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We recently reported the frequent occurrence of polycystic ovaries and hyperandrogenism associated with weight gain 
and hyperinsulinemia in women taking valproate for epilepsy. The purpose of this study was to evaluate the risks related 
to valproate-induced hyperinsulinemia and their reversibility after discontinuing the medication. Sixteen women with 
valproate-related polycystic ovaries or hyperandrogenism participated in the study. Vaginal ultrasonography was per- 
formed, and endocrine and lipid parameters were measured. Thereafter, lamotrigine was substituted for valproate and the 
patients were observed for 12 months. Twenty-four healthy age-matched women served as control subjects. Twelve 
women completed the 12-month follow-up. While still on valproate they had centripetal obesity with associated hyper- 
insulinemia and unfavorable serum lipid profiles. The body-mass index and fasting serum insulin and testosterone con- 
centrations decreased during the first year after replacing valproate with lamotrigine whereas the HDGcholesterol/total 
cholesterol ratios increased from 0.17 2 0.06 to 0.26 .+: 0.05. The total number of polycystic ovaries in these women 
decreased from 20 during valproate medication to 1 I one year after replacing valproate with lamotrigine. Valproate induces 
a metabolic syndrome with centripetal obesity, hyperinsulinemia, lipid abnormalities, and polycystic ovaries/hyperandro- 
genism in women with epilepsy. These valproate-related risks can be reduced by substituting lamotrigine for valproate. 
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We have recently reported a very high occurrence of 
hyperandrogenism, byperinsulinemia, and polycystic 
ovaries among women taking valproate for epilepsy. ‘7’ 

These endocrine disorders appear to be related to obe- 
sity, which is common during valproate 
Weight gain and endocrine disorders frequently cause 
menstrual disturbances and anovulation in these pa- 
tients and may increase the risk of inferti1ity.l 

It is well documented that patients with polycystic 
ovary syndrome cluster risk factors for cardiovascular 
disease.6 Hyperinsulinemia in general is considered an 
independent risk factor for coronary heart disease, and 
the associated unfavorable serum lipid profile further 
increases the risk of coronary artery disease in persons 
with hyperin~ulinemia.~” 

Valproate is a widely used antiepileptic drug because 
it has a broad spectrum of antiepileptic activity both in 
partial and generalized epilepsies.9 Because of its superb 
efficacy it has been the drug of choice in treatment of 
certain generalized epilepsies (eg, in juvenile myoclonic 
epilepsy”), and it is as efficacious as carbamazepine in 
partid epilepsies5 Lamotrigine is a new antiepileptic 
compound that also appears to possess a broad spec- 

trum of activity: in addition to partial epilepsies, lam- 
otrigine seems to have efficacy against primary gener- 
alized Moreover, it is not known to cause 
any major metabolic changes or weight gain. 

The purpose of the present study was first to inves- 
tigate endocrine and metabolic changes in women tak- 
ing valproate for epilepsy in more detail. Special atten- 
tion was paid to body fat distribution and serum lipid 
parameters because these patients have hyperinsulin- 
emia and related hyperandrogenism and obesity, which 
are known risk factors for coronary heart disease. To  
evaluate the causality of valproate therapy and the met- 
abolic and endocrine changes as well as their reversibil- 
ity in these women, valproate was replaced with lam- 
otrigine, and the patients were observed for 12 months. 

Subjects and Methods 
Subjects 
The study was carried out at the Outpatient Departments of 
Neurology and Obstetrics and Gynecology in the University 
Hospital of Oulu with the approval of the Ethics Committee 
of the Medical Faculty. 

Sixteen women with epilepsy participated in the study. All 
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were treated with valproate, and they had a previously iden- 
tified endocrine disorder (polycystic ovaries or hyperandro- 
genism) likely related to valproate medication.',2 Thirteen 
patients had idiopathic generalized epilepsy, and 3 patients 
had cryptogenic partial epilepsy with secondary generaliza- 
tion. The follow-up was accomplished in 12 patients. The 
clinical data of these patients are given in Table 1. Twenty- 
four healthy age-matched women with a mean age of 29.8 
years (range, 19-39 years) served as control subjects. 

Protocol 
All patients were first studied during valproate medication. 
After that, lamotrigine was introduced, the initial dose being 
25 mg every other day. The dose was thereafter gradually 
increased during the next 5 weeks to a maintenance dose of 
200 mg/day. After the lamotrigine dose of 200 mg/day was 
achieved, the dose of valproate was tapered over 3 weeks. 
Thereafter, the daily dose of lamotrigine was increased, if 
clinically indicated, up to 500 mg. 

The follow-up examinations were performed 2, 6, and 12 
months after the valproate medication was discontinued. The 
patients were advised to maintain their regular lifestyles dur- 
ing the study. 

The following examinations were performed on each visit: 

Clinical examination including medical history with spe- 
cial attention to duration of menstrual cycle, seizure fre- 
quency, measurement of weight and height and calcula- 
tion of body mass index (BMI) (the weight in kilograms 
divided by the square of height in meters), and measure- 
ment of waist and hip circumferences and calculation of 
waist/hip ratio. 
Gynecological examination and vaginal ultrasonography 
of the ovaries. 

Blood sample for hormone and lipid assays. The blood 
samples were obtained at 8:OO AM after an overnight fast. 

The examinations were made in the early follicular phase 
(on days 3-7) of the menstrual cycle in the menstruating 
women and at random in women with amenorrhea. 

Ultrasound Examination of the Ovaries 
Transvaginal ultrasound examination was performed using a 
Toshiba SSA-270A apparatus (Toshiba Co, Tokyo, Japan) 
equipped with a 6-MHz curvilinear probe (PVF-651VT). 
The endometrium, uterus, ovaries, and ovarian follicles were 
scanned, and all results were stored as hard copies. The vol- 
ume of the ovary was calculated using the prolate ellipsoid 
formula: dimension 1 X dimension 2 X 0.52 (cm3). The 
ovarian follicle size was determined by measuring its maxi- 
mum diameter. The number of follicles with different sizes 
was counted. The ultrasonographic criteria used for the di- 
agnosis of polycystic ovaries were described previously by Ad- 
ams and  associate^.'^ 

Rrsays 
Serum samples were frozen at -20°C until analyzed. Serum 
testosterone concentrations were measured by a radioimmu- 
noassay kit obtained from Orion Diagnostica (Turku, Fin- 
land) after extraction of unconjugated steroids with diethyl 
etherlethyl acetate (9:1, vol:vol). The sensitivity of the tes- 
tosterone assay was 0.07 ng/ml, and the intraassay and inter- 
assay coefficients of variation were 4.5% and 6.40/0, respec- 
tively. Serum insulin concentrations were measured with an 
enzyme-linked immunosorbent assay.I4 The sensitivity of the 
assay was 0.5 mU/L, and the intraassay and interassay coef- 
ficients of variation were less than 7.5% and 9.3%, respec- 

Table 1. Clinical Data of the Patients Participating in the Study 

Duration of 
Menstrual Cycle 

BMI (kglm') (days) PCO 0v,/0v,,, 
Duration 
of VPA After 12 After 12 After 12 

Patient Age Medication VPA Dose Before During Months During Months During Months 
Initials (yr) (yr) (mglday) VPA" VPA ofLTG VPA ofLTG VPA ofLTG 

R.A. 38 4 1,500 20.7 23.3 21.1 28 27 +lU +/+ 
A.H. 32 18 1,000 18.8 20.1 19.6 34 30 +I+ +I+ 
E.H. 39 1.5 1,200 36.2 37.9 33.7 28 28 +I+ -1- 
R.J. 36 19 1,500 23.3 41.6 35.5 Amen 30 +I+ -1- 
P.K. 33 14 900 24.4 31.7 30.1 28 28 +I+ u/+ 
E.L. 22 9 1,300 24.6 37.5 32.1 Amen Amen -1- -1- 
S.P. 20 5 900 29.6 31.6 33.8 Amen Olig +I+ +I+ 
T.R. 34 4 2,000 21.3 22.1 22.1 28 28 + I +  -I- 
L.S. 26 11 1,500 21.1 38.2 32.3 Olig 28 +I+ -I+ 
L.T. 37 11 900 22.7 24.4 23.0 32-40 30 +I+ -1- 
U.V. 21 8 1,500 20.4 31.9 27.7 Olig 29 +I+ +I+ 
S.V. 19 4 900 26.2 30.9 28.5 Olig 28 +lU -I+ 
Mean 29.8 2 7.6 9.0 2 5.7 1,258 ? 353 24.1 ? 4.8 30.9 2 7.1 28.3 t 5.6 

"Data obtained from hospital records. 
VPA, valproate; LTG, lamotrigine; BMI, body mass index; PCO, polycystic ovary; Ov,, right ovary; Ov,,,, left ovary; Amen, amenorrhea; 
Olig, oligomenorrhea; U, unidentifiable. 
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tively. Serum cholesoerol concentrations were determined 
enzymatically with the BMIHitachi 9 11 Automatic Ana- 
lyzer (Naka Works, Hitachi Ltd, Ibaraki-Ken, Japan) using a 
test kit, Cholesterol CHOD-PAP (Boehringer Mannheim, 
Mannheim, Germany). Serum triglyceride concentrations 
were determined enzymatically with the BM/Hitachi 91 1 an- 
alyzer using a test kit, Triglycerides GPO-PAP (Boehringer 
Mannheim). Serum high-density lipoprotein (HDL) cho- 
lesterol concentrations were determined by an enzymatic 
method using magnesium ioddextran sulfate precipitation. ' 
Statistical Analysis 
Repeated measures ANOVA and Fisher's LSD test, ANOVA 
with the Bonferoni oorrection, and x2 tests were used for 
statistical analysis of che data. 

20 1 r *  

VPA LTG LTG LTG Controls 
2 months 6 months 12 months  

MEDICATION 

Results 
Lamotrigine had to be discontinued in 1 patient be- 
cause of rash, and 2 patients with juvenile myoclonic 
epilepsy had to return to valproate medication because 
of increased seizure frequency while on lamotrigine. 
The follow-up was discontinued in 1 patient because of 
pregnancy. Therefore, the follow-up studies could be 
completed in 12 women who did not experience any 
significant changes in seizure frequency after substitut- 
ing lamotrigine for valproate. 

While still on valproate, the women had higher body 
mass indexes, waist and hip circumferences, and waist/ 
hip ratios than the control subjects (Table 2). They 
also had elevated surum insulin and testosterone levels 
( p  < 0.05) (Fig 1). 

The women lost weight during the first year after 
discontinuing valproate, and a significant decrease of 
BMI was observed after 6 ( p  < 0.01) and 12 months 
( p  < 0.001; see Table 2). Furthermore, a significant 
reduction of waist and hip circumferences and the 
waist/hip ratio was also found. In addition, fasting se- 
rum insulin ( p  < 0.01 after 2 and 12 months, p < 
0.05 after 6 months; see Fig 1) and testosterone levels 
decreased after the change of the medication ( p  < 
0.001; see Fig 1). 

Fig 1. The mean 2 SEM fasting serum insulin (lefi column) 
and testosterone (right column) levels in 12 women with epi- 
lepsy during valproate medication and 2, 6 and 12 months 
after replacing valproate with lamotrigine and in 24 control 
subjects of similar age. 9 < 0.05, ANOVA with the Bonfer- 
roni correction, compared with the control subjects. +p < 
0.05, xp  < 0.01, 'p < 0.001, repeated measures ANOVA 
and Fisheri LSD test, compared with the values during val- 
proate medication. 

When taking valproate, the women had low serum 
HDL-cholesterol levels and low HDL/total cholesterol 
ratios (Fig 2). Furthermore, their levels of serum tri- 
glycerides were elevated (1 30 2 80 mg/dl versus 94 -t 
25 mg/dl in the control subjects, p < 0.05), but the 
concentrations of serum cholesterol were similar to 
those of the control subjects (201 ? 42 mg/dl versus 
189 t 31 mg/dl) and did not change during the first 
year after valproate was replaced with lamotrigine. 
However, because HDL-cholesterol levels increased 
(see Fig 2), there was a marked rise in serum HDL- 
cholesterol/total cholesterol ratio ( p  < 0.001). The 
concentrations of serum triglycerides decreased from 
130 t 80 mg/dl to 128 2 65 mg/dl after 2 months, 

Table 2. Waist and Hip Circumferences, Waist/Hip Ratios, and Body Mass Indexes in Women with Epilepsy (n = 12) During 
Valproate Medication and 2, 5 and 12 Months after Valproate Was Replaced with Larnotrigine and in Control Subjects (n = 24) 

Medication 

Parameter 

Lamotrigine 
Control 

Valproate 2 Months 6 Months 12 Months Subjects 

Waist circumference (cm) 98.2 f 17.9b 96.3 t 17.2 93.4 5 15.7' 90.1 -C 13.5d 74.1 k 6.9 
Hip circumference (cm) 112.0 t l l . G b  111.4 2 13.0 108.7 2 11.9" 106.7 t 10.5d 93.3 2 6.1 
Waistlhip ratio 0.87 2 O.Oza 0.86 2 0.08 0.86 t 0.08 0.84 f 0.07' 0.79 t 0.05 
Body mass index (kg/m2) 30.9 t 7.1 30.1 2 6.9 29.4 2 6.3' 28.3 ? 5.6d 22.5 f 3.0 

Values are mean 2 SD. 
"p < 0.01, ' p  < 0.001, compared with the control subjects, ANOVA with the Bonferroni correction. 
'p < 0.01, 'p  < 0.001, compared with the values during valproate medication, repeated measures ANOVA and Fisher's LSD test. 
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Fig 2. The mean t SEMfasting serum HDL cholesterol lev- 
els (lq5 column) and HDL cholesteroUtotal cholesterol ratios 
(right column) in 12 women with epilepsy during valproate 
medication and 2, 6 and 12 months afer replacing valproate 
with Iamotrigine and in 24 control subjects of similar age. 
% < 0.001, ANOVA with the Bonferroni correction, com- 

pared with the control subjects. +p < 0.05, #p < 0.001, 
repeated measures ANOVA and Fisber? LSD test, compared 
with the values during vabroate medication. 

101 i 39 mg/dl after 6 months, and 87 -+ 31 mg/dl 
at 12 months ( p  < 0.01). 

Only 1 of the women did not have polycystic ovaries 
on either side while taking valproate (see Table 1). 
Two women had polycystic ovaries on one side, and 9 
women had polycystic ovaries on both sides. After 1 
year of lamotrigine medication, 3 women had polycys- 
tic ovaries on one side and 4 women had polycystic 
ovaries on both sides. Thus, the total number of poly- 
cystic ovaries decreased from 20 to 11 ( p  < 0.01, x' 
test). 

In the beginning of the study the women with epi- 
lepsy had a higher mean number of follicles than the 
control subjects both in the right ovary (13.4 2 8.1 vs 
5.0 5 2.4, p < 0.001) and in the left ovary (11.9 t 
8.5 vs 5.3 +- 1.8, p < 0.001), but the number of ovar- 
ian follicles decreased after discontinuation of val- 
proate, and no significant difference was found after 1 
year. The mean volume of the ovaries tended to de- 
crease during the first year after valproate was switched 
to lamotrigine, but the change did not reach statistical 
significance. 

Seven women had menstrual disturbances during 
valproate medication, but the menstrual cycles became 
normal in all but two of them during the first year 
after valproate was changed to lamotrigine ( p  < 0.05). 

Discussion 
The women taking valproate for epilepsy who had 
previously identified polycystic ovaries or hyperandro- 
genism were also found to present other features 

of insulin resistance (ie, obesity of androgen type, 
hyperinsulinemia, low HDL-cholesterol levels and 
HDL-cholesterol/total cholesterol ratios, and ele- 
vated concentrations of serum triglycerides. Substitut- 
ing lamotrigine for valproate resulted in a decrease in 
body weight and normalization of serum hormone 
and lipid levels. 

Although weight gain is a common side effect of val- 
proate therapy,'-5 the exact pathogenesis is not known. 
However, valproate-induced impairment in fatty acid 
beta oxidation may be of i m p ~ r t a n c e . ~ ~ ~ " ' ~  We have 
previously shown that in women with epilepsy 
valproate-related obesity is associated with hyperinsu- 
linemia, polycystic ovaries, and hyperandrogenism, 
which were found in 10 of 11 women with an indis- 
putable weight gain (mean, 22 kg; range, 8-49 kg) 
during valproate medication.' In addition to confirm- 
ing this association, the results of the present study 
show that these women also present other features of 
the syndrome of insulin resistance (ie, centripetal obe- 
sity, low serum HDL-cholesterol and HDL/total cho- 
lesterol ratios, and elevated concentrations of serum 
trigly~erides).'.'~ The altered lipid levels in women rak- 
ing valproate for epilepsy have not been previously re- 
ported. On  the other hand, because of weight reduc- 
tion and coinciding normalization of fasting serum 
insulin and lipid levels after substituting lamotrigine 
for valproate, these results also suggest that lamotrigine 
therapy is not associated with changes in body weight 
and metabolic functions similar to those seen during 
valproate medication. 

Insulin resistance is well known to increase the risk 
of cardiovascular d i~ease . '~~~ ' '~ '~  H yperinsulinemia and 
the associated unfavorable serum lipid profile are re- 
garded as independent risk factors for coronary heart 
disease."-' Furthermore, centripetal obesity is associ- 
ated with increased risk of cardiovascular diseases.628220 
Therefore, the results of the present study show that 
the women on valproate clustered risk factors for cor- 
onary heart disease.'-8"8-23 However, the decrease in 
body weight and associated normalization of the met- 
abolic and endocrine milieu with favorable changes in 
serum lipid profile may reduce the risk substantially 
after lamotrigine is substituted for valproate. It has pre- 
viously been shown in a large prospective study that 
even a smaller change in the serum lipid profile (in- 
crease of mean HDL-cholesterolhotal cholesterol ratio 
from 0.18 to 0.22; in the present study from 0.17 ? 
0.06 to 0.26 5 0.05) markedly reduced the incidence 
of coronary heart disease.'* 

Although reproductive endocrine disorders in women 
with epilepsy have been related to antiepileptic drugs, 
they may also be related to epilepsy itself.25226 The 
change in the medication did not result in significant 
alteration in the seizure frequency among the 12 
women completing the study. Therefore, the normal- 
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ization of the endocrine function of these women after 
discontinuing valproate indicates that their reproduc- 
tive endocrine disorders were principally induced by 
valproate medication and not by epilepsy. In our pre- 
vious study, polycystic ovaries and hyperandrogenism 
were found in more than half of the women taking 
valproate for epilepsy. The valproate-induced changes 
in ovarian function (ie, androgen excess and polycystic 
ovaries associated with centropetal obesity and hyper- 
insulinemia) are very similar to those found in natural 
polycystic ovary syndrome. However, further studies 
are needed to understand the basic mechanisms of 
valproate-induced hyperinsulinemia and the develop- 
ment of polycystic ovaries. 

The results of the present study also show that in 
addition to valproate-related metabolic alterations, 
ovarian changes as well seem to be at least partially 
reversible after diswntinuation of medication. How- 
ever, this was an open study in a relatively small num- 
ber of patients and a double-blind randomized study in 
a larger group of patients is underway to confirm these 
findings. In most women, the polycystic changes in the 
ovaries diminished and the testosterone levels and 
menstrual cycles normalized during the first year after 
tapering off valproate. It is interesting that increased 
serum insulin concentrations and elevated androgen 
levels were reduced to normal levels within 2 months 
but the weight loss as well as the decrease in the waist/ 
hip ratio occurred gradually and progressively during 
the 12 months after discontinuing valproate. This im- 
plies that hyperinsulinemia may play a primary role in 
the development of the valproate-induced metabolic 
changes rather than being secondary to insulin resis- 
tance and obesity. The normalization of serum lipid 
levels coincided with the decrease in body weight. 

It has been suggested previously that the expression 
of hyperandrogenism in women is a reflection of their 
insulin status and offers a means to expose hyperinsu- 
linemia, a major risk factor for coronary heart dis- 
ease.',' Wild and associates reported in their series that 
65% of women with significant coronary artery disease 
in coronary angiography obviously had polycystic ovary 
syndrome, whereas the prevalence was only 32% in 
women with normal coronary angiography.22 The 
valproate-induced polycystic ovaries and hyperandro- 
genism also appear to be associated with hyperinsulin- 
emia and related clustering of risk factors for coronary 
heart disease. Weight gain appears to be of the same 
magnitude in both sexes during valproate treatment,' 
and, therefore, studies on possible valproate-induced 
hyperinsulinemia and related risks are also pertinent in 
men with epilepsy. 

The present data show that in women with epilepsy 
the valproate-related weight gain is associated with a 
metabolic syndrome with many features of insulin re- 
sistance. This compromises their reproductive endo- 

crine functions and increases the cardiovascular risk 
factors significantly. Although these disorders seem to 
be at least partially reversible after the drug is discon- 
tinued, these findings raise serious concerns about the 
risks associated with using valproate in patients with 
epilepsy. The duration of antiepileptic drug treatment 
is in most cases many years, sometimes a lifetime. 
Therefore, the advantages of long-term valproate use 
should be weighed against the risks, and an alternate 
treatment should be considered in patients with an ob- 
vious weight gain during valproate medication. Lam- 
otrigine seems to be a useful alternative for valproate, 
especially in the treatment of young women with pri- 
mary generalized epilepsy. 
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