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Abstract
Background Long-term administration of valproic acid 
(VPA) has side effects, including thyroid dysfunction. 
Subclinical hypothyroidism (SCH) identified by elevated 
serum thyroid stimulating hormone (TSH) concentrations 
with normal thyroxine (T4) and triiodothyronine (T3), 
or normal free thyroxine (fT4) and free triiodothyronine 
(fT3) has been demonstrated in idiopathic epilepsy patients 
receiving VPA. 
Objective To evaluate for associations between age at ini-
tiation of VPA treatment and duration of treatment with 
thyroid dysfunction.
Methods A cross-sectional study was conducted from Oc-
tober 2012 to May 2013 in Haji Adam Malik and Pirngadi 
Hospitals, Medan, North Sumatera. Subjects were children 
ranging from 0 and below 18 years who had been diagnosed 
with idiopathic epilepsy. Blood specimens were taken to 
evaluate serum T3, T4, and TSH levels in all subjects. Data 
were analyzed using bivariate and multivariate analyses.
Results A total of 49 subjects were included in the study. Age 
of ≤ 4 years at initiation of VPA was found to be a significant 
risk factor for SCH in the bivariate analysis (OR 6.67; 95%CI 
1.215 to 36.594, P=0.036). Three factors had P values <0.25 
in the bivariate analysis and were subsequently analyzed by 
stepwise multivariate regression test: age at initiation of VPA, 
duration of treatment, and drug dosage. The VPA initiation 
at age <4 years had 6.67 times the risk of SCH than the age 
of >4 years (95%CI 1.215 to 36.594; P=0.029). Duration of 
treatment and VPA dosage were not significantly associated 
with SCH on multivariate analysis
Conclusion Age ≤ 4 years old at the initiation of VPA is 
associated with thyroid dysfunction. However, no signifi-
cant association was found between duration of treatment 
as well as drug dosage with  thyroid dysfunction.  [Paediatr 
Indones. 2018;58:192-7; doi: http://dx.doi.org/10.14238/
pi58.4.2018.192-7 ].
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Epilepsy is a chronic condition characterized 
by recurrent seizures and occurring with or 
without stimulation. Epilepsy is common 
in children, with an incidence of 50 new 

cases per 100,000 population.1 Idiopathic epilepsy is 
genetically determined and has no apparent structural 
cause.2 The main treatments for epilepsy are anti-
epileptic drugs (AEDs), chosen in accordance with the 
frequency of seizures.3 Thyroid hormone homeostasis 
can be impaired by phenytoin, phenobarbital, and 
carbamazepine, as potent inducers of cytochrome 
P450 enzymes.4 In contrast, the mechanism of 
thyroid dysfunction by valproic acid (VPA) remains 
unclear.5,6 

Subclinical hypothyroidism (SCH) is a common 
side effect of VPA use. A study in India reported 
that the prevalence of subclinical hypothyroidism 
in idiopathic epilepsy with VPA monotherapy was 
26%.7 Subclinical hypothyroidism is marked by 
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an increase in TSH accompanied by normal free 
thyroxin (ft4) and free triiodothyronine (ft3), or 
thyroxine (t4) and triiodothyronine (t3). These 
circumtances are not always followed by significant 
clinical manifestations, but should not be ignored, 
as impaired neurodevelopment leads to defects in 
cogitive function, particularly in children.8 Several 
possible risk factors for thyroid function disorders 
are the age at initiation of VPA, duration of VPA 
use, and concomitant use of VPA with other AEDs, 
like carbamazepine.9 The aim of our study was to 
evaluate for possible associations between thyroid 
dysfunction with age at initiation of VPA and duration 
of treatment.

Methods

A cross-sectional study was conducted in Haji Adam 
Malik and Pirngadi Hospitals from October 2012 to 
May 2013. Inclusion criteria were children diagnosed 
with idiopathic epilepsy, aged below 18 years, and 
who received VPA as antiepileptic monotherapy. We 
excluded children diagnosed with endocrine, heart, 
renal, or liver disease, those who used drugs known to 
interfere with thyroid function, and those with family 
history of hypothyroidism or hyperthyroidism.

History of some clinical manifestation of 
subclinical hypothyroidism such as short stature, 
alteration of the school yield, skin dries, fragile hair, 
and muscle pain was taken from parents and subjects. 
Body weight (BW) was measured by Camry® scales 
and body height by microtoise. Blood specimens (3 
mL) were obtained from the median cubital vein, 
without anticoagulant, using a 3 mL syringe. Serum 
thyroid was measured using an automatic COBAS 
e601 Roche Diagnostic® (Swiss) with electrochemistry 
immunoassay (ECL). Serum thyroid concentration 
was reevaluated 2 weeks after the first examination 
in patients suspected to have thyroid dysfunction. 
Thyroid hormone levels were compared to the 
reference values from the Unit Kerja Koordinasi (UKK) 
Endokrinologi IDAI (Endocrinology Working Group of 
Indonesian Pediatric Society).10

Data were processed and analyzed using SPSS 
version 15.0 software. Statistical analyses used were 
Chi-square, Fisher’s exact, and Mann-Whitney tests, 
with significance at P < 0.05. All risk variables with 

P < 0.25 in the bivariate analysis were included in 
the multivariate analysis. Variables were assessed with 
binary logistic regression with significance value of P< 
0.05 and 95%CI. Subjects’ parents provided written 
informed consent. This study was approved by the 
Ethics Committee of the Universitas Sumatera Utara 
Medical School. 

Results 

Of 53 children who visited the outpatient clinics, 4 
were excluded. Two of these children had consumed 
drugs that can interfere with thyroid function (ferrous 
sulphate and mefenamic acid), and the other 2 
children had severe disease (dengue shock syndrome 
and brain injury). Hence, 49 subjects underwent 
serum thyroid examinations.

Table 1. Subjects’ characteristics

Characteristics (N = 49)

Sex, n (%)
Male
Female

27 (55.10)
22 (44.90)

Mean height (SD), cm 122.5 (23.80)

Mean weight (SD), kg 28.3(15.41)

Type of epilepsy, n (%)
Idiopathic general epilepsy
Idiopathic partial epilepsy

44 (89.80)
5 (10.20)

Age at initiation of VPA, n (%)
≤ 4 years
> 4 years

11(22.40)
38(77.60)

Duration of treatment, n (%)
< 6 months 
6-24 months
>24 months

5 (10.20)
29 (55.20)
15 (30.60)

Mean drug dosage (SD), mg/kg BW 22.3 (3.59)

Mean age at VPA initiation was 7.82 years. The 
majority of children were >4 years old (77.6%). Most 
subjects had general idiopathic epilepsy (89.8%). 
Mean daily dosage of VPA was 22.3 (SD 3.59) mg/
kg BW. Most subjects had a 6-to-24-month duration 
of treatment (55.2%). None of the subjects had 
below normal height, according to the Centers for 
Disease Control and Prevention (CDC) growth chart 
for children > 5 years,11 and the Z-score chart for 
children ≤ 5 years.12
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Subclinical hypothyroidism was found in 7/49 
(14.3%) subjects (TSH level higher than normal and 
T3 and T4 within normal limits). In the subclinical 
hypothyroidism group, mean TSH levels were 6.77 
(SD 1.54) µIU/mL in the prepubertal group (age 1 to 
10 years old), and 9.29 µIU/mL in the pubertal group 
(10 to below 18 years, higher than the euthyroid group 
(mean TSH levels were 2.71 (SD 1.15 in prepubertal 
group and  2.61 (SD 0.99) in pubertal group. None of 
the subjects had serum T3 and T4 under and above 
normal limits.

We evaluated several potential risk factors for 
subclinical hypothyroidism. Age <4 years at VPA 
initiation was the only significant risk factor for SCH 
(P=0.036). Duration of treatment, type of epilepsy, 
daily VPA dosage, and sex were not significantly 
associated with SCH (Table 2). 

Three factors had P values <0.25 in the bivariate 
analysis: age at VPA initiation, duration of treatment, 
and VPA dosage. Stepwise multivariate analysis 
with logistic regression model revealed that VPA 
initiation at age <4 years had 6.67 times the risk 
of SCH than the age of >4 years (95%CI 1.215 to 

Table 2. Bivariate analysis of possible risk factors and subclinical hypothyroidism

Variables Subclinical  hypothyroidism
(n=7)

Euthyroid
(n=42)

OR 95% CI P value

Age VPA initiation, n (%)
≤ 4 years
> 4 years

4 (57.1)
3 (42.9)

 7 (16.7)
35 (83.3)

4.61
-

1.22 to 36.6
-

0.036

Duration of treatment, n (%)
< 6 months
6-24 months
> 24 months

0
7 (100)

0

 5 (11.9)
22 (52.4)
15 (35.7)

1.32
-

0.76

1.07 to 1.62
Ref

0.62 to 0.93

0.06

Type of epilepsy, n (%)
Idiopathic general epilepsy
Idiopathic partial epilepsy

7(100)
0

37 (88.1)
 5 (11.9)

0.85
-

0.75 to 0.97
-

1.000

Mean VPA dosage (SD), mg/kg 24.1 (2.41)    22.0 (3.69) - - 0.087

Sex, n (%)
Male
Female    

5 (71.4)
2 (28.6)

22 (52.4)
20 (47.6)

2.04
-

0.44 to 9.50
-

0.436

36.594; P=0.029). Duration of treatment and VPA 
dosage were not significantly associated with SCH on 
multivariate analysis (Table 3).

None of our subjects complained of any 
clinical manifestation associated with subclinical 
hypothyroidism, such as short stature, lack of the 
concentration, dry skin, fragile hair, or muscle pain.

 
 

Discussion

In our study, the mean age at VPA initiation was 7 
years, with subjects ranging less than 18 years old. 
Characteristics of our subjects were similar to a 2006 
Spanish study of 23 patients who underwent VPA 
treatment, but they did not specify epilepsy type or 
neonatal convulsion. It has found an increase of the 
serum levels of TSH in 7 of 23 patients (30.43%) 
between 5.85 and 9.24 mUI/L.13 Our study involved 
49 subjects, consisted of only idiopathic epilepsy, and 
received VPA as AED monotherapy. 

Subclinical hypothyroidism was observed in 7 
subjects (14.3%). A Lebanese study reported that 

Table 3. Multivariate analysis of possible risk factors and subclinical hypothyroidism 

Risk factors  Coefficient Adjusted    
OR

95% CI P value

Age at the first VPA use 1.897 6.67  1.215 to 36.594 0.029

Duration of treatment      -1.020  0.304 0.052 to 2.518 0.304

Valproic acid dosage       0.165  1.180 0.900 to 1.546 0.231
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25.2% of patients using VPA as an antiepileptic 
experienced subclinical hypothyroidism compared 
to control.14 Another study in India showed a 
SCH prevalence of 26%.7 In contrast, two studies 
reported no impaired thyroid function after the use 
of antiepileptics. An Iranian study concluded that 
serum thyroid levels were within normal limits after 
use of phenobarbital, carbamazepine, valproic acid, 
and primidone for 2 months.15 Also, an Italian study 
concluded that VPA monotherapy did not have a 
significant effect on thyroid disorders.16 

 The lower percentage of patients with 
subclinical hypothyroidism in our study compared to 
that of past studies may have been due to different 
definitions of subclinical hypothyroidism. There are 
study used VPA only, and some study use some of 
AED. We used reference values from the Endocrinology 
Working Group of Indonesian Pediatric Society, which 
differentiates normal serum thyroid based on age. The 
definition of normal TSH has long been debated and 
TSH level seems to vary widely in different populations 
and according to different study methods.17

The underlying mechanism of VPA effect on 
thyroid levels may be due to the g-aminobutyric acid-
stimulating properties of VPA. The g-aminobutyric 
acid inhibits the release of somatostatin, which inhibits 
TSH secretion. A secondary factor is exhibited by zinc 
and selenium deficiencies result on malfunction of the 
human 5’deiodinase.9,14 A longitudinal, controlled 
study revealed alterations in serum thyroid profiles 
were associated with low serum copper.18 We did not 
evaluate for mineral deficiencies in our subjects, thus, 
we cannot comment on these potential effects. 

Several factors reportedly play a role in causing 
thyroid dysfunction in patients with epilepsy who 
use VPA as an antiepileptic drug. An Indian study 
reported such factors to be the age of the child at 
VPA initiation, long-term use, and antiepileptic 
polytherapy use.7 

We found that age <4 years at VPA initiation 
was a significant risk factor for SCH, with a 6.67 times 
increase than in children >4 years old (multivariate 
analysis: 95%CI 1.215 to 36.594; P=0.029). Previous 
studies also found that younger age was associated 
with subclinical hypothyroidism.9,13,14 Duration of 
treatment was not a significant factor in our study, 
as most subjects were in the 6-24-month duration 
of treatment, and all subjects with SCH were in 

this group. In contrast, Kim et al. reported a higher 
prevalence of thyroid disorders than in our study.9 

In addition, an Italian study in 2006 found that 
serum T4, fT4, T3, fT3 and rT3 levels decreased in 
the third and sixth month while on oxcarbazepine,  
whereas those using VPA had serum T4, fT4, T3, 
FT3, and RT3 levels almost equal to the base value, 
but increased mean serum TSH level, especially after 
6 months of use. Those who used oxcarbazepine did 
not experience a significant change in serum TSH. 
This finding suggests that thyroid dysfunction may 
occur after 6 months of VPA use.19 

A Korean study also assessed several other 
factors such as serum levels of VPA, phenobarbital 
and carbamazepine, gender, type of epilepsy, and drug 
dosage. Among these factors, only serum VPA level 
was associated with thyroid malfunction.9 We also 
conducted an analysis of gender, epilepsy type, and 
drug dosage, but found no significant associations 
between these factors and SCH. Measurement of 
serum VPA levels was not performed on our study 
due to unavaibillity of facilities.

Subclinical hypothyroidism can lead to clinical 
symptoms, such as growth failure and cognitive 
impairment, when the patient falls into a state of overt 
hypothyroidism. Monitoring of thyroid hormone levels 
is imperative so that therapy can be administered 
immediately, especially in high-risk groups, namely 
under the age of two years.8 In our study, subjects had 
no clinical manifestations of hypothyroidism. 

Several studies have shown that treatment of 
subclinical hypothyroidism can reduce the risk of overt 
hypothyroidism.20,21 Currently, there is no consensus 
on management of subclinical hypothyroidism in 
patients using VPA. Regular monitoring of serum 
thyroid levels every six months should be performed.20 
For the treatment of subclinical hypothyroidism 
in patients with manifestations, administration of 
L-thyroxine can be considered, as it may prevent 
atherosclerosis and intellectual impairment.21

To our knowledge, this study is the first 
conducted in Indonesia to assess the risk factors for 
thyroid dysfunction in patients with idiopathic epilepsy 
using VPA monotherapy  as an AED. Moreover, this 
study focused on the use of VPA as the antiepileptic 
drug. Our results show that despite relative safety 
and stability, the use of VPA monotherapy at the 
age of <four years may increase the risk of thyroid 
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dysfunction in patients with idiopathic epilepsy. 
A limitation in our study was that the baseline 

TSH level was not measured before VPA treatment 
started. Also, a more complete examination such as 
evaluating serum antithyroid antibodies, zinc, copper, 
and selenium was also not performed due to lack of 
measurement tools and facilities in Haji Adam Malik 
Hospital. Another limitation was the broad age range 
of the subjects, because thyroid dysfunction may 
have more significant effects on the development 
of children at younger ages. Indeed, the risk factor 
for the occurrence of thyroid dysfunction was VPA 
initiation at <4 years of age. Although there were no 
clinical manifestations that arose due to subclinical 
hypothyroidism, VPA use at a younger age should be 
accompanied by regular monitoring in order to avoid 
overt hypothyroidism which can cause developmental 
disorders in children.

In conclusion, age <4 years at valproic acid 
initiation is significantly associated with thyroid 
dysfunction. However, no association was found 
between duration of treatment as well as drug dosage 
with thyroid dysfunction. Further studies should be 
done with a larger sample size scale and prospective 
cohort design.

Conflict of Interest

None declared. 

Funding Acknowledgment
The authors received no specific grant from any funding agency 
in the public, commercial, or not-for-profit sectors.

References

1. Stafstrom CE. The epilepsies. In: David RB, Bodensteiner 
JB, Mandelbaum DE, Olson B, editors. Clinical pediatric 
neurology. 3rd ed. New York: Demos Medical; 2009.  
p. 151-86. 

2. Panayiotopolous CP. Clinical aspects of the diagnosis of epileptic 
seizures and epileptic syndromes. In: Panayiotopolous CP, 
editor. The epilepsies seizures, syndromes and management. 
1st ed. Oxfordshire: Bladon Medical Publishing; 2005.  
p.1-25. 

3. Berg AT, Berkovic SF, Brodie MJ, Buchhalter J, Cross JH, van 
Emde Boas W, et al. Revised terminology and concepts for 
organization of seizures and epilepsies: report of the ILAE 
Commission on Classification and Terminology, 2005-2009. 
Epilepsia. 2010;51:676–85.

4. George J, Joshi SR. Drugs and thyroid. J Assoc Physicians 
India. 2007;55:215-23.

5. Benedetti MS, Whomsley R, Baltes E, Tonner F. Alteration 
of thyroid hormone homeostasis by antiepileptic drugs in 
humans: involvement of glucuronyltransferase induction. 
Eur J Clin Pharmacol. 2005;61:863-72.

6. Hirfanoglu T, Serdaroglu A, Camurdan O, Cansu A, Bideci 
A, Cinaz P, et al. Thyroid function and volume in epileptic 
children using carbamazepine, oxcarbazepine and valproate. 
Pediatr Int. 2007;49:822-6.

7. Sahu JK, Gulati S, Kabra M, Arya R, Sharma R, Gupta N, et 
al. Evaluation of subclinical hypothyroidism in ambulatory 
children with controlled epilepsy on valproate monotherapy. 
J Child Neurol. 2012;27:594-7.

8. McDermott MT, Ridgway EC. Subclinical hypothyroidism is 
mild thyroid failure and should be treated. J Clin Endocrinol 
Metab. 2001;86:4585-90.

9. Kim SH, Chung HR, Kim H, Lim BC, Chae JH, Kim KJ, et 
al. Subclinical hypothyroidism during valproic acid therapy 
in children and adolescents with epilepsy. Neuropediatrics. 
2012;43:135-9. 

10. Susanto R, Madarina J. Gangguan kelenjar tiroid. In: 
Batubara J, Tridjaja B, Pulungan AB, editors. Buku ajar 
endokrinologi anak. 1st ed. Jakarta: Badan Penerbit IDAI; 
2010. p. 205-50. 

11. Center For Disease Control and Prevention. 2000 CDC 
growth charts for the United States : Methods and 
development. Vital Health Stat 11. 2002;246:1-190.

12. WHO. WHO multicentre Growth and reference Study 
Group. WHO child growth standards; length/height-for-
age, weight forage, weight-for-length, weight-for-height, 
and body mass index-for-age: Methods and development. 
Geneva:WHO; 2006.

13. Manescu ML, Pakai RM. The influence of the treatment 
with valproic acid in the thyroid function in children and 
adolescents diagnosticated with epilepsy. Jurnalul Pediatrului. 
2010;13:66-9.

14. Mikati MA, Tarabay H, Khalil A, Rahi AC, El Banna D, Najjar 
S. Risk factors for development of subclinical hypothyroidism 
during valproic acid therapy. J Pediatr. 2007;151:178-81.

15. Amirsalari S, Kayhanidost ZT, Kavemanesh Z, Torkman 
M, Beiraghdar F, Teimoori M, et al. Thyroid function in 
epileptic children who receive carbamazepine, primidone, 



Josephine J. Sibarani et al: Valproate use and thyroid dysfunction in children with idiopathic epilepsy

Paediatr Indones, Vol. 58, No. 4,  July 2018 • 197

phenobarbital and valproic acid. Iranian J Child Neurology. 
2011;5:15-20.

16. Verrotti A, Laus M, Scardapane A, Franzoni E, Chiarelli F. 
Thyroid hormones in children with epilepsy during long-
term administration of carbamazepine and valproate. Eur J 
Endocrinol. 2009;160:81-6.

17. Biondi B, Cooper DS. The clinical significance of subclinical 
thyroid dysfunction. Endocr Rev. 2008;29:76-131

18. Donerat H, Kara IS, Karakoc A, Tan H, Orbak Z. Serum 
thyroid hormone profile and trace elements in children 
receiving valproic acid therapy: a longitudinal and controlled 
study. J Trace Elem Med Biol. 2012;26:243-7 

19. Cansu A, Serdaroglu AG, Camurdan O, Hırfanoglu 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 
valproate. Epilepsia. 2006;47:1855-9.

20. Adlin V. Subclinical hypothyroidism: deciding when to treat. 
Am Fam Physician. 1998;57:776-80.

21. Kaplowitz PB. Subclinical hypothyroidism in children: normal 
variation or sign of a failing thyroid gland? Int J Pediatr 
Endocrinol. 2010;2010:281453.


