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What is known?

Epilepsy, anti-seizure medications & hormones: 
-> numerous & complex interactions

enhance CYP3A4 activity

 concentrations of sex hormones

influence cortical excitability



Examples

• Medications that reduce
effectiveness of the pill

• Catamenial epilepsy



Catamenial epilepsy

♀ with normal menstrual cycles: 

seizure exacerbation -> 
menstruation/ovulation

♀ with abnormal cycles: 

exacerbation in 2nd half –

luteal phase -> anovulatory cycles

The ratio of estrogen/progesteron is essential: especially high perimenstrual & 

periovulatory (C1&C2) in normal cycles or in inadequate luteal phases (C3)

Verrotti et al. Int J Womens Health. 2012



Effects of ASMs on sex hormones

Paragliola et al. Lancet Diabetes Endocrinol Metab. 2015



Interactions between hormones and ASMs

Paragliola et al. Lancet Diabetes Endocrinol Metab. 2015

Contraceptive
failure



THYROID HORMONE



Case report, 8-year-old boy

Refractory epilepsy, ring chromosome 20 

Extreme fatigue, no sleeping problems, wakes up tired every day, falls asleep
in the afternoon. 

R/ ketogenic diet, valproate, oxcarbazepine, benzodiazepines, fenfluramine
(research setting)

Clinical examination: no goiter

Thyroid ultrasound: unremarkable

Blood results

TSH 7,2 mIU/L 0,27-4,2

T4 4,1 µg/dL 5,1-14,1

TPO Ab 11 IU/mL < 34



• Are ASMs responsible for alterations in thyroid
hormone homeostasis? 

• Which ASMs? 

• Should we monitor patients under ASMs? 

• Is thyroid hormone supplementation indicated? 

• Can a changed thyroid hormone level affect the
seizure threshold? 



Afterwards studies showed:

• ASMs affect synthesis, release, transport, metabolism & excretion

• Evidence: older > newer ASMs

• No guidance







Primary hypothyroidism

Chronic autoimmune thyroiditis (Hashimoto thyroiditis)

Iodine deficiency or excess

Drugs (e.g., lithium, amiodarone, methimazole)

Iatrogenic (e.g., after treatment with radioactive iodine)

Subacute thyroiditis (e.g., viral infection)

Thyroid gland infiltration (e.g., sarcoidosis)

Genetic (e.g., inactivating TPO gene mutation)

Central hypothyroidism

Pituitary tumors or dysfunction

Hypothalamic tumors or dysfunction

Resistance to thyroid-stimulating hormone

Drugs (e.g., bexarotene)

Hypothyroidism due to causes outside the HPT axis

Consumptive hypothyroidism (e.g., nephrotic syndrome)

Tissue-specific hypothyroidism due to decreased sensitivity to thyroid hormone 
(RTH)



Nonthyroidal illness syndrome

• Serum TH drop 
during starvation
and illness

• Mild:  T3

• Severe:  T3, rT3, 
low/nl T4, no 
concomitant  TSH

Langouche et al. J. Endocr. Soc. 2019



TSH response to critical illness

Langouche et al. J. Endocr. Soc. 2019



Systematic review

We searched for all articles published between January 1990
and January 2021, using key terms related to ASMs and thyroid
hormone function: ("thyroid hormones"[MeSH] AND
"anticonvulsants"[MeSH]) OR ("thyroid function tests"[MeSH]
AND "anticonvulsants"[MeSH]) OR ("thyroid hormones"[MeSH]
AND "epilepsy"[MeSH]).





Effect of ASMs on thyroid homeostasis







Valproate (VPA)

• 26 studies (5 prospective)

– Increased TSH in 12-52% patients

– TSH rarely > 10 mIU/L

• Longer therapy ~ higher TSH (OR 3) 

• Enzyme-inducing (OR 6) & non-enzyme inducing (OR 3)

– = effect on FT4, T4, FT3 & T3 

– Transient and reversible effect

• Mechanism

– Central & intrathyroidal

– VPA stimulates GABA 

– Minimal enzyme-inducing

– Deficient Zinc & Selenium 

–  TBG +  DIO1, DIO2 & DIO3

Rochtus et al. Epilepsia 2022



Carbamazepine (CBZ)

• 26 studies (7 prospective)

– Significant  of FT4, T4, FT3 & T3 (< 1 month)

– 28-33% had  FT4

– Negative correlation with CBZ level

– Enlargement of thyroid gland & thyroid cysts

–  TSH in 10-25% of patients (< 12 months)

• Mechanism

– Central & intrathyroidal

– Enzyme inducing (CYP450, glucuronidation)

– Central effect through  hippocampal DIO3



ASM
Studies 

(prospective)
Effect

Oxcarbazepine 8 (2)  FT4, = TSH

Phenobarbital 7 (2)  FT4, = TSH

Phenytoin 5  FT4, = TSH

Lamotrigin 3 (1)  TSH

Gabapentin - Data lacking

Levetiracetam* 6  FT4, = TSH

Topiramate* 3  FT4 , = TSH

Often small and retrospective studies!
* Limitedly metabolized



Ketogenic diet?

• 3 prospective studies

• KD mimics metabolic effects of fasting

• Laboratory
–  TSH

–  T3

–  or  FT4

• No difference enzyme-inducing vs non-
enzyme inducing ASMs



Kose et al. J.Ped. Endocrinol. Metab. 2017



Polytherapy and intractable epilepsy

• Five studies

• 4 studies investigated CBZ + VPA

-> all showed significant  FT4

• Cross-sectional study (Shih et al.)

–  FT4 in 17,4%

– Independent risk factors for low FT4: 

• Older age (p = 0,004)

• Female sex (p= 0,014)

• Longer duration of epilepsy (p = 0,001)

• Intractable epilepsy (p = 0,009)

• Three or more ASMs (p = 0,08)

• CBZ (p = 0,002)



Hypothyroxinemia in patients on ASMs

• Often slightly FT4, =/ TSH

• 1/3 patients on ASMs have FT4

• Highest prevalence: VPA (25%), CBZ (10-25%), OXC 
(9%), LTG (9%), KD (17%)

• Higher incidence: older & female patients, intractable
epilepsy, >= 3 ASMs



Why is TSH not rising?

1. New HPT setpoint -> decreased hormone levels 
are satisfactory / increased TH sensitivity

2. HPT axis is affected ~ mild central hypothyroidism
-> beneficial for seizure control but harmful long-
term effects on other organ systems



Importance of mild hypothyroidism?

• Subclinical hypothyroidism (nl FT4, TSH): 3-15% of 
adults -> risk overt hypothyroidism 2-6%/year

• Children: only 1,7% 

• Symptoms: 

– Asymptomatic fatigue, muscle weakness, weight gain, 
cold intolerance, constipation

• Concern: 

– Metabolic syndrome (insulin resistance, serum lipids)

– Bone density



RECOMMENDATIONS FOR MONITORING 
AND TREATMENT



Monitor TSH and FT4

Baseline & every 
12 months

Start of ASM (all ASMs)
Newer ASMs (LTG, LEV, TPM)

After 3 months Switch or add-on of ASM
Clinical manifestations suggestive of 
hypothyroidism

Every 6 months Older ASMs (PB, PHT, CBZ, OXC, VPA)
High risk for hypothyroidism
•Combined therapy (especially VPA & CBZ)
•High serum levels of ASMs
•Coexisting hepatic or thyroid abnormality
•Pregnant women
•Adverse metabolic profile (metabolic syndrome)
•Depression
•Cognitive impairment

Rochtus et al. Epilepsia 2022



Children and
adolescents

Patients <70 yrs Patients >80-85 yrs

Low FT4/FT3 Check thyroid function after 1 month

Normal TSH ≤ 5 mIU/L Consult endocrinologist in case of
•Symptoms suggestive for hypothyroidism or
•Biochemical progression

5 < TSH ≤10 mIU/L Consider trial with levothyroxine in case of 
symptoms suggestive for hypothyroidism or 
low FT4; consult with endocrinologist

Consider observation 
unless symptoms 
suggestive for 
hypothyroidism or 
low FT4

TSH > 10 mIU/L Treatment with levothyroxine is 
recommended; follow-up together with 
endocrinologist

Consider treatment 
with levothyroxine in 
case of symptoms 
suggestive for 
hypothyroidism, low 
FT4, or high CV risk

Rochtus et al. Epilepsia 2022



• Are ASMs responsible for alterations in thyroid
hormone homeostasis? 

• Which ASMs? 

• Should we monitor patients under ASMs? 

• Is thyroid hormone supplementation indicated? 

• Can a changed thyroid hormone level affect the
seizure threshold? 



Thyroid hormones: role in CNS

• Essential role in CNS development and function
– CNS development: myelination, synaptogenesis, neurogenesis

– Mitochondrial biogenesis and function

– Neurorepair mechanisms <-> oxidative capacity

– Influence GABAergic + glutaminergic neurotransmission

Cretinism

- Lack of thyroxin from/before birth

- Severe/irreparable mental defects

- Stunted growth

- Reduced growth & function of many

organs



Tamijani et al. Seizure 2015

Thyroid hormones influence mitochondrial function and biogenesis



Tamijani et al. Seizure 2015

Thyroid hormones influence GABAergic neurons



• Hypo- and hyperthyroidism influence cortical excitability

• Seizures occur in a small % of thyrotoxicosis

• ACTH for infantile spasms
– Patients with good response have lower FT4 levels

-> Broader neuroendocrine response, 

possible crosstalk with the corticotropic axis

Thyroid hormones: role in epilepsy



Summary and conclusions

Epilepsy, anti-seizure medications & hormones: 
-> numerous & complex interactions

monitor thyroid function
refractory epilepsy/polytherapy

practical guidance

cortical excitability

anne.rochtus@uzleuven.be

mailto:anne.rochtus@uzleuven.be

