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Effects of antiepileptic drugs on the serum folate
and vitamin B12 in various epileptic patients
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Abstract. Epilepsy is a common neurodegenerative disease
with an increasing morbidity. Clinical treatment of epilepsy
includes symptomatic treatment, etiological treatment,
surgery and prevention. The aim of the present study was to
determine the effects of antiepileptic drugs (AEDs) on serum
folate and vitamin B12 in various epileptic patients, and to
examine the correlation between these effects and secondary
cerebrovascular events. A total of 68 epileptic patients, diag-
nosed between May 2012 and May 2014, were included in
the present study. The study included 8 cases of autonomic
seizures, 10 cases of absence seizures, 13 cases of complex
partial seizures, 28 cases of generalized tonic-clonic seizures,
and 9 cases of simple partial seizures. The patients received
appropriate AED treatment according to the characteristics
of epileptic seizure and the treatment guidance. The differ-
ences in the serum levels of folate and vitamin B12 in these
patients, and the differences in the secondary cerebrovascular
events in these patients after 1 year follow-up were analyzed.
The difference in the AEDs used by various epileptic patients
was statistically significant (P<0.05). The proportion of
AED monotherapy in the autonomic seizure group and petit
mal group was highest, and the proportion of two AED in
combination with the psychomotor seizure, grand mal and
simple partial seizure groups was highest. The serum levels
of folate and vitamin B12 in these patients following treat-
ment were significantly lower than those prior to treatment
(P<0.05). The differences in the serum levels of folate and
vitamin B12 in these groups following treatment were not
statistically significant (P>0.05). The difference in the inci-
dence of cerebrovascular events in these groups at follow up
was not statistically significant (P>0.05). The multifactorial
logistic regression analysis revealed that the serum levels of
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folate and vitamin B12 were the independent risk factors for
epilepsy with secondary cerebrovascular events [folate: odds
ratio (OR)=0.536, P=0.039; vitamin: OR=0.382, P=0.041].
In conclusion, various AEDs may decrease the serum levels
of folate and vitamin B12 and affect the secondary cerebro-
vascular events in various epileptic patients. Thus, regular
supplementation of folate and vitamin B12 may be an option.

Introduction

Epilepsy is a syndrome caused by transient cerebral dysfunc-
tion due to human brain electrical activity disorder and is a
common nervous system disease with a worldwide prevalence
of 7.0% (1). Additionally, epilepsy has an increasing annual
morbidity, second only to stroke (2). The clinical treatment
of epilepsy includes symptomatic treatment, etiological treat-
ment, surgery, and the prevention of the cause (3). Mounting
evidence (4) suggests that long-term administration of anti-
epileptic drugs (AEDs) may affect the metabolism of serum
folate and vitamin B12, further increasing the serum level of
homocysteine and leading to cerebrovascular events.

However, the abovementioned studies have not described
the effect of AED on epilepsy in detail, and whether epilepsy
with secondary cerebrovascular events was associated with
the metabolic disorder of serum folate and vitamin B12 (5).
The present study aimed to determine the effects of AEDs on
the serum levels of folate and vitamin B12 in various epileptic
patients, and examined the correlation between these effects
and secondary cerebrovascular events.

Subjects and methods

General information. A total of 68 patients, diagnosed with
epilepsy at the The First People's Hospital of Xuzhou (Jiangsu,
China) between May 2012 and May 2014, were successively
selected in the treatment group. All 68 patients were diag-
nosed with epilepsy based on the clinical symptoms and active
electroencephalogram. The exclusion criteria were: i) age
<18 years; ii) pregnancy; iii) primary cerebral vascular disease,
high agglutination, severe heart, liver and kidney dysfunc-
tion, malignancy; iv) persistent and uncontrollable epileptic
seizure; v) no history of regular administration of folate and
vitamin B12; and vi) refusal to participate in the study. Of the
68 patients, there were 8 cases of autonomic seizures, 10 cases
of absence seizures (petit mal), 13 cases of complex partial
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Table I. The AEDs used by various epileptic patients [no., (%)].
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Group No. of patients Monotherapy 2 AEDs in combination >3 AEDs in combination
Autonomic seizures 8 5(62.5) 2(25.0) 1(12.5)

Petit mal 10 6 (60.0) 2 (20.0) 2 (20.0)
Psychomotor seizures 13 4 (30.8) 6 (46.2) 3(23.1)

Grand mal 28 5(17.9) 13 (46.4) 10 (35.7)

Simple partial seizures 9 3(33.3) 4(44.4) 2(22.2)

¥’ test 2.635 2.856 2.745

P-value 0.034 0.035 0.032

AED, antiepileptic drug.

seizures (psychomotor seizures), 28 cases of generalized
tonic clonic seizures (grand mal), and 9 cases of single partial
seizures. The autonomic seizure group included 4 males and
4 females, with a mean age of 46.3+5.4 years (23-58 years)
and a mean disease course of 3.4+1.2 years (1 month-6 years).
The petit mal group included 6 males and 4 females, with a
mean age of 46.7+6.3 years (25-65 years) and a mean disease
course of 3.6x1.1 years (1.5 months-8.5 years). The psycho-
motor seizure group included 7 males and 7 females, with a
mean age of 45.9+3.4 years (32-69 years) and a mean disease
course of 3.5+1.4 years (2.3 months-7.5 years). The grand mal
group included 15 males and 13 females, with a mean age of
46.6+3.5 years (21-66 years), and a mean disease course of
3.7+1.4 years (1.3 months-8.9 years). The single partial seizure
group included 4 males and 5 females, with a mean age of
47.4+5.2 years (31-74 years), and a mean disease course of
3.5£1.2 years (2.2 months-9.6 years). These patients were
comparable with respect to gender, age, and disease course
(P>0.05). Approval for the study was obtained from the local
Ethics Committee. Informed consent was obtained from the
patients and family members.

Methods. The patients received appropriate AED treatment
according to the characteristics of epileptic seizure and the
treatment guidance. The differences in the serum levels of
folate and vitamin B12 in these patients, and the differences
in the secondary cerebrovascular events in these patients
after the 1 year follow-up were analyzed. The used AEDs
included carbamazepine (0.2 g, bid po), phenytoin (0.1 g, tid
po), valproate (0.3 g, tid po), and lamotrigine (0.05 g, qd po).
These drugs were administered as monotherapy, or 2 AEDs or
3 AEDs in combination to control the symptoms and prevent
recurrence. Blood (5 ml) was collected from the ulnar vein of
fasting and resting patients, 2 ml venous blood was agitated
and the plasma was isolated. The remaining 3 ml blood was
used to isolate the serum after coagulation. The ACS:180SE
automatic chemiluminescence detector (Bayer, Pittsburgh,
PA, USA) and the reagent kit were used to detect the serum
levels of folate and vitamin B12, following the manufacturer's
instructions. The definition of secondary cerebrovascular
events was those events caused by hypertension, diabetes,
coronary heart disease, and hyperlipidemia. Cerebrovascular
events prior to epilepsy were excluded. Cerebrovascular events
included ischemic and hemorrhagic stroke.

Statistical analysis. SPSS 17.0 software (IBM SPSS, Armonk,
NY, USA) was used for the statistical analysis. Quantitative
data were presented as mean + standard deviation, and the inter-
group comparison was performed using a t-test. Qualitative
data were presented as a number or %, and the intergroup
comparison was performed using the Chi-square test. The
correlation between the serum levels of folate and vitamin B12
and the serum level of homocysteine was analyzed using the
Pearson test. The screening of the risk factors for epilepsy with
secondary thrombosis was analyzed using logistic regression
analysis with the stepwise backward method. P<0.05 was
considered to indicate a statistically significant difference.

Results

The AEDs used by various epileptic patients. As shown in
Table I, the difference in the AEDs used by various epileptic
patients was statistically significant (P<0.05). The proportion of
AED monotherapy in the autonomic seizure (62.5%) and petit
mal groups (60.0%) was highest, and the proportion of 2 AEDs
in combination, in the psychomotor seizure (46.2%), grand mal
(46.4%) and simple partial seizure groups (44.4%), was highest.

Serum levels of folate and vitamin BI2 in various epileptic
patients. As shown in Table II, the differences in the serum levels
of folate and vitamin B12 in these patients prior to treatment
were not statistically significant (P>0.05). The serum levels of
folate and vitamin B12 following treatment were significantly
lower than those prior to treatment (P<0.05). The differences
in the serum levels of folate and vitamin B12 in these groups
following treatment were not statistically significant (P>0.05).

Incidence of secondary cerebrovascular events in various
epileptic patients. The difference in the incidence of secondary
cerebrovascular events in various epileptic patients at follow-up
was not statistically significant (P>0.05). There was 1 case
(12.5%) in the autonomic seizure group, 1 case (10.0%) in the
petit mal group, 1 case (7.7%) in the psychomotor seizure group,
2 cases (7.1%) in the grand mal group, and 1 case (11.1%) in the
simple partial seizure group (x*=0.523, P=0.637). In the multi-
factorial logistic regression analysis, epilepsy with secondary
cerebrovascular events was identified as the dependent vari-
able, and the patient's gender, age, disease course, epilepsy
type, AEDs, homocysteine, folate, and vitamin B12 were the
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Table II. Serum levels of folate and vitamin B12 in various epileptic patients.
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Folate (o/pg'1) Vitamin B12 (o/pgl)

Group Before treatment After treatment Before treatment After treatment
Autonomic seizures 11.5+£2.7 6.5+1.2 492.3+50.1 352.7+£34.2
Petit mal 12.24£2.6 5.9+1.3* 50524453 367.5+42.1
Psychomotor seizures 11.6+2.1 6.1+1.4° 5213425 378.9+£35.6
Grand mal 12.3£1.9 6.4+1.2 495.6+33.4 349.2+36 4
Simple partial seizures 11.9+22 6.3+0.9 492.8+34.1 354 .8+41.2
¥’ test 0.638 0.526 0.527 1.659
P-value 0412 0.624 0.935 0.821

*Compared with before treatment (P<0.05).

independent variables. It was found that the serum levels of
folate and vitamin B12 were the independent risk factors for
epilepsy with secondary cerebrovascular events [folate: odds
ratio (OR)=0.536, P=0.039; vitamin B12: OR=0.382, P=0.041].

Discussion

Epilepsy is a common neurodegenerative disease with an
increasing morbidity. The etiology of epilepsy includes:
i) Intracranial tumor, such as glioma, meningioma, and
astrocytoma, which is prevalent in the elderly, where the main
manifestation includes complex partial seizures and general-
ized tonic-clonic seizures (6); ii) cerebrovascular diseases
and cerebral vascular malformation in the young and elderly,
where the manifestation can be any type of seizure (7); and
iii) nutritional and metabolic disorders, such as hypoglycemia,
hyperthyroidism and diabetes. Vitamin B6 deficiency can also
cause epileptic seizure. The main manifestation is autonomic
seizures and simple partial seizures. iv) Degenerative diseases
can increase the incidence of epilepsy, such as tuberous
sclerosis, and Alzheimer's disease, with the main manifesta-
tion being complex partial seizures (8). v) High fever and
convulsion can cause cerebral ischemia, hypoxia, and edema,
and form epileptic foci. This is the main etiology of neonatal
febrile seizures. The main manifestation is absence seizures.
vi) Brain trauma can cause softening of brain tissue to form
epileptic foci. This is the main etiology of neonatal epileptic
seizure. The main manifestation is absence seizures and
complex partial seizures; and viii) infection.

Clinical treatment of epilepsy primarily involves medica-
tion therapy. It has been demonstrated that although long-term
administration of AEDs relieve symptoms, the levels of folate
and vitamin B12 may be altered and associated with the type
and dose of AEDs, epilepsy type, disease course, and indi-
vidual gene (6). However, little evidence is available regarding
this observation. The current clinical studies focus on single
sites, have unfocused observation, and are inconsistent or have
contradictory conclusions. Thus, administering clinical treat-
ment was difficult (9-11).

The present study determined the effects of AEDs on the
serum levels of folate and vitamin B12 in various epileptic
patients, and examined the correlation between these effects

and secondary cerebrovascular events. The difference in the
AEDs administered to various epileptic patients was statisti-
cally significant. The serum levels of folate and vitamin B12
were decreased following treatment, and the differences
were statistically significant. By contrast, the differences
in the serum levels of folate and vitamin B12 between the
groups after treatment were not statistically significant. The
difference in the incidence of secondary cerebrovascular
events between the groups at follow-up was not statistically
significant. The multifactorial logistic regression analysis
revealed that the serum levels of folate and vitamin B12
may be independent risk factors for epilepsy with secondary
cerebrovascular events (folate: OR=0.536, P=0.039; vitamin:
OR=0.382, P=0.041). Inconsistent with previous studies (8,9),
the present findings demonstrated that AEDs may decrease the
levels of folate and vitamin B12 in the body. However, this
effect was irrelevant to the type of epilepsy. The secondary
cerebrovascular events after epilepsy were also associ-
ated with the levels of folate and vitamin B12. AEDs, such
as carbamazepine and phenytoin sodium, may markedly
alter the level of folate in epileptic patients. The mechanism
included (12,13): i) Increased pH in the gastrointestinal tract
and decreased activities in the intestinal enzymes impaired
the conversion from polyglutamate folate into folate, leading
to lower absorption of folate; ii) phenytoin sodium was similar
to folate in the structure; thus, there was competition between
the two drugs, leading to decreased folate binding to the folate
receptors on intestinal mucosal cells and decreased absorption
of folate; iii) phenytoin sodium may decrease the activity of
folate-metabolizing enzymes, such as methylene synthase; as
aresult, the synthesis of folate was impaired; and iv) phenytoin
sodium and carbamazepine increased the activity of hepatic
microsomal enzymes, accelerated the metabolism of folate,
and decreased the level of folate in body.

Folate is a nutrient in many biochemical reactions in the
body, and an important factor for human health. As an impor-
tant component in the synthesis of protein and nucleic acid,
folate is predominantly involved in the metabolism of one
carbon unit. In the case of folate deficiency, the frequency of
chromosome breakage or translocations is higher, leading to an
abnormal karyotype. Vitamin B12 occurs mainly in the form
of glutamyl and methyl glutamyl coenzymes. This vitamin
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is linked to cobalt ion, and is known as cyanocobalamin
ammonia, which is a green crystal. Vitamin B12 has two func-
tions (14-16): 1) It acts as the co-factor of methyl transferase,
where it is involved in the synthesis of amino acids and nuclei
acid. When the methyl group in methyltetrahydrofolic acid is
transferred to the receptor of methyl, such as homocysteine,
tetrahydrofolic acid is produced, leading to reduced synthesis
of nucleic acid and protein; and ii) to promote the transport
and storage of folate. It has been reported (7) that in the case
of folate deficiency, transport of the methyl group from homo-
cysteine to methionine was impaired, leading to decreased
intracellular level of folate and folate storage in hepatocytes.

In summary, various AEDs decreased the serum levels of
folate and vitamin B12 in various epileptic patients to a certain
extent, and affect the secondary cerebrovascular events. Thus,
regular administration of folate and vitamin B12 may be an
option. However, the mechanism underlying the effects of
folate and vitamin B12 on the secondary cerebrovascular
events remains to be identified. Therefore, additional studies
should be conducted to confirm the results.

References

1. Alvim MK, Coan AC, Campos BM, Yasuda CL, Oliveira MC,
Morita ME and Cendes F: Progression of gray matter
atrophy in seizure-free patients with temporal lobe epilepsy.
Epilepsia: Feb 11,2016 (Epub ahead of print).

2. Zhu F, Lang SY, Wang XQ, Shi XB, Ma YF, Zhang X, Chen YN,
and Zhang JT: Long-term effectiveness of antiepileptic drug
monotherapy in partial epileptic patients: A 7-year study in an
epilepsy center in China. Chin Med J (Engl) 128: 3015-3022,
2015.

3. Moura LM, Mendez DY, De Jesus J, Andrade RA and Hoch DB:
Quality care in epilepsy: Women's counseling and its association
with folic acid prescription or recommendation. Epilepsy
Behav 44: 151-154, 2015.

4. Linnebank M, Moskau S, Semmler A, Widman G,
Stoffel-Wagner B, Weller M and Elger CE: Antiepileptic drugs
interact with folate and vitamin B12 serum levels. Ann Neurol 69:
352-359,2011.

10.

11.

12.

13.

14.

15.

16.

HUANG et al: ANTIEPILEPTIC DRUGS ON THE SERUM FOLATE AND VITAMIN B12

. Belcastro V and Striano P: Vitamin B12, folate and hyperhomo-

cysteinemia in patients with epilepsy. Ann Neurol 69: 1067-1068,
author reply 1068, 2011.

. Hao N, Xia W, Tang Y, Wu M, Jiang H, Lin X, Liu J and Zhou D:

Periconceptional folic acid supplementation among pregnant
women with epilepsy in a developing country: A retroprospective
survey in China. Epilepsy Behav 44: 27-34, 2015.

. Bochyfiska A, Lipczynska-Lojkowska W, Gugata-Iwaniuk M,

Lechowicz W, Restel M, Graban A, Lipska B and Ryglewicz D:
The effect of vitamin B supplementation on homocysteine
metabolism and clinical state of patients with chronic epilepsy
treated with carbamazepine and valproic acid. Seizure 21:
276-281,2012.

. 0z O, Gokgil Z, Bek S, Cakir E and Odabasi Z: Is asymmetric

dimethylarginine responsible for the vascular events in patients
under antiepileptic drug treatment? Epilepsy Res 87: 54-58,20009.

. Belcastro V and Striano P: Antiepileptic drugs, hyperhomocyste-

inemia and B-vitamins supplementation in patients with epilepsy.
Epilepsy Res 102: 1-7, 2012.

Kosyfaki P, Woerner W and Att W: Prosthodontic treatment in
a partially edentulous patient with a complex medical history of
epilepsy and deep vein thrombosis: A case report. Quintessence
Int 42: 365-373, 2011.

Grover PJ, Jayaram R and Madder H: Management of cerebral
venous thrombosis in a patient with Lane-Hamilton syndrome
and coeliac disease, epilepsy and cerebral calcification syndrome.
Br J Neurosurg 24: 684-685, 2010.

Brazzelli V, Grasso V, Fornara L, Moggio E, Gamba G, Villani S
and Borroni G: Homocysteine, vitamin B12 and folic acid levels
in psoriatic patients and correlation with disease severity. Int J
Immunopathol Pharmacol 23: 911-916, 2010.

Salemi G, Gueli MC, D'Amelio M, Saia V, Mangiapane P,
Aridon P, Ragonese P and Lupo I: Blood levels of homocysteine,
cysteine, glutathione, folic acid, and vitamin B12 in the acute
phase of atherothrombotic stroke. Neurol Sci 30: 361-364, 2009.
Cakmak SK, Giil U, Kili¢ C, Goniil M, Soylu S and Kili¢ A:
Homocysteine, vitamin B12 and folic acid levels in psoriasis
patients. J Eur Acad Dermatol Venereol 23: 300-303, 2009.
Zhou K, Zhao R, Geng Z, Jiang L, Cao Y, Xu D, Liu Y, Huang L
and Zhou J: Association between B-group vitamins and venous
thrombosis: Systematic review and meta-analysis of epidemio-
logical studies. J Thromb Thrombolysis 34: 459-467, 2012.
Remacha AF, Souto JC, Pifiana JL, Sarda MP, Queralté JM,
Marti-Fabregas J, Garcia-Moll X, Férnandez C, Rodriguez A and
Cuesta J: Vitamin B12 deficiency, hyperhomocysteinemia and
thrombosis: A case and control study. Int J Hematol 93: 458-464,
2011.



