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ABSTRACT – Aim. To identify potential risk factors for the development of
subclinical hypothyroidism following long-term valproic acid monotherapy
in children with epilepsy.
Methods. Serum levels of thyroid-stimulating hormone, free thyroxine, free
triiodothyronine, thyreoglobulin antibodies, and thyroid peroxidase anti-
bodies were determined in 41 patients and in 41 sex- and age-matched
healthy children.
Results. Mean valproic acid treatment duration was 2.80±1.96 years. The val-
proic acid group had higher serum thyroid-stimulating hormone (p<0.001)
and free triiodothyronine (p<0.05) levels compared to the control group.
Serum thyroid-stimulating hormone and free triiodothyronine were above
the upper limit for healthy controls in 34% and 32% of patients, respectively,
and no clinical features of thyroid dysfunction were observed. Duration of
valproic acid monotherapy for less than four years was a risk factor for ele-

vels.
ith normal range serum valproic acid
id-stimulating hormone and free tri-
first four years of treatment.

ic acid, thyroid function

subclinical hypothyroidism, in pae-
diatric patients (Caksen et al., 2002;
orrespondence:

vated thyroid-stimulating hormone le
Conclusion. One third of children w
levels may have elevated serum thyro
iodothyronine levels, especially in the
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Epilepsy is the most common neu-
rological disorder in childhood. The
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primary treatment option is the use
of antiepileptic drugs (AEDs) and
patients often require long-term
and sometimes life-long treatment
(Freitag et al., 2001). However, the
use of AEDs has been associated
with thyroid disorders, in particular

Castro-Gago et al., 2007; Hirfanoglu
et al., 2007). This is a major con-
cern for clinicians since it has
been demonstrated that even minor
changes in thyroid metabolism dur-
ing childhood may cause growth
and developmental disorders, as
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ell as cognitive impairment and subtle neuromuscu-
ar abnormalities (Monzani et al., 1993; Jensovsky et al.,
002; Setian, 2007).
ecreased levels of free thyroxine (FT4) and free tri-

odothyronine (FT3) with unchanged or elevated levels
f thyroid stimulating hormone (TSH) were shown

n several studies with carbamazepine, oxcarbazepine
nd phenobarbital (Cansu et al., 2006; Hirfanoglu et al.,
007; Verrotti et al., 2009; Aggarwal et al., 2011; Turan
t al., 2014; Kafadar et al., 2015), but the association
etween the use of valproic acid (VPA) and thyroid dys-

unction remains controversial. Some studies showed
hat VPA leads to subclinical hypothyroidism with TSH
evels in the range of 5-25 mIU/l or significantly higher
han those of the control group, and unchanged or
ecreased levels of FT3 and FT4 (Vainionpaa et al., 2004;
ansu et al., 2006; Castro-Gago et al., 2007; Hirfanoglu
t al., 2007; Mikati et al., 2007; Attilakos et al., 2009;
ggarwal et al., 2011; Aygun et al., 2012), while others

eported no significant change in the homeostasis of
hyroid hormones (Specchio et al., 1985; Tanaka et al.,
987; Verrotti et al., 2001; Caksen et al., 2002; Verrotti
t al., 2009).
oreover, there seems to be even more controversy

egarding risk factors for thyroid dysfunction, such
s age, duration of VPA treatment, daily dosage, and
erum level of the drug. Some studies showed an
ssociation of age and/or duration of VPA treatment
ith thyroid hormone imbalance (Mikati et al., 2007;
ahu et al., 2012), while others have reported oppos-

ng results (Tanaka et al., 1987; Castro-Gago et al., 2007;
irfanoglu et al., 2007). In addition, significant corre-

ations between the levels of thyroid hormones and
PA daily dosage or serum concentration have been

eported (Kim et al., 2012).
he aim of this study was to investigate the effects of

ong-term valproic acid monotherapy on thyroid func-
ion in children with epilepsy and to identify potential
isk factors for thyroid hormone imbalance and the
evelopment of subclinical hypothyroidism.

aterial and methods

his prospective cross-sectional study was conducted
t the University Children’s Hospital in Belgrade,
erbia, during the period 2011-2014. The study was
pproved by the Ethics Committee of the University
hildren’s hospital.
82

mbulatory patients with epilepsy on VPA monother-
py for at least six months were included in the
tudy. The main inclusion criteria were: good seizure
ontrol, normal neurological examination, normal
chool function (if applicable), and normal cere-
ral computed tomography or magnetic resonance

maging (if performed). Exclusion criteria were: conco-

p
i
4
a
h
F
w

itant treatment with other AEDs or treatment
ith other AEDs prior to VPA, concomitant diseases

endocrinopathies, liver or kidney diseases, systemic
isorders), and clinical suspicion of thyroid dys-

unction and family history of thyroid disease. The
ollowing data were obtained for all patients: sex, age,
eizure type, VPA daily dosage, and duration of ther-
py. A control group consisted of children from the
ame geographical area without epilepsy, endocrine
roblems, or any disease or treatment that could inter-

ere with thyroid function, who visited our outpatient
linic during the same period. Informed consent was
btained from parents of all participants in this study.
hyroid function tests that included serum levels of
SH, FT3, FT4, thyroid peroxidase antibodies (TPO-Ab),
nd thyroglobulin antibodies (TG-Ab) were performed
or all patients and controls. Serum VPA concentration
as also measured. Blood samples for measurement
f VPA in steady state were taken between 08:00 and
0:00 am after an overnight fast, and analysed immedi-
tely. Serum levels of TSH, FT3, FT4, TPO-Ab, and TG-Ab
ere determined by Chemiluminescent Microparticle

mmunoassay-CMIA. ARCHITECT reagent kits 7K63,
K64, 7K62, 2K46, and 2K47 were used for the anal-
sis, and the limits of detection were 1.0 pg/ml for
T3, 5.148 pmol/l for FT4, 0.0025 �IU/ml for TSH,
.07 IU/ml for Tg-Ab, and 0.16 IU/ml for TPO-Ab. Serum
PA concentration was assayed using the ARCHI-
ECT iValproic Acid assay (in vitro chemiluminescent
icroparticle immunoassay); the limit of detection was

.51 �g/ml. Clinical features of potential thyroid dys-
unction were evaluated by an endocrinologist.
ata were expressed as mean±SD values. Statisti-

al analysis was performed using PASW 18 (SPSS
nc Chicago, IL). The differences between study and
ontrol groups were analysed using Chi-square and
ann-Whitney U test; p<0.05 was considered statis-

ically significant. Age, seizure type, VPA treatment
uration, daily dosage, and serum concentration were
ntered into the stepwise logistic regression model to
tudy the independent effect of each risk factor on
hyroid hormone levels; the threshold was set at 0.1.

esults

eneral characteristics

n total, 42 patients were eligible for the study, but one
Epileptic Disord, Vol. 18, No. 2, June 2016

atient lacked parental consent and was therefore not
ncluded in the study. The study groups consisted of
1 paediatric patients with epilepsy, aged between 3
nd 19 years (VPA group) and 41 sex- and age-matched
ealthy children (control group), as shown in table 1 .
or all patients included in the study, parental consent
as obtained.
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Subclinical hypothyroidism and valproic acid

Table 1. Characteristics of VPA-treated children and healthy controls.

Characteristics VPA group (n=41)
mean±SD (range)

Control group (n=41)
mean±SD (range)

Number of subjects (male/female) 41 (20/21) 41 (19/22)
Age (years) 9.89±3.99 (3-19) 11.26±4.45 (3-19)

±3.84
5±20
±15.3
1.96
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VPA daily dose (mg/kg) 20.54
Total daily dosage (mg) 603.6
VPA serum concentration (�g/mL) 64.65
Duration of VPA therapy (years) 2.80±
PA: valproic acid

hirty-four children were diagnosed with primary
eneralized seizures (of whom 26 had epilepsy with
onvulsions, whereas eight had absence seizures) and
even patients were diagnosed with focal seizures
four had benign focal epilepsy and three developed
econdary generalization).
he mean duration of VPA treatment was 2.80±1.96
ears. VPA was prescribed at a mean dosage
f 20.54±3.84 mg/kg per day, resulting in mean
PA serum levels of 64.65±15.38 �g/ml (reference

ange: 50-100 �g/ml). Five patients (12%) had serum
oncentrations slightly below the therapeutic range
49.11-49.95 �g/ml) whereas two patients (5%) had
PA serum levels slightly above the therapeutic

ange (100.20 and 109.00 �g/ml, respectively). These
atients were not excluded from the study because
linical response was good and no side effects of
PA long-term treatment were observed on physical
xamination and routine laboratory testing.

hyroid function

SH levels in the VPA group were higher compared to
he control group (p<0.001). FT4 concentrations were
imilar in both groups, whereas FT3 was higher in the
pileptic Disord, Vol. 18, No. 2, June 2016

PA group, compared with the controls (p = 0.01). TPO-
b and TG-Ab remained within normal range for all
atients and healthy children. Results are shown in

able 2.
SH >4 mU/l was found in 14/41 (34%) of the VPA
roup and in none of the controls. All patients had
rimary generalized epilepsy. Five children receiving
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Table 2. Serum thyroid hormone levels in VPA-treated ch

Thyroid hormones VPA group (n=41)
mean±SD (range)

FT3 (pmol/l) 5.30±0.97 (1.54-10.58)
FT4 (pmol/l) 13.25±2.48 (4.04-16.67)
TSH (mU/l) 3.47±2.05 (0.85-10.79)

T3: free triiodothyronine; FT4: free thyroxine; TSH: thyroid-stimulatin
(12-30) -
7.18 (300-1250) -
8 (49.11-109.00) -

(0.5-8.0) -

PA (12.2%) had serum TSH >5 mU/l (range: 5.78-
0.79) without clinical signs of thyroid dysfunction.
ight patients with TSH >4 mU/l (57%) had serum FT3
evels above the upper limit for healthy controls (range:
.35-7.25 pmol/l). Thirteen children on VPA monother-
py (32%) had elevated serum FT3 levels with normal
SH concentration and no clinical signs of thyroid
ysfunction. However, although within normal limits,

heir serum TSH levels were higher than in patients
hose serum FT3 was not elevated (3.34±1.18 mU/l vs.

.41±1.48 mU/l; p< 0.05).
o difference in serum FT4 levels were found
etween the VPA group and healthy controls. How-
ver, the serum FT4 level in children with elevated
T3 depended on TSH concentration; serum FT4 was
ower if TSH was above 4 mU/l (10.94±4.01 pmol/l vs.
4.27±1.02 pmol/l; p<0.05).

ultivariate analysis

ge, seizure type, VPA daily dosage, VPA serum
oncentration, and duration of treatment were
ntered into stepwise logistic regression models to

nvestigate their predictor potentials for TSH and FT3.
uration of VPA treatment was the only predictor of
183

SH levels (p = 0.031; CI: -0.67 to -0.03). A cut-off point
as set at four years of VPA treatment. Patients on
PA therapy lasting less than four years (24 patients,
8.5%) had significantly higher levels of TSH compared
o patients receiving VPA for longer than four years
p = 0.022) and healthy controls (p<0.001), as shown
n figure 1 . Moreover, children whose VPA treatment

ildren and healthy controls (Mann-Whitney U test).

Control group (n=41)
mean±SD (range)

p value

4.50±0.49 (3.39-5.28) 0.01
13.43±2.15 (4.03-17.03) ns
2.03±0.72 (0.75-3.76) <0.001

g hormone; VPA: valproic acid; ns: not significant.
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asted less than four years were younger than those
eceiving VPA for longer than four years (9.3±3.9 vs.
2.7±2.9; p<0.05), and they had a lower daily dosage
f VPA (566±164 mg vs. 786±305 mg; p<0.01). There
84

ere no differences in serum VPA level between these
wo groups (64.48±14.59 mg/l and 65.48±20.10 mg/l;

= 0.438).
e found no significant influence of age, seizure type,

rug daily dosage, serum concentration, or duration
f treatment on FT3 levels (figure 2).
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igure 1. TSH concentration in patients on VPA monotherapy ≤4
ears, >4 years, and in the control group. *denotes significant
ifference (p<0.001) in TSH concentration between patients on
PA ≤4 years and the control group.
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igure 2. FT3 concentration in patients on VPA monotherapy ≤4
ears, > 4years, and in the control group. *denotes significant
ifference (p<0.05) in FT3 concentration between patients on
PA and the control group.
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iscussion

he goal of antiepileptic therapy is to control seizures
r at least to reduce their number, but the frequency
nd severity of adverse effects is also a very important
ssue for clinicians. Several studies have investigated
hyroid function in epileptic children during long-
erm administration of VPA with controversial results.
ome authors reported subclinical hypothyroidism in
atients on VPA monotherapy, while others found no
hanges in thyroid hormone balance (Specchio et al.,
985; Caksen et al., 2002; Castro-Gago et al., 2007;
irfanoglu et al., 2007; Attilakos et al., 2009; Aggarwal
t al., 2011; Aygun et al., 2012). It has been suggested
hat age, duration of VPA treatment, daily dosage, and
erum concentration of the drug may impact the effect
f VPA on thyroid hormone levels, but the results are
ontroversial.
PA treatment caused significant increase in the mean

evel of TSH compared to the control group in our
tudy, which is in agreement with some authors
Specchio et al., 1985; Verrotti et al., 2001; Cansu et
l., 2006; Castro-Gago et al., 2007). Elevated serum TSH
evels were found in one third of patients on VPA

onotherapy, and 12.5% patients exhibited TSH val-
es in the subclinical hypothyroidism range which is

ess than the 25% reported by other authors (Castro-
ago et al., 2007; Mikati et al., 2007). Consistent with
revious reports (Specchio et al., 1985; Cansu et al.,
006), none of our children had increased level of TPO-
b or Tg-Ab. Therefore, the altered thyroid function

n patients on VPA is probably not mediated by the
ctivation of autoimmune mechanisms and increase
n TSH levels does not seem to be a compensatory
esponse.
o our knowledge, one study, which included patients
n mono and polytherapy with VPA, identified several
redictive risk factors for subclinical hypothyroidism:
ounger age, duration of treatment between 6 and 24
onths versus <6 months and >24 months, and VPA

olytherapy with enzyme-inducing agents or polyther-
py with non-enzyme-inducing agents (Mikati et al.,
007). In contrast, another study revealed duration of
PA treatment for longer than 24 months as a risk factor

or subclinical hypothyrodism (Sahu et al., 2012). Our
esults show that duration of VPA treatment for less
han four years may be a risk factor for elevated TSH
evels. Moreover, increase in serum TSH during the
rst year of VPA treatment (Cansu et al., 2006; Attilakos
Epileptic Disord, Vol. 18, No. 2, June 2016

t al., 2009; Aygun et al., 2012; Kafadar et al., 2015), and/or
uring the first 24 or 36 months of therapy (Tanaka et
l., 1987; Sahu et al., 2012), has been reported, in accor-
ance with our results. Nevertheless, some authors
eported no effect of length of treatment on TSH levels
Aggarwal et al., 2011; Kim et al., 2012), but their patients
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Cansu A, Serdaroglu A, Camurdan O, Hirfanoglu T, Bideci
A, Gucuyener K. The evaluation of thyroid functions, thyroid
antibodies, and thyroid volumes in children with epilepsy
during short-term administration of oxcarbazepine and val-
ere administered VPA during a shorter period com-
ared to our study.
s mentioned, age (younger than 4 years) has also been

eported as a risk factor for development of subclini-
al hypothyroidism during VPA therapy (Mikati et al.,
007). In contrast, we found no significant correla-
ion between age and TSH level, but we had only one
atient younger than 4 years. Nevertheless, it is pos-
ible that age may be a confounding risk factor since
atients younger than 4 years are more likely to have a
horter duration of VPA treatment compared to older
atients. Moreover, other authors also reported no sig-
ificant impact of age on subclinical hypothyroidism in
atients on VPA monotherapy (Castro-Gago et al., 2007;
im et al., 2012; Sahu et al., 2012).
ignificant correlation between TSH levels and VPA
aily dose and between subclinical hypothyroidism
nd high VPA serum concentrations has been reported
Kim et al., 2012). However, our findings are in accor-
ance with other authors who did not find such a
orrelation and whose VPA serum levels were similar
o ours (Castro-Gago et al., 2007; Mikati et al., 2007;
ggarwal et al., 2011).
erum FT4 concentrations in our study were within the
ormal range, and this is in agreement with some pre-
iously published data (Caksen et al., 2002; Vainionpaa
t al., 2004; Verrotti et al., 2009). However, other authors
eported serum FT4 to be significantly lower in patients
eceiving VPA treatment despite their clinically euthy-
oid status (Specchio et al., 1985; Castro-Gago et al.,
007; Hirfanoglu et al., 2007; Aygun et al., 2012; Doneray
t al., 2012; Turan et al., 2014; Yilmaz et al., 2014).
lthough not below the normal range, our patients
ith elevated TSH levels had lower FT4 serum levels.
ccording to some authors, serum FT3 during VPA

reatment can remain unchanged (Caksen et al., 2002;
errotti et al., 2009; Aggarwal et al., 2011; Aygun et
l., 2012) or decrease (Eiris-Punal et al., 1999). Our
tudy demonstrated significantly higher serum FT3 in
he VPA group, compared to healthy controls. To our
nowledge, this finding is coherent with only one ear-

ier report (Castro-Gago et al., 2007). Both elevated
erum FT3 and TSH were associated with FT4 levels
ithin a lower normal range. This suggests the possi-
ility of greater conversion of thyroid hormones in the

hyroid gland, especially in children whose VPA serum
evels are within the higher therapeutic range. Regard-
ess of serum TSH levels, high FT3 was not associated

ith duration of VPA treatment.
here are, however, some limitations to this study,
pileptic Disord, Vol. 18, No. 2, June 2016

uch as: the relatively small sample size; no base-
ine level of TSH, FT4 and FT3 in children with newly
iagnosed epilepsy before starting VPA monother-
py; and thyroid-function testing performed only once
uring VPA treatment. However, our results are con-
istent with prior studies showing alteration of thyroid

p
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ormone concentration following VPA monotherapy.
e suggest that duration of VPA monotherapy may

e a predictor of TSH levels, because children receiv-
ng VPA may have elevated serum TSH, especially
n the first four years of treatment. Further inves-
igation is necessary to elucidate the relationship
etween VPA treatment duration and thyroid hormone

evels.

upplementary data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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