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Susie, a 59 year old 
woman, presented no 
previous history of de-

pression and seizures [1]. In recent 
months, Susie had experienced a 
drastic increase in her depressive 
moods, along with other symp-
toms such as loss of appetite, 
insomnia, fatigue, and a loss of 
interest in activities she used to 
previously enjoy. After visiting 
her doctor, Susie was diagnosed 
with depression and was treated 
with antidepressants, keeping her 
hopes that she would revert back 
to the happy woman she once 
considered herself to be. A month 
later, Susie went back to the hospi-
tal as she felt the antidepressants 
had worsened her symptoms. 
She also developed additional 
symptoms, such as sleeplessness, 
pollakiuria (frequent, abnormal 
urination), and dysuria (painful 
urination). Susie also described 
to her doctor that she felt a dis-
comforting sensation in her mouth 
and throat, almost like an object 
was stuck between the walls of her 
chest. Since the antidepressants 
had not improved her symptoms, 
it had become harder as each day 

passed for Susie to get out of bed, 
suggesting that her psychological 
state was deteriorating [1].
	 Although Susie had no 
previous history of seizures, she 
began to present complex partial 
seizures (CPS) [1]. CPS are focal 
seizures that begin in one hemi-
sphere of the brain accompanied 
by a loss of consciousness [9]. In 
Susie’s case, her display of CPS 
was associated with a range of 
abnormal oral movements, such as 
lip smacking and abnormal swal-
lowing, and an inability to vocalize. 
With these symptoms in mind, 
Susie was diagnosed with tempo-
ral lobe epilepsy (TLE), a neuro-
logical disorder which affects both 
children and adults, that started in 
the right hemisphere of her brain. 
She was provided anti-epileptic 
medication, which significantly im-
proved her symptoms. Suzie was 
able to gain her appetite again 
and showed drastic improvement 
with her depressive disorder [1].
	 Recently, mental health has 
been increasingly recognized for 
its importance, which has facili-
tated the fight for destigmatizing 
mental health disorder diagnoses. 

The current emphasis society is 
starting to place on caring for 
mental health, especially when 
referring to younger generations. 
This has manufactured a move-
ment that demands a call to action 
from schools, governments, fami-
lies, and jobs. 
	 This recent popularization 
of actively caring for one’s mental 
health is supported by scientific 
findings, which emphasize the 
importance of mental health as it is 
essential for preserving an overall 
physiological balance. Even with 
the increasing social awareness of 
mental health, it’s alarming that 
the prevalence of underdiagnosing 
psychiatric comorbid disorders 
is still a recurring issue. Specifi-
cally, in patients diagnosed with 
TLE, the incidence of depression 
is significantly underdiagnosed, 
affecting patient quality of life [2], 
[3]. The tragic effects of depression 
in patients with TLE will further be 
elucidated to advocate for a prop-
er diagnosis that could drastically 
change the lives of the pediatric 
and adult patients with TLE, such 
as Susie’s.
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Temporal Lobe 
Epilepsy: What 

is it?
	 Temporal Lobe Epilepsy, 
one of the most common forms 
of Refractory Focal Epilepsy, is 
defined as a cyclical occurrence 
of seizures in those diagnosed 
with this disorder [3]. Due to the 
continuous occurrence of seizures, 
the strength and duration of each 
epileptic episode varies from 
patient to patient, causing physical 
and psychological difficulty in di-
agnosed patients. The occurrence 
of seizures is due to a significant 
increase in excitability and syn-
chronicity of neurons [2]. There are 
two types of temporal lobe epilep-
sy: mesial temporal lobe epilepsy 
(mTLE) and lateral temporal lobe 
epilepsy (nTLE). The most signifi-
cant difference between these two 
types of TLE are the areas which 
are affected. In mTLE, there is a 
higher involvement of the hip-
pocampus and the amygdala. In 
nTLE, however, their associated 
structures include different areas 
of the temporal lobe such as the 
neocortex, the occipital junctions, 
and parietal junctions. Depression 
is increasingly associated with 
mTLE due to commonly exhibiting 
rejection of anti-epileptic medica-
tion compared to nTLE. 
	 In individuals diagnosed 
with mesial temporal lobe epilep-
sy, the epileptic episodes affect ar-
eas such as the hippocampus and 
the amygdala. Since these regions 
of the brain are essential for mem-
ory, identifying danger, and senso-
ry processing, patients diagnosed 
with TLE experience a decline in 
language, memory, and analytical 
problem solving [3]. Although the 
molecular mechanism that could 
possibly explain the damage to 
these regions has not been yet ful-
ly elucidated, studies have shown 
that neurodegeneration as a result 

of hippocampal sclerosis may 
serve as an explanation [2],[8],[10]. 
Specifically, hippocampal sclerosis 
is associated with changes in the 
populations of several types of 
brain cells. This includes degener-
ation of pyramidal neurons (cells 
that produce the neurotransmitter 
glutamate), the formation of glial 
cells (support cells that are not 
electrically active), and the disper-
sion of granule cells (another type 
of glutamate cell). This all  occurs 
in the hippocampus [2],[10].
	 Although this is one of the 
most common neurological dis-
orders to affect both adults and 
children, the disorder becomes 
increasingly complex as it may also 
be resistant to drug treatment, 
defining TLE as pharmacoresistant 
disorder. Patients with hippocam-
pal sclerosis are drug resistant [10]. 
In fact, about a third of patients di-
agnosed with this form of epilepsy 
are considered to be pharmacore-
sistant. This pharmacoresistance 
makes it difficult for specialists to 
treat the disorder in patients diag-
nosed with TLE [2]. 
	 In regards to treatment, 
patients with temporal lobe ep-

ilepsy are typically administered 
antiseizure medication to assist 
with the duration and frequency of 
their experienced epileptic epi-
sodes [2],[3],[4]. In the patients that 
are diagnosed with pharmacoresis-
tant TLE, their course of treatment 
revolves around different surgical 
approaches, some more invasive 
than others. For example, some of 
the most common surgical proce-
dures are temporal lobe resections 
and amygdalohippocampectomy 
[11]. When performing temporal 
lobe resections, part of the tempo-
ral lobe is surgically removed [11]. 
On the other hand, for an amyg-
dalohippocampectomy, patients 
undergo the removal of both their 
temporal lobe and their amygdala. 
Both of these surgical approaches 
are applied to pharmacoresistant 
patients in an attempt to decrease 
or terminate the occurrence of 
focal epileptic seizures in patients 
with TLE. Less invasive approaches 
are currently being investigated for 
individuals diagnosed with tempo-
ral lobe epilepsy [12].

It’s a sensitivity 
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thing: TLE and 
Stress

	 As mTLE heavily involves 
the hippocampus, it is important 
to discuss how the hippocampus 
is essential for the functioning of 
the Hypothalamic-Pituitary-Adre-
nal (HPA) axis. The HPA axis is in 
charge of mediating a stress re-
sponse to allow the body to cope 
with the stressful event at hand. 
When exposed to stress, the neu-
rons that are located in the para-
ventricular nucleus, which is part 
of the hypothalamus and essential 
for the response to threat/stress, 
stimulate the release of the corti-
cotropin-releasing hormone (CRH). 
The CRH,  As the CRH hormone is 
released by the hypothalamus, the 
hormone travels and stimulates the 
release of adrenocorticotrophic 
hormone (ACTH) [13]. The ACTH 
hormone is released by the pitu-

itary gland and once released, is 
able to activate the production 
and secretion of glucocorticoids 
[13]. The glucocorticoids are then 
released by the adrenal cortex 
[13],[14]. This process is depicted 
in Figure 1, but the story does not 
end there.
	 Once released, the glu-
cocorticoids bind onto miner-
alocorticoid receptors (MR) or 
glucocorticoid receptors (GR) [13]. 
Importantly, binding to the GR 
is what influences physiological 
effects in response to the HPA axis 
in stress [13].
	 The release and binding of 
glucocorticoids onto glucocorti-
coid receptors leads to a negative 
feedback inhibition [13]. Through 
this negative feedback loop, the 
activity of the HPA axis is medi-
ated, determining how long the 
HPA axis will be activated for and 
whether or not it will remain active 
[13]. This negative feedback loop 
is depicted on Figure 1, through 

the black arrows that contain 
negative signs to indicate how the 
activation of GR regulates the HPA 
axis. 
	 Additionally, the hippocam-
pus is sensitive to glucocorticoids 
which can interact with progenitor 
cells. Progenitor cells are cells that 
can specialize in particular func-
tions and can interact with gluco-
corticoids to become a specific 
type of specialized cell [15]. Thus, 
the release of the glucocorticoid 
hormone is also essential for the 
activity of progenitor cells in the 
hippocampus, allowing for the 
hormone to affect memory and 
mood. 

Why 
Depression? 

	 Temporal lobe epilepsy has 
been associated with a wide range 
of comorbid disorders that signifi-
cantly affect patient quality of life, 
making it increasingly difficult for 
the patient to cope with its sub-
sequent effects. Overall, the most 
common comorbidity that occurs 
in patients with TLE is psychiatric 
disorders [6] of which the most 
common were depression and 
anxiety [4]. Initially, researchers 
believed that the occurrence of 
psychiatric disorders in patients 
diagnosed with TLE were asso-
ciated with the occurrence of 
seizures. Specifically, the constant 
occurrence of focal epileptic 
seizures. Patients diagnosed with 
temporal lobe epilepsy tend to 
develop depression due to their 
uncontrollable epileptic episodes 
and increase of focal epileptic 
seizures. Instead, researchers now 
believe that the development of 
depression in patients with TLE 
is associated with a bidirectional 
relationship that exists between 
depression and seizure occur-
rence (Figure 2) [3],[4],[5],[6]. The 
stressful factors in an individual’s 
life have been linked to the occur-
rence of depression. It has further 
been determined that the devel-

Figure 1. Stress stimulates the function of the Hypothalamic-Pituitary-Adrenal 
(HPA) Axis, leading to the secretion of multiple hormones from different organ 
structures. A negative feedback occurs to regulate the longevity and occurrence 
of the activation stimulated by stress. Created in BioRender by Daisy Delgado. 
Figure adapted from: Gulyeva, N.V. “Stress-Associated Molecular and Cellular 
Hippocampal Mechanisms Common for Epilepsy and Comorbid Depressive 
Disorders.” Biochemistry (Mosco). 2021; 86(6). doi: 10.1134/S0006297921060031.
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opment of depressive disorders 
increases the risk of developing 
epilepsy, and that epilepsy places 
individuals at a higher risk of de-
veloping depression [3]-[6].

Make it make 
sense: Relating 

TLE and 
Depression

	 Given this bidirectional re-
lationship, you might ask yourself: 
“How could this be possible if one 
is a neurological disorder and the 
other is a psychiatric disorder?” 
Well, this is the beauty about neu-
robiology—it allows us to explore 
the connectivity between things 
we didn’t think could possibly be 
related. 
	 Previous studies have ex-
plored how stress aggravates the 

development of epilepsy. Individu-
als who experience higher levels of 
stress were more likely to exhibit 
epileptic episodes, therefore, 
stress was associated with increas-
ing seizure activity. Additionally, it 
was also discovered that the expe-
rience of chronic stress exacerbat-
ed the manifestation of epilepsy. 
Patients who self-report stress 
as a possible inducer for seizure 
activity have a significant history 
of anxiety, depression, and child-
hood trauma[2]. These findings 
were then compared to individuals 
who were diagnosed with epilepsy, 
but did not consider stress to be 
essential for the onset of epileptic 
attacks. The patients who felt as 
if stress was an important compo-
nent for the onset of their epileptic 
attacks then began using stress 
reduction techniques, reported a 
decrease in the frequency of their 
seizures [2]. 
	 Although the pathogenetic 
mechanism of TLE and the devel-

opment of comorbid depression 
remains unknown, the mechanism 
that has been the most associat-
ed with this bi-directionality has 
been the malfunction of the HPA 
axis. As previously discussed, 
the HPA axis is regulated by a 
negative feedback mechanism 
which maintains its functionality 
even during stressful conditions. 
Through signaling pathways, the 
axis is informed when it is time 
to close and how long it should 
remain open [13],[14]. Instead of 
carrying out the normal regulatory 
functions, the HPA axis dysfunc-
tion occurs due to the detection 
of an excessive amount of gluco-
corticoid hormones [2,14]. This 
significant abnormal presence of 
glucocorticoid hormones confuses 
the axis as this hormone is what 
establishes the negative feedback 
loop to regulate the HPA axis [13]. 
Its abnormality of glucocorticoid 
levels leads to a hyperactivation 
of the HPA axis, meaning that the 
axis remains open for too long and 
continues to be open causing the 
axis to be overly active [2],[14]. 
	 The malfunction of the HPA 
axis then causes a rearrangement 
of synaptic connections that is 
essential for epileptogenesis, the 
development of neural tissue that 
makes it possible to generate a 
seizure [2]. Additionally, the hyper-
activity of the HPA axis significantly 
damages the structures in the 
temporal lobe, making it difficult 
for the temporal lobe to carry out 
its regular functions [15]. Although 
the temporal lobe has a wide-array 
of functions, it is heavily involved 
in the processing of emotions and 
short-term memory. Therefore, the 
damage that is caused by the dys-
function of the HPA axis is heavily 
involved in the pathophysiology of 
both depression and TLE. 
	 The hippocampus has a 
heightened sensitivity to glucocor-
ticoid hormones because it is a lot 
easier for the hormones to cross 
into the hippocampus due to the 
basal membrane only covering 
less than 30% of the hippocampus’ 

Figure 2. Temporal Lobe Epilepsy (TLE) shares a common pathogenic mech-
anism with Depression through the dysfunction of the Hypothalamic-Pitu-
itary-Adrenal (HPA) Axis. Created in BioRender by Daisy Delgado. Figure adapt-
ed from: Gulyeva, N.V. “Stress-Associated Molecular and Cellular Hippocampal 
Mechanisms Common for Epilepsy and Comorbid Depressive Disorders.” 
Biochemistry (Mosco). 2021; 86(6). doi: 10.1134/S0006297921060031.
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vascular surface [2]. Therefore, the 
dysfunction of the HPA axis signifi-
cantly affects the hippocampus as 
this dysfunction is characterized by 
an abnormal accumulation of the 
glucocorticoid hormone. Previous 
studies have shown that in the hip-
pocampus, where there is usually 
the highest density of glucocorti-
coid receptors, there is a decrease 
in the density of glucocorticoid 
receptors in patients with TLE 
[2],[14]. This decrease is even more 
significantly evident in patients 
that are diagnosed with both TLE 
and depression [14].

Weighing down 
the mind: the 
socioeconomic 

detrimental 
aspect of TLE 

	
	 For an individual to be 
diagnosed with epilepsy, it is re-
quired for the patient to be admit-
ted into an in-patient center to be 
monitored.  Additionally, epilepsy 
is associated with sudden spikes 
in the brain’s electrical activity, 

therefore, patients are examined 
through an electroencephalogram 
(EEG). An EEG allows for the 
electrical activity of the brain to be 
measured, but it is a very expen-
sive examination procedure. Once 
the individual is diagnosed, addi-
tional costs associated with med-
ications and surgical procedures 
begin to weigh down even more 
upon the financial circumstances of 
the patients and their families [16]. 
	 These circumstances are 
experienced at an incredibly 
worse magnitude for low-income 
patients diagnosed with epilepsy. 
As low-income individuals do not 
have the ability to afford medical 
insurance, they are left to rely on 
social welfare programs such as 
Medicaid [16],[18]. Often, these 
social welfare programs do not 
provide proper coverage, making 
it increasingly difficult for patients 
to receive a proper diagnosis 
or be provided with the appro-
priate course of treatment [18]. 
This leaves individuals in financial 
catastrophe after attempting to be 
treated for an illness that affects 
their physiological and mental 
well-being. 
	 At times, in an attempt to 
avoid such financial chaos, patients 

feel as if they are left with no other 
option but to discontinue their 
course of treatment that helps 
manage their epileptic episodes 
[16],[17],[18]. Discontinuing treat-
ment then places the patient at 
a further risk of developing other 
comorbid disorders associated 
with TLE. This is accompanied with 
a high possibility for TLE to devel-
op into an increasingly aggressive 
pathology [16],[17],[18].
	 Although direct costs are 
heavily associated with a diagno-
sis of epileptic disorders such as 
temporal lobe epilepsy, it is im-
portant to also discuss the indi-
rect costs associated with such a 
heavy diagnosis. The occurrence 
of epileptic episodes specifically 
related to TLE are defined by a 
loss of consciousness with verbal 
and hearing impairments [5]. This 
manifestation of TLE makes it 
difficult for patients to engage in 
social settings. Specifically, living 
with epilepsy would make it for in-
dividuals to hold a job, as it could 
make any job incredibly dangerous 
and difficult to carry out [16]. This 
could then place the patient at risk 
of additional financial catastrophe 
that would not only affect their 
course of treatment, but would 
impact their living circumstances. 
	 Therefore, both the direct 
and indirect costs associated with 
the diagnosis of TLE or any form of 
epilepsy leads to an overwhelming 
financial burden that is felt by the 
patient and their family. Such a 
heavy financial burden associated 
with the illness further contributes 
to a negative stigma that could en-
courage many to avoid or wait to 
seek out a medical consultation to 
receive a diagnosis and treatment. 

Underdiagnosis 
of Depression 

in TLE
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can lead to significant unexpect-
ed financial burdens, which can 
be detrimental to the patient and 
place them at a higher risk for de-
veloping depression. Yet, findings 
in the field have demonstrated 
that there is a significant underdi-
agnosis of depression in patients 
with TLE [17]. Although the specif-
ic reasons for an underdiagnosis 
of depression remains unknown, 
it is essential to advocate for a 
thorough assessment of psychiatric 
comorbid conditions associated 
with TLE. 
	 The bi-directional relation-
ship between depression and TLE 
significantly affects the progression 
of TLE, along with the occurrence 
of epileptic episodes [7]. Although 
the designated treatment for pa-
tients with TLE focuses on address-
ing the epileptic episodes, there 
is a significant subset of patients 
that are pharmacoresistant, leaving 
them unable to use medications 
to treat their epileptic episodes. 

The patients that are diagnosed 
with pharmacoresistant TLE are 
the ones at a greater risk of suicide 
and major depressive disorder 
since it is more difficult for them 
to manage the occurrence of their 
seizures.
	 Overall, it is important to 
recognize that although our soci-
ety has begun to progress towards 
weighing mental health at the 
same magnitude of importance as 
our physiological health, there are 
still several ongoing issues with the 
diagnosis of psychiatric disorders. 
Epilepsy is one of the most com-
mon neurological disorders in both 
adults and children, predisposing 
a large demographic to a high risk 
of developing depression. Specif-
ically, as we focused on the depth 
to which depression is involved in 
the progression of temporal lobe 
epilepsy, it became apparent that 
the diagnosis of this illness severe-
ly affects every aspect of the lives 
of the patient and their families. 
Therefore, it is essential to focus 

on managing every possible factor, 
including the associated comor-
bid disorders, to avoid TLE from 
becoming an extremely aggressive 
disorder and ending in death [5].
	 The prevalence of epilep-
tic disorders in a wide-range of 
distinct demographics also pro-
vides further commentary on the 
medical insurance institution in 
America as it significantly contrib-
utes to the financial ruin of many 
individuals suffering from epileptic 
disorders [16],[17],[18]. Specifically, 
it is important to understand that 
lower-socioeconomic patients are 
not provided proper access to the 
care required for the chronic issues 
that make up illnesses such as TLE. 
Advocating for a proper diagnosis 
in comorbid disorders associated 
with TLE, such as depression, is 
also a way of advocating for those 
in lower socioeconomic situations, 
as they are the ones that suffer the 
greatest economic displacements.
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