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Summary
Objective: Antiseizure medication (ASM) use interacts with vitamin B status in 
nonpregnant epilepsy populations. We aimed to examine the association between 
ASM and vitamin B status in pregnant women with epilepsy.
Methods: We performed a cross- sectional study of pregnancies in women with 
epilepsy enrolled in the Norwegian Mother, Father and Child Cohort Study from 
1999 to 2008. Data on ASM and vitamin supplement use were collected from ques-
tionnaires. We analyzed maternal plasma concentrations of ASM and metabolites 
of folate, including unmetabolized folic acid (UMFA), riboflavin (vitamin B2), 
pyridoxine (vitamin B6), and niacin (vitamin B3) during gestational weeks 17– 19.
Results: We included 227 singleton pregnancies exposed to ASM with available 
plasma samples (median maternal age 29 years, range 18 to 41 years). From the 
preconception period to gestational week 20, any supplement of folic acid was re-
ported in 208 of pregnancies (94%), riboflavin in 72 (33%), pyridoxine in 77 (35%), 
and niacin in 45 (20%). High ASM concentrations correlated with high concen-
trations of UMFA and inactive folate metabolites, and with low concentrations of 
riboflavin and metabolically active pyridoxine. There was no association between 
ASM and niacin status.
Significance: ASM concentrations during pregnancy were associated with vita-
min B status in pregnant women with epilepsy. Additional studies are needed to 
determine the clinical impact of these findings, and to define the optimal vitamin 
doses that should be recommended to improve pregnancy outcomes.
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1  |  INTRODUCTION

Exposure to antiseizure medication (ASM) during preg-
nancy is associated with an increased risk of congenital 
malformations and adverse neurodevelopment in the 
children.1– 4 Several ASMs interact with folate metabolism 
and reduce folate concentrations,5– 8 adding to the folate- 
lowering effect of pregnancy itself.9 Chronic ASM use has 
been associated with increased folate catabolism.10 Studies 
examining the interplay between folate metabolism and 
ASM use are needed in pregnant women. Women with 
epilepsy using ASMs are often recommended a high dose 
of folic acid supplement during pregnancy.1,3,11 Studies 
of nonepilepsy populations show that excessive folic acid 
supplementation results in plasma accumulation of un-
metabolized folic acid (UMFA).12,13  The safety of high 
supplement doses has been questioned,12– 15 as studies in 
women without epilepsy have reported negative effects of 
high UMFA concentrations on neurodevelopment.14– 16

In nonpregnant epilepsy populations, there is an asso-
ciation between chronic ASM use and low concentrations 
of non- folate B vitamins such as riboflavin (vitamin B2) 
and pyridoxine (vitamin B6).5,7,17,18 Riboflavin and pyri-
doxine act in close interaction with folate in one- carbon 
metabolism, representing metabolic pathways funda-
mental for normal fetal development.9,19 Niacin (vitamin 
B3) plays a key role in neuronal development and sur-
vival.20  The association between ASM use and vitamin 
B status in pregnant women with epilepsy has not been 
examined in detail. One study reported an association be-
tween low folate concentrations and ASM polytherapy, 
and also with high phenytoin and phenobarbital concen-
trations.21 Another study reported low concentrations of 
active folate metabolite during lamotrigine treatment.22

In this study, we aimed to examine the association be-
tween various ASM concentrations and vitamin B status 
during pregnancy in women with epilepsy. Such studies 
contribute important knowledge to aid decisions on rec-
ommendations for vitamin supplements in pregnancy for 
women with epilepsy using ASM.

2  |  MATERIAL AND METHODS

2.1 | Study population

The study population included singleton pregnancies of 
women with epilepsy using ASM with available plasma 
samples enrolled in the Norwegian Mother, Father and 
Child Cohort Study (MoBa). MoBa is a population- based 
pregnancy cohort study conducted by the Norwegian 
Institute of Public Health and linked to the compulsory 
Medical Birth Registry of Norway (MBRN).23 During the 

years 1999– 2008, pregnant women were invited to par-
ticipate in gestational weeks 17– 19. The participation rate 
was 41%. Women answered questionnaires in gestational 
weeks 17– 19 and 30 on medication use, vitamin use, social 
and medical background, and parameters related to cur-
rent and previous pregnancies.23 A maternal blood sample 
was collected during gestational weeks 17– 19.24 The cur-
rent study is based on version 10 of the quality- assured 
MoBa data files.

We identified women with epilepsy based on self- 
reported information in the MoBa questionnaires and 
from diagnostic data registered by the primary care physi-
cian or midwife in the MBRN. The MoBa epilepsy cohort 
has been described elsewhere.25– 27 We collected informa-
tion on ASM use from the two pregnancy questionnaires, 
and from the MBRN.23 Response rates were 97% for the 
first questionnaire in gestational weeks 17– 19, and 89% 
for the second in gestational week 30. The epilepsy cohort 
in MoBa has been validated by a retrospective survey (50% 
response rate), and in a hospital record examination of a 
subcohort (n = 40).25 The validity was high, as 98% of the 
women who reported a diagnosis of epilepsy in MoBa con-
firmed this in the retrospective survey.25 There was 100% 
agreement between the reported ASM use in MoBa and 
ASM use registered in the hospital records.25

2.2 | Vitamin supplement use

We obtained information on type, timing, and frequency 
of vitamin supplement use in the questionnaires from ges-
tational weeks 17– 19 and 30. The mothers reported on use 
of folic acid, riboflavin, pyridoxine, and niacin during the 
following gestational week intervals, with week 0 starting 
with the first day of the last menstrual period: −4 to 0, 0– 4, 
5– 8, 9– 12, 13+ (first questionnaire) and for gestational 

Key point
• Antiseizure medication (ASM) use is associated 

with low concentrations of folate and other B 
vitamins in nonpregnant epilepsy populations

• High ASM concentrations correlated with high 
concentrations of unmetabolized folic acid in 
pregnant women with epilepsy

• High ASM concentrations correlated with high 
concentrations of inactive folate metabolites in 
pregnant women with epilepsy

• High ASM concentrations correlated with both 
low riboflavin and pyridoxine status in preg-
nant women with epilepsy
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weeks 13– 16, 17– 20, 21– 24, 25– 28, and 29+ (second ques-
tionnaire). Intake was reported as either daily, 4– 6 times 
per week, or 1– 3 times per week. Maternal intake of sup-
plements in the first and second trimester has been asso-
ciated previously with plasma concentrations in samples 
collected during gestational weeks 17– 19.28,29 We defined 
supplement use as any use of a supplement during gesta-
tional weeks −4 to 20.

We collected information on folic acid dose from 97 
of 227 pregnancies (43%) with data from the retrospec-
tive validation questionnaire,25 as this information was 
not included in the ordinary MoBa questionnaires. The 
women reported a folic acid dose of 0.4 mg, 1– 2 mg, or 
≥4 mg during gestational weeks −4 to 24. We grouped the 
pregnancies according to the highest reported dose during 
this period: low- dose folic acid (0.4– 2 mg) and high- dose 
folic acid (≥4 mg).

2.3 | Plasma ASM concentrations

We analyzed plasma concentrations of valproate, carba-
mazepine, lamotrigine, levetiracetam, topiramate, and 
the oxcarbazepine monohydroxyderivative metabolite.25 
Standardized ASM concentrations were calculated by 
normalizing the plasma concentrations to the concen-
tration range observed for that drug in the present study 
according to the formula 100 x (observed concentration 
− minimum concentration measured for that drug) / con-
centration range measured for that drug.26,30 For ASM pol-
ytherapy, the sum of all standardized ASM concentrations 
was given.

2.4 | Vitamin and metabolite 
concentrations

We analyzed plasma vitamin and metabolite concentra-
tions at Bevital Laboratory, Bergen (www.bevit al.no). 
We examined folate status by analyzing the biologically 
active 5- methyltetrahydrofolate (mTHF) metabolite, the 
mTHF- derived 4- alfa- hydroxy- 5- methyltetrahydrofolate 
(hmTHF) metabolite, and the inactive metabolites para- 
aminobenzoylglutamate (pABG) and acetamidobenzoyl-
glutamate (apABG),31 as well as unmetabolized folic acid 
(UMFA).31 UMFA values below the limit of quantifica-
tion (LOQ, 0.53 nmol/L)31 were reported as 0.0 nmol/L. 
Metabolically active folate concentration was given as the 
sum of mTHF and hmTHF (“folate”).26,31– 33  We calcu-
lated the ratio between the active (mTHF plus hmTHF) 
and inactive (pABG plus apABG) folate metabolites and 
used a low ratio as a marker of increased folate catabo-
lism. We also calculated the ratio between UMFA and 

metabolically active folate to better separate the effect of 
UMFA from the effect of folate.31,34

We analyzed plasma riboflavin to examine riboflavin 
status.35  We examined pyridoxine status by analyzing 
metabolically active pyridoxine (pyridoxal- 5- phosphate 
[PLP]) and a functional marker of pyridoxine status, HKr, 
described in detail elsewhere.36,37 High HKr indicates low 
pyridoxine status.37 We analyzed plasma nicotinamide to 
examine niacin status.36

2.5 | Statistical analysis

We used IBM SPSS Software version 25 for the sta-
tistical analyses. We categorized the pregnancies ac-
cording to ASM monotherapy and ASM polytherapy. 
Pregnancies where none of the reported ASMs could 
be detected were categorized into a separate group of 
suspected low ASM adherence pregnancies. We re-
corded relevant covariates from the questionnaire in 
gestational weeks 17– 19, and from the MBRN strati-
fied for ASM group28,29: maternal age, parity, maternal 
education, maternal prepregnancy body mass index 
(BMI), smoking during pregnancy, unplanned preg-
nancy, epileptic seizures during pregnancy, and tonic- 
clonic (TC) epileptic seizures during pregnancy. For 
continuous variables, we reported median values with 
range. We analyzed vitamin and metabolite concentra-
tions stratified for ASM group and vitamin supplement 
use, and folate status stratified for ASM group and folic 
acid dose. Two- sided p- values <0.05 were considered 
statistically significant. The different ASM groups were 
compared with the nonparametric Kruskal- Wallis test, 
due to violation of the assumption of normal distribu-
tion and low number of pregnancies in each group. 
Adjustment for multiple testing was done by multiply-
ing the observed p- value by the number of compari-
sons made (Dunn- Bonferroni post hoc method). This 
Bonferroni corrected p- value was considered statisti-
cally significant when <0.05. We used Mann- Whitney 
U test to compare vitamin and metabolite concentra-
tions between supplemented and nonsupplemented 
pregnancies and between high- dose and low- dose folic 
acid supplement, stratified for ASM group. We exam-
ined the associations between ASM concentrations and 
vitamin and metabolite concentrations in a nonpara-
metric correlation analysis (Spearman rank correla-
tion). We performed sensitivity analyses by excluding 
supplement users from the correlation analyses for 
riboflavin, niacin, and pyridoxine. For folate status, 
high- dose folic acid supplement users were excluded, 
because exclusion of nonsupplemented folic acid preg-
nancies (n = 13) was not meaningful.

http://www.bevital.no
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2.6 | Standard protocol approvals, 
registrations, and patient consents

The establishment of MoBa and initial data collection were 
based on a license from The Norwegian Data Protection 
Agency and approval from The Regional Committee for 
Medical Research Ethics. The MoBa cohort is regulated 
by the Norwegian Health Registry Act. All parents in 
MoBa have given written consent to participate. The cur-
rent study was approved by The Regional Committee for 
Medical Research Ethics (reference 2011/1616).

3  |  RESULTS

We identified 227  singleton pregnancies in 203 mothers 
with epilepsy who had available plasma samples from ges-
tational weeks 17– 19 (Figure 1 and Table 1). The mothers 
used ASM monotherapy in 183 pregnancies and ASM pol-
ytherapy in 44 pregnancies (Table S1). The reported ASM 
used during pregnancy was detected in 199 pregnancies 
(88%) (Table S1). We studied eight ASM groups: six mono-
therapy groups with the reported ASM detected in plasma 
for valproate (n = 24), lamotrigine (n = 65), carbamaz-
epine (n = 48), levetiracetam (n = 11), topiramate (n = 8), 
and oxcarbazepine (n = 5); one polytherapy group with 
at least one of the reported ASMs detected in plasma (n 
= 40); and one low- adherence group with none of the re-
ported ASMs detected in plasma (n = 26) (Table 1). Most 
women in the latter group admitted low adherence, be-
cause only 25% reported regular ASM intake in gestational 
week 13+ in the first questionnaire, compared to 78%- 90% 
in the other ASM groups.

In 221 pregnancies with available supplement data, 
the women reported any folic acid supplement use in 208 
(94%), riboflavin supplement in 72 (33%), niacin in 45 
(20%), and pyridoxine in 77 pregnancies (35%) (Table 1). 
Intake was reported as ≥4– 6 times per week or daily in 
≥90% of the pregnancies for all supplements.

Among the included pregnancies from the retrospec-
tive validation survey, 76 (33%) had precise information 
on folic acid dose from gestational weeks −4 to 24. High- 
dose folic acid (≥4  mg) was reported in 39 pregnancies, 
and low- dose (0.4– 2 mg) was reported in 37 pregnancies.

3.1 | Folate status and association with 
ASM concentrations

High ASM concentrations correlated with high concentra-
tions of UMFA and inactive folate metabolites, and with 
a low ratio between active and inactive folate metabolites 
(Figure 2 and Table S2).

The low- adherence group had the lowest folate con-
centrations; otherwise there were few differences in folate 
between the different ASM (Table 2). The UMFA concen-
trations were higher in mothers using valproate, lamo-
trigine, carbamazepine, or ASM polytherapy, respectively, 
compared to the low- adherence group (Table 2). The con-
centrations of the inactive folate metabolites and ratio 
between active and inactive folate metabolites differed 
between individual ASMs (Table 2). The concentrations 
of inactive folate metabolites were higher in ASM poly-
therapy users compared to lamotrigine users, levetirace-
tam users, and the low- adherence group, and in valproate 
users compared to the low- adherence group and levetirac-
etam users (Table 2). Mothers using levetiracetam had the 
highest ratio between active and inactive folate metabo-
lites (Table 2). Women using carbamazepine monotherapy 
or ASM polytherapy had a lower ratio between active and 
inactive folate metabolites compared to mothers using la-
motrigine (Table 2).

In particular, high valproate concentrations cor-
related with high concentrations of inactive folate 
(Figure 3 and Table S2). The correlation strength re-
mained unchanged after removing high- dose folic acid 
users (Table S2). High topiramate concentrations cor-
related with high UMFA concentrations, but the cor-
relation strength was reduced after removal of high- dose 
supplement users (Table S2).

High- dose folic acid supplement users had higher 
folate and UMFA concentrations compared to low- dose 
users (Figure S1). High folate concentrations correlated 
with high UMFA concentrations (Figure S1). High- dose 
users did not differ in ASM concentrations compared 
to low- dose users (data not shown). After stratification 
for ASM group, the concentrations of the different fo-
late metabolites in high- dose users compared to low- 
dose users were essentially the same across ASM groups 
(Figure S2).

F I G U R E  1  Flow chart of excluded and included cases. 
The flow chart shows excluded and included cases. MoBa, 
The Norwegian Mother, Father and Child Cohort Study; ASM, 
antiseizure medication.
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3.2 | Riboflavin status and association 
with ASM concentrations

High ASM and high lamotrigine concentrations corre-
lated with low concentrations of riboflavin (Figure 2 and 
Table S2). We observed minor changes in the correlation 
coefficients after removal of supplement users (Table S2). 
The riboflavin concentration did not differ between indi-
vidual ASMs (Table 2 and Table 3).

3.3 | Pyridoxine status and association 
with ASM concentrations

High concentrations of ASM correlated with low con-
centrations of metabolically active pyridoxine, and 
with a high value for the marker of low pyridoxine sta-
tus (HKr) (Figure 2 and Table S2). Removal of pyridox-
ine supplement users only slightly reduced the strength 
of the correlations (Table S2). The metabolically active 
pyridoxine concentration did not differ between indi-
vidual ASMs (Table 2), but between supplement users 
and nonusers (Table 3). However, for individual ASMs, 
high valproate concentrations correlated with high 
HKr (Figure 3 and Table S2). In this group, the HKr 
was higher than in the other ASM groups (Table 2), par-
ticularly in those without pyridoxine supplement use 
(Table 3).

3.4 | Niacin status and association with 
ASM concentrations

We found no correlation between concentrations of ASM 
and nicotinamide (Table S2). The nicotinamide concen-
trations did not differ between different ASM groups 
(Table 2 and Table 3).

4  |  DISCUSSION

In this cohort of pregnant women with epilepsy using 
ASMs, we found an association between plasma ASM 
concentrations and folate, riboflavin, and pyridoxine sta-
tus, all of them part of one- carbon metabolism. High ASM 
concentrations were associated with high concentrations 
of inactive folate metabolites and UMFA, and with low 
concentrations of riboflavin and metabolically active pyri-
doxine. The associations were present even though many 
women used various types of vitamin B supplements dur-
ing pregnancy.

The median folate concentration was lowest in the 
group with low adherence to ASM therapy and probably 
also to folic acid supplement use. Low folate concentra-
tions during valproate, carbamazepine, oxcarbazepine, 
topiramate,6,7 and lamotrigine treatment8  have been re-
ported in nonpregnant epilepsy populations compared to 
controls without ASM use. Folic acid supplement use in 

F I G U R E  2  Correlation between maternal standardized antiseizure medication (ASM) concentrations and concentrations of vitamin B 
metabolites. The figure shows the correlation between standardized ASM and vitamin B metabolite concentrations. Blue dots represent no 
supplement or no or unknown folic acid supplement dose; red dots represent supplemented pregnancies or high- dose folic acid supplement. 
ASM, antiseizure medication. UMFA, unmetabolized folic acid; HKr, marker of pyridoxine deficiency; r, Spearman's rho; p, p- value.
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F I G U R E  3  Correlation between 
maternal valproate concentrations and 
concentrations of vitamin B metabolites. 
The figure shows the correlation between 
maternal valproate concentrations 
in monotherapy users and vitamin B 
metabolites. Blue dots represent no 
supplement or no or unknown folic acid 
supplement dose; red dots represent 
supplemented pregnancies or high- dose 
folic acid supplement; HKr, marker of 
pyridoxine deficiency; r, Spearman's rho; 
p, p- value.



2976 |   HUSEBYE et al.

T
A

B
L

E
 3

 
N

on
fo

la
te

 v
ita

m
in

 B
 st

at
us

 st
ra

tif
ie

d 
fo

r a
nt

is
ei

zu
re

 m
ed

ic
at

io
n 

(A
SM

) t
re

at
m

en
t a

nd
 su

pp
le

m
en

t u
se

 in
 g

es
ta

tio
na

l w
ee

ks
 −

4 
to

 2
0

Su
pp

le
m

en
t

V
al

pr
oa

te
La

m
ot

ri
gi

ne
C

ar
ba

m
az

ep
in

e
Le

ve
ti

ra
ce

ta
m

T
op

ir
am

at
e

O
xc

ar
ba

ze
pi

ne
Po

ly
th

er
ap

y
Lo

w
- a

dh
er

en
ce

 
gr

ou
p5

n 
ri

bo
fl

av
in

 
st

at
us

1
n 

=
 3

/1
9

n 
=

 3
0/

33
n 

=
 9

/3
8

n 
=

 3
/6

n 
=

 4
/3

n 
=

 2
/3

n 
=

 1
2/

21
n 

=
 6

/1
8

R
ib

of
la

vi
n,

 
nm

ol
/L

m
ed

ia
n 

(r
an

ge
)

R
ib

of
la

vi
n 

22
.6

 (5
.5

)f
12

.7
 (9

7.
6)

f
8.

8 
(9

4.
7)

f
12

.1
 (5

6.
3)

7.
6 

(1
9.

6)
13

.6
 (1

7.
6)

9.
3 

(1
4.

6)
f

9.
7 

(8
.8

)

N
o 

ri
bo

fla
vi

n 
5.

5 
(1

8.
1)

f
6.

9 
(2

0.
6)

f
6.

0 
(4

4.
0)

f
8.

2 
(1

4.
6)

7.
9 

(7
.3

)
6.

4 
(1

4.
4)

5.
7 

(4
6.

2)
f

6.
9 

(5
3.

0)

n 
py

ri
do

xi
ne

 
st

at
us

1
n 

=
 3

/1
9

n 
=

 3
2/

31
n 

=
 1

0/
37

n 
=

 3
/6

n 
=

 4
/3

n 
=

 2
/3

n 
=

 1
3/

20
n 

=
 7

/1
7

PL
P,

 n
m

ol
/L

H
K

r4

m
ed

ia
n 

(r
an

ge
)

Py
ri

do
xi

ne
 

51
.1

 (1
2.

3)
f

0.
3 

(0
.2

)
46

.8
 (1

29
.3

)f

0.
3 

(0
.6

)f
33

.3
 (7

6.
9)

f

0.
3 

(0
.1

)
57

.7
 (8

7.
6)

f

0.
2 

(0
.1

)
42

.7
 (4

5.
0)

0.
3 

(0
.3

)
46

.8
 (6

0.
9)

0.
2 

(0
.0

)
33

.0
 (1

03
.6

)f

0.
3 

(0
.6

)
43

.8
 (5

1.
1)

0.
3 

(0
.3

)

N
o 

py
ri

do
xi

ne
 

24
.5

 (3
6.

8)
f

0.
4 

(0
.9

)a
24

.1
 (3

3.
6)

f

0.
3 

(0
.5

)f
20

.9
 (4

5.
0)

f

0.
3 

(0
.5

)
22

.4
 (1

8.
6)

f

0.
3 

(0
.2

)
26

.0
 (3

9.
4)

0.
3 

(0
.2

)
27

.8
 (5

.3
)

0.
2 

(0
.2

)
23

.5
 (4

0.
7)

f

0.
3 

(0
.7

)
25

.1
 (1

38
.9

)
0.

3 
(0

.4
)

n 
ni

ac
in

 s
ta

tu
s1

n 
=

 2
/2

0
n 

=
 1

7/
46

n 
=

 5
/4

2
n 

=
 2

/7
n 

=
 3

/4
n 

=
 2

/3
n 

=
 7

/2
6

n 
=

 4
/2

0

N
ic

ot
in

am
id

e,
 

nm
ol

/L
m

ed
ia

n 
(r

an
ge

)

N
ic

ot
in

am
id

e 
70

6.
0 

(1
1.

2)
34

2.
7 

(1
09

2.
7)

18
5.

7 
(4

60
.1

)
52

9.
4 

(1
27

.6
)

41
6.

6 
(4

74
.5

)
21

5.
2 

(1
25

.1
)

43
2.

9 
(1

09
9.

0)
30

9.
1 

(4
42

.4
)

N
o 

ni
co

ti
na

m
id

e 
42

0.
7 

(1
05

8.
5)

33
7.

7 
(8

82
.3

)
37

7.
7 

(1
65

2.
3)

49
9.

6 
(5

01
.2

)
21

9.
1 

(1
14

.8
)

69
4.

3 
(1

06
3.

6)
37

6.
5 

(7
95

.1
)

43
4.

5 
(1

49
8.

1)

N
ot

e:
 .:

 A
ll 

A
SM

 g
ro

up
s a

re
 c

om
pa

re
d 

w
ith

 e
ac

h 
ot

he
r b

y 
us

in
g 

K
ru

sk
al

- W
al

lis
 te

st
 st

ra
tif

ie
d 

fo
r s

up
pl

em
en

t u
se

. G
ro

up
s t

ha
t d

iff
er

 si
gn

ifi
ca

nt
ly

 (p
- v

al
ue

 <
0.

05
) f

ro
m

 th
e 

gr
ou

p 
m

ar
ke

d 
w

ith
 a

n 
a  a

re
 m

ar
ke

d 
w

ith
 b

ol
d 

te
xt

, 
ad

di
tio

na
l g

ro
up

s t
ha

t s
ig

ni
fic

an
tly

 d
iff

er
 fr

om
 e

ac
h 

ot
he

r a
re

 b
ot

h 
m

ar
ke

d 
w

ith
 b ,c ,d , a

nd
 e . S

ig
ni

fic
an

t d
iff

er
en

ce
s a

fte
r B

on
fe

rr
on

i c
or

re
ct

io
n 

fo
r m

ul
tip

le
 te

st
s a

re
 u

nd
er

lin
ed

. S
ta

tis
tic

al
ly

 si
gn

ifi
ca

nt
 (t

w
o-

 si
de

d 
p-

 va
lu

es
 

<
0.

05
) d

iff
er

en
ce

s i
n 

co
nc

en
tr

at
io

ns
 b

et
w

ee
n 

th
e 

tw
o 

su
pp

le
m

en
t g

ro
up

s s
tr

at
ifi

ed
 fo

r A
SM

 g
ro

up
 b

y 
us

in
g 

M
an

n-
 W

hi
tn

ey
 U

 te
st

 a
re

 m
ar

ke
d 

w
ith

 f .
A

bb
re

vi
at

io
ns

: 3
- h

yd
ro

xy
an

th
ra

ni
lic

 a
ci

d,
 N

 m
ay

 v
ar

y 
sl

ig
ht

ly
 d

ue
 to

 m
is

si
ng

 d
at

a:
 su

pp
le

m
en

te
d 

pr
eg

na
nc

ie
s, 

n 
=

 3
 (c

ar
ba

m
az

ep
in

e 
n 

=
 1

, p
ol

yt
he

ra
py

 n
 =

 2
); 

an
th

ra
ni

lic
 a

ci
d,

 H
A

A
; a

nt
is

ei
zu

re
 m

ed
ic

at
io

n,
 P

LP
; 

A
SM

; k
yn

ur
en

ic
 a

ci
d,

 A
A

; n
on

- s
up

pl
em

en
te

d 
pr

eg
na

nc
ie

s, 
n 

=
 8

 (l
am

ot
ri

gi
ne

 n
 =

 1
, l

ev
et

ir
ac

et
am

 n
 =

 2
, p

ol
yt

he
ra

py
 n

 =
 5

), 
Si

x 
pr

eg
na

nc
ie

s a
re

 n
ot

 in
cl

ud
ed

 in
 th

e 
ta

bl
e 

du
e 

to
 m

is
si

ng
 su

pp
le

m
en

t d
at

a;
 p

yr
id

ox
al

- 5
- 

ph
os

ph
at

e,
 H

K
;3

- h
yd

ro
xy

ky
nu

re
ni

ne
, X

A
; x

an
th

ur
en

ic
 a

ci
d,

 K
A

.
1 N

um
be

r o
f p

re
gn

an
ci

es
 fo

r e
ac

h 
su

pp
le

m
en

t c
at

eg
or

y 
(s

up
pl

em
en

t/
no

 su
pp

le
m

en
t)

.
2 Ba

se
d 

on
 su

m
 o

f m
TH

F 
an

d 
hm

TH
F.

3 R
at

io
 b

et
w

ee
n 

ac
tiv

e 
an

d 
in

ac
tiv

e 
fo

la
te

 m
et

ab
ol

ite
s; 

m
TH

F 
+

 h
m

TH
F:

 p
A

BG
 +

 a
pA

BG
.

4 R
at

io
 b

et
w

ee
n 

H
K

: (
K

A
 +

 X
A

 +
 A

A
 +

 H
A

A
). 

Th
is

 is
 a

 fu
nc

tio
na

l m
ar

ke
r o

f v
ita

m
in

 B
6 

st
at

us
; a

 h
ig

h 
ra

tio
 sh

ow
s l

ow
 fu

nc
tio

na
l P

LP
 st

at
us

.
5 C

on
si

st
s o

f p
re

gn
an

ci
es

 w
he

re
 th

e 
m

ot
he

r r
ep

or
te

d 
A

SM
 u

se
, b

ut
 n

o 
A

SM
 w

as
 d

et
ec

te
d 

in
 p

la
sm

a 
sa

m
pl

es
.



   | 2977HUSEBYE et al.

pregnancy has been associated with a higher IQ in chil-
dren of mothers taking lamotrigine or carbamazepine 
treatment particularly.38,39 In a study of pregnant women 
with epilepsy and levetiracetam or lamotrigine treatment, 
low concentrations of biologically active folate (mTHF) 
were found with lamotrigine, but folic acid supplement 
status was not reported.22 Lamotrigine use was further-
more associated with changes in one- carbon metabo-
lism, with altered pathways involving folate, purine, and 
sulfur amino acid metabolism.22 Associations between 
ASM polytherapy and low folate concentrations, and high 
phenytoin and phenobarbital concentrations and low fo-
late concentrations have been reported in another study 
in pregnant women with epilepsy.21 Possibly, lamotrigine 
and carbamazepine particularly influence one- carbon 
metabolism in pregnancy, but concentrations of folate 
were not clearly different between the ASM groups in our 
study. Longitudinal studies with multiple sampling before 
and during pregnancy, and with different folic acid substi-
tution regimens, are needed to fully understand the inter-
play between ASM, plasma folate status, and supplement 
use during pregnancy.

We found higher concentrations of inactive folate me-
tabolites and a lower ratio between active and inactive 
folate metabolites in women using valproate, carbamaz-
epine, and ASM polytherapy, compared to several of the 
other ASM groups. Chronic high- dose folic acid supple-
ment use could partly explain higher concentrations of 
inactive folate metabolites, probably inducing an increase 
in folate catabolism. However, both high- dose use and any 
use of folic acid supplement were widespread across the 
ASM groups. Furthermore, there were no differences in 
ASM concentrations among high- dose users compared to 
low- dose users. Supplement use could therefore not fully 
explain the correlation between high ASM concentrations 
and high inactive folate metabolites. It is possible that val-
proate, carbamazepine, and ASM polytherapy use increase 
folate catabolism to a larger degree than other ASMs. In 
addition to ASMs, also pregnancy itself and chronic folic 
acid supplementation may influence folate catabolism.10

High- dose folic acid supplement users had high con-
centrations of UMFA. However, studies in both non-
pregnant40 and pregnant34,41 women from the general 
population found that the UMFA concentration does not 
depend solely on the intake of folic acid, and suggested 
that there are mechanisms by which the body adapts to 
high supplement intake, thus limiting high plasma con-
centrations of UMFA. High ASM concentrations cor-
related with high UMFA concentrations in our study, and 
this indicates that these mechanisms may be influenced 
by ASM use. The optimal folic acid dose for women with 
epilepsy is not known,4,42 and the safety of high supple-
ment doses has been questioned.12– 15 Animal studies have 

reported adverse effects of high UMFA concentrations on 
genetic programming and neuronal development.14,15 One 
study found an association between higher concentrations 
of cord blood UMFA and increased risk of autism spec-
trum disorder in some population groups in the United 
States.16 The large range and high maximum UMFA con-
centrations in this study may point to a closer monitoring 
of folate status during pregnancy in women with epilepsy 
on ASMs in order to avoid unnecessary high folic acid 
doses.

We found an association between high ASM concentra-
tions and low riboflavin and pyridoxine status. The find-
ings persisted after excluding women with supplement 
use of these vitamins in a sensitivity analysis. Low ribo-
flavin concentrations have been reported in patients using 
carbamazepine, phenobarbital, phenytoin, and primidone 
in nonpregnant epilepsy populations.18 Low pyridoxine 
concentrations during ASM use have also been reported, 
but less consistently.5,18,43 Few studies have examined the 
association between ASM and nonfolate B vitamins in 
pregnant women with epilepsy. Adequate riboflavin and 
pyridoxine status is important for optimal folate meta-
bolic function in one- carbon metabolism, and for normal 
fetal brain development during pregnancy.19 We found no 
association between ASM and niacin status, the only vi-
tamin in our study not participating in one- carbon metab-
olism.19 Our findings show an association between ASM 
and riboflavin and pyridoxine status. The benefit of multi-
vitamin B supplements in women with epilepsy planning 
and undergoing pregnancy should be further investigated.

Strengths of our study include a validated epilepsy di-
agnosis, prospectively collected data on supplement use, 
and analyses of plasma ASMs and vitamin and metabolite 
concentrations in a large sample of pregnancies. Women 
with epilepsy in MoBa are representative of women with 
epilepsy in Norway.25  Multivitamin and folic acid sup-
plement users are overrepresented in MoBa, whereas 
smokers are underrepresented.44 Hence, we assume that 
women included in this study had a healthier lifestyle 
than women refusing inclusion, and a better  vitamin  B 
status. This would bias our results towards the null. 
Limitations of the study include plasma concentrations 
being measured only once during the pregnancy in the 
second trimester, a limited numbers of pregnancies in the 
ASM groups with the exception of valproate, lamotrigine, 
and carbamazepine, and self- reported information on vi-
tamin supplement use. Genetic factors influence vitamin 
concentrations, but we did not have access to genetic in-
formation. We did not adjust for multiple pregnancies in 
the same mother. Only 22 mothers contributed with more 
than one pregnancy. The variance in vitamin and metabo-
lite concentrations explained by ASM concentrations was 
low in some of our analyses, illustrating that factors other 
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than ASM treatment also influence the vitamin status 
during pregnancy. We presented standardized maternal 
ASM concentrations in addition to the individual ASM 
concentrations. By using relative plasma concentrations, 
we adjusted for differences in pharmacokinetics between 
the ASMs. Even though different ASMs have different 
pharmacological mechanisms, the majority of the ASMs 
have been associated with low folate status and their di-
rect mechanism of action related to vitamin B status could 
share common pathways.5– 8 The folic acid dose data were 
collected retrospectively and were not available for the en-
tire cohort.

In conclusion, we found important associations be-
tween plasma ASM concentrations and maternal folate 
status in pregnant women with epilepsy. Interactions be-
tween ASM and folate metabolic pathways, the pregnancy 
itself, and use of high folic acid doses may explain these 
findings. Furthermore, we found an association between 
ASM concentrations and low riboflavin and pyridoxine 
status. Optimal concentrations of both these vitamins are 
required for normal folate metabolic functioning and are 
thus essential for normal fetal development. Our find-
ings provide new information regarding the association 
between ASM and vitamin B status during pregnancy. 
Additional studies are needed to determine the clinical 
impact of these findings, and to define the optimal vita-
min doses in pregnancy.
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