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Abstract
Aims: The objective of this study was to investigate the
cause of valproate (VPA)-associated weight gain in children.
Methods: Eighteen children (10.94 + 3.78 years) with epi-
lepsy were assigned to VPA therapy. Serum levels of glucose,
insulin, cortisol, leptin, neuropeptide Y (NPY), galanin and
ghrelin were assessed before (month 0) and after 18 months
of therapy. Eighteen age- and gender-matched patients
(10.78 = 3.95 years) were enrolled as the control group. Re-
sults: Excess per capita weight of 2.3 kg was determined in
the children receiving VPA over 18 months compared to the
control group. In these patients, a statistically significant in-
crease in standardized weight score, Homeostasis Model As-
sessment index, serum leptin, NPY and galanin values was
determined at the 18th month compared to those before
VPA treatment and in the control group, and there was also
a significant decrease in ghrelin values. Conclusion: In-
creased serum levels of leptin, NPY and galanin play an im-
portantrole in VPA-associated weight gain in children. While
ghrelin is not directly associated with weight gain, its serum
levels decline as a response to weight gain.

Copyright © 2011 S. Karger AG, Basel

Introduction

Valproate (VPA) isa commonly employed broad-spec-
trum antiepileptic drug that is also being increasingly
used for bipolar disorder and migraine prophylaxis [1-3].
Although it is regarded as well-tolerated and safe, weight
gain is a common adverse effect of VPA therapy, occur-
ring in up to 58% of children [4] and 71% of adult patients
[5]. Weight gain in children due to VPA treatment is usu-
ally observed during the first 3 months of therapy [6, 7],
reaching a maximum after 6-16 months [8, 9], though it
may also be progressive [10]. Several mechanisms have
been suggested in connection with VPA-induced weight
gain, such as reduced physical activity [11], increased ap-
petite [12], the effect of VPA on the hypothalamus [13], a
decreased capacity for luxury consumption or facultative
thermogenesis [12] and high cortisol [7], hyperinsu-
linemia and insulin resistance [14]. The discovery of
leptin, neuropeptide Y (NPY) and also ghrelin has added
anew perspective to the pathophysiology of VPA-induced
weight gain. However, an association between VPA and
increased [7, 15], decreased [16] or normal [17] leptin and
increased [18, 19] or decreased [20] ghrelin and NPY [7]
levels has been reported, though the results are still a
matter for debate.

In order to further investigate the pathophysiology of
VPA-induced weight gain in children with epilepsy, and
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for the first time in the same study, we prospectively ana-
lyzed circulating serum cortisol, Homeostasis Model As-
sessment (HOMA) index, insulin, leptin, NPY, ghrelin
and galanin levels in such patients.

Patients and Methods

This study was conducted at the Gazi University Hospital De-
partment of Pediatric Neurology with the approval of the Institu-
tional Ethics Committees and in conformity with the Helsinki
Declaration, International Conference on Harmonization/Good
Clinical Practice and local regulations.

Study Participants

Eighteen (9 prepubertal, 9 pubertal) pediatric patients (age
range 3.4-15.8 years) newly diagnosed with idiopathic partial and
generalized epilepsy were enrolled. Eighteen age- and gender-
matched patients (9 prepubertal, 9 pubertal; age range 3.5-16
years) were enrolled as the control group. Control subjects and
patients not on antiepileptic drugs or any other drugs that might
affect weight metabolism (e.g. steroids or multivitamin prepara-
tions), who were ambulatory, without any neurological deficit or
underlying renal, hepatic, endocrine, cardiac, neurometabolic or
any other chronic diseases were included. Description of seizure
types followed the criteria set out by the International League
Against Epilepsy [21]. The antiepileptic drug dose used was se-
lected according to generally accepted guidelines [22]. VPA was
administered twice a day.

Two initially recruited patients were excluded for social rea-
sons, 2 due to another disease affecting weight gain and 5 because
a second antiepileptic drug had to be added to treat their persis-
tent epileptic attacks. Antiepileptic drugs were administered
twice a day. Eventually, a total of 18 epileptic patients were evalu-
ated.

Written informed consent was obtained from each patient
and/or parents. The study was approved by the Gazi University
Faculty of Medicine Ethics Committee.

Methods

Each patient and control subject was clinically examined by
one of the authors at baseline (month 0) and at 18 months. Weight,
serum blood sugar, cortisol, insulin, leptin, HOMA index [fasting
glucose (mmol/l) X fasting insulin (mIU/1)/22.5], NPY, galanin
and ghrelin were evaluated at baseline and 18 months in all pa-
tients. Hand-wrist radiographs were evaluated for bone matura-
tion. The pubertal status of the patients was assessed according to
the method described by Marshall and Tanner [23, 24]. Neyzi’s
growth and development charts for Turkish children were used
for the evaluation of height and weight [25, 26]. Weighted stan-
dard deviation scores were calculated according to the Turkish
child population [27, 28]. The body mass index (BMI) of each pa-
tient was calculated at each follow-up by weighing the subjects on
a standard scale and measuring their height in bare feet.

Blood samples for the analysis of serum glucose, insulin, cor-
tisol, leptin, NPY and galanin levels were obtained between 8.00
and 8.30 a.m. after overnight fasting. After the sera had been
separated within 1 h, the samples were kept at -70°C until as-
sayed.
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Serum Sample Assay

Glucose was measured in our hospital’s central laboratory us-
ing kits from the Biosystems Reagent and Instruments Company
with enzymatic spectrophotometric glucose oxidase/peroxidase.
Insulin was investigated at the Gazi University Nuclear Medicine
Laboratory using a DPC-Immulite 2000 autoanalyzer based on
enzyme substrate connection using an insulin kit (catalogue
number L2KIN2, Diagnostic Products Corporation, Los Angeles,
Calif., USA). Cortisol was investigated at the Gazi University Nu-
clear Medicine Laboratory with a DPC-Immulite 2000 autoana-
lyzer. Leptin was investigated at the Gazi University Pediatric En-
docrinology Laboratory using a DSL kit. Outcomes were evalu-
ated using an I'?*-marked Berthold LB 2111 device at intervals of
0.25-120 ng/ml. NPY was investigated at the Gazi University Pe-
diatric Endocrinology Laboratory using a Phoenix Pharmaceuti-
cals kit and the RIA method. Outcomes were evaluated using a
I'%>-marked Berthold LB 2111 device at standard intervals of
1-128 pg/ml. Serum galanin and ghrelin levels were measured us-
ing a commercial RIA kit (Ghrelin human RIA kit, Phoenix Phar-
maceuticals Inc., Belmont, Calif., USA), and samples for quality
control were included in each assay.

Blood samples were anticoagulated with EDTA and aprotinin,
kept on ice and centrifuged at 1,800 g for 15 min.

Serum concentrations of VPA were analyzed using the fluo-
rescence polarization method on an AxSym analyzer (Abbott Di-
agnostic Division, Irving, Tex., USA).

Measurement Analysis

Once the results had been finalized, body weight, BMI, fasting
serum glucose, cortisol, insulin, HOMA index, leptin, NPY and
galanin levels in cases and controls at baseline (month 0) and 18
months were investigated.

Statistical Analysis

Data analysis was performed using SPSS 11.5. Descriptive sta-
tistics are shown as means + SD. Compatibility of constant vari-
ables with normal distribution was tested using the Shapiro-Wilk
test. The dependent t test or Wilcoxon signed rank test was used
to test for statistical significance among repeated measurements.
Treatment (month 0 and 18th month) and control groups were
compared in terms of basic characteristics. Student’s t test or the
Mann-Whitney U test was used to test for statistically significant
differences among repeated measurements. The significance of
the linear correlation between treatment-associated changes in
BMI and insulin levels in the VPA group was examined using the
Spearman correlation test. Significance was set at p < 0.05. Anal-
ysis of correlation between the analyzed hormones before and af-
ter treatment (delta of variation) was performed using Pearson’s
correlation coefficient. A p value less than 0.05 was considered
statistically significant.

Results

The clinical characteristics of the patients and control
group are summarized in table 1.

Average baseline weight in the control group was 39.95
+ 15.03 kg, compared to 44.82 £ 15.93 kg at 18 months,
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Table 1. Clinical characteristics of the VPA-treated patients and control group

n  Age,years VPA dose Epilepsy type ~ Pubertal stage VPA level, pg/ml
20mg/ 25mg/ 30mg/ P G SG prepubertal pubertal 3rd month  18th month
kg/day kg/day kg/day
VPA 18 1094%3.78 2 10 6 6 5 7 10 8 75.04x13.66 71.17*x24.6
Control 18 10.78%£3.95 11 7

Values represent numbers of patients, except where indicated otherwise. P = Idiopathic localization-related epilepsy; G = idio-

pathic generalized epilepsy; SG = secondary generalized epilepsy.

a difference of approximately 5 kg (1.3-9.9 kg). In the
VPA group, baseline weight was 38.72 *+ 15.10 kg, and at
18 months it was 46.0 £ 16.34 kg, a difference of approx-
imately 7.3 kg (0.56-17.70 kg). After 18 months, the cases
in the VPA group had gained an average 2.3 kg more than
the control group.

A statistically significant increase was observed in
standardized weight score (standard deviation score),
BMI, HOMA index, leptin, NPY, galanin and ghrelin val-
ues after 18 months of treatment in the VPA group com-
pared to before treatment (baseline, month 0). A statisti-
cally significant increase was observed in BMI, leptin,
NPY, galanin and ghrelin values after 18 months of treat-
ment in the VPA group compared to the control group
(p <0.05). There was no difference in serum glucose, in-
sulin or cortisol levels between 18 months and baseline in
controls (p > 0.05). Weighted standard deviation, BMI,
glucose, cortisol, insulin, HOMA index, leptin, NPY,
galanin and ghrelin levels for the controls and VPA pa-
tients are shown in table 2.

No delta correlation was determined between hor-
mones in the control group (p >0.05), though in the VPA
group a good correlation was established between insulin
and leptin (r = 0.72; p<0.001) and a weak to medium cor-
relation between leptin and NPY (r=0.48; p <0.045). The
correlations between the hormones before and after treat-
ment (delta of variation) in the control and VPA cases are
summarized in table 3.

Baseline and 18-month values of all parameters in the
9 cases who gained more than the expected 2.5 kg were
compared with those who gained less using the Spear-
man correlation test, which revealed significance for in-
sulin alone. There was a significant correlation in terms
of insulin values in the cases who gained more than the
expected 2.5 kg (r = 0.69; p = 0.04; data not shown).

Valproate Changes Appetite-Regulating
Peptides

Discussion

This study demonstrates that VPA causes weight gain
and changes in circulating levels of leptin, NPY, galanin
and ghrelin in children.

VPA-associated weight gain was first determined in
1981 by Egger and Brett [29], in a study in which 44 out
of 100 children using VPA gained weight. It has since
been reported in a considerable number of other studies,
and VPA therapy is associated with weight gain in both
adults [30] and children [30]. In adults, the reported fre-
quency of significant weight gain, commonly defined as
4 kg or more, is between 57 and 70% [5, 31-33]. An open-
label, 24-week, randomized study comparing lamo-
trigine, carbamazepine and VPA in patients newly diag-
nosed with epilepsy (n = 239) determined weight gain
only in the VPA-treated patients, with a mean weight in-
crease of 3.9 kg [34]. Privitera et al. [35] reported that, as
in adult patients, VPA causes a mean weight gain of be-
tween 2.0 and 5 kg in children. We also report a mean
weight gain of more than 2.3 kg after 18 months of treat-
ment in epileptic children using VPA compared to con-
trols of the same age and gender. In contrast to adults, the
incidence of significant weight gain in childhood varies
between studies [36, 37]. These have reported that VPA
treatment does not cause weight gain in pubertal or pre-
pubertal children.

Insulin and leptin are the key neuropeptides recog-
nized by the brain for regulation of food intake and en-
ergy expenditure [38]. Insulin and leptin concentrations
increase after weight gain and correlate with the extent of
that gain. It has been suggested that VPA-associated
weight gain may be associated with high concentrations
of serum insulin and leptin [7, 15]. In many studies [30,
31], though not all [16, 17], high insulin and leptin have
been determined in cases with VPA-associated weight
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Table 2. Body weight, BMI and glucose, cortisol, insulin, leptin, NPY, galanin and ghrelin levels in the control
and VPA-treated cases

Variable Control VPA
month 0 18th month month 0 18th month

WDS

Prepubertal (n =9) 0.56 +0.88 0.64+1.42 0.34+1.28 0.75+1.68

Pubertal (n=9) -0.28 £0.49 -0.13£0.89 -0.56 £1.02 0.38%£0.63

Total (n =18) 0.09+0.80 0.21+1.19 -0.10+1.13 0.57 +1.25°¢
Weight, kg

Prepubertal (n =9) 26.31£7.33 30.80+8.43 24.70£5.52 3145+7.12

Pubertal (n=9) 51.89£7.53 57.04+8.67 52.75%3.51 60.56 +6.32

Total (n = 18) 39.95%£15.03 44.80%15.9 38.7x15.11 46.0+16.34
BMI

Prepubertal (n =9) 16.67 £1.81 17.42%+1.74 1590 £2.25 17.84+2.01

Pubertal (n=9) 19.19£1.87 20.34+£2.34 19.69 £0.64 21.72+£1.47

Total (n =18) 18.01£2.20 18.84+2.49 17.8+2.52 19.8 £2.63%*
Glucose, mg/dl

Prepubertal (n =9) 90.38 £5.15 90.50 £ 6.02 87.8%£5.83 86.8+£7.10

Pubertal (n=9) 87.30£6.36 84.50t7.14 87.3+5.17 86.8+6.11

Total (n = 18) 88.7%£5.90 87.1x7.13 87.6+5.34 86.8£6.43
Cortisol, pg/dl

Prepubertal (n =9) 14.43 £5.67 12.46 £ 3.24 13.0+4.51 14.8 +5.84

Pubertal (n =9) 12.88 £4.24 13.74£4.44 12.5+6.49 11.8+3.10

Total (n =18) 13.57£4.85 13.12%£5.74 12.8 £5.42 13.29£4.80
Insulin, pU/ml

Prepubertal (n =9) 527%2.17 6.22£3.71 6.54£4.79 9.47%t4.84

Pubertal (n=9) 7.72%£3.40 6.10+4.18 6.65+3.34 6.73+3.03

Total (n = 18) 6.63%£3.10 6.12%+4.36 6.60%+4.01 8.10x4.16
HOMA index

Prepubertal (n =9) 1.17£0.51 1.36 +0.79 1.31%£0.93 1.50 £0.52

Pubertal (n=9) 1.65+0.75 1.29+1.01 1.55+0.93 1.95+1.15

Total (n = 18) 1.44+0.68 1.32+0.89 1.43+0.91 1.73£0.902
Leptin, ng/ml

Prepubertal (n =9) 8.89+3.86 8.33+4.72 9.00+2.49 12.73 £3.06

Pubertal (n=9) 9.10x1.61 7.90 £2.30 9.43+2.56 11.03£4.40

Total (n = 18) 9.01%£2.75 8.05%3.06 9.22%2.56 11.88+3.785>x
NPY, pg/ml

Prepubertal (n =9) 27.64+5.36 26.70+4.21 21.66+4.19 30.31+4.60

Pubertal (n=9) 23.81%5.46 23.09*t4.62 25.01£5.36 30.07 £ 4.64

Total (n = 18) 25.51£5.61 24.78 £4.94 22.33£4.98 30.19+4.48¢Y
Galanin, pg/ml

Prepubertal (n =9) 4.64%1.82 4.00£0.71 438+ 1.62 7.56+1.92

Pubertal (n =9) 5.60%1.45 571x1.17 5.80+2.04 5.82*+1.52

Total (n = 18) 5.17%1.65 494+1.98 5.09*+1.93 6.69 +1.90>*
Ghrelin, pg/ml

Prepubertal (n =9) 327.8£92.43 300.1 £79.83 361.3£81.59 262.8£114.5

Pubertal (n=9) 359.5%+106.0 358.6 £87.72 347.0%£57.98 261.3%£77.5

Total (n =18) 345.0+98.4 332.8+87.5 354.7£70.71 262.5+94.27%*
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Values are expressed as means * SD. WSD = Weighted standard deviation. * p < 0.05,°p < 0.01, p < 0.001:
significantly different compared to baseline values in VPA-treated patients (dependent t test or Wilcoxon signed
rank test). *p < 0.05,Y p < 0.01, * p < 0.001: significant difference between baseline values in controls and base-
line and 18-month values in VPA patients (Student’s t test or the Mann-Whitney U test).
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Table 3. Evaluation of correlations between the analyzed hormones before and after treatment (delta of varia-

tion) in the control and VPA-treated cases

Cortisol (p.g/dl) Insulin (uU/ml) Leptin (ng/ml) NPY (pg/ml)  Galanin (pg/ml)
r p r p r p r p r p
Control
Insulin  -0.08 0.738
Leptin -0.03 0913 034 0.174
NPY 0.20 0418 -0.28 0.267 -0.04 0.868
Galanin 0.13  0.604 -0.20 0.437 0.17 0.489 0.07 0.798
Ghrelin  -0.43  0.075 0.31 0.903 0.38 0.880 -0.12 0.651 0.19 0.443
VPA
Insulin 0.23  0.358
Leptin 0.43 0.072 0.72  0.001
NPY 0.25 0.311 0.33 0.185 0.48 0.045
Galanin 0.30 0.226 0.45 0.063 0.40 0.098 0.04 0.887
Ghrelin 0.35 0.150 0.29 0.247 0.35 0.154 0.24 0.341 0.05 0.855

gain. Verrotti et al. [14] showed that after 1 year of VPA
treatment, obese patients had significantly higher serum
leptin and insulin levels compared with patients who did
not gain weight. We also demonstrated that after 18
months of VPA treatment, weight gain patients had sig-
nificantly higher serum insulin (especially in those cases
who gained more than 2.5 kg) and leptin levels. We also
showed a powerful correlation between insulin and leptin
increase in weight gain cases. The high insulin and leptin
in our patients may also be the result of weight gain, due
to their increased production by the pancreatic B cells
and adipose tissue, respectively. VPA may indirectly en-
hance insulin resistance by suppressing insulin-mediated
peripheral glucose uptake [14].

Leptin action in the hypothalamus with regard to reg-
ulation of food intake and body weight is known to be
mediated by orexigenic signals, such as NPY and galanin
[39]. Stanley et al. [40] reported that chronic administra-
tion of NPY in the lateral ventricle or direct injection into
the paraventricular nucleus in rats leads to weight gain,
increased food intake and ultimately to obesity. They
suggest that NPY is directly associated with weight in-
crease, considering its direct appetite-enhancing effect.
These results have similarly been demonstrated in sev-
eral experimental and genetic models of obesity [41, 42].
In the first study investigating NPY levels in epileptic pa-
tients, Aydin et al. [7] observed that these had increased
in the 3rd and 6th months after VPA treatment compared
to baseline values. Brill et al. [43] reported that chronic
administration of VPA to rats increased the amount of

Valproate Changes Appetite-Regulating
Peptides

NPY mRNA in the hippocampus and elevated NPY pro-
tein expression by 30-50%, whereas VPA administered in
a single dose had no such effect. Of the orexigenic neuro-
nal systems, in addition to NPY, galanin may also poten-
tially be implicated in mediating leptin action in the hy-
pothalamus [39]. We determined a significant correlation
between NPY and leptin increase, though not between
leptin and galanin, in the weight gain cases in our study.
Galanin is known to reduce energy consumption at the
peripheral level and sympathetic activity of brown fat tis-
sue and to increase fat intake [44, 45]. In the literature
investigating the relationship between galanin and anti-
epileptics, Shietal. [46] measured plasma levels of galanin
in 61 epileptic children receiving topiramate for 4 months
and 16 healthy controls receiving no treatment. They re-
ported that while galanin levels were significantly low in
children with decreased appetite posttreatment, there
was no significant difference in those subjects without
decreased appetite. In our investigation of the effects of
VPA treatment on levels of NPY and galanin, we ob-
served a significant difference in NPY and galanin levels
between both values in patients at baseline (month 0) and
the control group and values in patients at 18 months. We
determined increased serum NPY and galanin levels
with VPA treatment. These results suggest that weight
gain during VPA treatment may be related to NPY and
galanin levels.

Ghrelin is a 28-amino-acid peptide hormone pro-
duced mainly in the stomach fundus and is the most po-
tent appetite-stimulating hormone emanating from the

Horm Res Paediatr 2011;76:65-71 69

¥20z Areniged 20 uo Jesn Isa)isiaAlun) 1zeD Ad Jpd°29€.Z€000/1 SEEE62/G9/1/9./4pd-jone/diy/wod 1ab1ey//:dpy woly papeojumoq



gastrointestinal tract [42]. Ghrelin is generally upregu-
lated under conditions of negative energy balance and
downregulated in a positive energy balance setting [47].
Greco et al. [19] reported that ghrelin is downregulated
in human VPA-induced obesity. Prodam et al. [18] also
reported reduced ghrelin levels in normal-weight epilep-
tic prepubertal children under treatment with carba-
mazepine or VPA compared to healthy age- and weight-
matched subjects. In contrast to these studies, Gungor et
al. [20] reported increased ghrelin levels in 35 epileptic
children treated with VPA. They suggested that VPA-re-
lated weight gain may be associated with an increase in
ghrelin level in the early treatment period. Our study

does not support this view, because we demonstrated that
VPA reduced ghrelin levels in weight gain cases. A re-
duced ghrelin level may be a consequence of increased
insulin or leptin, because ghrelin levels are correlated
with fasting plasma levels of these hormones [19].

In conclusion, this study shows that 18 months of VPA
treatment in children led to a weight gain greater than the
2.3 kg to be expected in children of comparable age and
sex. Insulin, leptin, NPY and galanin levels rose in the
cases using VPA, while ghrelin levels declined. VPA-as-
sociated weight gain may be correlated with increased in-
sulin, leptin and NPY and decreased ghrelin values.
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