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Abstract
Objective
In this study, we investigated the changes of the serum levels of thyroid 
hormones including Thyroxine (T4), Triiodothyronine (T3), T3 resin uptake and 
Thyroid stimulating hormone (TSH) in epileptic children during treatment with 
anti-epileptic drugs (AEDs) including carbamazepine (CBZ), primidone (PRM), 
phenobarbital and valproic acid (VPA).
Materials and Methods
This study consisted of four case-series comparisons, was conducted on 115 
epileptic children (37 girls and 78 boys with an age range between 2 months 
and 15 years, mean: 62.06 ± 44.97 months). These children were divided into 
4 groups who took either phenobarbital (n=29), PRM (n=28), CBZ (n=29), or 
VPA (n=29) for 3 months. Thyroid hormone levels (T3, T3 resin uptake, T4 and 
TSH) were measured at the beginning and three months after starting the study.
Results
At first, all patients were euthyroid and there were no clinical or laboratory 
findings suggestive of hypothyroidism.  Regarding thyroid hormones before and 
after the administration of phenobarbital, carbamazepine, valproic acid and 
primidone, there were no significant changes in serum T3, T4, T3 resin uptake 
and TSH levels. 
Conclusions
Our findings showed that short term therapy with phenobarbital, carbamazepine, 
valproic acid and primidone had no effect on thyroid function tests.
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Introduction
Epilepsy describes a state in which a person has revolving seizures due to a chronic-
underlying process. The prevalence of epilepsy has been estimated at 5–10 patient 
per 1000 (1). Older antiepileptic(AEDs) drugs such as phenytoin, valproic acid, 
carbamazepine, phenobarbital and ethosuximide are generally used as the first-line 
therapy for most seizure disorders (2). Effects on the thyroid hormone balance are of 
early importance in the side effects of AEDs on the endocrine system (3).
The prime study around the effects of AEDs on thyroid gland was made in 1961 
by Oppenheimer et al who met a downfall in iodine bound to serum proteins and 
a disorder in T4 secretion from thyroxin binding globulin (TBG) in adults taking 
phenytoin (4). AEDs with an enzyme-inducing activity and distinct protein binding 
activity, such as diphenylhydantoin, carbamazepine (5), and oxcarbazepine, 
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typically induce diminished levels of thyroxin and free 
thyroxin, but have transitive effects on levels of TSH, 
T3, free T3 and TBG (6-9). Among  studies seeking the 
consequences of AEDs on thyroid hormones, the best and 
most diverse results are obtained with valproate which 
does not alter the thyroid hormone levels; however, later 
studies showed that valproate could cause subclinical 
hypothyroidism (10-14).
Liewendahl et al (15), first reported a reduction in free 
thyroxin (FT4)and T4 concentrations, with TSH levels, 
remained unchanged with Carbamazepine (CBZ) 
treatment. From this study, multiple reports with the goal 
to assess serum thyroid hormone balance in children 
receiving long-term therapy with Carbamazepine were 
suggested (16-18). Isojarvi et al (19) and Eiris-Punal et 
al (20) recommended that CBZ may induce subclinical 
hypothyroidism. A distinct downfall in thyroid hormone 
serum levels is present in all patients who receive 
Phenytoin (PHT) (7, 20).
There are few reports regarding the relationship between 
barbiturates and thyroid hormones levels (21). Cavlieri 
et al (22) declared that in hyperthyroid patients with 
Graves disease on phenobarbital (PB) treatment, , the 
fact that TSH does not increase shows that the average 
effect of therapeutic levels of PB on thyroid hormone 
metabolism is fairly gentle (21).
Lots of studies have reported altered thyroid function 
(especially low FT4) in patients with epilepsy during 
treatment with Valproic Acid (VPA), but the outcomes 
were controversial: normal or increased serum levels of 
thyroid hormones and TSH have been announced (23).
In this study, we investigated the changes of serum levels 
of Free T4 , T3, T3 resin uptake (T3RU) and TSH in 
epileptic children during treatment with carbamazepine, 
Primidone, phenobarbital and valproate, before and 3 
months after prescription.
The aim of this study was to investigate the effects of 
four AEDs on thyroid function tests. 
 
Materials and Methods 
This analytical cross sectional study was performed 
between Sep 2008 and Sep 2009 in pediatric neurology 
outpatient clinic of Baqyiatallah Hospital. A total of 115 
children with epilepsy were consecutively divided into 
four groups who were taking either phenobarbital, PRM, 

CBZ, or VPA because of generalized or partial epilepsy. 
They included 37 girls and 78 boys with an age range 
of 2 months to 15 years with a mean age of 62.06 ± 
44.97 months. The exclusion criteria were as follows:  
abnormal neurologic examination, malformed cerebral 
computed tomography (CT) and/or magnetic resonance 
imaging (MRI), liver or kidney disease, thyroid disease 
or endocrinopathies, using contraindicated remedies and 
genetic or chromosomal abnormalities. The patients with 
uncontrolled seizures, those who received a multi-drug 
treatment regimen and /or those with chronic diseases 
known to disturb thyroid function were excluded as well.
Twenty-nine children were treated with VPA, 29 with 
CBZ, 29 with Phenobarbital and 28 with PRM. The  type 
of epilepsy was classified as stated by the  proposals of  
the International League Against Epilepsy (25). The 
AEDs were chosen by a pediatric neurologist depending 
on the age of the patients and the type of epilepsy; 
CBZ was preferred for the therapy of patients with 
partial seizures with or without generalization, VPA 
was preferred for patients with primary generalized 
seizures (including absence and myoclonic seizures), 
Phenobarbital and PRM were preferred for children 
with generalized or partial seizures under age 3 due to 
better serum levels and lower side effects. Prescribed 
doses of CBZ and VPA were within therapeutic limits: 
20-30 mg/kg/day(200-600 mg/day). Prescribed doses 
of Phenobarbital and PRM were within the therapeutic 
range: 3-5 mg/kg/day and 20 mg/kg/day, respectively. 
No other medications known to disturb thyroid function 
were prescribed. 
Serum thyroxine (T4), triiodothyronine (T3), T3 resin 
uptake and thyroid-stimulating hormone concentrations 
were measured in all patients  before and 3 months 
after the treatment commenced with antiepileptic drugs. 
The results of computations were inspected by an 
endocrinologist to evaluate thyroid function status.
Data with a normal distribution were reported as mean 
± SD, whereas data with a non-normal distribution were 
summarized as median and range. For statistical analysis 
of variables indicating a normal distribution, we used 
analysis of variance, with the Student t test for subsequent 
pair wise comparisons. For statistical analysis of 
variables indicating a non-normal distribution, we used 
the Mann-Whitney U test and Pearson and Spearman 
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rank correlations as well. Data was analyzed with SPSS 
software edition 14. Estimated thyroid dysfunction was 
based on chi-Score test. P< 0.05 and CI: 95 % were 
considered significant. This study was approved by the 
Ethics Committee of Baqyiatallah University of Medical 
Sciences. A written informed consent was obtained from 
all parents prior to initiation of the study.
Limitations of study: Few patients were excluded from 
the study due to their need for multiple AEDs. Five 
patients were excluded from the study due to thyroid 
dysfunction before starting the AEDs.  

Results
At the beginning of the study, all 115 patients were 
clinically and paraclinically euthyroid. Twenty nine 
patients, 55.2% male and 44.1 %females, (mean age: 
86.75 ± 42.07 months) received VPA. There was no 
significant difference in serum T3, T4, T3RU and TSH 
before and after prescription (p>0.05) but T3, T4, T3RU 
levels mildly decreased 3 months after starting VPA. 
Age of these patients was significantly higher than PRM 
and PB groups (p<0.05).
There were 29 patients in the carbamazepine group 
(75.9%  male and 24.1% female, mean age: 78.27 ± 45.38 
months). Patients receiving carbamazepine showed no 
significant difference in serum T3, T4, T3RU and TSH 
levels before and after prescription (P>0.05), but their 
ages were remarkably higher than PRM and PB groups 
(p<0.05). This was predictable because PB & PRM are 
administered more for children below 3 years of age but 
CBZ & VPA are mostly administered for children above 
the age of 3 years.
Twenty-nine cases received Phenobarbital (75.9% male 
and 24.1% female, mean age: 38 ± 28.75 months).  
Patients receiving Phenobarbital showed no significant 
variation in serum T3, T4, T3RU and TSH level before 
and 3 months after prescription (P>0.05). Their ages 
were remarkably lower than CBZ and VPA groups. 
Twenty-eight cases (64.3% male and 35.7% female, 
mean age 35.37 ± 31.85 months) received Primidone. 
They had a notably lower mean age than CBZ and VPA 
groups (p<0.05), but there were no significant differences 
in serum T3, T4, T3Ru and TSH levels before and 3 
months after prescription (p>0.05).
Number and age of the patients receiving PB, PRM, 

CBZ, and VPA are presented in Table 1.
Serum T3, T4, T3RU and TSH values before and after 
the medication are shown in Table 2 and 3, respectively.

Discussion
In this study, we evaluated the impressions of single-drug 
therapy with 4 widely used conventional antiepileptic 
drugs (carbamazepine, pirimidon, phenobarbital, and 
valproate) on the thyroid function of epileptic children. 
The effects of AEDs on thyroid functions are recognized 
for a long time; however, a general finding does not exist 
yet. In humans, only free forms of thyroid hormones 
are functional, FT4, FT3, T3 RU and TSH levels are 
used by most of the investigators (9, 26, 28). Among 
investigations on the effects of AEDs on thyroid 
hormones, the most incoherent results are obtained with 
Valproate. It has been suggested in some researches that 
valproate does not alter thyroid hormone levels because 
it is not an inducing drug (19,27). 
Phenobarbital is one of the drugs inducing the hepatic 
microsomal enzyme system. Phenobarbital effects 
on thyroid functions are similar to phenytoin and 
carbamazepine. There is no agreement among the 
researchers on how phenobarbital affects the thyroid 
(4,7,12), Haidukewitych and Rodin (27) observed a 
notably low serum T4 and FT4 index in 58 cases receiving 
Phenobarbital but reported that patients maintained their 
euthyroid state. Rousso et al (29) assessed serum T4, 
FT4 index (T3 uptake × total T4 )  and TSH levels in 110 
children on long-term Phenobarbital, carbamazepine 
and phenytoin therapy and noted low serum T4 levels 
and FT4 index but no change in TSH concentrations 
in Phenobarbital receiving patients. They also reported 
significantly high serum TSH levels but significantly low 
serum T4 and FT4 in children receiving carbamazepine. 
Yüksel et a (30) reported a significant reduction in 
serum FT4 and FT3 levels in ten children receiving 
Phenobarbital compared to the control group; they also 
reported a significant decline in serum FT4 and FT3 
levels in 11 children receiving carbamazepine compared 
to the control group. Deda et al (26) conducted a study 
on 20 pediatric cases receiving Phenobarbital and 15 
children on Phenytoin but found no significant difference 
in serum FT4, FT3 and TSH levels when compared to 
the control group. 
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Isojarvi et al (19) evaluated cases who were receiving 
carbamazepine and phenytoin, and reported a significant 
reduction in T4 and FT4 but no alteration in T3 and 
TSH levels. They also described 24 carbamazepine 
receiving cases with a significant reduction of T4 and 
FT4 but unchanged T3 and TSH levels in 1992; they 
reported that there was no significant difference between 
valproate users and the control groups (19). Ericsson et 
al. (31) reported normal TSH but elevated serum T3 and 
T4 levels. There are no contradictions regarding thyroid 
hormones in other studies (27,30).
Strandjord et al (32) reported that in 42 cases, serum T3, 
T4 and FT4 levels significantly diminished after receiving 
carbamazepine for 8-24 months compared to the control 
group. They also pursued 12 cases for 1-5 months and 
found that their serum T3 and TSH concentrations did 
not change, but their serum T4 concentrations notably 
diminished in comparison with the pre-treatment levels. 
Tiihonen et al (33), as well as Rootwelt et al (34), found 
that in the first 4-20 days of treatment, TSH levels 
increased and then decreased quickly to normal levels.
Castro-Gago et al (2) investigated 23 cases with a mean 

age of 7.5 years who received carbamazepine for a 
mean duration of 17.82 months and found no significant 
difference in serum FT3 and TSH levels but significant 
low serum FT4 levels compared to the control group. 
They also found no difference in thyroid hormone levels 
in patients receiving valproate as compared to the control 
group. 
In our study on 115 cases with a mean age of 62.06±44.97 
months who received AED for 3 months, we noted 
no significant changes in thyroid hormones but mild 
alterations in some variants.
In conclusion, short term administration of these AEDs 
by children does not appear to increase the risk of thyroid 
dysfunction. We suggest investigators to re-conduct this 
study with more patients and a longer follow-up period. 
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Table 1: Patients  mean age in different groups
   

   Medication Phenobarbital Primidone Valproate Carbamazepine

    Number 29 28 29 29

Mean age (months) 38 ± 28.55 35.37 ± 31.85 86.75± 42.07 87.27±45.28

Table 2: Thyroid hormones levels before AED prescription.
          TSH (micIU/ml), T3 (ng/ml), T4 (ng/ml), T3RU (%)

Valproate Carbamazepine Primidone Phenobarbital

TSH 2.71±1.42 2.78 ± 0.29 2.26 ± 1.09 2.48 ± 1.15

T3 1.47±0.30 1.79±0.21 1.64± 0.28 1. 53± 0.16

T4 8.14±1.91 9.02 ± 2.54 9.15± 2.17 8.57 ± 1.71

T3RU 30.01±1.83 30.01± 1.13 29.22±1.34 31.8±1.26
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Table 3. Thyroid hormones levels after AED prescription.
 TSH (micIU/ml), T3 (ng/ml), T4 (ng/ml), T3RU (%)

Valproate Carbamazepine Primidone Phenobarbital

TSH 2.97±1.63 2.97 ± 1.23 2.18 ± 1.3 2.72 ± 1.68

T3 1.23±0.42 1.47±0.38 1.71± 0.27 1. 4± 0.54

T4 7.88±1.81 8.24 ± 2.7 8.67± 2.06 8.3 ± 2.65

T3RU 28.95±1.35 30.28± 2.04 30.15±2.49 31.8±1.26

References 
1. Fauci’s A, et al. Seizures and Epilepsy. In: Fauci’s A, 

Braunwald E, Kasper D, Hauser S, Longo D, Jameson L. 
Harrison’s principles of Internal Medicine. Mc Grawhill:  
Newyork.  17th ed; 2008 .P.2498-2513 (Chapter 363) .

2. Castro-Gago Manuel, MD, María Inés Novo-Rodríguez, 
MD. Evolution of Subclinical Hypothyroidism in children 
treated with antiepilepticdrugs.Pediatric Nourology 
2007;37(6):426.

3. Fauci’s A, et al. Disorders of the thyroid gland. In: 
Fauci’s A, Braunwald E, Kasper D, Hauser S, Longo D, 
Jameson L. Harrison’s principles of Internal Medicine. 
Mc Grawhill:  Newyork.  17th ed; 2008 . P.2224-2247 
(chapter 335)

4. Oppenheimer JH, Fisher LV, Nelson KM, Jailer JW. 
Depresion of the serum protein bound iodine level by 
diphenylhydantoin. Clin Endocrinol Metab 1961;(2):252-
62.

5. Faigle JW, Feldmann KF. Carbamazepine: chemistry and 
biotransformation. In: Levy RH, Mattson RH, Meldrum 
BS, eds.Antiepileptic drugs,4thed. NewYork: Raven 
Press;1995.P.499-513.

6. Fischsel H , Knöpfle G. Effects of anti convulsant drugs 
on thyroid hormones in epileptic children. Epilepsia 
1978;19:323-36.

7. Liewendahl K, Majuri H, HeleniusT. Thyroid function 
tests in Patients on long term treatment with various 
anticonvulsants drugs. Clin Endocrino 1978;8:185-91.

8. Connacher AA, Borsey DQ, Browning MCK, Davidson 
DLW, Jung RT. The effective evaluation of thyroid status 
in patients on phenytoin, carbamazepine or sodium 
valproate attending an epilepsy clinic. Post grad Med J 
1987;63:841-5.

9. Isojarvi JI, Pakarinen AJ, Ylipalosaari PJ, Myllyla V. 

Serum hormones in male epileptic patients receiving 
anticonvulsant medication. Arch Neurol 1990; 47: 670-
676.

10. Strandjord RE, Aanderud S, Myking LO, Johannessen 
SI. Influence of carbamazepine on serum thyroxine and 
triiodothyroninein patients with epilepsy. Acta Neurol 
Scand 1981;63:111-21.

11. István I, AgotaP, Bálintné S, Ilona G. Tartós anticonvulsive 
kezelésben részesült gyermekek pajzsmirigy-müködése. 
OrvHetil 1988;1202-3.

12. Eirís-Puñal J, Del Río-Garma M, DelRío-GarmaMC, 
Lojo Rocamonde S, Novo RodríguezI, Castro-GagoM. 
Longterm treatment of children with epilepsy with 
valproate or carbamazepine may cause subclinical 
hypothyroidism. Epilepsia 1999;40:1761-6.

13. Vainionpää LK, Mikkonen K, Rättyä J, et al. Thyroid 
function in girls with epilepsy with carbamazepine, 
oxcarbazepine, orvalproate monotherapy and after 
withdrawal of medication. Epilepsia 2004;45:197-203.

14. Cansu A, Serdaroglu A,Çamurdan O, Hirfanoglu T, 
Bideci A, Gücüyener K. The evaluation of thyroid 
function, thyroid antibodies, and thyroid volumes in 
children with epilepsy during short-term administration 
of oscarbazepine and valproate. Epilepsia 2006;47:1855-
9.

15. Liewendahl K, Majuri H, Helenius T. Thyroid function 
tests in patients on long-term treatment with various 
anticonvulsant drugs. Clin Endocrinol (Oxf) 1978;8:185-
191.

16. Bentsen KD, Gram L, Veje A. Serum thyroid hormones and 
blood folic acid during monotherapy with carbamazepine 
or valproate. A controlled study. Acta Neurol Scand 
1983;67: 235-241.

17. Connell JMC, Rapeport WG, Gordon S. Thyroid 



22 Iran J Child Neurology   Vol 5 No2 Spring  2011

481.
29. Rousso I, Pharmakiotis A, Gatzola M, Karatza 

E, Tourkantonis A. Effects of phenobarbital, 
diphenylhydantoin and carbamazepine on thyroid 
function in epileptic children. Acta  Endocrinologia Suppl 
1984; 265:48-49.

30. Yüksel A, Aksoy T, Yalçın E. Effects of antiepileptics on 
serum thyroid hormones and hypothalamo-hypophysis 
axis in children. Pediatri Congress.Summary Book, 
Antalya, 1992.

31. 31. Ericsson UB, Bjerre I, Forsgren M, Ivarsson 
SA.Throglobulin and thyroid hormones in patients on 
long term treatment with phenytoin, carbamazepine and 
valproic acid. Epilepsia 1985;26: 594-596.

32. Strandjord RE, Aanderud S, Myking OL, Johannessen 
SL. Influence of carbamazepine on serum thyroxine and 
triiodoyhronine in patients with epilepsy. Acta Neurol 
Scand 1981; 63:111-121. 

33. Tiihonen M, Liewendahl K, Waltimo O, Ojala M, 
Valimaki M. Thyroid status of patients receiving longterm 
anticonvulsant therapy assessed by peripheral parameters: 
A placebo-controlled thyroxine therapy trial. Epilepsia 
1995;36:1118-25.

34. Rootwelt T, Ganes T, Johannessen SI. Effect of 
carbamazepine, phenytoin and phenobarbitone on serum 
levels of thyroid hormones and thyrotropin in humans.
Scand J Clin Lab Invest 1978;38:731-6.

hormones in epileptic children receiving carbamazepine 
and valproic acid. Pediatr Neurol 2001; 25: 43-46.

18. Vainionpaa LK, Mikkonen K, Rattya J, Knip M, 
Pakarinen AJ, Myllyla VV, Isojarvi JIT. Thyroid function 
in girls with epilepsy with carbamazepine, oxcarbazepine 
or valproate monotherapy and after withdrawal of 
medication. Epilepsia 2004; 45: 197-203.

19. Isojarvi JIT, Pakarinen AJ, Myllyla VV. Thyroid function 
with antiepileptic drugs. Epilepsia 1992; 33: 142-148.

20. Eiris-Punal J, Del Rio-Garu M, Del Rio-Garma 
MC,Lojo-Rocamonde S, Novo-Rodrigue I, Castro-
Gago M. Longterm treatment of children with epilepsy 
with valproate or carbamazepine may cause subclinical 
hypothyroidism. Epilepsia 1999; 40: 1761-1766.

21. Strolin Benedetti M, Whomsley R, Baltes E, Tonner F. 
Alteration of thyroid hormone homeostasis by antiepileptic 
drugs in humans: involvement of glucuronosyltransferase 
induction. Eur J Clin Pharmacol 2005; 61: 863-872.

22. Cavlieri RR, Sung LC, Becker CE. Effects of 
Phenobarbital on thyroxine and triiodothyronine kinetics 
in Graves’ disease. J Clin Endocrinol Metab 1973; 37: 
308-316.

23. Verrotti A, Basciani F, Morresi S, Morgese G, Chiarelli 
F. Thyroid hormones in epileptic children receiving 
carbamazepine and valproic acid. Pediatr Neurol 
2001;25:43-46.

24. Handley R, Stewart ASR. Mysoline: a new drug in the 
treatment of epilepsy. Lancet 1952; 1:742–744.

25. Commission on Classification and Terminology of 
the International League Against Epilepsy . Proposal 
for revised classification of epilepsies and epileptic 
syndromes. Epilepsia 1989;30:389–99.

26. Deda G, Akıncı A, Teziç T, Karagöl U. Effects of 
anticonvulsant drugs on throid hormones in epileptic 
children. The Turkish Journal of Pediatrics 1992;34: 239-
244.

27. Haidukewych D, Rodin EA. Chronic antiepileptic 
drug therapy: Classification by medication regimen 
and incidence of decreases in serum thyroxine and 
free thyroxine index. Therapeutic Drug Monitoring 
1987;9:392-398.

28. Suzuki H, Yamazaki N, Suzuki Y, Hiraiwa M, 
Shimoda S, Mori K, Miyasaka M. Lowering effect of 
diphenylhydantoin on serum free thyroxine and thyroxine 
binding globulin. Acta Endocrinologia 1984;105:477-

Thyroid function in epileptic children who receive Carbamazepine, Primidone




