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Abstract
In basic research and clinical practice, the control of seizures has been the most 
important goal, but it should not be the only one. There are factors that remain 
poorly understood in the study of refractory epilepsy such as the age and gender 
of patients and the presence of psychiatric comorbidities. It is known that in 
patients with drug- resistant epilepsy (DRE), the comorbidities contribute to the 
deterioration of the quality of life, increase the severity, and worsen the progno-
sis of epilepsy. Some studies have demonstrated that patients diagnosed with a 
co- occurrence of epilepsy and psychiatric disorders are more likely to present 
refractory seizures and the probability of seizure remission after pharmacother-
apy is reduced. The evidence of this association suggests the presence of shared 
pathogenic mechanisms that may include endocrine disorders, neuroinflamma-
tory processes, disturbances of neurotransmitters, and mechanisms triggered by 
stress. Additionally, significant demographic, clinical, and electrographic dif-
ferences have been observed between women and men with epilepsy. Epilepsy 
affects the female gender in a greater proportion, although there are no stud-
ies that report whether refractoriness affects more females. The reasons behind 
these sex differences are unclear; however, it is likely that sex hormones and 
sex brain differences related to chromosomal genes play an important role. On 
the other hand, it has been shown in industrialized countries that prevalence of 
DRE is higher in the elderly when compared to youngsters. Conversely, this phe-
nomenon is not observed in developing regions, where more cases are found in 
children and young adults. The correct identification and management of these 
factors is crucial in order to improve the quality of life of the patients.
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1 |  INTRODUCTION

Epilepsy is a devastating condition that affects approxi-
mately 46 million people globally according to the 2016 
Global Burden of Disease Collaborators.1,2 Approximately 
one third of patients with epilepsy unsuccessfully respond 
to drug treatment; in other words, they suffer refrac-
tory epilepsy, also recognized as drug- resistant epilepsy 
(DRE).3- 5 The exact numbers of incidence and prevalence 
are not determined due to the diverse definitions of this 
condition and incorrect diagnosis. This multidimensional 
disorder involves several factors that directly affect the 
prognosis and effectiveness of the current treatments. A 
relevant aspect of most basic and/or clinical studies in 
the DRE research is that they usually do not contemplate 
factors such as age, gender, and the presence of comorbid 
disorders. For example, it has been shown that young and 
aged subjects are vulnerable populations to epileptic ac-
tivity because of their physiological features.6 Particularly, 
elderly patients with DRE show a cognitive decline.7 
On the other hand, regarding the effect of gender on 
epilepsy, pregnant women with epilepsy have increased 
complications including an increased risk of spontaneous 
miscarriage, antepartum or postpartum hemorrhage, hy-
pertension, induction of labor, cesarean section, preterm 
birth, and fetal growth restriction.8 Additionally, patients 
with DRE frequently display additional neuropsychiatric 
disorders.9,10 In some patients, it has been demonstrated 
that the impact of the comorbidities is even more severe 
than the epilepsy itself.10

The aim of the present review is to explore, describe, 
and analyze the importance of the existence of psychiatric 
comorbidities, the age and gender of the patients on the 
development of DRE, and the underlying mechanisms af-
fected by these factors.

2 |  PSYCHIATRIC 
COMORBIDITIES IN PATIENTS 
WITH DRE

The concept of comorbidity is defined as the presence of 
one or more additional disorders that coexist with a pri-
mary condition, in this case, epilepsy.11,12 It is known 
that in patients with epilepsy, particularly those that suf-
fer DRE, the comorbidities contribute to worsening of 
the quality of life, increase the severity, and aggravate 
the prognosis of epilepsy.10,13,14 The study of this com-
plex relationship is essential; however, it remains poorly 
understood.

Epidemiological studies have shown that the preva-
lence of psychiatric disorders is higher in people with ep-
ilepsy than in the general population.15,16 For example, in 

the review published by Kwong and Park in 2014, the prev-
alence or frequency of anxiety and depression in patients 
with epilepsy was compared. They found that 9– 36% of 
the patients were diagnosed with depression and 11– 25% 
with anxiety. These results show that almost one- third of 
them suffer from depression and anxiety; however, these 
conditions are often underrecognized and undertreated 
by clinicians.17 This is consistent with other studies that 
showed that mood disorders, followed by anxiety disor-
ders (AD) are the most frequent psychiatric disorders in 
people with epilepsy.16,18- 20

The prevalence of epilepsy, as well as its neuropsy-
chiatric comorbidities, in older adults is generally higher 
compared to younger ages.6 A study performed in 79 
subjects, 50-  to 67- year- old patients with DRE who un-
derwent epilepsy surgery, was followed during 4.7  years 
(2– 16 years). This follow- up included EEG, MRI, and neu-
ropsychological testing. Results showed that 58% of pa-
tients were seizure- free. Neuropsychological impairment 
occurred in 13 patients in the form of depression and loss 
of concentration.21

Epilepsy may coexist with multiple psychiatric co-
morbidities.22 In an interesting study representing a 
good example of this multiple morbidity, a total of 52 
patients with DRE underwent epilepsy surgery. Before 
surgery, one year and two years after surgery, all the 
subjects completed three different questionnaires in 
order to evaluate the presence and degree of depression, 
anxiety, and anger. Seizure outcome was excellent (81% 
were seizure free 1 year after surgery). Both anxiety and 
anger decreased significantly compared to the baseline, 
while depression showed a slow but non- significant re-
duction. The authors attribute the discrete progression 
of depression to the fact that many people face difficul-
ties in reorganizing their life even when seizures have 
disappeared.23

Key Points

• Most studies and clinical management of DRE 
generally do not consider factors such as age, 
gender, and the presence of comorbid disorders.

• In patients with DRE, neuropsychiatric comor-
bidities negatively impact the quality of life, in-
crease severity, and aggravate prognosis.

• Age and gender of the patients are crucial fac-
tors in DRE but remain often under evaluated.

• Further research of impact and mechanisms of 
comorbidities, age, and sex in DRE is needed to 
design new effective and specific therapies.
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Another study evaluated psychopathology using a 
global assessment scale in 24 pediatric patients before 
and 2  years after epilepsy surgery. Psychiatric disorders 
(mainly attention- deficit and hyperactivity disorder or au-
tism spectrum disorders) were found in 70.8% of patients 
at some point. In 66% of the patients, there were improve-
ments or no changes in psychosocial functioning 2 years 
after surgery. None of the seizure- free subjects showed 
worst psychosocial functioning. The results proved the 
consequences of the extensive comorbidity in this cohort. 
Unfortunately, behavioral problems are usually identified 
only in 16% of the cases.24

Most of the available literature shows the association 
between DRE and its comorbidities with emphasis on the 
positive effect of the epilepsy surgery to reduce psychiatric 
disorders.21,23,24 However, in this case report the effect of 
the psychosis treatment on DRE was shown.25 Focal onset 
epilepsy with impaired awareness seizures accompanied 
by psychosensorial and psychotic symptoms is a rare con-
dition.26,27 There is no specific treatment for this partic-
ular type of epilepsy. The authors reported the case of a 
21- year- old man diagnosed with schizophreniform disor-
der. The EEG showed an important subcortical epileptic 
activity with negative response to medication. Symptoms 
of this type of epilepsy were significantly improved using 
a psychotherapeutic treatment used for patients with psy-
chotic disorders, known as integrated psychological ther-
apy.25 Considering that antiseizure medications (ASMs) 
result ineffective, these findings suggest that psychother-
apy may be a new treatment modality for patients with 
epilepsy with psychosensorial and psychotic symptoms.25

There is evidence suggesting an increased risk of sui-
cide in patients with refractory epilepsy.28,29 For example, 
the suicide risk and sleep quality in a cohort of 50 patients 
diagnosed with refractory epilepsy were evaluated.30 All 
patients had a detailed neurologic and psychiatric eval-
uation using validated questionnaires to identify suicide 
risk, sleep quality, emotional sensitivity, in terms of anger, 
fear, anxiety, and impulsivity. The results showed that 
suicidal patients have poor sleep quality compared with 

non- suicidal subjects. Similarly, the patients with suicide 
risk showed an increased emotional sensitivity compared 
to the patients without suicide risk. These findings are rel-
evant because sleep quality and psychiatric symptoms are 
rarely evaluated in patients with DRE.30

3 |  SHARED PATHOGENIC 
MECHANISMS BETWEEN DRE AND 
PSYCHIATRIC COMORBIDITIES

The close association between DRE and psychiatric dis-
orders could be the result of the existence of common 
pathogenic mechanisms.9,31 Previous studies in animal 
models have shown that some pathogenic mechanisms of 
mood and anxiety disorders facilitate the development of 
seizures.9,32- 35 There is evidence in the literature of four 
different types of shared mechanisms between psychiat-
ric disorders and epilepsy including endocrine disorders, 
neuroinflammatory processes, disturbances of neuro-
transmitters, and mechanisms activated by higher levels 
of stress (Figure 1).31

The endocrine disturbances produced by epilepsy may 
include a high serum concentration of cortisol as a result 
of a dysregulation of the hypothalamic- pituitary- adrenal 
(HPA) axis.32 Similarly, depression affects the HPA axis.36 
In an interesting study, the effect of the administration of 
corticosterone in rats was analyzed. The treatment with 
corticosterone alone produced a significant reduction in 
the number of electrical stimulations necessary to reach 
a fully kindled status compared to the control and other 
glucocorticoid antagonists.32 In this context, the existence 
of a reduced expression of hippocampal glucocorticoid re-
ceptors in patients with drug- resistant temporal lobe epi-
lepsy and comorbid depression recently has been shown.37 
Taken together, these findings suggest that the HPA axis is 
relevant in both DRE and depression.

The presence of cytokines in CNS during epilepsy 
also affects the HPA axis and participates in the mod-
ification of the expression of neurotransmitters,38 and 

F I G U R E  1  Potential shared 
mechanisms between psychiatric 
disorders and epilepsy. These processes 
occur as a result of a dysregulation of the 
hypothalamic- pituitary- adrenal (HPA) 
axis during epilepsy and, at the same time, 
they can be influenced by the presence of 
neuropsychiatric disorders. This suggests 
that the HPA axis participates in both 
epilepsy and its comorbidities
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neuropeptides.39 Some studies suggest that it is possible 
that the inflammatory response from microglia activation 
by cytokines can contribute to the development of psy-
chiatric disorders. For example, Annamaria Vezzani and 
collaborators found that the administration of IL- 1beta in 
the hippocampus of rats increases the seizure duration.33

Glutamate is the major excitatory neurotransmitter in 
the cerebral cortex and plays an important role in mental 
disorders.34,40- 42 In another study, the level of glutamate 
in postmortem brains from patients with mental disorders 
was analyzed. The authors observed that the levels of glu-
tamate in the brain tissue of major depression and bipolar 
disorder were significantly higher than control subjects. 
No changes were found in the brains of patients with 
schizophrenia.34

It has been shown that long- term exposure to stress-
ors can produce negative effects on mental health.43 The 
stress response is mediated by the HPA axis.44 As it was 
mentioned above, disorders such as depression, anxiety, 
and sleep disorders can influence the HPA axis.45- 47 There 
are experimental data for the connection between stress 
and depression in the epileptic brain. For instance, in a rat 
model of comorbid depression and epilepsy, it has been 
detected the presence of an overactive HPA axis, with high 
serum corticosterone levels.36 In other investigations, the 
degrees of stress, depression, and anxiety between PWE, 
classified as well- controlled epilepsy (WCE), poorly con-
trolled epilepsy (PCE), uncontrolled epilepsy (UCE), and 
controls were evaluated. The levels of stress, depression, 
and anxiety were significantly higher in patients with 
UCE or DRE compared to all groups.48

4 |  INFLUENCE OF AGE AND 
GENDER ON EPILEPSY

Studies of incidence are especially useful in the epidemiol-
ogy of epilepsy because they provide information on the 
etiology and prognosis of epilepsy. Thus, it is known that 
the mean estimated incidence of epilepsy is 43.4/100,000 
among industrialized countries and 68.7/100,000 in de-
veloping countries, according to one of the first meta- 
analyses.49 Prevalence data providing information on the 
burden of disease in a population show 2.7– 7.1/1000 in de-
veloped countries and 2.2– 22.2/1000 in low-  and middle- 
income economies.50 Data from a study in Rochester, 
Minnesota, one of the earliest and most comprehensive 
studies, show a cumulative incidence of 3.1% for epilepsy 
up to 74 years of age, and 4.1% for an unprovoked seizure 
of any type. Incidence by age shows a bimodal distribu-
tion in the industrialized countries, with an initial peak in 
childhood and a later peak after the age of 55 years. In the 
industrialized countries, the highest incidences are now 

seen in people over 75  years of age, reflecting improve-
ments in care that have led to increased life expectancy.51 
This incidence is not a feature in developing countries, 
where the highest rates of epilepsy are found in children 
and young adults, with relatively lower incidences in the 
elderly.52,53 This indicates a major problem for the clinical 
setting, but also for public health. This is especially true as 
the population is living longer due to advances in medical 
treatments and greater knowledge about health and well- 
being, particularly in developing countries.

On the other hand, it is noted that females have a 
slightly lower annual incidence of epilepsy than males, 
46.2 versus 50.7/100  000, respectively, in the review by 
Kotsopoulos et al (2002). This gender difference may be 
multifactorial, but it is usually attributed to the greater 
exposure of males to risk factors for remote symptomatic 
epilepsy and acute symptomatic seizures, particularly 
head trauma, stroke, and CNS infections. Alcohol- related 
seizures and alcohol- related remote epilepsies are also sig-
nificantly more common in men and account for much of 
this gender difference.54,55

5 |  AGE AS A RISK FACTOR FOR 
THE DEVELOPMENT OF DRE

There are few studies by age and gender that associate a 
prevalence or incidence in DRE. Prevalence and incidence 
are useful for healthcare and resource planning, but are not 
consistently defined and tend to vary between studies, either 
due to problems with population selection, sample size, clas-
sification, or terminology. Prevalence and incidence studies 
should consider that different risk factors are related to drug 
resistance, such as seizure frequency, age of seizure onset, 
and number of ASMs. It has been documented in the litera-
ture that the treatment with multiple ASMs at an earlier age, 
in both patients and animal models of TLE, represent a more 
refractory phenotype, probably with difficulty to access dif-
fuse epileptogenic networks formed by the intense epileptic 
activity and recently described as part of the DRE mecha-
nisms56 that is less possible to be interrupted by surgery.57 
This statement was supported by subsequent studies show-
ing that daily seizures and early age of onset are risk factors 
for intractability in pediatric- onset epilepsy. One of the earli-
est prospective studies showed that 13.9% of children with 
daily seizures developed DRE, compared with 6.8% of those 
with lower seizure frequency. In addition, the average age 
of seizure onset was lower in children with DRE.58 Another 
prospective study also found that daily seizures and age of 
onset were significant predictors of intractability,59 such that 
DRE affects the pediatric age group to a greater extent.

In addition, the cause or etiology of epilepsy is an im-
portant prognostic factor for recurrence; for example, focal 
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epilepsies related to structural brain abnormalities are less 
likely to go into remission compared to those occurring in 
patients with normal brain imaging, even if they have a 
newly diagnosed epilepsy.60 In the same way, reviewing 
seizure patterns of children and adults with DRE showed 
that patients with TLE were significantly more likely to have 
DRE compared to all other patients with focal and gener-
alized epilepsy, regardless of age.61 Interestingly, it has re-
cently been demonstrated that anxiety disorder followed by 
mood disorders are the most common comorbidity in pa-
tients with refractory TLE.62 Similarly, several studies iden-
tifying early predictors of DRE in children63 and adults64 
have shown that HS is highly correlated with drug resis-
tance in pediatric age.63 However, a significant proportion 
[46%] of patients with TLE may have remission, suggesting, 
as in other populations, that some temporary cases have a 
more benign form.64,65 In addition to etiology, the duration 
of epilepsy influences the severity of the disease. On av-
erage, in one cohort, patients with DRE had an evolution 
6 years longer compared to controls without DRE. Similar 
findings were reported by a study of focal onset epilepsies 
in Korea [178 vs 102 months],66 and in a study conducted 
in Macedonia where patients with DRE suffered from the 
disease for 22 years and patients without seizures suffered 
from the disease for 14 years.67 In contrast, patients with a 
mild course of TLE are more likely to have late- onset epi-
lepsy and to have a shorter evolution. It should be noted that 
the longer the duration of epilepsy, the greater the number 
of ASMs tried. In general, a higher number of previously- 
tested ASMs is associated with drug resistance.67 In addition 
to these factors, the DRE in the case of adults of increasing 
age with epilepsy involves having a history of years with 
metabolic or toxic factors (eg, drugs or excess alcohol) and 
depression. The increased prevalence of new- onset seizures 
in persons aged ≥60 years is due to several factors associated 
with this special population (in addition to the increase in 
the aging population), including coexisting conditions (or 
comorbidities) such as cerebrovascular disease (eg, stroke), 
arterial hypertension, diabetes, and dementia.6 These co-
morbidities are common in persons aged ≥60 years, and for 
this reason, they are an important consideration when treat-
ing people with epilepsy.

6 |  GENDER AND AGE 
DIFFERENCES IN DRE

Steroid hormones influence brain development and sei-
zure68 differences in endogenous steroid hormone levels 
and may promote variable susceptibility to seizures, as 
these hormones have been shown to affect the expression 
of Na- K- Cl cotransporters in a sex- specific manner.69- 71 

It is likely that these changes contribute to variation in 
GABAergic inhibition. The immature brain has relatively 
higher concentrations of intracellular chloride ions,72 and 
the expression of two Na- K- Cl cotransporters (NKCC1 
and KCC2) is responsible for this difference. In the neo-
natal brain, NKCC1 is more highly expressed and main-
tains high concentrations in neurons, and these proteins 
will eventually convert KCC2 cotransporters in neuronal 
membranes as the brain matures.68 Thus, chloride con-
centrations are determined in part by the ratios of NKCC1 
and KCC2, as NKCC1 brings chloride ions into the cell 
and KCC2 extrudes them.68 When gamma- aminobutyric 
acid (GABA) binds to its receptor in neonates, chloride 
ions leave the neuron at an increased rate, leading to neu-
ronal depolarization. This explains why neonatal seizures 
are not sensitive to GABAergic drugs.72

Since it became known that during development, the 
brain- derived neurotrophic factor (BDNF) regulates KCC2 
expression in the same way, BDNF- TrkB (TrkB as the re-
ceptor for the BDNF and NT- 4/5) modulates membrane 
insertion and function to KCC2,73- 75 it has initiated the un-
derstanding of a novel role of KCC2 in the occurrence of 
refractory seizures in neonatal brains where KCC2 hypo-
function has been documented.76 Rescue of KCC2 hypo-
function by inactivation of the BDNF- TrkB pathway73 or 
functional enhancement of KCC2 has been shown to res-
cue refractoriness in P7 CD- 1 mice. In neonatal seizures, 
it has been proposed that the ineffectiveness of the first- 
line antiseizure targeting on the GABAA receptor depends 
on the reversal of the Cl-  gradient that is maintained by 
KCC2. Age- dependent BDNF induction after seizure ac-
tivity may underlie excessive BDNF release in the imma-
ture brain; for example, it was recently demonstrated that 
acute and transient antagonism of the TrkB receptor after 
stroke may be a novel and effective way to limit the onset 
of the drug- resistant seizures in the neonatal brain.74 This 
transient blockade also rescued acute and subacute dys-
regulation of KCC2, which might otherwise be detrimen-
tal in a maturing brain, given the important role of KCC2 
in dendritic spine formation, AMPA receptor trafficking, 
and the formation of functional GABA synapses.75

On the other hand, experimental evidence shows 
that the conversion of NKCC1 to KCC2 differs in a sex- 
dependent manner.70 Females are known to undergo this 
conversion at an earlier developmental stage in certain 
sexually dimorphic brain regions, like the substantia nigra, 
hippocampus, and entorhinal cortex, although region- 
specific differences have been reported. This sex- specific 
difference in the timing of maturation of the GABAergic 
signaling has been proposed as an important contributing 
factor in the sexual differentiation of the brain, includ-
ing cortical and subcortical networks involved in seizure 
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control and response to GABAergic drugs, and this differ-
ence may underlie increased seizure susceptibility in male 
individuals.69- 71,77

The influence of cotransporters in refractory epilepsy 
in early developmental ages is known; however, in the 
case of older people, there are few studies. Most are fo-
cused on TLE, which is an epileptic syndrome associated 
with seizures that predominantly initiate in the temporal 
lobe and is often accompanied by temporal lobe pathology 
such as sclerosis, mossy fiber sprouting, and hippocampal 
degeneration.78- 81 The known causes of TLE are multiple, 
but often remain unknown.82 The ~40% of patients with 
TLE that become refractory usually end up opting for re-
sective surgery to remove the seizure- initiating focus.83 
Subiculum tissue resected from refractory SLE patients 
with hippocampal sclerosis showed spontaneous interic-
tal activity in vitro that correlated negatively with KCC2 
expression.84 Similar studies have shown decreased KCC2 
and increased NKCC1 transcription in resected TLE tis-
sue.85 TLE has been widely associated with impaired Cl-  
homeostasis and depolarizing GABAergic transmission.86 
TLE and hippocampal sclerosis have been associated with 
seizures in early life, especially febrile status epilepticus 
(FSE).87 Mutations in SLC12A5, the gene coding for KCC2, 
have been reported in patients with febrile seizures,88,89 
suggesting that mutations in their coding or regulatory re-
gions affect Cl- extrusion functions, which may contribute 
to genetic susceptibility to TLE.

Likewise, several mechanisms have been proposed 
to explain sex- based differences in epilepsies and age- 
independent seizure susceptibility90 but not in DRE. 
These factors include steroid hormones, cytochrome P450 
activity, neurotransmitter systems, and gender- associated 
neural networks in the brain.90- 92 Among these factors, the 
impact of steroid hormones and endogenous neurosteroids 
on neuronal excitability and seizure susceptibility is one of 
the most investigated.93- 95 Another factor is the neural net-
works that are different in relation to brain connectivity, 
as the male brain has better intrahemispheric neural com-
munication due to a greater abundance of white matter 
connections between cortical regions.96- 98 In contrast, the 
female brain exhibits greater interhemispheric connectiv-
ity and local clustering.96- 98 This discrepancy has been de-
scribed in both adolescent and adult brains and may partly 
explain why more idiopathic generalized epilepsies are di-
agnosed in females than in males.96,97,99 The same occurs 
in the limbic system and may be a determining factor in 
the establishment of TLE.96,97 TLE is one of the most com-
mon forms of epilepsy and is characterized by spontaneous 
focal seizures originating in the limbic system. Within the 
amygdala, males have been shown to have better connec-
tivity on the right side, whereas females have more neural 

connections on the left side.100,101 Taken together, these 
structural variations within the limbic system suggest that 
sex differences in epilepsies may be explained in part by 
underlying sex- based variations in functional connectiv-
ity. On the other hand, steroid hormones are synthesized 
and secreted from ovarian, gonadal, and adrenal sources, 
and play a key role in the neuroendocrine control of neu-
ronal excitability and seizure susceptibility.93

Progesterone is an antiseizure hormone that has a rel-
atively higher concentration in women; its antiseizure 
effect is associated with the modulation of glutamatergic 
(excitatory) neurotransmission.102 On the other hand, es-
trogens may affect seizure susceptibility because they have 
proseizure and epileptogenic properties in animals and 
humans.103 The effect of estrogens on hippocampal sei-
zure susceptibility is controversial.103 Although estradiol 
has been shown to be proseizure in several studies, there 
is also evidence to support the lack of effect or protective 
effect of estrogens.104- 106 Basic studies have shown that es-
trogens positively impact glutamatergic transmission and 
produce proseizure actions in the brain.107 However, other 
studies suggest that estrogen may also exhibit antiseizure 
properties primarily through the neuroprotective effects 
of the β- estradiol subtype, showing that the impact of 
progesterone on seizure susceptibility in women is much 
more profound.106,108

The influence of neurosteroids on both neuronal excit-
ability and inhibition has been associated with changes in 
GABAA receptor (GABAAR) expression. In addition, fluc-
tuations in progesterone and progesterone- derived neuro-
steroids during the menstrual cycle have been proposed to 
alter GABAAR- mediated tonic inhibition.109- 111 In another 
study, extrasynaptic δ- containing GABAAR were shown to 
be crucial mediators of changes in neuronal excitability and 
seizure susceptibility in mice.112 On the other hand, changes 
related to the estrous cycle produce changes in the expres-
sion of δ- containing GABAAR in different regions of the hip-
pocampus consequently in tonic inhibition113 (Figure 2), as 
well as seizure susceptibility. These findings are highly rele-
vant to the low incidence or severity of seizures in females. 
Sex differences in neurosteroid protection are not related to 
pharmacokinetic factors; nevertheless, with a higher abun-
dance of δ- containing GABAAR in females, neurosteroids 
produced a greater potentiation of tonic currents in female 
hippocampal neurons than in males. Thus, it is likely that 
neurosteroids protect against seizures in females because 
of the high abundance of the extrasynaptic δ- containing 
GABAAR in the hippocampus and other brain regions.114 
However, it is likely that other factors, such as differences 
in phosphorylation and trafficking in phosphorylation, con-
tribute to sex differences in the antiseizure effectiveness of 
neurosteroids through GABAA receptor.
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The studies noted above have shown that neuroste-
roids are GABAA receptor modulators, which are synthe-
sized from progesterone and mediate protective effects in 
the brain.115 However, gender differences in the antisei-
zure activity of progesterone have not been extensively 
studied. Studies in animal models tested the ability of 
progesterone and neurosteroids to protect against penty-
lenetetrazole (PTZ)- induced seizures in male and female 
mice.116 Progesterone protected both male and female 
mice against PTZ- induced seizures in a dose- dependent 
manner. However, in females, progesterone antiseizure 
activity was higher in a dose- response mode. Since the an-
tiseizure activity of progesterone is mainly due to its meta-
bolic conversion to the neurosteroid allopregnanolone,116 
the protective activity of allopregnanolone in male and 
female mice in PTZ- induced seizures was evaluated. Like 
progesterone, allopregnanolone protected mice in a dose- 
dependent manner, and the dose- response curve of the 
neurosteroid was higher in females than in males. Using 
progesterone receptor (PR) knockout mice, it was con-
firmed that gender- related differences in the antiseizure 
potency of progesterone or allopregnanolone are not due 
to differences in PRs in the brain.116 These results agree 
with previous studies, suggesting that females are more 
sensitive to the actions of progesterone in the CNS than 
males.117 The gender- related difference in progesterone 
protection is not due to known differences in the density 
or distribution of progesterone receptors in female and 
male brains.118,119 However, the role of sexual dimorphism 
or the brain region involved remains unclear. It is possi-
ble, however, that endocrine differences between females 
and males are responsible. It has been established that tes-
tosterone and related androgens do not have antiseizure 

effects.120,121 Alternative explanations include gender 
differences in the bioavailability or pharmacokinetics of 
progesterone and allopregnanolone or differences in the 
sensitivity of GABAA receptors to these compounds.

In addition, testosterone has a marked impact on 
seizure susceptibility through its metabolism to estro-
gen.122 Thus, it is important to lay the groundwork for 
understanding how sexually dimorphic GABAergic tonic 
circuits in the hippocampus may contribute to sex differ-
ences in seizure susceptibility and neurosteroid protec-
tion. These findings could be especially important for the 
design of personalized neurosteroid therapies for epileptic 
seizures, such as focal onset impaired awareness seizures, 
catamenial epilepsy, and status epilepticus.91

7 |  DISCUSSION

The treatment of epilepsy represents a challenge due to 
the complexity and diversity of the mechanisms associ-
ated. While in the preceding years notable advances in the 
neuroscience field have occurred, such as improvements 
in diagnostic techniques and more pharmacological thera-
pies, the epidemiological investigations indicate that these 
improvements are not reflected in broad benefits for phar-
macoresistant patients.123 This is more evident in DRE 
since the accessibility to pharmacological agents to stop 
or at least reduce the epileptic seizures is not yet a feasi-
ble option. Frequently, the patients with DRE have to deal 
with multiple adversities on their search for a solution for 
their devastating condition. For example, approximately 
5% of the patients with DRE enter in a seizure remis-
sion period that can last for years, which provides these 

F I G U R E  2  Neurosteroids 
as local modulators of inhibitory 
neurotransmission. GABA released 
from vesicles activates a family of 
postsynaptic GABAA receptors resulting 
in a momentary inhibitory postsynaptic 
current known as phasic response. 
Neurosteroids released locally from 
neurons or glia augment these responses. 
Furthermore, GABA can also produce a 
tonic inhibition by acting on extrasynaptic 
GABAA receptors, and this conductance 
can have a considerable impact on 
neuronal excitability
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patients with a false hope. However, a considerable pro-
portion of them (>70%) relapse after the 12 months fol-
lowing a remission.124

As it was mentioned earlier, psychiatric comorbidities 
have been associated with significantly decreased qual-
ity of life, increased disability, increased medication, and 
medical costs in persons with DRE. Furthermore, it has 
been revealed that the age of patients is also an import-
ant factor that determines the type of comorbidity related 
to epilepsy. In children with epilepsy, the most prevalent 
comorbidities include attention- deficit hyperactivity disor-
der, mood and anxiety disorders, and autism spectrum dis-
order.125 On the other hand, disorders such as depression 
and anxiety disorder are frequently observed in adults.126 
These neuropsychiatric comorbidities in patients with 
DRE are yet highly underdiagnosed and undertreated and 
must receive particular attention during the evaluation of 
this disease. The correct identification and treatment of 
comorbidities in DRE is critical. It has been shown that 
approximately two- thirds of premature deaths in patients 
with epilepsy are attributed to comorbid diseases.127

A deeper examination of each patient with DRE must 
be carried out by physicians and neurologists in order to 
identify particular factors that may be related to either the 
joint development of neuropsychiatric comorbidities and/
or the ineffective response to medication. This exploration 
could result in a better understanding of every case and 
consequently in a possible solution. There is clear evi-
dence that shows that patients with a family psychiatric 
history are more likely to develop pathologic reactions to 
stressors.128 Particularly, family psychiatric history plays 
an essential role in pharmacoresistance128,129; unfortu-
nately, it is frequently under evaluated.

Aside from the potential mechanisms described in this 
review to explain the relationship between DRE and psy-
chiatric comorbidities, some studies have suggested that 
this connection is due to the localization of the epileptic 
foci; however, the findings obtained so far are contradic-
tory.130- 132 For example, a study performed in 540 adult 
patients assessed the presence of anxiety and its associ-
ation with the epilepsy type. The results showed an in-
dependent association of anxiety symptoms with focal 
epilepsy versus generalized epilepsy.133 Conversely, in 
another study, 144 patients evaluated for epilepsy surgery 
received psychiatric examination and it was found that 
psychotic syndromes were linked to a history of febrile 
convulsions and left- sided temporomesial epileptogenic 
foci.134 Some investigations are pioneers in the study of 
this intricate subject. For instance, the existence of a rela-
tionship between a dysfunction in the self- identity in pa-
tients with chronic focal epilepsy has been shown.135 The 
authors found a poor self- identity development in patients 
with seizures arising from a focus in the mesial temporal 

compared to non- mesial temporal seizure foci. This effect 
might be modulated by the extension of the seizure foci 
and the timing of seizure onset.135 Furthermore, the same 
group of investigators found that in patients with epilepsy 
with mesial temporal foci, objective verbal memory dys-
function, neuroticism, and female gender predicted mem-
ory complaints.136 Another study revealed that patients 
with temporal epilepsy had a higher prevalence of psychi-
atric comorbidities, predominantly anxiety, than patients 
with extra- temporal epilepsy.62 Nevertheless, further stud-
ies are necessary to identify which disorders of the wide 
variety of psychiatric comorbidities of DRE can be linked 
with each type and/or localization of epilepsy.

Regarding the relevance of age on epilepsy, as was de-
scribed above, it has been revealed that both epilepsy and 
its neuropsychiatric comorbidities are most frequent in 
elderly people.21 A limited number of studies have com-
pared characteristics of epilepsy in older adults versus 
younger individuals,137 and even less is known about this 
matter in DRE. Certainly, the aged population is rapidly 
growing mainly in developed countries; therefore, more 
studies focused on the mechanistic processes of DRE, 
alone or in combination with other neurological disor-
ders, on each stage of life are needed with the purpose of 
generating specific treatments and or preventive actions.

Over several years, most of the experimental models 
used in the study of epilepsy have been performed pre-
dominantly in males. Nevertheless, the effect of sex hor-
mones on this condition has been well- known.138 Some 
investigations have included both sexes in the study of 
DRE.139,140 However, at the present time and further, it 
is essential to take this important factor into account in 
all experiments in order to find the specific differences in 
the development and management of DRE in each gen-
der with subsequently extrapolation of the obtained find-
ings for the benefit of the patients with DRE. Although 
studies have not been done in DRE, neurosteroids hold 
great promise for the treatment of epilepsy. A better un-
derstanding of the mechanisms of sex differences in the 
actions of neurosteroids may offer improvements in treat-
ment strategies for sex- specific forms of epilepsy.

Novel approaches in the research of DRE represent 
areas of opportunity for the improvement of its manage-
ment. For example, presently there is scarce evidence re-
garding the existence of a difference in the gut microbial 
composition between patients with DRE and controls,100 
and there is only one study, until now, that reported a pa-
tient with epilepsy who became seizure- free after fecal 
microbiota transplantation.141,142 Furthermore, limited ex-
ploration has been conducted to understand the relation-
ship between gut microbiome and DRE. Some potential 
mechanisms include modifications of probiotics, prebiot-
ics, or antibiotics. Future research may establish whether 
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altering bacterial composition of the gut microbiome may 
help in the treatment of DRE.

Finally, it is important to note that new treatment ap-
proaches have been proposed in the recent years to address 
the resistance to current ASMs with promising results. For 
example, phytoconstituents, essential oils, endocanna-
binoids, and phytocannabinoids have shown antiseizure 
properties by a modulation of GABAergic neurotransmis-
sion.143- 146 Further studies are required to validate the ef-
fectiveness of these new alternatives in the treatment of 
DRE as a multifaceted condition.

8 |  CONCLUSIONS

In conclusion, the diagnosis and management of the psy-
chiatric comorbidities in patients with refractory epilepsy 
represents a critical factor in order to reduce their impact 
on the development of this condition and improve their 
response to pharmacological treatment. Furthermore, 
the identification of these comorbidities could be a pre-
dictor of poor quality of life and may help to avoid severe 
consequences such as suicide risk. Unfortunately, at the 
present time, the investigation of psychiatric disorders by 
the physicians who treat epilepsy is not routine in most 
cases.

On the other hand, a deeper understanding of the mo-
lecular and neural network basis of age and sex differences 
in seizure and drug response is needed to design effective 
sex-  and age- specific therapies for epilepsy and identify 
whether these differences are also associated with DRE, 
and whether hormones can be reliable alternatives in the 
treatment of this complex neurological disorder.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

ETHICAL APPROVAL
We confirm that we have read the Journal's position on 
issues involved in ethical publication and affirm that this 
report is consistent with those guidelines.

ORCID
Jesús Servando Medel- Matus   https://orcid.
org/0000-0003-1103-468X 
Sandra Orozco- Suárez   https://orcid.
org/0000-0001-5289-8500 

REFERENCES
 1. Beghi E. The epidemiology of epilepsy. Neuroepidemiology. 

2020;54:185– 91.
 2. Beghi E, Giussani G, Nichols E, Abd- Allah F, Abdela J, 

Abdelalim A, et al. Global, regional, and national burden 

of epilepsy, 1990– 2016: a systematic analysis for the Global 
Burden of Disease Study 2016. Lancet Neurol. 2019;18:357– 75.

 3. Dalic L, Cook MJ. Managing drug- resistant epilepsy: challenges 
and solutions. Neuropsychiatr Dis Treat. 2016;12:2605– 16.

 4. Kwan P, Brodie MJ. Early identification of refractory epilepsy. 
N Engl J Med. 2000;342:314– 9.

 5. Picot MC, Baldy- Moulinier M, Daures JP, Dujols P, Crespel A. 
The prevalence of epilepsy and pharmacoresistant epilepsy in 
adults: a population- based study in a Western European coun-
try. Epilepsia. 2008;49:1230– 8.

 6. Brodie MJ, Elder AT, Kwan P. Epilepsy in later life. Lancet 
Neurol. 2009;8:1019– 30.

 7. Sarkis RA, McGinnis S, Rushia SN, Park S, Ansari EE, Willment 
KC. Growing older with drug- resistant epilepsy: cognitive and 
psychosocial outcomes. J Neurol. 2018;265:1059– 64.

 8. Viale L, Allotey J, Cheong- See F, Arroyo- Manzano D, Mccorry 
D, Bagary M, et al. Epilepsy in pregnancy and reproductive 
outcomes: a systematic review and meta- analysis. Lancet. 
2015;386:1845– 52.

 9. Kanner AM. Psychiatric comorbidities and epilepsy: is it the old 
story of the chicken and the egg? Ann Neurol. 2012;72:153– 5.

 10. Kanner AM. Management of psychiatric and neurological co-
morbidities in epilepsy. Nat Rev Neurol. 2016;12:106– 16.

 11. Keezer MR, Sisodiya SM, Sander JW. Comorbidities of epi-
lepsy: current concepts and future perspectives. Lancet Neurol. 
2016;15:106– 15.

 12. Ravizza T, Onat FY, Brooks- Kayal AR, Depaulis A, Galanopoulou 
AS, Mazarati A, et al. WONOEP appraisal: Biomarkers of 
epilepsy- associated comorbidities. Epilepsia. 2017;58:331– 42.

 13. Kanner AM, Barry JJ, Gilliam F, Hermann B, Meador KJ. 
Anxiety disorders, subsyndromic depressive episodes, and major 
depressive episodes: do they differ on their impact on the quality 
of life of patients with epilepsy? Epilepsia. 2010;51:1152– 8.

 14. Mazarati A, Jones NC, Galanopoulou AS, Harte- Hargrove LC, 
Kalynchuk LE, Lenck- Santini P- P, et al. A companion to the 
preclinical common data elements on neurobehavioral co-
morbidities of epilepsy: a report of the TASK3 behavior work-
ing group of the ILAE/AES Joint Translational Task Force. 
Epilepsia Open. 2018;3:24– 52.

 15. Perini GI, Tosin C, Carraro C, Bernasconi G, Canevini MP, 
Canger R, et al. Interictal mood and personality disorders 
in temporal lobe epilepsy and juvenile myoclonic epilepsy. J 
Neurol Neurosurg Psychiatry. 1996;61:601– 5.

 16. Gaitatzis A, Trimble MR, Sander JW. The psychiatric comor-
bidity of epilepsy. Acta Neurol Scand. 2004;110:207– 20.

 17. Kwon OY, Park SP. Depression and anxiety in people with epi-
lepsy. J Clin Neurol. 2014;10:175– 88.

 18. Ettinger A, Reed M, Cramer J. Depression and comorbid-
ity in community- based patients with epilepsy or asthma. 
Neurology. 2004;63:1008– 14.

 19. Tellez- Zenteno JF, Patten SB, Jette N, Williams J, Wiebe S. 
Psychiatric comorbidity in epilepsy: a population- based analy-
sis. Epilepsia. 2007;48:2336– 44.

 20. Gaitatzis A, Carroll K, Majeed A. The epidemiology of the 
comorbidity of epilepsy in the general population. Epilepsia. 
2004;45:1613– 22.

 21. Lang JD, Grell L, Hagge M, Onugoren MD, Gollwitzer S, Graf 
W, et al. Long- term outcome after epilepsy surgery in older 
adults. Seizure. 2018;57:56– 62.

https://orcid.org/0000-0003-1103-468X
https://orcid.org/0000-0003-1103-468X
https://orcid.org/0000-0003-1103-468X
https://orcid.org/0000-0001-5289-8500
https://orcid.org/0000-0001-5289-8500
https://orcid.org/0000-0001-5289-8500


S90 |   MEDEL- MATUS et al.

 22. Medel- Matus JS, Shin D, Sankar R, Mazarati A. Kindling epi-
leptogenesis and panic- like behavior: their bidirectional con-
nection and contribution to epilepsy- associated depression. 
Epilepsy Behav. 2017;77:33– 8.

 23. Meldolesi GN, Di Gennaro G, Quarato PP, Esposito V, 
Grammaldo LG, Morosini P, et al. Changes in depression, 
anxiety, anger, and personality after resective surgery for drug- 
resistant temporal lobe epilepsy: a 2- year follow- up study. 
Epilepsy Res. 2007;77:22– 30.

 24. Danielsson S, Viggedal G, Steffenburg S, Rydenhag B, Gillberg 
C, Olsson I. Psychopathology, psychosocial functioning, and 
IQ before and after epilepsy surgery in children with drug- 
resistant epilepsy. Epilepsy Behav. 2009;14:330– 7.

 25. De Benedictis L, Dumais A, Nicole L, Grou C, Lesage AD. A 
patient with medication- resistant epilepsy featuring psycho-
sensorial and psychotic symptoms presenting with significant 
functional improvement on psychotherapeutic treatment: a 
case report. J Med Case Rep. 2013;7:259.

 26. Devinsky O. Diagnosis and treatment of temporal lobe epi-
lepsy. Rev Neurol Dis. 2004;1:2– 9.

 27. Qin P, Xu H, Laursen TM, Vestergaard M, Mortensen PB. Risk 
for schizophrenia and schizophrenia- like psychosis among 
patients with epilepsy: population based cohort study. BMJ. 
2005;331:23.

 28. Andrade- Machado R, Ochoa- Urrea M, Garcia- Espinosa A, 
Benjumea- Cuartas V, Santos- Santos A. Suicidal risk, af-
fective dysphoric disorders, and quality- of- life perception 
in patients with focal refractory epilepsy. Epilepsy Behav. 
2015;45:254– 60.

 29. Andrijic NL, Alajbegovic A, Zec SL, Loga S. Suicidal ideation 
and thoughts of death in epilepsy patients. Psychiatr Danub. 
2014;26:52– 5.

 30. Castro SCC, Baroni GV, Martins WA, Palmini ALF, Bisol LW. 
Suicide risk, temperament traits, and sleep quality in patients 
with refractory epilepsy. Epilepsy Behav. 2018;80:254– 8.

 31. Nogueira MH, Yasuda CL, Coan AC, Kanner AM, Cendes F. 
Concurrent mood and anxiety disorders are associated with 
pharmacoresistant seizures in patients with MTLE. Epilepsia. 
2017;58:1268– 76.

 32. Kumar G, Couper A, O’Brien TJ, Salzberg MR, Jones NC, 
Rees SM, et al. The acceleration of amygdala kindling ep-
ileptogenesis by chronic low- dose corticosterone involves 
both mineralocorticoid and glucocorticoid receptors. 
Psychoneuroendocrinology. 2007;32:834– 42.

 33. Vezzani A, Conti M, De Luigi A, Ravizza T, Moneta D, Marchesi 
F, et al. Interleukin- 1beta immunoreactivity and microglia are 
enhanced in the rat hippocampus by focal kainate application: 
functional evidence for enhancement of electrographic sei-
zures. J Neurosci. 1999;19:5054– 65.

 34. Hashimoto K, Sawa A, Iyo M. Increased levels of glutamate 
in brains from patients with mood disorders. Biol Psychiatry. 
2007;62:1310– 6.

 35. Rajkowska G, O'Dwyer G, Teleki Z, Stockmeier CA, Miguel- 
Hidalgo JJ. GABAergic neurons immunoreactive for calcium 
binding proteins are reduced in the prefrontal cortex in major 
depression. Neuropsychopharmacology. 2007;32:471– 82.

 36. Mazarati AM, Shin D, Kwon YS, Bragin A, Pineda E, Tio D, 
et al. Elevated plasma corticosterone level and depressive be-
havior in experimental temporal lobe epilepsy. Neurobiol Dis. 
2009;34:457– 61.

 37. D’Alessio L, Mesarosova L, Anink JJ, Kochen S, Solís P, Oddo S, 
et al. Reduced expression of the glucocorticoid receptor in the 
hippocampus of patients with drug- resistant temporal lobe ep-
ilepsy and comorbid depression. Epilepsia. 2020;61:1595– 605.

 38. De Simoni MG, Imeri L. Cytokine- neurotransmitter interac-
tions in the brain. Biol Signals Recept. 1998;7:33– 44.

 39. Scarborough DE, Lee SL, Dinarello CA, Reichlin S. Interleukin- 1 
beta stimulates somatostatin biosynthesis in primary cultures 
of fetal rat brain. Endocrinology. 1989;124:549– 51.

 40. Goff DC, Coyle JT. The emerging role of glutamate in the 
pathophysiology and treatment of schizophrenia. Am J 
Psychiatry. 2001;158:1367– 77.

 41. Dager SR, Friedman SD, Parow A, Demopulos C, Stoll AL, 
Lyoo IK, et al. Brain metabolic alterations in medication- 
free patients with bipolar disorder. Arch Gen Psychiatry. 
2004;61:450– 8.

 42. Sanacora G, Gueorguieva R, Epperson CN, Wu YT, Appel M, 
Rothman DL, et al. Subtype- specific alterations of gamma- 
aminobutyric acid and glutamate in patients with major de-
pression. Arch Gen Psychiatry. 2004;61:705– 13.

 43. Carroll D, Smith GD, Shipley MJ, Steptoe A, Brunner EJ, 
Marmot MG. Blood pressure reactions to acute psycholog-
ical stress and future blood pressure status: a 10- year fol-
low- up of men in the Whitehall II study. Psychosom Med. 
2001;63:737– 43.

 44. Herman JP, McKlveen JM, Ghosal S, Kopp B, Wulsin 
A, Makinson R, et al. Regulation of the hypothalamic- 
pituitary- adrenocortical stress response. Compr Physiol. 
2016;6:603– 21.

 45. Stetler C, Miller GE. Depression and hypothalamic- pituitary- 
adrenal activation: a quantitative summary of four decades of 
research. Psychosom Med. 2011;73:114– 26.

 46. Reeves JW, Fisher AJ, Newman MG, Granger DA. Sympathetic 
and hypothalamic- pituitary- adrenal asymmetry in generalized 
anxiety disorder. Psychophysiology. 2016;53:951– 7.

 47. Steiger A. Sleep and the hypothalamo- pituitary- adrenocortical 
system. Sleep Med Rev. 2002;6:125– 38.

 48. Moon HJ, Seo JG, Park SP. Perceived stress and its predictors in 
people with epilepsy. Epilepsy Behav. 2016;62:47– 52.

 49. Kotsopoulos IA, van Merode T, Kessels FG, de Krom MC, 
Knottnerus JA. Systematic review and meta- analysis of inci-
dence studies of epilepsy and unprovoked seizures. Epilepsia. 
2002;43:1402– 9.

 50. Banerjee PN, Filippi D, Allen HW. The descriptive epidemiol-
ogy of epilepsy- a review. Epilepsy Res. 2009;85:31– 45.

 51. Hauser WA, Annegers JF, Kurland LT. Incidence of epilepsy 
and unprovoked seizures in Rochester, Minnesota: 1935– 1984. 
Epilepsia. 1993;34:453– 68.

 52. Mac TL, Tran DS, Quet F, Odermatt P, Preux PM, Tan CT. 
Epidemiology, aetiology, and clinical management of epilepsy 
in Asia: a systematic review. Lancet Neurol. 2007;6:533– 43.

 53. Medina MT, Duron RM, Martinez L, Osorio JR, Estrada AL, 
Zuniga C, et al. Prevalence, incidence, and etiology of ep-
ilepsies in rural Honduras: the Salama Study. Epilepsia. 
2005;46:124– 31.

 54. Jallon P, Goumaz M, Haenggeli C, Morabia A. Incidence of 
first epileptic seizures in the canton of Geneva, Switzerland. 
Epilepsia. 1997;38:547– 52.

 55. Jallon P, Smadja D, Cabre P, Le Mab G, Bazin M. EPIMART: 
prospective incidence study of epileptic seizures in newly 



   | S91MEDEL- MATUS et al.

referred patients in a French Caribbean island (Martinique). 
Epilepsia. 1999;40:1103– 9.

 56. Loscher W, Potschka H, Sisodiya SM, Vezzani A. Drug re-
sistance in epilepsy: clinical impact, potential mechanisms, 
and new innovative treatment options. Pharmacol Rev. 
2020;72:606– 38.

 57. Arya R, Leach JL, Horn PS, Greiner HM, Gelfand M, Byars 
AW, et al. Clinical factors predict surgical outcomes in 
pediatric MRI- negative drug- resistant epilepsy. Seizure. 
2016;41:56– 61.

 58. Berg AT, Shinnar S, Levy SR, Testa FM, Smith- Rapaport S, 
Beckerman B. Early development of intractable epilepsy in 
children: a prospective study. Neurology. 2001;56:1445– 52.

 59. Kwong KL, Sung WY, Wong SN, So KT. Early predictors of 
medical intractability in childhood epilepsy. Pediatr Neurol. 
2003;29:46– 52.

 60. Mohanraj R, Brodie MJ. Early predictors of outcome in newly 
diagnosed epilepsy. Seizure. 2013;22:333– 44.

 61. Choi H, Hayat MJ, Zhang R, Hirsch LJ, Bazil CW, Mendiratta 
A, et al. Drug- resistant epilepsy in adults: Outcome trajectories 
after failure of two medications. Epilepsia. 2016;57:1152– 60.

 62. Jansen C, Francomme L, Vignal J- P, Jacquot C, Schwan R, 
Tyvaert L, et al. Interictal psychiatric comorbidities of drug- 
resistant focal epilepsy: prevalence and influence of the local-
ization of the epilepsy. Epilepsy Behav. 2019;94:288– 96.

 63. Fray S, Ben Ali N, Kchaou M, Chebbi S, Belal S. Predictors 
factors of refractory epilepsy in childhood. Rev Neurol (Paris). 
2015;171:730– 5.

 64. Hui AC, Wong A, Wong HC, Man BL, Au- Yeung KM, Wong 
KS. Refractory epilepsy in a Chinese population. Clin Neurol 
Neurosurg. 2007;109:672– 5.

 65. Hernández- Ronquillo L, Buckley S, Ladino LD, Wu A, Moien- 
Afshari F, Rizvi SAA, et al. How many adults with temporal 
epilepsy have a mild course and do not require epilepsy sur-
gery? Epileptic Disord. 2016;18:137– 47.

 66. Park KM, Shin KJ, Ha SY, Park J, Kim SE, Kim SE. Response 
to antiepileptic drugs in partial epilepsy with structural lesions 
on MRI. Clin Neurol Neurosurg. 2014;123:64– 8.

 67. Kuzmanovski I, Cvetkovska E, Babunovska M, Kiteva 
Trencevska G, Kuzmanovska B, Boshkovski B, et al. Seizure 
outcome following medical treatment of mesial temporal 
lobe epilepsy: clinical phenotypes and prognostic factors. Clin 
Neurol Neurosurg. 2016;144:91– 5.

 68. Reddy DS. The neuroendocrine basis of sex differences in epi-
lepsy. Pharmacol Biochem Behav. 2017;152:97– 104.

 69. Galanopoulou AS. Dissociated gender- specific effects of recur-
rent seizures on GABA signaling in CA1 pyramidal neurons: 
role of GABA(A) receptors. J Neurosci. 2008;28:1557– 67.

 70. Galanopoulou AS. Sexually dimorphic expression of KCC2 
and GABA function. Epilepsy Res. 2008;80:99– 113.

 71. Murguia- Castillo J, Beas- Zarate C, Rivera- Cervantes MC, 
Feria- Velasco AI, Urena- Guerrero ME. NKCC1 and KCC2 
protein expression is sexually dimorphic in the hippocam-
pus and entorhinal cortex of neonatal rats. Neurosci Lett. 
2013;552:52– 7.

 72. Moore YE, Conway LC, Wobst HJ, Brandon NJ, Deeb TZ, Moss 
SJ. Developmental regulation of KCC2 phosphorylation has 
long- term impacts on cognitive function. Front Mol Neurosci. 
2019;12:173.

 73. Kipnis PA, Sullivan BJ, Carter BM, Kadam SD. TrkB agonists 
prevent postischemic emergence of refractory neonatal sei-
zures in mice. JCI Insight. 2020;5.

 74. Kang S, Kadam S. Pre- clinical models of acquired neonatal 
seizures: differential effects of injury on function of chloride 
co- transporters. Austin J Cerebrovasc Dis Stroke. 2014;1.

 75. Carter BM, Sullivan BJ, Landers JR, Kadam SD. Dose- 
dependent reversal of KCC2 hypofunction and phenobarbital- 
resistant neonatal seizures by ANA12. Sci Rep. 2018;8:11987.

 76. Sullivan BJ, Kipnis PA, Carter BM, Shao LR, Kadam SD. 
Targeting ischemia- induced KCC2 hypofunction rescues re-
fractory neonatal seizures and mitigates epileptogenesis in a 
mouse model. Sci Signal. 2021;14.

 77. Giorgi FS, Galanopoulou AS, Moshe SL. Sex dimorphism in 
seizure- controlling networks. Neurobiol Dis. 2014;72:144– 52.

 78. Holmes GL, Gairsa JL, Chevassus- Au- Louis N, Ben- Ari Y. 
Consequences of neonatal seizures in the rat: morphological 
and behavioral effects. Ann Neurol. 1998;44:845– 57.

 79. Diaz- Arrastia R, Agostini MA, Frol AB, Mickey B, Fleckenstein 
J, Bigio E, et al. Neurophysiologic and neuroradiologic features 
of intractable epilepsy after traumatic brain injury in adults. 
Arch Neurol. 2000;57:1611– 6.

 80. Swartz BE, Houser CR, Tomiyasu U, Walsh GO, DeSalles A, 
Rich JR, et al. Hippocampal cell loss in posttraumatic human 
epilepsy. Epilepsia. 2006;47:1373– 82.

 81. Pitkanen A, Immonen R. Epilepsy related to traumatic brain 
injury. Neurotherapeutics. 2014;11:286– 96.

 82. Boylan GB, Pressler RM. Neonatal seizures: the journey so far. 
Semin Fetal Neonatal Med. 2013;18:173– 4.

 83. Chang EF, Englot DJ, Vadera S. Minimally invasive surgi-
cal approaches for temporal lobe epilepsy. Epilepsy Behav. 
2015;47:24– 33.

 84. Huberfeld G, Wittner L, Clemenceau S, Baulac M, Kaila K, 
Miles R, et al. Perturbed chloride homeostasis and GABAergic 
signaling in human temporal lobe epilepsy. J Neurosci. 
2007;27:9866– 73.

 85. Palma E, Amici M, Sobrero F, Spinelli G, Di Angelantonio 
S, Ragozzino D, et al. Anomalous levels of Cl-  transporters 
in the hippocampal subiculum from temporal lobe epilepsy 
patients make GABA excitatory. Proc Natl Acad Sci USA. 
2006;103:8465– 8.

 86. Cohen I, Navarro V, Clemenceau S, Baulac M, Miles R. On the 
origin of interictal activity in human temporal lobe epilepsy in 
vitro. Science. 2002;298:1418– 21.

 87. Patterson KP, Baram TZ, Shinnar S. Origins of temporal 
lobe epilepsy: febrile seizures and febrile status epilepticus. 
Neurotherapeutics. 2014;11:242– 50.

 88. Soul JS, Bergin AM, Stopp C, Hayes B, Singh A, Fortuno 
CR, et al. A pilot randomized, controlled, double- blind 
trial of bumetanide to treat neonatal seizures. Ann Neurol. 
2021;89:327– 40.

 89. Puskarjov M, Seja P, Heron SE, Williams TC, Ahmad F, Iona 
X, et al. A variant of KCC2 from patients with febrile seizures 
impairs neuronal Cl-  extrusion and dendritic spine formation. 
EMBO Rep. 2014;15:723– 9.

 90. Christian CA, Reddy DS, Maguire J, Forcelli PA. Sex differences 
in the epilepsies and associated comorbidities: implications for 
use and development of pharmacotherapies. Pharmacol Rev. 
2020;72:767– 800.



S92 |   MEDEL- MATUS et al.

 91. Reddy DS, Estes WA. Clinical potential of neurosteroids for 
CNS disorders. Trends Pharmacol Sci. 2016;37:543– 61.

 92. Werner FM, Covenas R. Neural networks in generalized 
epilepsy and novel antiepileptic drugs. Curr Pharm Des. 
2019;25:396– 400.

 93. Reddy DS. Neuroendocrine aspects of catamenial epilepsy. 
Horm Behav. 2013;63:254– 66.

 94. Reddy DS. Neurosteroids and their role in sex- specific epilep-
sies. Neurobiol Dis. 2014;72:198– 209.

 95. Reddy DS, Jian K. The testosterone- derived neurosteroid an-
drostanediol is a positive allosteric modulator of GABAA re-
ceptors. J Pharmacol Exp Ther. 2010;334:1031– 41.

 96. Savic I. Sex differences in human epilepsy. Exp Neurol. 
2014;259:38– 43.

 97. Savic I, Engel J Jr. Structural and functional correlates of epilep-
togenesis –  does gender matter? Neurobiol Dis. 2014;70:69– 73.

 98. Luders E, Gaser C, Narr KL, Toga AW. Why sex matters: brain 
size independent differences in gray matter distributions be-
tween men and women. J Neurosci. 2009;29:14265– 70.

 99. Ingalhalikar M, Smith A, Parker D, Satterthwaite TD, Elliott 
MA, Ruparel K, et al. Sex differences in the structural con-
nectome of the human brain. Proc Natl Acad Sci USA. 
2014;111:823– 8.

 100. Kilpatrick LA, Zald DH, Pardo JV, Cahill LF. Sex- related dif-
ferences in amygdala functional connectivity during resting 
conditions. NeuroImage. 2006;30:452– 61.

 101. Savic I, Lindstrom P. PET and MRI show differences in ce-
rebral asymmetry and functional connectivity between 
homo-  and heterosexual subjects. Proc Natl Acad Sci USA. 
2008;105:9403– 8.

 102. Motta E, Golba A, Ostrowska Z, Steposz A, Huc M, Kotas- 
Rusnak J, et al. Progesterone therapy in women with epilepsy. 
Pharmacol Rep. 2013;65:89– 98.

 103. Scharfman HE, MacLusky NJ. The influence of gonadal hor-
mones on neuronal excitability, seizures, and epilepsy in the 
female. Epilepsia. 2006;47:1423– 40.

 104. Reibel S, André V, Chassagnon S, André G, Marescaux C, 
Nehlig A, et al. Neuroprotective effects of chronic estradiol 
benzoate treatment on hippocampal cell loss induced by status 
epilepticus in the female rat. Neurosci Lett. 2000;281:79– 82.

 105. Veliskova J, Velisek L. Beta- estradiol increases dentate gyrus 
inhibition in female rats via augmentation of hilar neuropep-
tide Y. J Neurosci. 2007;27:6054– 63.

 106. Veliskova J, Velisek L, Galanopoulou AS, Sperber EF. 
Neuroprotective effects of estrogens on hippocampal cells 
in adult female rats after status epilepticus. Epilepsia. 
2000;41(Suppl 6):S30– 5.

 107. Oberlander JG, Woolley CS. 17beta- estradiol acutely potenti-
ates glutamatergic synaptic transmission in the hippocampus 
through distinct mechanisms in males and females. J Neurosci. 
2016;36:2677– 90.

 108. Reddy DS. Perimenstrual catamenial epilepsy. Womens 
Health. 2007;3:195– 206.

 109. Maguire JL, Stell BM, Rafizadeh M, Mody I. Ovarian cycle- 
linked changes in GABA(A) receptors mediating tonic inhi-
bition alter seizure susceptibility and anxiety. Nat Neurosci. 
2005;8:797– 804.

 110. Gangisetty O, Reddy DS. Neurosteroid withdrawal regulates 
GABA- A receptor alpha4- subunit expression and seizure sus-
ceptibility by activation of progesterone receptor- independent 

early growth response factor- 3 pathway. Neuroscience. 
2010;170:865– 80.

 111. Samba Reddy D, Ramanathan G. Finasteride inhibits the 
disease- modifying activity of progesterone in the hippo-
campus kindling model of epileptogenesis. Epilepsy Behav. 
2012;25:92– 7.

 112. Wu X, Gangisetty O, Carver CM, Reddy DS. Estrous cycle reg-
ulation of extrasynaptic delta- containing GABA(A) receptor- 
mediated tonic inhibition and limbic epileptogenesis. J 
Pharmacol Exp Ther. 2013;346:146– 60.

 113. Belelli D, Lambert JJ. Neurosteroids: endogenous regulators of 
the GABA(A) receptor. Nat Rev Neurosci. 2005;6:565– 75.

 114. Samba RD. Sex differences in the antiseizure activity of neuro-
steroids. J Neurosci Res. 2017;95:661– 70.

 115. Kokate TG, Juhng KN, Kirkby RD, Llamas J, Yamaguchi S, 
Rogawski MA. Convulsant actions of the neurosteroid preg-
nenolone sulfate in mice. Brain Res. 1999;831:119– 24.

 116. Reddy DS. Antiseizure activity of the testosterone- derived neu-
rosteroid 3alpha- androstanediol. NeuroReport. 2004;15:515– 8.

 117. Mohammad S, Abolhassan A, Pourgholami MH. Evaluation 
of the antiseizure profile of progesterone in male amygdala- 
kindled rats. Epilepsy Res. 1998;30:195– 202.

 118. Rainbow TC, McGinnis MY, Davis PG, McEwen BS. 
Application of anisomycin to the lateral ventromedial nucleus 
of the hypothalamus inhibits the activation of sexual behavior 
by estradiol and progesterone. Brain Res. 1982;233:417– 23.

 119. Rainbow TC, Parsons B, McEwen BS. Sex differences in rat brain 
oestrogen and progestin receptors. Nature. 1982;300:648– 9.

 120. Edwards HE, Mo V, Burnham WM, MacLusky NJ. 
Gonadectomy unmasks an inhibitory effect of progesterone on 
amygdala kindling in male rats. Brain Res. 2001;889:260– 3.

 121. Reddy DS. Mass spectrometric assay and physiological- 
pharmacological activity of androgenic neurosteroids. 
Neurochem Int. 2008;52:541– 53.

 122. Reddy DS. Neurosteroids: endogenous role in the human brain 
and therapeutic potentials. Prog Brain Res. 2010;186:113– 37.

 123. Tellez- Zenteno JF, Hernandez- Ronquillo L, Buckley S, 
Zahagun R, Rizvi S. A validation of the new definition of 
drug- resistant epilepsy by the International League Against 
Epilepsy. Epilepsia. 2014;55:829– 34.

 124. Callaghan B, Schlesinger M, Rodemer W, Pollard J, Hesdorffer 
D, Allen Hauser W, et al. Remission and relapse in a drug- 
resistant epilepsy population followed prospectively. Epilepsia. 
2011;52:619– 26.

 125. Hamiwka L, Jones JE, Salpekar J, Caplan R. Child psychiatry. 
Epilepsy Behav. 2011;22:38– 46.

 126. de Boer HM, Mula M, Sander JW. The global burden and 
stigma of epilepsy. Epilepsy Behav. 2008;12:540– 6.

 127. Gaitatzis A, Sander JW. The mortality of epilepsy revisited. 
Epileptic Disord. 2004;6:3– 13.

 128. Kanner AM. Lennox- lombroso lecture, 2013: psychiatric co-
morbidities through the life of the seizure disorder: a com-
plex relation with a not so complex solution. Epilepsy Curr. 
2014;14:323– 8.

 129. Mula M, Trimble MR, Lhatoo SD, Sander JW. Topiramate and 
psychiatric adverse events in patients with epilepsy. Epilepsia. 
2003;44:659– 63.

 130. Tang WK, Lu J, Ungvari GS, Wong KS, Kwan P. Anxiety symp-
toms in patients with frontal lobe epilepsy versus generalized 
epilepsy. Seizure. 2012;21:457– 60.



   | S93MEDEL- MATUS et al.

 131. Sperli F, Rentsch D, Despland PA, Foletti G, Jallon P, Picard F, 
et al. Psychiatric comorbidity in patients evaluated for chronic 
epilepsy: a differential role of the right hemisphere? Eur 
Neurol. 2009;61:350– 7.

 132. Filho GM, Mazetto L, da Silva JM, Caboclo LO, Yacubian 
EM. Psychiatric comorbidity in patients with two prototypes 
of focal versus generalized epilepsy syndromes. Seizure. 
2011;20:383– 6.

 133. Munger Clary HM, Snively BM, Hamberger MJ. Anxiety is 
common and independently associated with clinical features 
of epilepsy. Epilepsy Behav. 2018;85:64– 71.

 134. Hellwig S, Mamalis P, Feige B, Schulze- Bonhage A, van Elst 
LT. Psychiatric comorbidity in patients with pharmacoresis-
tant focal epilepsy and psychiatric outcome after epilepsy sur-
gery. Epilepsy Behav. 2012;23:272– 9.

 135. Allebone J, Rayner G, Siveges B, Wilson SJ. Altered self- 
identity and autobiographical memory in epilepsy. Epilepsia. 
2015;56:1982– 91.

 136. Rayner G, Siveges B, Allebone J, Pieters J, Wilson SJ. 
Contribution of autobiographic memory impairment to sub-
jective memory complaints in focal epilepsy. Epilepsy Behav. 
2020;102:106636.

 137. Grivas A, Schramm J, Kral T, von Lehe M, Helmstaedter C, 
Elger CE, et al. Surgical treatment for refractory temporal lobe 
epilepsy in the elderly: seizure outcome and neuropsycho-
logical sequels compared with a younger cohort. Epilepsia. 
2006;47:1364– 72.

 138. Tauboll E, Sveberg L, Svalheim S. Interactions between hor-
mones and epilepsy. Seizure. 2015;28:3– 11.

 139. Ebert U, Loscher W. Characterization of phenytoin- resistant 
kindled rats, a new model of drug- resistant partial epilepsy: 
influence of genetic factors. Epilepsy Res. 1999;33:217– 26.

 140. Brandt C, Glien M, Potschka H, Volk H, Loscher W. 
Epileptogenesis and neuropathology after different types 

of status epilepticus induced by prolonged electrical stim-
ulation of the basolateral amygdala in rats. Epilepsy Res. 
2003;55:83– 103.

 141. Chatzikonstantinou S, Gioula G, Kimiskidis VK, McKenna J, 
Mavroudis I, Kazis D. The gut microbiome in drug- resistant 
epilepsy. Epilepsia Open. 2021;6:28– 37.

 142. He Z, Cui B- T, Zhang T, Li P, Long C- Y, Ji G- Z, et al. Fecal mi-
crobiota transplantation cured epilepsy in a case with Crohn's 
disease: the first report. World J Gastroenterol. 2017;23:3565– 8.

 143. da Fonseca DV, da Silva Maia Bezerra Filho C, Lima TC, de 
Almeida RN, de Sousa DP. Antiseizure essential oils and their 
relationship with oxidative stress in epilepsy. Biomolecules. 
2019;9.

 144. Kaur J, Famta P, Famta M, Mehta M, Satija S, Sharma N, et al. 
Potential anti- epileptic phytoconstituents: an updated review. 
J Ethnopharmacol. 2021;268.

 145. Bahr TA, Rodriguez D, Beaumont C, Allred K. The effects 
of various essential oils on epilepsy and acute seizure: a 
systematic review. Evid Based Complement Alternat Med. 
2019;2019:6216745.

 146. Cifelli P, Ruffolo G, De Felice E, Alfano V, van Vliet EA, 
Aronica E, et al. Phytocannabinoids in neurological diseases: 
could they restore a physiological GABAergic transmission? 
Int J Mol Sci. 2020;21.

How to cite this article: Medel- Matus JS, Orozco- 
Suárez S, Escalante RG. Factors not considered in the 
study of drug- resistant epilepsy: Psychiatric 
comorbidities, age, and gender. Epilepsia Open. 
2022;7(Suppl. 1):S81–S 93. https://doi.org/10.1002/
epi4.12576

https://doi.org/10.1002/epi4.12576
https://doi.org/10.1002/epi4.12576

	Factors not considered in the study of drug-resistant epilepsy: Psychiatric comorbidities, age, and gender
	Abstract
	1|INTRODUCTION
	2|PSYCHIATRIC COMORBIDITIES IN PATIENTS WITH DRE
	3|SHARED PATHOGENIC MECHANISMS BETWEEN DRE AND PSYCHIATRIC COMORBIDITIES
	4|INFLUENCE OF AGE AND GENDER ON EPILEPSY
	5|AGE AS A RISK FACTOR FOR THE DEVELOPMENT OF DRE
	6|GENDER AND AGE DIFFERENCES IN DRE
	7|DISCUSSION
	8|CONCLUSIONS
	CONFLICTS OF INTEREST
	ETHICAL APPROVAL
	REFERENCES


