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Abstract
Background and purpose: Hormonal replacement therapy (HRT) is used for symptomatic 
treatment of menopause. Some evidence suggests a proconvulsant effect of estrogen and 
an anticonvulsant role of progesterone. Thus, the use of exogenous sex steroid hormones 
might influence the course of epilepsy in peri- and postmenopausal women with epilepsy 
(WWE). We conducted a systematic review on the impact of HRT on the frequency of 
seizures of WWE.
Methods: PubMed and Scopus were searched for articles published from inception 
until August 2022. Abstracts from the past 5 years from the European Academy of 
Neurology and European Epilepsy Congresses were also reviewed. Article reference 
lists were screened, and relevant articles were retrieved for consultation. Interventional 
and observational studies on WWE and animal models of estrogen deficiency were 
included. Critical appraisal was performed using the revised Cochrane risk-of-bias tool 
for randomized trials and ROBINS-E tool.
Results: Of 497 articles screened, 13 studies were included, including three human 
studies. One cross-sectional study showed a decrease in seizure frequency in WWE using 
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INTRODUC TION

Epilepsy is a common neurological condition in women globally, with 
an estimated prevalence of 6.85 cases per 1000 women [1]. This is 
often a life-long disorder, with impact not only on their health and 
well-being but also on their education, employment, and interper-
sonal relationships [2].

Several factors, such as inflammation, cortisol levels, and glu-
tamatergic activity, may influence the pathogenesis of seizures. 
Studies suggest that estrogens have a proconvulsant effect via 
excitatory glutamate receptors, whereas progesterone and its me-
tabolites (primarily allopregnanolone) exert an inhibitory effect via 
postsynaptic inhibitory γ-aminobutyric acid type A (GABA-A) recep-
tors [3]. Therefore, the management of epilepsy presents a unique 
challenge in women, because hormonal changes during a woman's 
lifespan can play a significant role in epilepsy control.

Women with epilepsy (WWE) may have seizure patterns asso-
ciated with changes in estrogen and progesterone levels. In cata-
menial epilepsy, which affects 10%–70% of WWE, seizures tend to 
cluster in relation to the menstrual cycle, with a greater increase 
of seizure frequency during a particular phase of the cycle, often 
around menstruation [1]. On the one hand, the lowering proges-
terone levels might play a significant role [1]. Similarly, menopause 
is characterized by severe changes in hormonal concentration [4], 
mainly due to estrogen decline, accompanied by the increased risk of 
osteoporosis, stroke, and coronary heart disease [5].

Hormonal replacement therapy (HRT), either combined (estro-
gen and progesterone) or estrogen alone, is often used to ease the 
vasomotor symptoms and other symptoms of menopause related to 
estrogen deficiency [6].

Considering the proconvulsant effect of estrogen, there might 
be an increase of seizure frequency in WWE taking combined HRT 
versus progesterone or estrogen-only HRT compared to WWE not 
taking any HRT. However, there is scarce literature on the impact 
of hormonal changes seen in menopause or of HRT on seizure fre-
quency in peri- and postmenopausal WWE.

Our aim is to review, appraise, and summarize the existing lit-
erature regarding the impact of the use of HRT on the seizure fre-
quency in menopausal WWE. To better understand the underlying 

physiological mechanisms, we also reviewed animal studies address-
ing exogenous hormonal replacement in animal models that mimic 
menopause.

METHODS

The systematic review protocol was developed using guidance from 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [7].

Protocol for the systematic review was submitted to PROSPERO 
on 9 January 2021 (registration number CRD42022302599).

The literature search was run from inception until August 2022. 
No language restrictions were applied. Two independent research-
ers (V.C. and I.C.) performed a systematic search of PubMed and 
Scopus databases, to identify relevant studies. We performed a 
systematic search using Medical Subject Headings (MeSH) and 
non-MeSH queries: (“hormonal replacement therapy” AND “epi-
lepsy”); (“menopause” AND “epilepsy”); (“oestrogen replacement 
therapy” AND “epilepsy”); (“perimenopause” AND “epilepsy”) (“post-
menopause” AND “epilepsy”); (“estrogen replacement therapy” AND 
“epilepsy” AND “animals”). We reviewed articles from inception until 
1 August 2022. Abstracts presented at the European Academy of 
Neurology and European Epilepsy Congress from the past 5 years 
were also reviewed for relevant publications. The same authors (V.C. 
and I.C.) then examined the reference lists identified by the search 
strategy, and papers of interest were retrieved for examination and 
included if the inclusion criteria were met.

Inclusion criteria

Types of studies

Randomized clinical trials (RCTs), nonrandomized clinical trials, case–
control studies, cohort studies, and cross-sectional studies were 
included.

Because a priori few studies on the topic were expected, the 
search included experimental preclinical studies with animal models.

combined HRT, a case–control study showed an increase in comparison with controls, 
and a randomized clinical trial found a dose-dependent increase in seizure frequency in 
women with focal epilepsy taking combined HRT. Ten studies addressing the impact of 
HRT in rat models were also included, which showed conflicting results.
Conclusions: There is scarce evidence of the impact of HRT in WWE. Further studies 
should evaluate the harmful potential, and prospective registries are needed for 
monitoring this population.

K E Y W O R D S
epilepsy, gender medicine, hormone replacement therapy, menopause
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Participants

Patients of female sex, older than 18 years, with a previous diagnosis 
of epilepsy, and experiencing menopause were included.

In preclinical studies, any animal model testing the effect of HRT 
in surgically induced menopaused models was included.

Interventions

Any studies investigating the effect of combined/estrogen-only/
progestative-only HRT on seizure frequency in women with epilepsy 
and menopausal/perimenopausal status were considered.

Exclusion criteria

Reviews, case reports, and case series were excluded. Articles 
investigating the pharmacokinetics of antiseizure medication, as well 
as articles studying the impact of menopause and not of HRT, were 
also excluded.

Measured outcomes

Seizure frequency was considered as the main outcome. Secondary 
outcomes were the improvement of menopause-related symptoms, 
treatment-related adverse effects, and measures of quality of life.

Most of the preclinical studies included were performed on sei-
zures induced acutely; therefore, susceptibility to seizures/status 
epilepticus (SE)/kindle, their latencies, and total induced seizures 
were the main outcomes measured.

Data collection and analysis

Data were extracted independently by I.C. and V.C., using predefined 
forms. Disagreements were solved by consensus-based discussion.

Assessment of the risk of bias

A critical appraisal of the quality of the randomized studies was 
performed using the revised Cochrane risk-of-bias tool for randomized 
trials (ROB2) [8], and the ROBINS-E tool for observational studies [9].

Statistical analysis

Odds ratio and 95% confidence interval were the measures of 
associations between exposure and dichotomous outcomes. 
Because we were not able to conduct a meta-analysis, results were 
synthesized descriptively.

RESULTS

Four hundred ninety-seven articles were found. We excluded 415 
articles through the initial title screen. Further details of the study 
selection process are documented using the PRISMA flow diagram 
(Figure  1). Thirteen studies were included, 10 studies on animal 
models and three studies on WWE.

Animal models

We first focused on studies that used animal models of estrogen 
removal (ovariectomized) to study the effect of estrogen and the 
effect of hormonal replacement on experimentally induced seizures.

Ten preclinical studies were found exploring the effects of sex 
hormones on epileptiform activity in estrogen-deficit states (ova-
riectomized) rats. Further details can be found in Table 1.

In several animal studies, estradiol was associated with observed 
lower seizure threshold. In one study [10], ovariectomized adult fe-
male rats receiving estrogen replacement needed fewer amygdala 
stimulation trials to develop the kindled state and showed greater 
convulsive severity after pentylenetetrazol (PTZ) injections than 
controls. This similar effect of estrogens has been observed in an-
other kindling model, the anterior neocortex kindling, in adult fe-
male ovariectomized rats [11]. In this study, rats implanted with the 
estradiol capsule needed fewer stimulation sessions to kindle than 
control rats, and presented earlier onset of partial limbic seizures 
and of cortical generalized seizures compared to rats not receiv-
ing estradiol replacement [11]. Ovariectomized adult female rats, 
receiving a single oral administration of estrogen (1, 2, or 5 mg/kg) 
1 h before the test, presented a reduced latent period to caffeine-
induced seizures in a dose-dependent manner compared to control 
rats or rats treated with progesterone [12]. In line with these studies, 
Woolley [13] demonstrated that estradiol replacement in ovariecto-
mized adult female rats was associated with earlier onset of seizures 
after kainic acid (KA) injection. Interestingly, in the same study, the 
authors did not report any estradiol effect on the flurothyl model of 
forebrain seizures [13].

The association of estradiol administration with a lower sei-
zure threshold has not been consistently observed. Schwartz-
Giblin et al. found that in ovariectomized adult female rats, 
treatment with 100% estradiol, administered 10–19 days before 
the test, was associated with no seizures after intraperitoneal 
injections of 1 mg/kg of picrotoxin (PTX), whereas 75% of non-
treated group showed a single seizure. This effect appeared to be 
dose-dependent, as 10% estradiol was less effective in preventing 
PTX-induced seizures. This observed estradiol effect was not con-
firmed with seizures induced by 2 mg/kg of PTX [14]. Similarly, in 
another set of studies, estradiol was administered with daily sub-
cutaneous injections, for 2 or 4 days before the test. Velísková and 
colleagues [15] showed that in young adult ovariectomized female 
rats, two subcutaneous daily injections of estradiol (2 μg/0.1 mL of 
oil) delayed the onset of the first KA-induced seizure and reduced 
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acute mortality, without changing SE onset or preventing devel-
opment of SE. In another study, estradiol injected for 4 days until 
the day of the test reduced the number of N-methyl-D-aspartate-
induced seizures in adult female ovariectomized rats but not in 
male rats compared to intact females or males not receiving estro-
gens [16]. In a pilocarpine-induced temporal epilepsy model, the 
daily administration of conjugated equine estrogens (50 μg/day) 
was associated with decreased seizure frequency and reduced 
mossy fiber sprouting compared to epileptic rats not receiving 
the replacement therapy [17]. In a lithium–pilocarpine-induced SE 
model, estradiol had no effect on seizure threshold in ovariecto-
mized female rats; however, it was associated with reduced hippo-
campal damage at a histological level [18].

Finally, only two studies investigated the progesterone effect on 
acutely induced seizures. The systemic or hippocampal administra-
tion of progesterone and 3α-hydroxy-5α-pregnan-20-one 3 h before 
the test in adult female ovariectomized rats was associated with in-
creased latency to first tonic–clonic seizure and reduced number of 
total tonic–clonic seizures induced by PTZ [19]. This anticonvulsant 
effect was not confirmed in the caffeine model of seizures, where a 
single oral dose of progesterone (1, 2, or 5 mg/kg) administered by 
gavage 1 h before the test did not affect the latent period to tonic–
clonic seizures [12].

Human studies

Three studies addressed the increase of seizure frequency in 
postmenopausal women (Table 2). A quality appraisal of these studies 
was made using ROBINS-E and ROB2 (Table  S3). No quantitative 
analysis was performed due to the studies' heterogeneity.

Regarding the quality assessment of the nonrandomized stud-
ies, both studies presented a high overall risk of bias [20, 21]. The 
risk of bias was mainly driven by the retrospective and observational 
nature of the study in Abbasi et al. [20]. Furthermore, several vari-
ables that might have influenced the result, such as type of epilepsy, 
type of HRT, type of medication, and years of menopause, were not 
considered in the study design or in the report of the results. The 
same was true for Harden et al. [21]. Furthermore, in this study the 
questionnaires were emailed to participants and there was a low re-
sponse rate (25%), suggesting a possible response bias, with patients 
with modification in the seizure frequency more likely to reply than 
the ones who did not experience this change [21] (see Table S3 for 
detailed information). No high risk of bias was identified from any 
domain in the RCT [22], although there were some concerns regard-
ing the randomization process, because the recruitment stopped 
before the estimated sample size was reached, which might under-
estimate the effect of the intervention (Table S4).

F I G U R E  1  Flowchart of search criteria and article eligibility. AE, antiepileptic medication; HRT, hormonal replacement therapy; WWE, 
women with epilepsy.

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15916 by U

niversity M
odena, W

iley O
nline L

ibrary on [04/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    | 5SEX STEROID HORMONES AND EPILEPSY

TA
B

LE
 1

 
Su

m
m

ar
y 

of
 d

at
a 

fr
om

 th
e 

an
im

al
 s

tu
di

es
.

St
ud

y
Sp

ec
ie

s,
 

st
ra

in
A

ge
, w

ei
gh

t

Ep
ile

ps
y 

m
od

el
; 

se
iz

ur
e 

m
on

ito
rin

g 
du

ra
tio

n 
an

d 
m

et
ho

d
H

or
m

on
e 

us
ed

Ro
ut

e 
an

d 
tim

in
g 

of
 a

dm
in

is
tr

at
io

n
In

te
rv

en
tio

n 
gr

ou
ps

Re
su

lts
Se

ru
m

 le
ve

ls

Ef
fe

ct
 o

f h
or

m
on

es
 

in
 o

va
rie

ct
om

iz
ed

 
fe

m
al

e 
ra

ts

H
om

 a
nd

 
Bu

te
rb

au
gh

 
(1

98
6)

Ra
t, Sp

ra
gu

e 
D

aw
le

y

A
ge

 n
ot

 
m

en
tio

ne
d,

 
17

5–
25

0 
g

1.
 A

m
yg

da
la

 
ki

nd
lin

g 
(tw

ic
e 

da
ily

 a
m

yg
da

la
 

st
im

ul
at

io
ns

 
4–

6 
h 

ap
ar

t 
un

til
 k

in
dl

in
g)

; 
EE

G
 w

as
 

re
co

rd
ed

 1
 m

in
 

pr
io

r t
o,

 d
ur

in
g,

 
an

d 
2 

m
in

 
fo

llo
w

in
g 

ea
ch

 
A

D
2.

 P
TZ

 k
in

dl
in

g 
(4

0 
m

g/
kg

 ip
 

w
ith

 2
-d

ay
 

in
te

rv
al

 u
nt

il 
ki

nd
lin

g 
or

 u
p 

to
 

42
 d

ay
s 

m
ax

); 
m

on
ito

re
d 

fo
r 

30
 m

in
 a

ft
er

 
in

je
ct

io
n

10
%

 1
7β

-e
st

ra
di

ol
 

in
 c

ho
le

st
er

ol
Tw

o 
s.

c.
 c

ap
su

le
s 

im
pl

an
te

d 
in

 
do

rs
al

 n
ec

k 
re

gi
on

 (o
ne

 o
n 

ea
ch

 s
id

e 
of

 th
e 

sp
in

e)
, 1

0 
da

ys
 

be
fo

re
 te

st

a.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 im
pl

an
te

d 
w

ith
 

a 
10

%
 e

st
ra

di
ol

 in
 

ch
ol

es
te

ro
l-c

ap
su

le
 

(O
V

X 
+

 E
)

b.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 im
pl

an
te

d 
w

ith
 a

 
co

nt
ro

l c
ho

le
st

er
ol

-o
nl

y 
ca

ps
ul

e 
(O

V
X 

+
 C

)

1.
 In

 a
m

yg
da

la
 k

in
dl

in
g 

m
od

el
•	

O
V

X 
+

 E
 ra

ts
 re

qu
ire

d 
fe

w
er

 d
ai

ly
 a

m
yg

da
la

 
st

im
ul

at
io

ns
 to

 d
ev

el
op

 
fu

ll 
ki

nd
lin

g 
th

an
 c

on
tr

ol
s

•	
D

ur
at

io
n 

of
 th

e 
fir

st
 A

D
 

w
as

 p
ro

lo
ng

ed
 in

 O
V

X 
+

 E
 

ra
ts

•	
Th

re
sh

ol
d 

fo
r A

D
 w

as
 n

ot
 

di
ff

er
en

t
•	

To
ta

l c
um

ul
at

iv
e 

A
D

 
se

co
nd

s 
to

 k
in

dl
e 

an
d 

du
ra

tio
n 

of
 fi

rs
t s

ta
ge

 V
 

se
iz

ur
e 

w
er

e 
no

t d
iff

er
en

t
•	

10
 d

ay
s 

af
te

r k
in

dl
in

g 
w

as
 e

st
ab

lis
he

d,
 

su
pr

at
hr

es
ho

ld
 

st
im

ul
at

io
n 

in
du

ce
d 

st
ag

e 
V

 s
ei

zu
re

 in
 O

V
X 

+
 E

 a
nd

 
in

 O
V

X 
ra

ts
2.

 In
 P

TZ
 k

in
dl

in
g 

m
od

el
•	

Th
e 

co
nv

ul
si

ve
 s

ev
er

ity
 

sc
or

e 
of

 O
V

X 
+

 E
 ra

ts
 w

as
 

gr
ea

te
r t

ha
n 

of
 O

V
X 

+
 C

 
ra

ts
•	

O
V

X 
+

 E
 ra

ts
 re

qu
ire

d 
fe

w
er

 P
TZ

 in
je

ct
io

ns
 to

 
de

ve
lo

p 
fu

lly
 k

in
dl

ed
 s

ta
te

E 2 s
er

um
 le

ve
ls

: 
50

.5
 ±

 4
.6

 p
g/

m
L

Pr
oc

on
vu

ls
an

t 
in

 a
m

yg
da

la
 

ki
nd

lin
g 

(e
st

ro
ge

n)
Pr

oc
on

vu
ls

an
t i

n 
PT

Z 
ki

nd
lin

g 
(e

st
ro

ge
n)

Bu
te

rb
au

gh
 

(1
98

9)
Ra

t, Sp
ra

gu
e 

D
aw

le
y

A
ge

 n
ot

 
m

en
tio

ne
d,

 
22

5–
27

5 
g

A
nt

er
io

r n
eo

co
rt

ex
 

ki
nd

lin
g 

(d
ai

ly
 c

or
tic

al
 

st
im

ul
at

io
n 

un
til

 k
in

dl
in

g)
; 

EE
G

 w
as

 
re

co
rd

ed
 

to
 m

on
ito

r 
am

yg
da

la
 a

nd
 

co
rt

ic
al

 a
ct

iv
ity

10
%

 1
7β

-e
st

ra
di

ol
 

in
 c

ho
le

st
er

ol
Si

ng
le

 s
.c

. c
ap

su
le

 
im

pl
an

te
d 

(d
or

so
m

ed
ia

l 
to

 s
ca

pu
la

e)
 

10
 d

ay
s 

be
fo

re
 

te
st

a.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
es

tr
ad

io
l 

re
pl

ac
em

en
t (

O
V

X 
+

 E
)

b.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 w
ith

 n
o 

ch
ol

es
te

ro
l 

(O
V

X 
+

 C
; c

on
tr

ol
 g

ro
up

)
(R

an
do

m
iz

ed
 a

ss
ig

nm
en

t t
o 

ex
pe

rim
en

ta
l g

ro
up

)

•	
O

V
X 

+
 E

 ra
ts

 n
ee

de
d 

fe
w

er
 s

tim
ul

at
io

n 
se

ss
io

ns
 

to
 k

in
dl

e 
th

an
 O

V
X 

+
 C

 
ra

ts
•	

Th
re

sh
ol

d 
fo

r A
D

 w
as

 n
ot

 
di

ff
er

en
t i

n 
O

V
X 

+
 E

 a
nd

 
in

 O
V

X 
+

 C
 ra

ts
•	

O
V

X 
+

 E
 ra

ts
 p

re
se

nt
ed

 
ea

rli
er

 o
ns

et
 o

f p
ar

tia
l 

lim
bi

c 
se

iz
ur

es
 a

nd
 o

f 
co

rt
ic

al
 g

en
er

al
iz

ed
 

se
iz

ur
es

 c
om

pa
re

d 
to

 
O

V
X 

+
 C

 ra
ts

N
ot

 m
en

tio
ne

d
Pr

oc
on

vu
ls

an
t 

(e
st

ro
ge

n)

(C
on

tin
ue

s)

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15916 by U

niversity M
odena, W

iley O
nline L

ibrary on [04/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



6  |    CARVALHO et al.

St
ud

y
Sp

ec
ie

s,
 

st
ra

in
A

ge
, w

ei
gh

t

Ep
ile

ps
y 

m
od

el
; 

se
iz

ur
e 

m
on

ito
rin

g 
du

ra
tio

n 
an

d 
m

et
ho

d
H

or
m

on
e 

us
ed

Ro
ut

e 
an

d 
tim

in
g 

of
 a

dm
in

is
tr

at
io

n
In

te
rv

en
tio

n 
gr

ou
ps

Re
su

lts
Se

ru
m

 le
ve

ls

Ef
fe

ct
 o

f h
or

m
on

es
 

in
 o

va
rie

ct
om

iz
ed

 
fe

m
al

e 
ra

ts

Sc
hw

ar
tz

-G
ib

lin
 

et
 a

l. 
(1

98
9)

Ra
t, Sp

ra
gu

e 
D

aw
le

y

A
ge

 n
ot

 
m

en
tio

ne
d,

 
22

5–
25

0 
ga

PT
X-

in
du

ce
d 

se
iz

ur
es

 (1
 o

r 
2 

m
g/

kg
 ip

); 
m

on
ito

r f
or

 
45

 m
in

Pe
rf

or
m

ed
 a

t l
ea

st
 

17
 d

ay
s 

af
te

r 
ov

ar
ie

ct
om

y
Ex

pe
rim

en
te

r 
bl

in
de

d 
to

 
ho

rm
on

al
 

tr
ea

tm
en

t

10
0%

 e
st

ra
di

ol
10

%
 e

st
ra

di
ol

 in
 

ch
ol

es
te

ro
l

10
0%

 e
st

ra
di

ol
 o

r 
10

%
 e

st
ra

di
ol

 
in

 c
ho

le
st

er
ol

, 
si

ng
le

 s
.c

. 
ca

ps
ul

e 
im

pl
an

te
d 

10
–

19
 d

ay
s 

be
fo

re
 

te
st

Pr
og

es
te

ro
ne

 
(4

 m
g/

kg
 ip

) 
4–

5 
h 

be
fo

re
 

te
st

a.
 G

on
ad

ec
to

m
iz

ed
 fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

ho
rm

on
e 

re
pl

ac
em

en
t (

es
tr

og
en

, 
pr

og
es

te
ro

ne
, o

r 
te

st
os

te
ro

ne
)

b.
 G

on
ad

ec
to

m
iz

ed
 m

al
e 

ra
ts

 re
ce

iv
in

g 
ho

rm
on

e 
re

pl
ac

em
en

t (
es

tr
og

en
, 

pr
og

es
te

ro
ne

, o
r 

te
st

os
te

ro
ne

)
c.

 In
ta

ct
 m

al
e 

ra
ts

 re
ce

iv
in

g 
ho

rm
on

e 
re

pl
ac

em
en

t 
(e

st
ro

ge
n,

 p
ro

ge
st

er
on

e,
 

or
 te

st
os

te
ro

ne
)

d.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 w
ith

 n
o 

ho
rm

on
e 

re
pl

ac
em

en
t

•	
10

0%
 e

st
ra

di
ol

 p
re

ve
nt

ed
 

ra
ts

 fr
om

 s
ei

zi
ng

 a
ft

er
 

in
je

ct
io

n 
of

 P
TX

 1
 m

g/
kg

 ip
, w

he
re

as
 7

5%
 o

f 
co

nt
ro

l r
at

s 
ex

pe
rie

nc
ed

 
on

e 
PT

X-
in

du
ce

d 
se

iz
ur

e;
 

th
is

 e
ff

ec
t d

is
ap

pe
ar

ed
 a

t 
a 

do
se

 o
f 2

 m
g/

kg
•	

O
nl

y 
25

%
 o

f r
at

s 
tr

ea
te

d 
w

ith
 1

0%
 e

st
ra

di
ol

 
sh

ow
ed

 a
 s

in
gl

e 
se

iz
ur

e 
(n

ot
 s

ig
ni

fic
an

t c
om

pa
re

d 
to

 c
on

tr
ol

s)
•	

N
o 

di
ff

er
en

ce
s 

in
 s

ei
zu

re
 

oc
cu

rr
en

ce
 w

er
e 

se
en

 
be

tw
ee

n 
go

na
de

ct
om

iz
ed

 
m

al
es

 a
nd

 fe
m

al
es

 n
ot

 
re

ce
iv

in
g 

ho
rm

on
es

Se
ru

m
 E

2 l
ev

el
 

ex
pe

ct
ed

 
(b

as
ed

 o
n 

lit
er

at
ur

e)
 

w
as

 7
5 

pg
/m

L 
af

te
r 1

00
%

 
es

tr
ad

io
l 

ap
pl

ic
at

io
n 

an
d 

35
.7

 ±
 4

.8
 p

g/
m

L 
un

de
r 

10
%

 e
st

ra
di

ol
 

ap
pl

ic
at

io
n

Pa
rt

ia
lly

 
an

tic
on

vu
ls

an
t 

on
ly

 a
pp

ly
in

g 
10

0%
 e

st
ra

di
ol

 
on

 lo
w

er
 d

os
e 

of
 P

TX
-in

du
ce

d 
se

iz
ur

es
 

(e
st

ro
ge

n)
N

o 
ef

fe
ct

 o
n 

hi
gh

 d
os

e 
of

 
PT

X-
in

du
ce

d 
se

iz
ur

es
 o

r 
ap

pl
yi

ng
 1

0%
 

es
tr

ad
io

l

Ve
lis

ko
va

 e
t a

l. 
(2

00
0)

Ra
t, Sp

ra
gu

e 
D

aw
le

y

A
ge

 n
ot

 
m

en
tio

ne
d,

 
15

0–
17

5 
g

K
A

-in
du

ce
d 

SE
 

(1
6 

m
g/

kg
 ip

); 
m

on
ito

r f
or

 5
 h

SE
 w

as
 s

to
pp

ed
 

w
ith

 
pe

nt
ob

ar
bi

ta
l 

(5
0 

m
g/

kg
 ip

) 
5 

h 
af

te
r S

E 
on

se
t

SE
 w

as
 in

du
ce

d 
19

 h
 a

ft
er

 
se

co
nd

 
ho

rm
on

al
 

in
je

ct
io

n
Ex

pe
rim

en
te

r 
bl

in
de

d 
to

 
ho

rm
on

al
 

tr
ea

tm
en

t 
(li

m
ite

d 
to

 
da

m
ag

e 
sc

or
e)

17
β-

es
tr

ad
io

l 
be

nz
oa

te
: 

2 
μg

/0
.1

 m
L 

oi
l

2 
or

 4
 s.

c.
 d

ai
ly

 
in

je
ct

io
ns

, 
1 

w
ee

k 
af

te
r 

ov
ar

ie
ct

om
y

a.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
fo

ur
 

es
tr

og
en

 in
je

ct
io

ns
 

be
fo

re
 S

E
b.

 O
va

rie
ct

om
iz

ed
 fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

tw
o 

es
tr

og
en

 in
je

ct
io

ns
 

be
fo

re
 S

E
c.

 O
va

rie
ct

om
iz

ed
 fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

es
tr

og
en

 
+

 4
 ta

m
ox

ife
n 

in
je

ct
io

ns
d.

 O
va

rie
ct

om
iz

ed
 fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

2 
es

tr
og

en
 

in
je

ct
io

ns
 a

ft
er

 S
E

e.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
pe

an
ut

 o
il 

(c
on

tr
ol

 g
ro

up
)

•	
K

A
 in

du
ce

d 
se

iz
ur

es
 a

nd
 

SE
 in

 a
ll 

ex
pe

rim
en

ta
l 

gr
ou

ps
•	

Es
tr

og
en

 tr
ea

tm
en

t 
be

fo
re

 K
A

 a
dm

in
is

tr
at

io
n 

de
la

ye
d 

th
e 

on
se

t o
f f

irs
t 

se
iz

ur
e 

bu
t d

id
 n

ot
 c

ha
ng

e 
th

e 
on

se
t o

f S
E

•	
Es

tr
og

en
 in

je
ct

io
ns

 w
er

e 
as

so
ci

at
ed

 w
ith

 le
ss

 
m

or
ta

lit
y 

af
te

r K
A

-
in

du
ce

d 
se

iz
ur

es
 w

he
n 

co
m

pa
re

d 
to

 c
on

tr
ol

 
gr

ou
p

•	
A

t h
is

to
lo

gi
ca

l l
ev

el
, 

pr
et

re
at

m
en

t w
ith

 
es

tr
og

en
s 

w
as

 a
ss

oc
ia

te
d 

w
ith

 le
ss

 h
ip

po
ca

m
pa

l 
da

m
ag

e 
48

 h
 a

ft
er

 S
E,

 in
 

co
m

pa
ris

on
 to

 c
on

tr
ol

s 
or

 to
 ra

ts
 re

ce
iv

in
g 

on
ly

 
po

st
tr

ea
tm

en
t w

ith
 

es
tr

og
en

s 
as

 w
el

l a
s 

th
os

e 
tr

ea
te

d 
w

ith
 ta

m
ox

ife
n 

be
fo

re
 e

st
ro

ge
ns

N
ot

 m
en

tio
ne

d
Pa

rt
ia

lly
 

an
tic

on
vu

ls
an

t 
(e

st
ro

ge
n)

Pa
rt

ia
lly

 
ne

ur
op

ro
te

ct
iv

e 
(e

st
ro

ge
n)

TA
B

LE
 1

 
(C

on
tin

ue
d)

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15916 by U

niversity M
odena, W

iley O
nline L

ibrary on [04/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    | 7SEX STEROID HORMONES AND EPILEPSY

St
ud

y
Sp

ec
ie

s,
 

st
ra

in
A

ge
, w

ei
gh

t

Ep
ile

ps
y 

m
od

el
; 

se
iz

ur
e 

m
on

ito
rin

g 
du

ra
tio

n 
an

d 
m

et
ho

d
H

or
m

on
e 

us
ed

Ro
ut

e 
an

d 
tim

in
g 

of
 a

dm
in

is
tr

at
io

n
In

te
rv

en
tio

n 
gr

ou
ps

Re
su

lts
Se

ru
m

 le
ve

ls

Ef
fe

ct
 o

f h
or

m
on

es
 

in
 o

va
rie

ct
om

iz
ed

 
fe

m
al

e 
ra

ts

G
an

ap
ou

lo
u 

et
 a

l. 
(2

00
3)

Ra
t, Sp

ra
gu

e 
D

aw
le

y

A
ge

 n
ot

 
m

en
tio

ne
d,

 
15

0–
17

5 
g

Li
th

iu
m

–
pi

lo
ca

rp
in

e-


in
du

ce
d 

SE
 

(6
0 

m
g/

kg
 ip

); 
m

on
ito

r f
or

 3
 h

SE
 w

as
 s

to
pp

ed
 

w
ith

 
pe

nt
ob

ar
bi

ta
l 

(5
0 

m
g/

kg
 ip

) 
3 

h 
af

te
r S

E 
on

se
t

SE
 w

as
 in

du
ce

d 
2 

h 
af

te
r s

ec
on

d 
ho

rm
on

al
 

in
je

ct
io

n

17
β-

es
tr

ad
io

l 
be

nz
oa

te
; 2

 μg
/

ra
t i

n 
0.

1 
m

L 
oi

l

4 
s.

c.
 d

ai
ly

 
in

je
ct

io
ns

, 
1 

w
ee

k 
af

te
r 

ov
ar

ie
ct

om
y

a.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
4 

es
tr

og
en

 
in

je
ct

io
ns

 (o
nc

e 
da

ily
) 

be
fo

re
 S

E
b.

 O
va

rie
ct

om
iz

ed
 fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

4 
in

je
ct

io
ns

 o
f p

ea
nu

t o
il 

(o
nc

e 
da

ily
) b

ef
or

e 
SE

c.
 A

du
lt 

m
al

e 
ra

ts
 re

ce
iv

in
g 

4 
es

tr
og

en
 in

je
ct

io
ns

 
(o

nc
e 

da
ily

) b
ef

or
e 

SE
d.

 A
du

lt 
m

al
e 

ra
ts

 re
ce

iv
in

g 
4 

in
je

ct
io

ns
 o

f p
ea

nu
t o

il 
(o

nc
e 

da
ily

) b
ef

or
e 

SE

•	
A

ll 
ra

ts
 d

ev
el

op
ed

 
se

iz
ur

es
 a

nd
 S

E 
re

ga
rd

le
ss

 
se

x 
an

d 
ho

rm
on

e 
th

er
ap

y
•	

Es
tr

og
en

 p
re

tr
ea

tm
en

t 
re

du
ce

d 
th

e 
la

te
nc

y 
to

 
fir

st
 s

ei
zu

re
 in

 m
al

e 
bu

t 
no

t i
n 

ov
ar

ie
ct

om
iz

ed
 

fe
m

al
e 

ra
ts

 c
om

pa
re

d 
to

 
re

sp
ec

tiv
e 

co
nt

ro
ls

•	
A

t h
is

to
lo

gi
ca

l l
ev

el
 4

8 
h 

af
te

r S
E,

 p
re

tr
ea

tm
en

t 
w

ith
 e

st
ro

ge
ns

 w
as

 
as

so
ci

at
ed

 w
ith

 re
du

ce
d 

hi
pp

oc
am

pa
l d

am
ag

e 
in

 
ov

ar
ie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

, w
he

re
as

 in
cr

ea
se

d 
da

m
ag

e 
w

as
 o

bs
er

ve
d 

in
 m

al
e 

ra
ts

 tr
ea

te
d 

w
ith

 
es

tr
og

en
s 

co
m

pa
re

d 
to

 
ra

ts
 re

ce
iv

in
g 

oi
l p

ea
nu

t

N
ot

 m
en

tio
ne

d
N

o 
ef

fe
ct

 (e
st

ro
ge

n)
Se

x-
sp

ec
ifi

c 
ne

ur
op

ro
te

ct
iv

e 
(e

st
ro

ge
n)

W
oo

lle
y 

(2
00

0)
Ra

t, Sp
ra

gu
e 

D
aw

le
y

~7
0 

da
ys

, 
22

0–
25

0 
g

1.
 K

A
-in

du
ce

d 
se

iz
ur

es
 

(1
5 

m
g/

kg
 ip

); 
m

on
ito

r f
or

 2
 h

2.
 F

lu
ro

th
yl

-
in

du
ce

d 
fo

re
br

ai
n 

se
iz

ur
es

 
(v

ap
or

iz
ed

); 
m

on
ito

r f
or

 2
 h

Bo
th

 te
st

s 
do

ne
 

6 
da

ys
 a

ft
er

 
ov

ar
ie

ct
om

y
Ex

pe
rim

en
t a

nd
 

an
al

ys
is

 w
er

e 
do

ne
 b

lin
d 

to
 tr

ea
tm

en
t 

re
ce

iv
ed

10
 μg

 1
7β

-e
st

ra
di

ol
 

be
nz

oa
te

 in
 

10
0 

μL
 o

il
50

0 
μg

 o
f 

pr
og

es
te

ro
ne

Es
tr

og
en

: t
w

o 
s.

c.
 

in
je

ct
io

ns
, 

st
ar

tin
g 

3 
da

ys
 a

ft
er

 
ov

ar
ie

ct
om

y 
an

d 
un

til
 2

 d
ay

s 
be

fo
re

 te
st

Pr
og

es
te

ro
ne

: s
.c

. 
in

je
ct

io
n 

5 
h 

be
fo

re
 te

st

a.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
es

tr
ad

io
l 

re
pl

ac
em

en
t (

O
V

X 
+

 E
) 

tr
ea

te
d 

w
ith

 K
A

b.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 tr
ea

te
d 

w
ith

 s
es

am
e 

oi
l (

O
V

X 
+

 O
) t

re
at

ed
 

w
ith

 K
A

c.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
es

tr
ad

io
l 

re
pl

ac
em

en
t (

O
V

X 
+

 E
) 

tr
ea

te
d 

w
ith

 fl
ur

ot
hy

l
d.

 O
va

rie
ct

om
iz

ed
 fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

se
sa

m
e 

oi
l 

(O
V

X 
+

 O
) t

re
at

ed
 w

ith
 

flu
ro

th
yl

e.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
es

tr
ad

io
l 

+
 p

ro
ge

st
er

on
e 

re
pl

ac
em

en
t (

O
V

X 
+

 E
P)

 
tr

ea
te

d 
w

ith
 fl

ur
ot

hy
l

1.
 K

A
-in

du
ce

d 
se

iz
ur

es
•	

K
A

-in
du

ce
d 

se
iz

ur
es

 w
er

e 
si

m
ila

r i
n 

O
V

X 
+

 E
 a

nd
 

O
V

X 
+

 O
 ra

ts
•	

O
V

X 
+

 E
 ra

ts
 s

ho
w

 K
A

-
in

du
ce

d 
se

iz
ur

es
 e

ar
lie

r 
th

an
 O

V
X 

+
 O

 ra
ts

2.
 F

lu
ro

th
yl

-in
du

ce
d 

fo
re

br
ai

n 
se

iz
ur

es
•	

N
o 

ef
fe

ct
 o

f e
st

ra
di

ol
 o

r 
es

tr
ad

io
l +

 p
ro

ge
st

er
on

e 
w

as
 o

bs
er

ve
d 

on
 

flu
ro

th
yl

-in
du

ce
d 

se
iz

ur
es

N
ot

 m
en

tio
ne

d
Pa

rt
ia

lly
 

pr
oc

on
vu

ls
an

t 
lim

ite
d 

to
 

lim
bi

c 
se

iz
ur

es
 

(e
st

ro
ge

n)

TA
B

LE
 1

 
(C

on
tin

ue
d)

(C
on

tin
ue

s)

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15916 by U

niversity M
odena, W

iley O
nline L

ibrary on [04/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



8  |    CARVALHO et al.

St
ud

y
Sp

ec
ie

s,
 

st
ra

in
A

ge
, w

ei
gh

t

Ep
ile

ps
y 

m
od

el
; 

se
iz

ur
e 

m
on

ito
rin

g 
du

ra
tio

n 
an

d 
m

et
ho

d
H

or
m

on
e 

us
ed

Ro
ut

e 
an

d 
tim

in
g 

of
 a

dm
in

is
tr

at
io

n
In

te
rv

en
tio

n 
gr

ou
ps

Re
su

lts
Se

ru
m

 le
ve

ls

Ef
fe

ct
 o

f h
or

m
on

es
 

in
 o

va
rie

ct
om

iz
ed

 
fe

m
al

e 
ra

ts

K
al

kb
re

nn
er

 
an

d 
St

an
dl

ey
 

(2
00

3)

Ra
t, 

Lo
ng

–
Ev

an
s

A
ge

 n
ot

 
m

en
tio

ne
d,

 
25

0–
30

0 
g

N
M

D
A

-in
du

ce
d 

se
iz

ur
es

 
(2

0 
μg

/μ
L,

 
in

tr
av

en
tr

ic
ul

ar
 

in
je

ct
io

n)
; E

EG
 

m
on

ito
r w

ith
 

hi
pp

oc
am

pa
l 

el
ec

tr
od

e 
fo

r 2
0 

m
in

 
m

in
im

um

10
 μg

 1
7β

-e
st

ra
di

ol
 

in
 1

00
 μL

 o
il

Fo
ur

 s
.c

. i
nj

ec
tio

ns
; 

se
iz

ur
e 

te
st

 
w

as
 d

on
e 

on
 

4t
h 

da
y 

of
 

tr
ea

tm
en

t

a.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 w
ith

 e
st

ro
ge

n 
re

pl
ac

em
en

t (
O

V
X 

+
 E

)
b.

 O
va

rie
ct

om
iz

ed
 fe

m
al

e 
ra

ts
 (O

V
X

)
c.

 N
on

ov
ar

ie
ct

om
iz

ed
 

fe
m

al
e 

ra
ts

 (N
O

V
X

)
d.

 M
al

e 
ra

ts
 g

iv
en

 
ex

og
en

ou
s 

es
tr

og
en

 
(M

 +
 E

)
e.

 M
al

e 
ra

ts
 re

ce
iv

in
g 

no
 

es
tr

og
en

 (M
)

•	
Es

tr
ad

io
l t

re
at

m
en

t 
re

du
ce

d 
nu

m
be

r o
f 

se
iz

ur
es

 in
 O

V
X 

+
 E

 
fe

m
al

e 
ra

ts
 c

om
pa

re
d 

to
 

O
V

X 
ra

ts
 a

nd
 re

st
or

ed
 it

 
to

 th
e 

co
nd

iti
on

 ty
pi

ca
l o

f 
pr

eo
va

rie
ct

om
y 

(N
O

V
X

)
•	

La
te

nc
y 

to
 fi

rs
t s

ei
zu

re
 

an
d 

se
iz

ur
e 

du
ra

tio
n 

w
er

e 
no

t d
iff

er
en

t i
n 

O
V

X 
+

 E
 

ra
ts

 c
om

pa
re

d 
to

 O
V

X 
ra

ts
•	

N
o 

ef
fe

ct
 o

f e
st

ro
ge

n 
re

pl
ac

em
en

t o
n 

al
l s

ei
zu

re
 

pa
ra

m
et

er
s 

w
as

 s
ee

n 
in

 m
al

e 
ra

ts
 c

om
pa

re
d 

to
 in

ta
ct

 fe
m

al
e 

an
d 

m
al

e 
ra

ts
 n

ot
 re

ce
iv

in
g 

es
tr

og
en

s

N
ot

 m
en

tio
ne

d
A

nt
ic

on
vu

ls
an

t, 
se

x-
sp

ec
ifi

c 
(e

st
ro

ge
n)

Bo
re

ck
i e

t a
l. 

(2
01

0)
Ra

t, 
W

is
ta

r
A

ge
 n

ot
 

m
en

tio
ne

d,
 

21
0–

21
5 

g

C
af

fe
in

e-
in

du
ce

d 
se

iz
ur

es
 

(3
00

 m
g/

kg
 ip

)

Es
tr

og
en

 (1
, 2

 o
r 

5 
m

g/
kg

)
Pr

og
es

te
ro

ne
 (1

, 2
, 

or
 5

 m
g/

kg
)

Es
tr

og
en

: 
si

ng
le

 o
ra

l 
ad

m
in

is
tr

at
io

n 
(b

y 
ga

va
ge

) 1
 h

 
be

fo
re

 te
st

Pr
og

es
te

ro
ne

: 
si

ng
le

 o
ra

l 
ad

m
in

is
tr

at
io

n 
(b

y 
ga

va
ge

) 1
 h

 
be

fo
re

 te
st

H
or

m
on

es
 w

er
e 

ad
m

in
is

te
re

d 
1 

w
ee

k 
af

te
r 

ov
ar

ie
ct

om
y

a.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
in

cr
ea

si
ng

 
do

sa
ge

s 
of

 e
st

ro
ge

n
b.

 O
va

rie
ct

om
iz

ed
 fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

in
cr

ea
si

ng
 

do
sa

ge
s 

of
 p

ro
ge

st
er

on
e

c.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
di

st
ill

ed
 

w
at

er
d.

 O
va

rie
ct

om
iz

ed
 fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

ta
m

ox
ife

n 
pr

io
r t

o 
or

al
 e

st
ro

ge
n 

ad
m

in
is

tr
at

io
n

e.
 In

ta
ct

 fe
m

al
e 

ra
ts

 
re

ce
iv

in
g 

ho
rm

on
es

 
(F

SH
 o

r L
H

) o
r d

is
til

le
d 

w
at

er

•	
Es

tr
og

en
, b

ut
 n

ot
 

pr
og

es
te

ro
ne

, r
ed

uc
ed

 
la

te
nt

 p
er

io
d 

to
 c

af
fe

in
e-


in

du
ce

d 
to

ni
c–

cl
on

ic
 

se
iz

ur
es

•	
To

ni
c–

cl
on

ic
 c

on
vu

ls
iv

e 
se

iz
ur

es
 h

av
e 

be
en

 
ob

se
rv

ed
 in

 a
ll 

ra
ts

 
tr

ea
te

d 
w

ith
 e

st
ro

ge
n,

 
pr

og
es

te
ro

ne
, a

nd
 v

eh
ic

le

N
ot

 m
en

tio
ne

d
Pa

rt
ia

lly
 

pr
oc

on
vu

ls
an

t 
in

 a
 d

os
e-


de

pe
nd

en
t 

m
an

ne
r 

(e
st

ro
ge

n)

TA
B

LE
 1

 
(C

on
tin

ue
d)

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15916 by U

niversity M
odena, W

iley O
nline L

ibrary on [04/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    | 9SEX STEROID HORMONES AND EPILEPSY

St
ud

y
Sp

ec
ie

s,
 

st
ra

in
A

ge
, w

ei
gh

t

Ep
ile

ps
y 

m
od

el
; 

se
iz

ur
e 

m
on

ito
rin

g 
du

ra
tio

n 
an

d 
m

et
ho

d
H

or
m

on
e 

us
ed

Ro
ut

e 
an

d 
tim

in
g 

of
 a

dm
in

is
tr

at
io

n
In

te
rv

en
tio

n 
gr

ou
ps

Re
su

lts
Se

ru
m

 le
ve

ls

Ef
fe

ct
 o

f h
or

m
on

es
 

in
 o

va
rie

ct
om

iz
ed

 
fe

m
al

e 
ra

ts

Pe
re

ira
 e

t a
l. 

(2
00

9)
Ra

t, 
W

is
ta

r-


EP
M

1
12

0 
da

ys
, 2

00
 g

Pi
lo

ca
rp

in
e-


in

du
ce

d 
te

m
po

ra
l 

lo
be

 e
pi

le
ps

y 
(3

50
 m

g/
kg

); 
vi

de
o-


m

on
ito

rin
g 

fo
r 

30
 d

ay
s 

af
te

r 
pi

lo
ca

rp
in

e-


in
du

ce
d 

SE
; 

w
he

n 
ep

ile
pt

ic
 

co
nd

iti
on

 w
as

 
co

nf
irm

ed
, 

ra
ts

 w
er

e 
ov

ar
ie

ct
om

iz
ed

C
on

ju
ga

te
d 

eq
ui

ne
 

es
tr

og
en

s 
(5

0 
μg

/d
ay

)

D
ai

ly
 o

ra
l 

ad
m

in
is

tr
at

io
n 

(b
y 

ga
va

ge
) f

or
 

30
 c

on
se

cu
tiv

e 
da

ys
, s

ta
rt

in
g 

4 
da

ys
 a

ft
er

 
ov

ar
ie

ct
om

y

a.
 In

ta
ct

 fe
m

al
e 

ep
ile

pt
ic

 
ra

ts
 (G

PC
)

b.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 (G
O

C
)

c.
 In

ta
ct

 fe
m

al
e 

ra
ts

 (G
N

C
)

d.
 O

va
rie

ct
om

iz
ed

 e
pi

le
pt

ic
 

fe
m

al
e 

ra
ts

 tr
ea

te
d 

w
ith

 
es

tr
og

en
 (G

PE
)

e.
 O

va
rie

ct
om

iz
ed

 e
pi

le
pt

ic
 

fe
m

al
e 

ra
ts

 th
at

 re
ce

iv
ed

 
pr

op
yl

en
e 

gl
yc

ol
 v

eh
ic

le
 

(G
PV

)

•	
O

va
rie

ct
om

iz
ed

 ra
ts

 
th

at
 re

ce
iv

ed
 e

st
ro

ge
n 

(G
PE

) p
re

se
nt

ed
 a

 
re

du
ct

io
n 

in
 n

um
be

r 
of

 c
hr

on
ic

 e
pi

le
pt

ic
 

se
iz

ur
es

 c
om

pa
re

d 
to

 
ov

ar
ie

ct
om

iz
ed

 e
pi

le
pt

ic
 

ra
ts

 re
ce

iv
in

g 
ve

hi
cl

e 
(G

PV
)

•	
M

os
sy

 fi
be

r s
pr

ou
tin

g 
w

as
 m

or
e 

pr
on

ou
nc

ed
 in

 
ov

ar
ie

ct
om

iz
ed

 e
pi

le
pt

ic
 

ra
ts

 n
ot

 re
ce

iv
in

g 
es

tr
og

en
 th

an
 in

 e
pi

le
pt

ic
 

ov
ar

ie
ct

om
iz

ed
 ra

ts
 

tr
ea

te
d 

w
ith

 e
st

ro
ge

n 
re

pl
ac

em
en

t
•	

H
is

to
lo

gi
ca

l a
na

ly
si

s 
sh

ow
ed

 th
at

 ra
ts

 th
at

 
re

ce
iv

ed
 e

st
ro

ge
ns

 
pr

es
en

te
d 

ne
ur

on
al

 
lo

ss
 in

 th
e 

C
A

3 
la

ye
r, 

w
he

re
as

 th
os

e 
th

at
 

re
ce

iv
ed

 p
ro

py
le

ne
 g

ly
co

l, 
be

si
de

s 
ch

an
ge

s 
in

 th
e 

hi
pp

oc
am

pa
l s

tr
uc

tu
re

 
an

d 
lo

ss
 in

 C
A

3,
 a

ls
o 

sh
ow

ed
 n

eu
ro

na
l l

os
s 

in
 

C
A

1 
an

d 
de

nt
at

e 
gy

ru
s

N
ot

 m
en

tio
ne

d
N

eu
ro

pr
ot

ec
tiv

e 
an

d 
an

tie
pi

le
pt

ic
 

(e
st

ro
ge

n)

Rh
od

es
 a

nd
 

Fr
ye

 (2
00

4)
Ra

t, 
Lo

ng
–

Ev
an

s
55

 d
ay

s,
 

w
ei

gh
t n

ot
 

m
en

tio
ne

d

PT
Z-

in
du

ce
d 

se
iz

ur
es

 
(7

0 
m

g/
kg

); 
m

on
ito

r 
fo

r 1
0 

m
in

; 
1 

w
ee

k 
af

te
r 

ov
ar

ie
ct

om
y

Pr
og

es
te

ro
ne

 
(5

00
 μg

 in
 o

il)
3α

,5
α-

TH
P 

(5
00

 μg
 

in
 o

il)

Pr
og

es
te

ro
ne

: s
.c

. 
or

 in
tr

ac
er

eb
ra

l 
in

je
ct

io
n 

in
 d

or
sa

l 
hi

pp
oc

am
pu

s,
 

3 
h 

be
fo

re
 

te
st

in
g

3α
,5

α-
TH

P:
 s

.c
. 

in
je

ct
io

n 
3 

h 
be

fo
re

 te
st

in
g

a.
 O

va
rie

ct
om

iz
ed

 
fe

m
al

e 
ra

ts
 re

ce
iv

in
g 

pr
og

es
te

ro
ne

 
re

pl
ac

em
en

t
b.

 O
va

rie
ct

om
iz

ed
 

fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
3α

,5
α-

TH
P

c.
 O

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 re
ce

iv
in

g 
se

sa
m

e 
oi

l 
(c

on
tr

ol
)

•	
Sy

st
em

ic
 a

nd
 h

ip
po

ca
m

pa
l 

ad
m

in
is

tr
at

io
n 

of
 

pr
og

es
te

ro
ne

 a
nd

 3
α,

5α
-

TH
P 

in
cr

ea
se

d 
la

te
nc

y 
to

 
fir

st
 to

ni
c–

cl
on

ic
 s

ei
zu

re
 

an
d 

re
du

ce
d 

nu
m

be
r o

f 
to

ta
l t

on
ic

–c
lo

ni
c 

se
iz

ur
es

N
ot

 m
en

tio
ne

d
A

nt
ic

on
vu

ls
an

t 
(p

ro
ge

st
er

on
e)

A
bb

re
vi

at
io

ns
: 3

α,
5α

-T
H

P,
 3

α-
hy

dr
ox

y-
5α

-p
re

gn
an

-2
0-

on
e;

 A
D

, a
ft

er
di

sc
ha

rg
e;

 E
2, 

es
tr

ad
io

l; 
EE

G
, e

le
ct

ro
en

ce
ph

al
og

ra
ph

y;
 F

SH
, f

ol
lic

le
-s

tim
ul

at
in

g 
ho

rm
on

e;
 G

N
C

, i
nt

ac
t f

em
al

e 
ra

ts
; G

O
C

, 
ov

ar
ie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

; G
PC

, i
nt

ac
t f

em
al

e 
ep

ile
pt

ic
 ra

ts
; G

PE
, o

va
rie

ct
om

iz
ed

 e
pi

le
pt

ic
 fe

m
al

e 
ra

ts
 tr

ea
te

d 
w

ith
 e

st
ro

ge
n;

 G
PV

, o
va

rie
ct

om
iz

ed
 e

pi
le

pt
ic

 fe
m

al
e 

ra
ts

 th
at

 re
ce

iv
ed

 p
ro

py
le

ne
 g

ly
co

l 
ve

hi
cl

e;
 K

A
, k

ai
ni

c 
ac

id
; L

H
, l

ut
ei

ni
zi

ng
 h

or
m

on
e;

 M
, m

al
e 

ra
ts

 re
ce

iv
in

g 
no

 e
st

ro
ge

n;
 M

 +
 E

, m
al

e 
ra

ts
 g

iv
en

 e
xo

ge
no

us
 e

st
ro

ge
n;

 m
ax

, m
ax

im
um

; N
M

D
A

, N
-m

et
hy

l-D
-a

sp
ar

ta
te

; N
O

V
X

, n
on

ov
ar

ie
ct

om
iz

ed
; 

O
V

X
, o

va
rie

ct
om

iz
ed

; O
V

X 
+

 C
, o

va
rie

ct
om

iz
ed

 ra
ts

 re
ce

iv
in

g 
co

nt
ro

l; 
O

V
X 

+
 E

, o
va

rie
ct

om
iz

ed
 ra

ts
 re

ce
iv

in
g 

es
tr

og
en

 re
pl

ac
em

en
t; 

O
V

X 
+

 E
P,

 o
va

rie
ct

om
iz

ed
 ra

ts
 re

ce
iv

in
g 

es
tr

og
en

 +
 p

ro
ge

st
er

on
e 

re
pl

ac
em

en
t; 

O
V

X 
+

 O
, o

va
rie

ct
om

iz
ed

 fe
m

al
e 

ra
ts

 tr
ea

te
d 

w
ith

 o
il;

 P
TX

, p
ic

ro
to

xi
n;

 P
TZ

, p
en

ty
le

ne
te

tr
az

ol
e;

 s
.c

., 
su

bc
ut

an
eo

us
; S

E,
 s

ta
tu

s 
ep

ile
pt

ic
us

.
a A

ll 
fe

m
al

e 
an

d 
ha

lf 
of

 m
al

e 
ra

ts
 a

rr
iv

ed
 g

on
ad

ec
to

m
iz

ed
 fr

om
 th

e 
ve

nd
or

.

TA
B

LE
 1

 
(C

on
tin

ue
d)

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15916 by U

niversity M
odena, W

iley O
nline L

ibrary on [04/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



10  |    CARVALHO et al.

TA
B

LE
 2

 
Su

m
m

ar
y 

of
 d

at
a 

fr
om

 th
e 

st
ud

ie
s 

se
le

ct
ed

 fr
om

 q
ua

lit
at

iv
e 

an
al

ys
is

.

St
ud

y
Ty

pe
 o

f s
tu

dy
In

te
rv

en
tio

n/
ex

po
su

re
Co

nt
ro

l g
ro

up
M

ea
n 

ag
e,

 y
ea

rs
 

(ra
ng

e)
N

um
be

r o
f 

pa
rt

ic
ip

an
ts

Ty
pe

 o
f H

RT

N
um

be
r o

f 
an

tie
pi

le
pt

ic
 

m
ed

ic
at

io
ns

Ty
pe

 o
f s

ei
zu

re
s/

ep
ile

ps
y

Re
su

lts

A
bb

as
i e

t a
l. 

(1
99

9)
Cr

os
s-

se
ct

io
na

l
H

or
m

on
al

 
re

pl
ac

em
en

t 
th

er
ap

y

-
Pr

em
en

op
au

sa
l: 

33
.3

Pe
rim

en
op

au
sa

l: 
44

.7
Po

st
m

en
op

au
sa

l: 
53

.4

10
7 

W
W

E
•	

46
 m

en
op

au
sa

l
•	

15
 

pe
rim

en
op

au
sa

l
46

 p
re

m
en

op
au

sa
l

M
en

op
au

sa
l w

om
en

:
•	

40
%

 e
st

ro
ge

n 
on

ly
•	

60
%

 c
om

bi
ne

d

N
ot

 s
pe

ci
fie

d
Pr

em
en

op
au

sa
l:

•	
57

%
 

ge
ne

ra
liz

ed
•	

79
%

 fo
ca

l
Pe

rim
en

op
au

sa
l:

•	
60

%
 

ge
ne

ra
liz

ed
•	

73
%

 fo
ca

l
Po

st
m

en
op

au
sa

l:
•	

52
%

 
ge

ne
ra

liz
ed

•	
78

%
 fo

ca
l

71
%

 n
o 

ch
an

ge
 

in
 s

ei
zu

re
 

fr
eq

ue
nc

y
16

%
 im

pr
ov

ed
13

%
 w

or
se

ne
d

H
ar

de
n 

et
 a

l. 
(2

00
0)

C
as

e–
co

nt
ro

l
H

or
m

on
al

 
re

pl
ac

em
en

t 
th

er
ap

y

M
en

op
au

sa
l/

pe
rim

en
op

au
sa

l 
W

W
E 

w
ith

ou
t 

H
RT

M
en

op
au

sa
l:

•	
H

RT
 g

ro
up

: 5
4 

(4
1–

58
)

•	
C

on
tr

ol
s:

 5
3 

(4
0–

86
)

•	
Pe

rim
en

op
au

sa
l: 

46
 (3

8–
55

)

81
 W

W
E

•	
42

 m
en

op
au

sa
l

•	
39

 
pe

rim
en

op
au

sa
l

M
en

op
au

sa
l W

W
E,

 3
8%

 
ta

ki
ng

 H
RT

•	
31

%
 e

st
ro

ge
n 

on
ly

•	
63

%
 c

om
bi

ne
d

•	
6%

 u
nk

no
w

n
Pe

rim
en

op
au

sa
l W

W
E,

 
20

%
 ta

ki
ng

 H
RT

 (t
yp

e 
of

 H
RT

 n
ot

 re
po

rt
ed

)

M
en

op
au

sa
l 

W
W

E:
 

m
ed

ia
n 

=
 2

 
(ra

ng
e =

 0
–2

)

M
en

op
au

sa
l:

•	
86

%
 fo

ca
l 

ep
ile

ps
y

•	
14

%
 

ge
ne

ra
liz

ed
 

ep
ile

ps
y

Pe
rim

en
op

au
sa

l:
•	

92
%

 fo
ca

l 
ep

ile
ps

y
•	

8%
 g

en
er

al
iz

ed
 

ep
ile

ps
y

62
.5

%
 o

f 
m

en
op

au
sa

l 
W

W
E 

ta
ki

ng
 

H
RT

 re
po

rt
ed

 
w

or
se

ni
ng

 
vs

. 1
1.

6%
 o

f 
co

nt
ro

ls
•	

C
om

bi
ne

d 
H

RT
 5

0%
 

(O
R 

=
 7.

67
, 9

5%
 

C
I =

 1
.3

6–
43

.1
3)

•	
Es

tr
og

en
-o

nl
y 

80
%

 (O
R 

=
 3

0.
67

, 
95

%
 C

I =
 2

.5
2–


37

3.
55

).
In

 p
er

im
en

op
au

sa
l 

w
om

en
, 

H
RT

 w
as

 n
ot

 
as

so
ci

at
ed

 w
ith

 
in

cr
ea

se
 in

 
se

iz
ur

es

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15916 by U

niversity M
odena, W

iley O
nline L

ibrary on [04/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    | 11SEX STEROID HORMONES AND EPILEPSY

St
ud

y
Ty

pe
 o

f s
tu

dy
In

te
rv

en
tio

n/
ex

po
su

re
Co

nt
ro

l g
ro

up
M

ea
n 

ag
e,

 y
ea

rs
 

(ra
ng

e)
N

um
be

r o
f 

pa
rt

ic
ip

an
ts

Ty
pe

 o
f H

RT

N
um

be
r o

f 
an

tie
pi

le
pt

ic
 

m
ed

ic
at

io
ns

Ty
pe

 o
f s

ei
zu

re
s/

ep
ile

ps
y

Re
su

lts

H
ar

de
n 

et
 a

l. 
(2

00
6)

RC
T

H
or

m
on

al
 

re
pl

ac
em

en
t 

th
er

ap
y

Pl
ac

eb
o

53
 (4

5–
62

)
21

 m
en

op
au

sa
l 

W
W

E
•	

6 
pl

ac
eb

o
•	

8 
si

ng
le

 d
os

e
•	

7 
do

ub
le

 d
os

e

C
om

bi
ne

d 
H

RT
 (0

.6
25

 m
g 

of
 c

on
ju

ga
te

d 
eq

ui
ne

 
es

tr
og

en
s 

+
 2

.5
 m

g 
of

 
m

ed
ro

xy
pr

og
es

te
ro

ne
 

ac
et

at
e)

 s
in

gl
e 

or
 

do
ub

le
 d

os
e

M
ed

ia
n 

=
 1

 
(ra

ng
e =

 0
–3

)
Fo

ca
l e

pi
le

ps
y

Pl
ac

eb
o:

 n
o 

in
cr

ea
se

 in
 th

e 
fr

eq
ue

nc
y 

of
 

se
iz

ur
es

Si
ng

le
 d

os
e:

 3
7.

5%
 

pa
tie

nt
s 

ha
d 

in
cr

ea
se

 in
 

th
e 

fr
eq

ue
nc

y 
of

 s
ei

zu
re

s 
(O

R 
=

 8
.2

7,
 

95
%

 C
I =

 0
.3

5–


29
7.

61
)

D
ou

bl
e 

do
se

: 
42

.9
%

 h
ad

 
in

cr
ea

se
 in

 
th

e 
fr

eq
ue

nc
y 

of
 s

ei
zu

re
s 

(O
R 

=
 1

0.
11

, 
95

%
 C

I =
 0

.4
1–


24

7.
48

)

A
bb

re
vi

at
io

ns
: C

I, 
co

nf
id

en
ce

 in
te

rv
al

; H
RT

, h
or

m
on

al
 re

pl
ac

em
en

t t
re

at
m

en
t; 

O
R,

 o
dd

s 
ra

tio
; R

C
T,

 ra
nd

om
iz

ed
 c

lin
ic

al
 tr

ia
l; 

W
W

E:
 w

om
en

 w
ith

 e
pi

le
ps

y.

TA
B

LE
 2

 
(C

on
tin

ue
d)

 14681331, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ene.15916 by U

niversity M
odena, W

iley O
nline L

ibrary on [04/07/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



12  |    CARVALHO et al.

In the cross-sectional study on the effect of menopause on 
WWE [20] (Table 2), seizure frequency in pre-, peri-, and meno-
pausal women, as well as the temporal pattern of seizures with 
the onset of menopause, were compared. Perimenopausal women, 
compared to premenopausal and menopausal, had fewer seizures, 
but there was no difference in seizure intensity. However, these 
findings were not adjusted for other factors, such as seizure type 
or type/number of antiepileptic medication (AEM) used. Of the 49 
participants who had epilepsy before menopause, 41% described a 
worsening in their seizure frequency, 27% improvement, and 33% 
no definitive change. Thirty-one (51%) of the 61 menopausal par-
ticipants had used HRT, and of those, 22 (71%) did not notice any 
change in the seizure pattern, five (16%) described improvement, 
and four (13%) noticed worsening [20]. Regarding the type of HRT 
prescribed, only 15 women could correctly identify the type of 
HRT they were taking. Of those, six were taking combined HRT 
and nine were taking estrogen without progesterone. In the for-
mer group, three (50%) reported a decrease in seizure frequency 
and the other half no change. Of those taking estrogen-only HRT, 
one described an increase and eight reported no change in their 
seizure frequency.

In the case–control study on the impact of menopause and HRT 
in perimenopausal and menopausal women [21], data from 42 meno-
pausal women were analyzed; 28% reported no change in seizures 
with menopause, 41% a decrease, and 31% an increase [21]. Sixteen 
of the 42 WWE were taking HRT. The types of HRT were variable, 
but most WWE (69%) were taking both estrogen and progesterone 
or combined formulations. Of the HRT group, 62.5% (n = 10) re-
ported an increase in seizures, compared to three (11.5%) of 26 who 
were not taking HRT. However, if analyzed taking the type of HRT 
into consideration, 50% of the 10 patients taking combined HRT re-
ported worsening versus 80% of the five patients taking estrogen-
only formulations. The subgroup of women with catamenial epilepsy 
pattern (n = 16) most often reported improvement of seizures with 
menopause, and the use of HRT worsened seizure frequency in this 
group.

In the perimenopausal group, data from 39 patients were an-
alyzed; 23% reported no change in seizure frequency, 64% an in-
crease, and 12% a decrease. Eight of these women were taking HRT, 
and there was no clear effect of this treatment on seizure exacerba-
tion. However, the authors found an increase in seizure frequency in 
patients with catamenial epilepsy in this group [21].

Subsequently, the same authors performed an RCT addressing 
the effect of HRT on seizure frequency of WWE [22]. This RCT 
enrolled 21 patients with focal epilepsy (which did not reach the 
estimated sample size minimum of 40 patients for each arm), who 
were randomized to a single dose of combined HRT (consisting of 
0.625 mg of conjugated equine estrogens + 2.5 mg of medroxy-
progesterone acetate) or double dose of combined HRT. Five of 
the seven patients who were randomized to the double dose dis-
continued the trial; one was lost to follow-up, one discontinued 
due to the increase in the number of seizures, and three discontin-
ued due to HRT-related adverse effects. In the single-dose group, 

one patient discontinued the treatment due to HRT-related ad-
verse effects. This study found an association between increased 
seizure frequency and seizure severity with increasing HRT dose. 
There was little change in the AEM. In two patients taking lamo-
trigine (LTG) who were randomized to the HRT group (single dose), 
LTG levels in serum decreased by 25%–30%, with one of them 
(medicated solely with LTG) having an increase in seizures during 
treatment [22].

None of the studies included collected data on the improvement 
of menopause-related symptoms or quality of life.

DISCUSSION

Our review shows that there is scarce and contradictory preclinical 
and clinical literature on the effects of HRT in female animals and 
WWE and its impact on seizure control [17, 23].

The preclinical data in animal models have shown variable re-
sults. Rodents have been considered appropriate models for the 
study of human menopause. However, it is noteworthy that there 
are some important differences between human and rodent re-
productive senescence, as rodents have an estrous cycle rather 
than a menstrual cycle and potentially mature ovulatory follicles 
also in older age [23]. Furthermore, rodents during their reproduc-
tive senescence show high levels of 17β-estradiol and moderate 
levels of progesterone, luteinizing hormone (LH), and follicle-
stimulating hormone (FSH), whereas human menopause is charac-
terized by low values of 17β-estradiol and increased levels of FSH 
and LH [23]. Although different rat models are currently used to 
study human menopause [23], all studies included in this review 
used the ovariectomized model, which has been considered the 
gold standard for the study of gonadal hormone effects in female 
rodents [23].

Estrogen replacement in ovariectomized rats was investigated 
on several models of seizure, SE, and kindling, and it has been asso-
ciated with both proconvulsant [10–13] and anticonvulsant [14–17] 
effect, whereas one study reported no effect [18].

The antiepileptic effect was investigated and reported only in 
the study by Pereira et al. [17]. The results shown in these studies 
suggest that (i) estradiol effect is seizure type-specific and (ii) estra-
diol facilitates the development of secondarily generalized seizures.

The contradictory results observed in the acute preclinical stud-
ies may be due to different factors. The first critical factor is the 
model used to induce seizures, SE or kindling; each model is charac-
terized by different ictogenic mechanisms, and estrogens may affect 
them differently. Secondarily, estrogens doses, routes of administra-
tion, pharmaceutical plans, and chemical forms may lead to different 
serum levels of this hormone; however, only two studies measured 
and reported it [10, 14]. Ultimately, the method of seizure detection 
may affect the accuracy of the results, as visual observational stud-
ies may miss nonconvulsive and nonmotor seizures, whereas studies 
performing electroencephalography (EEG) are able to provide more 
precise data on seizure frequency and a full detailed analysis of the 
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epileptiform activity recorded; only three of the studies included in 
this review performed EEG regularly [10].

Only one study [17] explored HRT in epileptic seizures and not in 
evoked seizures or SE. The authors explored the effect of HRT in a 
model of temporal lobe epilepsy. In this study, only epileptic female 
rats were ovariectomized and then treated with estrogens, mimick-
ing more closely the human condition. The authors showed a reduc-
tion in the number of chronic epileptic seizures and in mossy fiber 
sprouting as well as limited damaged areas [17]. The neuroprotective 
result observed in epileptic female rats treated with estrogens [17] 
is in line with the neuroprotective effect reported in two studies in 
which histological analysis was performed 48 h after SE [15, 18]. 
However, seizures were video-recorded and not EEG-detected, and 
therefore nonmotor seizures might have been missed, which limits 
the validity of the results.

Further discussion of the results of the preclinical results can be 
found in Appendix S1.

Regarding human studies, the available clinical data we reviewed 
here present significant limitations. Due to the low number of studies 
and participants included, as well as the design of the study, only 
limited conclusions can be made. The two nonrandomized studies 
were cross-sectional, and therefore a temporal relation could not be 
evaluated, with the results prone to recall bias from the participants. 
The two studies used self-reported questionnaires to access seizure 
frequency, and whereas Abbasi et al. [20] used the Chalfont severity 
scale [24] to assess seizure severity, the method to measure severity 
in the work written by Harden et al. [21] is not clear (Table 1). This can 
also contribute to recall bias and heterogeneity in the measurement 
of the outcomes. Furthermore, several variables that might have in-
fluenced the course of epilepsy, such as type of epilepsy or number 
of drugs, were not considered in the analysis of the results. The only 
available RCT was started before the results of the Women's Health 
Initiative study results were published. The latter was designed to 
evaluate the risks and benefits of HRT in healthy postmenopausal 
women aged 50–79 years. The study showed an increased risk of 
thromboembolic events in the combined HRT arm [25]. The subse-
quent RCT by Harden et al. [22] did not reach the expected sample 
size, and it might therefore underestimate the effects of combined 
HRT on seizure frequency. Furthermore, this study only explored the 
effect in focal epilepsy, which might not be extrapolated to gener-
alized forms of epilepsy, and the follow-up length was only 84 days.

The quality of the evidence on estrogen-only or progesterone-
only formulation is even lower, as it is only reported in cross-
sectional studies.

Furthermore, findings on menopausal women, who have low 
levels of sex hormones, might not apply to perimenopausal women, 
who usually present with a higher and unpredictable estrogen/pro-
gesterone ratio [21]. Harden et al. assessed the influence of HRT in 
this population and found no impact [21]. However, as previously 
stated, the study has several limitations, and the type of HRT was 
not specified in the article.

One should also take into consideration that the three included 
studies were performed in the 1990s and early 2000s, and at that 

time most patients were treated with AEM such as phenytoin, phe-
nobarbital, valproate, and primidone, which have far more interac-
tions than most drugs currently used in the treatment of WWE.

We did not explore the effect of menopause itself on seizures. 
However, this was addressed by Harden et al. [21] and Abbasi et al. 
[20]. Whereas Abbasi et al. noticed an increase in seizure frequency 
after menopause in 41% of WWE, the opposite was noticed in the 
study by Harden et al., describing a decrease in seizure frequency 
in 41%, in women with catamenial epilepsy. Another study on 27 
WWE found that 27% (n = 7) noticed worsening after menopause, 
whereas the remaining 73% (n = 20) did not notice any change in sei-
zure pattern [26]. However, these three studies were retrospective 
and hence prone to recall bias.

Of note, in the study by Harden et al. [22], one of the patients 
with increased seizures was taking LTG as monotherapy treatment. 
LTG is a commonly used drug in both focal and generalized epi-
lepsies. Postmenopausal women seem to have a higher clearance 
of LTG than younger women with regular menstrual cycles [27]. 
Furthermore, HRT decreases the levels of LTG, which might further 
contribute to an increase in seizure frequency [28].

Despite the limitations, the three studies, taken together, sug-
gest an increase in the frequency of seizures in menopausal WWE 
taking HRT, both with combined and with single estrogen formula-
tions. This in line with most of the studies on rat models; however, 
the findings of the preclinical studies should be interpreted with 
caution, as they do not include animals pretreated with antiepileptic 
drugs; thus, it cannot be excluded that potential pharmacokinetic 
interactions between hormones and antiepileptic drugs may result 
in differences of the levels of circulating sex hormones between hu-
mans and animals.

Furthermore, other potential adverse effects of HRT, such as the 
increase in cardiovascular risk, must be weighed against the benefits 
of HRT in the treatment of sudomotor symptoms, bone mass, and 
improvement of quality of life [29]. For instance, WWE taking phe-
nytoin, carbamazepine, and valproic acid have lower calcium serum 
concentrations than WWE taking LTG. Furthermore, phenytoin is 
associated with an increase in bone-specific alkaline phosphatase, 
an enzyme related to bone turnover [30]. Therefore, some adverse 
events are also associated with increased bone turnover and hence 
these patients might further benefit from the effect of HRT on bone 
mass.

Finally, peri- and menopausal cis WWE are not the only at-risk 
group. Transgender male-to-female women with epilepsy are treated 
with gender-affirming hormones with different dosages and for lon-
ger periods [31]. Future research should expand the knowledge of 
the impact of exogenous hormonal treatment and address this issue 
in this increasing and often neglected demographic group.

Our review, albeit systematic, is not without limitations. The 
scarce literature and the positive results in the nonrandomized stud-
ies might be due to publication bias, and studies with negative re-
sults might not get to publication. To minimize this, we also reviewed 
abstracts from two international general neurology and epilepsy 
congresses. Furthermore, summarizing the existing data through 
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meta-analysis was not possible due to different study designs and 
heterogeneity across studies.

The impact of hormones during epilepsy has been a matter of dis-
cussion for clinicians and researchers [32]. Estrogen inhibits GABA 
transmission and potentiates glutamatergic transmission, whereas 
progesterone metabolites are barbiturate-like modulators of GABA 
receptors and suppress epileptiform discharges [33, 34]. As sex 
hormones fluctuate during the menstrual cycle, this might lead to 
seizure clusters. During menstruation and ovulation, the ratio estro-
gen/progesterone is higher, and hence favors a proconvulsive state 
[32]. One of the best examples of this interaction is catamenial epi-
lepsy [33]. Herzog and colleagues proposed three patterns of seizure 
exacerbation with menstruation: perimenstrual and periovulatory in 
normal cycles and luteal in inadequate luteal phase cycles, which re-
fers to low secretion of progesterone during the second half of the 
cycle, regardless of the occurrence of ovulation [33]. This sensibility 
to hormonal variations seems to accompany these women through 
their lifetime and pose new challenges during reproductive and 
nonreproductive stages of these women's lives; during pregnancy, 
they often experience better seizure control compared to women 
with noncatamenial epilepsy, possibly due to the absence of cyclical 
hormone variations and increase in progesterone levels [35]. In line 
with this, in our review, the subgroup analysis in the work written by 
Harden and coauthors [21] showed that these patients more often 
reported improvement of seizures during menopause and worsening 
of seizure frequency following HRT [21].

Several gaps in knowledge still exist regarding this key issue 
in WWE's health. As another RCT would raise safety and ethical 
concerns, prospective monitoring registries might be a solution to 
understand the “real world” impact of HRT in WWE. Prospective 
studies would also minimize recall bias and would provide better 
data to answer this question, which might ultimately have an impact 
in the treatment and quality of life of WWE. Several examples of 
prospective registries exist in the field of women's issues in epilepsy. 
Most notably, in epilepsy, EURAP is an observational registry of re-
searchers from several countries, established in 1999, which aimed 
to monitor the effect of epilepsy and AEM in WWE during preg-
nancy [36]. These registries could serve as an example for a prospec-
tive multicentric observational study of WWE of nonchildbearing 
age, which should ideally include variables such as type of epilepsy 
(including catamenial epilepsy), etiology, gender at birth, age at first 
seizure, age at menarche and menopause, AEM used, type of HRT 
used and dosage, concomitant medication, seizure control, and 
seizure frequency, as well as comorbidities (such, as for instance, 
cerebrovascular disease). This same model could be used to ad-
dress hormonal therapy in noncisgender women, including gender-
affirming therapies among transgender populations.

This review highlights the lack of high-quality evidence on the 
impact of HRT in cisgender WWE. Due to the low number of studies 
and participants included, as well as the design of the study, the con-
clusions we can draw from it are limited.

In conclusion, the potential risk of increased seizure frequency 
with HRT in WWE remains to be assessed with high-quality studies. 

In general, the risk must be weighed against its potential benefits, 
possibly with more frequent follow-ups by their treating physician 
following HRT introduction.
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