly higher in the
CBZ group when compared to control group (p<0.001).
Atherogenic ratios were significantly higher in
combination therapy group when compared to controls
(p=0.05).

Body mass index (BMI), blood pressure and the fasting
methods for assessment of insulin resistance: BMI and
blood pressure measurements were comparable between
the studied groups.

IR was demonstrated in 16 (42%) of our patients, they
were as follows 9 (64.3%), 7 (70%) and none in VPA,
combination therapy and CBZ treated patients,
respectively. They were 6 males and 10 females.

The HOMA-IR index was sigmficantly higher and G/1
ratio was significantly lower in the VPA, CBZ and
combination therapy treated groups when compared to
controls and mn the VPA when compared to CBZ treated
group as shown in Table 3.

Liver enzymes and liver/splenic attenuation: Liver
enzymes were significantly higher in the VPA and
combmation therapy treated groups when compared to
controls (p<0.05) but they were within the normal
reference ranges for age and sex.

NAFLD was demonstrated in 15 (39.4 %) of our
patients, they were as follows 6 (42.8%), 3 (21.4%) and
6 (60%) in VPA, CBZ and combination therapy treated
patients, respectively. They were 7 males and 8 females,
all of them were overweight and 8 (53.3%) had IR. Ofnote,

Groups (MeantST0)

Variables VPA (n=14) CBZ (n=14) Combination therapy (n =10)
Age (years) 8.114£3.66 9.30+3.17 7.60£3.46
Duration of AED therapy (months) 42.004+26.73 41.57+28.38 A7 40+28.90

VPA cumulative dose (g) 26.93+18.17 20.20+12.44

Serum level of VPA (ug mL™Y) T0.59+5.70 72.5447.53

CBZ curnulative dose (g) 15.40+10.42 12.60+6.43

Serum level of CBZ (pg mL.™Y 7.29+0.95 13.19+19.13
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Table 2: Comparison of the lipid profile, atherogenic ratios and apolipoproteing between the studied groups

Combination

VPA group CBZ, group therapy group Controls

(group T) (group 1T (group T} (group TV)

MeantSD MeantSD Mean+SD MeantSD Group Group Group Group

median (TQR)  median (IQR)  median TQR) median (TQR) Tvs. TV TMws IV M vs. TV Tvs T
Variables n=14) n=14) n=10) n=10 Lz¥(p) Lz (p) tzHp) VzHp)
TC (mg dL.™Y) 181.57+17.85  225.36+18.20  228.30+19.20 176.70+12.02 -0.70%* -4.00* -3.80% -3.80%

179.00 (35) 232.00(21) 230.00 (26) 177.50 (20) (>0.05) (<0.001) (<0.001) (<0.001)
TG (mg di.™h 106.79+28.70  98.07+16.20 108.40+32.03 95.10+15.60 1.20 0.50 1.20 1.00

106.50 (45) 99.50 (21) 102.50 (81) 97.50(20) (>0.05) (=0.05) (=0.05) (=0.05)
LDL-C (mg dL™) 105.57+24.00  141.14424.90  151.30+14.47 98.00<15.40 -0.50% -3.40% -3.80% -3.10%

96.50 (40) 145.50 (39) 146.50 (25) 100.50 (27) (>0.05) (<0.001) (=0.001) (<0.05)
HDL-C {mg dL™") 54.57+£11.50 64.50+13.28 55.30+14.82 59.60<10.80 -1.10 1.00 -0.70 -2.10

56.50(21) 61.50 (16) 53.00 (27) 59.50(13) (>0.05) (=0.05) (=0.05) (<0.05)
TC/HDL ratio 3.48+0.87 3.65+0.82 4.31+£0.84 3.06+0.60 -1.30% -1.80% -3.10% -0.60%

3.20(D) 3.70 (1) 4.50(2) 3.00 (1) (>0.05) (=0.05) (<0.05) (=0.05)
LDL/HDL ratio 2.05+0.81 2.32+0.76 2.90+0.80 1.74=+0.60 -1.00* -2.00%* -3.00%* -0.80%

1.90 (1. 5) 240 (1.1) 3.10(1.7) 1.70 (0.7) (>0.05) (>0.05) (<0.05) (=0.05)
Apo Al (mgdL™)  206.86+78.40  254.50+57.90  228.10+98.30 180.00+63.90 0.89 2.98 1.30 -1.80

190.50 (112) 248.50 (89) 210.50 (157) 182.50 (115) (>0.05) (<0.001) (>0.05) (=0.05)
ApoB100(mg dL.7") 181.64+55.11  199.00+56.88  179.80+52.60 162.40+66.07 0.78 1.45 0.65 -0.80

178.00 (81) 204.50 (77) 174.00 (50) 164.50 (112) (=0.05) (=0.05) (=0.05) (=0.05)

TC: Total cholesterol, TG: Triglycerides, L.DL-C: Low density lipoproteins, HDL-C: High density lipoproteins; Atherogenic ratios = TC/HDL. ratio and
LDL/HDL ratio, Apo Al: Apolipoprotein Al and Apo B100: Apolipoprotein B100; *Non-parametric data detected by Shapiro-Wilk test and presented as
median (interquartile range). The test of significance used here is Mann-Whituey test p<0.05 is significant, p<0.01 is highly significant, p<0.001 is very highly

significant and p>0.05 is non-significant

Table 3: Comparison of BMI, blood pressure, HOMA-TR, G/ ratio, liver enzymes and liver/splenic attenuation between the studied groups

Combination
VPA group CRZ group therapy group Controls
Meant+SD Mean+SD Mean=5D Mean+SD Group Group Group Group
median (IQR) median IQR)  median (IQR) median (TQR) Tws TV TMws IV M vs. TV Tws 11
Variables =14 (=14 n=10 n=10 Lz (p) Lz (p) tzHp) tzHp)
BMI 17.77+£2.73 17.69+2.70 17.87+2.08 17.11+2.07 -0.41%* -0.35% -0.91% -0.18*
17.50(2.2) 17.15 (4.4) 17.50 (1) 17.20(3.3) (>0.05) (>0.05) (>0.05) (>0.05)
Systolic BP 109.64+5.71  112.50+6.43 105.00+7.82 106.50+5.80 -1.30% -1.60%* -0.40%* -1.20%
110 (10) 112.50(11) 105Q11) 105(11) (=0.05) (>0.05) (=0.05) (=0.05)
Diastolic BP 71.79+4.20 72.14+4.67 63.50+20.28 70.50+6.85 -0.60% -0.60% -0.60% -0.30%
70(5) 75(6) 67.50 (14) 70.00(11) (=0.05) (>0.05) (=0.05) (=0.05)
HOMA-IR 3.37+0.69 2.95+0.28 3.39+0.54 2.62+0.22 3.30 3.10 4.20 -2.60
3.50 (1.2 2.95(0.3) 3.50 (0.8) 2.60 (0.4) (<0.05) (<0.05) (<0.05) (<0.05)
G/ ratio 5.81+0.60 6.64+0.73 5.85+0.70 7.88+0.70 -7.80 -4.10 -6.40 -3.30
5.80 (1) 6.70(1) 6.00 (1) 7.80 (1) (<0.001) (<0.001) (<0.001) (<0.05)
ALT(QUL™Y 20.14+7.02 16.57+5.30 18.00+2.83 15.404+2.20 2.40 0.70 2.30 1.50
20.50 (8) 17.50 (8) 18.00 (9) 15.00(7) (<0.05) (>0.05) (<0.05) (>0.05)
AST (IUL™H 23.71+7.70 19.71+5.82 23.30+6.40 17.10+2.73 2.60 1.30 2.80 1.60
23.50(11) 20.50 (10) 22.50 (10) 17.00 (5) (<0.05) (>0.05) (<0.05) (>0.05)
L/8 attenuation 1.02+0.08 1.04+0.09 0.97+0.88 1.25+0.06 -7.60 -6.20 -8.20 -0.70
1.05 (0.19) 1.03 (0.13) 0.94¢0.17) 1.28 (0.10) (<0.001) (<0.001) (<0.001) (=0.05)

BMI: Body mass index, BP: Blood pressure, FBG: Fasting blood glicose, FI: Fasting insulin, HOMA-TR: Homeostasis model assessment of insulin
resistance = multiplying fasting serum insulin (uIUJ mL~") and fasting plasma glucose (mg dL.™') divided by 405, G/I ratio: Glucose/insulin ratio, ALT:
Alanine aminotransferase, AST: Aspartate aminotransferase and L/S attenuation: Liver/spleen attenuation

the serum levels of VPA and CBZ were within the normal
ranges excluding a toxic drug effect.

The median values of L/S attenuation were
significantly lower among all studied subgroups when
compared to controls (p<0.001) as shown in Table 3

without significant difference between subgroups.

Subgroup group anmalysis: We compared overweight
versus lean patient groups and found that 15 patients
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(78.9%) of the overweight group had NAFLD. TG levels
were significantly mcreased m the overweight group
when compared to lean group (t = -2.10, p<0.05).The rest
of laboratory results were otherwise comparable between
both groups.

Correlation studies: Owr results showed significant
negative correlation between 1./S attenuation and VPA,
CBZ cumulative doses and the duration of AED therapy
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Table 4: Correlation between liver/spleen attenuation and BMI, lipid profile, HOMA and G/ ratio
BMI TC TG LDL-C HDL-C TC/HDL  LDL/HDL Apo Apo
mgdl™) (mgdl™) (mgdl™") {(mgdL™ (mgdl™") ratio ratio Al B100 HOMA-IR G/ ratio

Variables r p r P r P r P r P r p r P r P r p r p r p

LS -0.11 =0.05 -0.10 =0.05 -0.29 =0.05 -0.10 =0.05 -0.04 =0.05 -0.08 =0.05 -0.05 =0.05 0.03 =0.05 -0.07 =0.05 -0.16 =0.05 0.04 =0.05
rattenuation

140 4
0 (r=-0.81, p<0.001)

. Q
80 1201 oo

(£ = -0.52, p<0.05)

=)
=]

L
—_
=
=
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CBZ cumulative dose (g)
I
o

Dhration of AED therapy (months)
=
1

60
20 - 40
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T T T T T
085 050 095 100 105 0
L/S attenuation T T T T
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Fig. 1: Correlation between CBZ cumulative dose and

liver/splenic attenuation Fig. 3: Correlation between duration of AED therapy and
liver/splenic attenuation

50 °
=-0.50, 10
(1- »p0.09) (r=10.60, p<0.05)
40 so{ °
C
: o
3 30
HE S -
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5 o
Q
- o
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o T o
20 - ° 0 °
0 ° oo o o °
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L/S attenuation 0
T T 1 T T T
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Fig. 2: Correlation between VPA cumulative dose and Apo B (mg dL™)

liver/splenic attenuation
Fig. 4: Correlation between Ape B levels and CBZ
(ie., liver fat content increased) as shown in Fig. 1-3, cumulative dose
respectively). L/S attenuation was correlated negatively
with (BML, all fractions of lipid profiles and HOMA-IR ~ Moreover, there was significant positive correlation
index) and positively correlated with (G/1 ratio) but it  between Apo B levels and CB7 cumulative dose as
didn’t reach statistical significance as shown in Table 4. shown in Fig. 4.

72



Pak. J. Biol Sci., 15 (2): 68-77, 2012

DISCUSSION

This 15 the first study evaluating the occurrence of
dyslipidemia, atherogenic ratios, IR and CT-diagnosed
NAFLD in non obese epileptic children and adolescents
who are being treated with VPA, CBZ or both.

The prevalence of NAFLD 1s increasing mn children
and adolescents (Patton et al., 2006, Manco et al., 2008)
and is recognized as part of the Metabolic Syndrome (MS)
(Kelishadi et al., 2009, Treeprasertsuk et al, 2011). The
diagnosis of fatty liver 1s based on the presence of
steatosis or steatohepatiis (Oliva et al., 2006). Liver
steatosis can be assessed by ultrasound that is not
sensitive because it can detect liver steatosis only when
it 1s greater than 30% (Ryan et al, 2002), Magnetic
Resonance Imagmg (MRI) (Fishbein et al., 2005) or
spectroscopy (MRS) (Szczepaniak et al., 2002) which are
quite expensive, or on liver biopsy, an invasive procedwure
also associated with some risks (Wieckowska et al., 2007).
Therefore, CT scan L/S ratio was used to measure the
attenuation of liver which is according to Kodama et al.
(2007) the best predictor of pathologic fat content.

In the present study, NAFLD was demonstrated in
42.8% of VPA, 21.4% of CBZ and 60% of combination
therapy treated patients. All of them were overweight and
53.3% had IR. Tt is worth mentioning that TG levels were
significantly increased in the overweight group when
compared to lean group. Similarly, elevated triglycerides
have been found to be associated with hepatic
steatosis in various series of children (Chan et of., 2004a;
Kocak et al., 2000, Bedogni et al., 2006).

NAFLD shows a wide spectrum of histological
abnormalities and clinical outcome (Cotrim et al., 2000,
Angulo, 2002), with msulin resistance as the most
important 1nderlying disorder (Haque and Sanyal, 2002;
Schwimmer et al., 2003; Tominaga et al., 2009). As a result
of impaired suppression of triglyceride hydrolysis in
adipose tissue (Reaven, 2002), plasma levels of free fatty
acids mcrease 1n an msulin-resistant state and enhance
mtrahepatic synthesis of triglyceride rich hipoproteins and
fat accumulation (Mulhall et al, 2002) as shown in our
clinical series.

As evidenced by prior studies VPA related weight
gain was assoclated with hyperinsulinemia in women with
epilepsy (Isojarvi et al, 1996, 1998). However,
subsequent reports have shown that VPA is associated
with elevated serum msulin levels i lean subjects as well
(Pylvanen et al., 2002). It was suggested that either VPA
may inhibit the metabolism of insulin in the liver which
then results in elevated serum insulin concentrations
1n the peripheral circulation (Pylvanen et of., 2006) or may
directly induce insulin secretion from the pancreatic beta
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cells (Luef et al, 2003). However, it seems that VPA
induced hyperinsulinemia is independent of the drug-
related weight gain and may actually precede weight gain
(Pylvanen et af., 2006).

In our patients liver enzymes were significantly
higher in the VPA and combination therapy treated
patients when compared to controls. Elevated liver
enzymes may be a surrogate measure of NAFLD;
however, liver steatosis can be present with normal
transaminase levels (Mofrad et ¢l, 2003, Ansari et ol
2011).

CBZ therapy was associated with increased TC,
LDL-C and Apo Allevels. Similar results were obtained in
previous reports (Zeitlhofer et al., 1993; Yalcin et af.,
1997; Eiris et ai., 2000). The alterations thus demonstrated
in serumn lipids and the sigmificant positive correlation
between Apo B levels and CBZ cumulative dose, as well
as a possible modulation of enzyme activity
{(Fichsel, 1980) might explain the increased rate of fatty
liver mfiltration in CBZ treated group.

Apolipoprotein B-100 is the chief protein component
of the atherogenic very low-density
lipoprotein, of mtermediate-density lipoprotein and of
low-density lipoprotemn particles, each particle including
1 apolipoprotein B molecule. Hence, plasma
apolipoprotein B levels reflect the total number of
atherogenic particles. On the other hand, Apolipoprotein
Al 1s the major apolipoprotein constituent of the anti-
atherogenic high-density lipoproteins (Chan et al., 2004b).
Therefore, the balance between their levels is very critical
1n determining the risk for coronary heart disease.

Patients on combination therapy demonstrated the
highest risk of dyslipidemia, atherogenic ratio, IR as well
as NAFLD. Our results support previous studies,
reporting increased incidence of Cardiovascular Disease
(CVD) (Targher et af., 2006; Targher and Arcaro, 2007)
and carotid atherosclerosis (Volzke et al, 2005),
(Schindhelm et al., 2007; Khashab et al., 2008) among
patients with NAFLD.

This might be explained by the fact that VPA 1s a
fatty acid derivative that competes with Free Fatty Acids
(FFA) for albumin binding and act as a Gamma
Aminobuteric Acid (GABA) agomst which causes an
increase in the levels of (FFA) (Joharmessen, 2000} and
consequently TG levels (Vorum et al., 1993). At the same
time, CBZ induces liver microsomal enzymes that lead to
alteration in the metabolism of bile acids, cholesterol and
other lipids, bilwubms and many other endogenous
molecules and endogenous drugs that are metabolized by
these enzymes Luoma et al. (1982) which collectively
explain the synergetic effect of both drugs on lipid
metabolism.

constituent
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The 1/S attenuation ratio showed significant
negative correlation with the duration of AED therapy,
VPA and CBZ cumulative doses (1.e., liver fat content
mcreased). Also, it was negatively correlated with (BMI,
all fractions of lipid profiles and HOMA-TR) and positively
correlated with (G/T ratio) but it didn’t reach statistical
significance. This agrees with the "multiple hit"
hypotheses. The first "hit" 1s the accumnulation of the fat
in the liver. Once the liver is infiltrated by fat, a second hit
triggers the progression from steatosis to steatohepatitis.
Imtially the first hit was considered to be 1insulin
resistance but it was also expanded to mclude unknown
genetic factors and obesity (Day, 2002). Several potential
"second hits"
oxygen species 1n the mitochondria and cytochrome P450
enzymes which might be mvolved during the AED
therapy. Other second hits include the presence of
endotoxins, cytokines, adipokines and environmental
factors (Edmison and McCullough, 2007).

The main himitation of the study 1s that we didn’t
study overweight controls. This was very difficult
because abdominal CT scan was done only for those who
were 1indicated to do abdominal CT scan (e.g., traumatic
iyuries or to rule out malignancy).

Patients on long term AED therapy are at increased
risk for developing various metabolic changes especially
with poor weight control. These metabolic changes were
expressed differently among the three applied groups,
with the highest risk among combination therapy group.
Such metabolic derangements are well described as the
link for the development of metabolic syndrome with a
possible risk of cardiovascular disease later mn life
(Desouky et al., 2007; Mahajan et «l., 2010). Moreover,
Almenabbawy et al. (2009) reported that adjustment of
dietary intake by balanced diet in epileptic children and
adolescents can help in adjusting not only the dose of the
anti-epileptics but also improving the general condition as
well as reduce the recurrence of epileptic fits. Therefore,
careful choice of the AED should be based on the
patient’s weight status and life style as well as providing
regular follow up especially for those on combination
therapy.

include oxidative stress from reactive
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