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People with drug-resistant epilepsy are exposed to unpredictable and uncontrollable seizures, which can be
considered as a chronic stress condition. Additionally, these patients present memory deficits and a high
prevalence of depression and anxiety. Cortisol, the main stress hormone, has a modulatory role on memory in
healthy individuals and patients with emotional disorders, but its role in memory and emotional processes
remains unclear in people with epilepsy. This study analyzes the differences in cortisol levels in people with
epilepsy with high and low memory performance, and the relationships among cortisol levels, epilepsy-related
factors, memory, anxiety, and depression. Fifty-two adults with drug-resistant epilepsy underwent a
neuropsychological evaluation, in which nine saliva samples were collected to analyze the ability of the
hypothalamic-pituitary-adrenal axis to descend in accordance with the circadian rhythm. Cortisol area under
the curve (AUC) was computed to study the global cortisol changes. Patients with low immediate and delayed
memory performance and left-hemisphere focus showed higher cortisol levels. Additionally, patients with low
memory scores had higher cortisol AUC, and therefore slower declining levels in the afternoon. Memory
performance was negatively related to the cortisol AUC and trait anxiety, being both reliable predictors of
memory performance, especially in patients with left-hemisphere focus. These results suggest that memory
deficits in people with drug-resistant epilepsy may be influenced by exposure to cortisol derived from chronic

stress. Additionally, trait anxiety could contribute to increasing the vulnerability to stress.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction

People with drug-resistant epilepsy can be considered as exposed to
a chronic stress condition involving unpredictable and uncontrollable
seizures. In turn, stressful events could act as predisposing and precipi-
tant factors of seizures. In addition, these patients present memory
deficits [1,2], especially those with temporal lobe epilepsy (TLE) and
hippocampal sclerosis (HS) [3], and a high prevalence of depression
and anxiety [4-6].

In the last decade, research on cognitive and affective processes in
relation to stress has received special attention, due to its capability to
modify neural excitability, neurogenesis, and migration. In this context,
cortisol, considered as the main stress hormone, is the final product of
the hypothalamus-pituitary-adrenal (HPA)-axis activation, and has
been proposed as an indicator of the neuroendocrine health status [7]
for cognitive and emotional processes [8].
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The role of cortisol levels in memory has been frequently studied
in healthy individuals [9-11], as well as in patients with emotional
disorders [12,13]. Although the results point to complex interactions,
several studies with healthy elderly people have linked increased
basal cortisol levels with impairment in hippocampus-dependent
learning and memory processes, suggesting that prolonged exposure
to stressors may lead to decreased memory performance [11,14].
Additionally, increased basal cortisol levels have been found in patients
with emotional disorders - such as depression - that are also character-
ized by memory impairments [13], as cortisol levels are related to these
memory impairments [12].

Even though stress, memory impairments, and affective alterations
are common in epilepsy, few studies have focused on the potential
interactions among these aspects in this disease. Thus, the role of
cortisol on memory performance, anxiety, and depression remains un-
clear in this population and the few results are far from consistent.
Devinsky et al. [15] found a positive association between cortisol levels
and depression. Afifi et al. [ 16] reported higher cortisol levels in people
with epilepsy and depression than in people with epilepsy without
depression or healthy controls. To our knowledge, only Busch's study
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considers all these variables in a sample of persons with epilepsy
[17], showing that cortisol levels are negatively related to long-term
verbal and visual memory, but positively related to trait anxiety scores
(although not to depression or anxiety symptoms).

To establish more on the relationships between cortisol and cogni-
tive and affective processes in people with drug-resistant epilepsy,
this study analyzed the differences in afternoon cortisol levels for
those with high and low immediate and delayed memory performance,
considering the side of seizure focus, the epilepsy type (temporal or
extratemporal), the presence of HS, and seizure frequency due to possi-
ble influence on memory performance. The above-mentioned studies
were carried out in the morning, when circadian rhythms favor greater
fluctuations of cortisol that could overlap target effects [18]. To mini-
mize these fluctuations, several cortisol samples were assessed in the af-
ternoon. Moreover, such timing could also help characterize cortisol
profiles in people with epilepsy by comparing them with those reported
in the CIRCORT database [19]. The CIRCORT database provides norma-
tive reference values for the general population and is a useful tool for
comparing adrenocortical functioning in epidemiological research and
clinical practice. In addition, our study aimed to examine the relation-
ships for cortisol levels with anxiety and depression in people with ep-
ilepsy. We hypothesized that patients with low memory performance
would have higher cortisol levels than those with high memory perfor-
mance, especially patients with left-hemisphere (LH) and temporal
focus who are at higher risk of an accelerated forgetting of declarative
memory [20]. Thus, we hypothesized that cortisol levels would be
negatively related to memory performance — but positively related to
anxiety and depression scores.

2. Material and methods
2.1. Participants

In this cross-sectional study, patients were recruited from the
Refractory Epilepsy Unit, Hospital Universitario y Politécnico La Fe
(Valencia, Spain), between April 2015 and October 2017. Our reporting
followed the Strengthening the Reporting of Observational Studies in
Epidemiology statement guidelines [21].

The inclusion criteria for the study comprised the following: 1) people
with a diagnosis of drug-resistant focal epilepsy; 2) candidates for
epilepsy surgery; 3) chronological age of at least 18 years; and 4) a neuro-
psychological assessment performed prior to surgery. Excluded were
patients who as follows: 1) were older than 60 years; 2) had severe cog-
nitive impairment that prevented a reliable neuropsychological evalua-
tion; 3) had not completed primary education; 4) suffered an endocrine
disease; 5) were not fluent Spanish speakers; and 6) declined to partici-
pate in the study. Characteristics of the sample are shown in Table 1.

2.2. Procedure

The procedure was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Hospital
Universitario y Politécnico La Fe.

Medical history provided demographic characteristics of the
patients (sex, age, and educational level) and clinical data (age at
epilepsy onset, duration of epilepsy in years, frequency of seizures per
month, seizure type, number of antiepileptic drugs (AEDs), type of
AEDs, total defined daily dose (DDD) of all AEDs and strong enzyme
inducer drugs, such as carbamazepine, phenytoin, phenobarbital,
or primidone, that could modulate cortisol levels [22,23]).

Presurgical assessment included diagnosis of the type of epilepsy
and the lateralization of the epileptogenic area. Assessment was
made by members of a multidisciplinary team and based on a compre-
hensive evaluation that included: seizure history and semiology;
neurologic examination; long-term video-electroencephalography
(EEG) monitoring; 3-Tesla magnetic resonance imaging (MRI),

psychiatric assessment, and neuropsychological evaluation for all
patients. Fluorodeoxyglucose (FDG)-positron emission tomography
(PET), single photon emission computed tomography (SPECT), and
intracranial EEG recording were performed selectively. Etiology of
pathology was established based on MRI findings. If concerns about
postsurgical memory outcome were not solved by prior evaluation,
a Wada test was performed to help in the decision-making process.

The neuropsychological evaluation session was performed before
the surgery. Prior to this session, participants were instructed to abstain
from eating, drinking stimulants (such as tea, coffee, or alcohol),
brushing their teeth, or smoking during the two-hour period before
arriving at the hospital. The neuropsychological evaluation was always
carried out between 4:00 pm and 8:00 pm to minimize hormonal
circadian variations, and each session lasted approximately 3 h. During
each neuropsychological assessment session, nine saliva samples (from
C1 to C9) were collected to measure cortisol secretion and analyze
accurately the cortisol decline in the late afternoon and evening — the
circadian trough [11,24]. Saliva samples were collected with a mean
20-min interval between samples, although this interval could vary de-
pending on the duration of tests. Memory assessment was performed
between C4 and C9 samples after habituation to the clinical setting.
State anxiety was evaluated at the beginning and at the end of the
neuropsychological evaluation, while trait anxiety and depression
were evaluated at the end of the assessment session.

2.3. Salivary cortisol

Saliva samples were collected using salivettes (Sarstedt, Niimbrecht,
Germany) for cortisol. Participants were instructed to keep the cotton
swab in their mouths for 2 min. The samples were centrifuged at
3000 rpm for 15 min, resulting in a clear supernatant with low viscosity
that was stored at —80 °C until analyses were performed in the
Laboratory of Social Cognitive Neuroscience, Faculty of Psychology
(University of Valencia). Salivary cortisol concentrations were determined
in duplicate with the salivary cortisol enzyme-immunoassay kit from
Salimetrics (Newmarket, UK). Assay sensitivity was <0.007 pg/dL. For
each patient, all the samples were analyzed in the same trial. The criterion
for measurement replication was fixed as an interduplicate variation
coefficient of 8%. The intra- and interassay variation coefficients were
1.47% and 7.9%, respectively. Cortisol levels were expressed in nmol/L.

2.4. Neuropsychological assessment (Table S1)

The Spanish version [25] of the Wechsler Memory Scale-Third
Edition (WMS-III) [26] was used to evaluate learning, immediate, and
delayed recall, as well as recognition of verbal and visual information.
We used the following scales of the WMS-III: Logical Memory I and II
(immediate and delayed recall, and delayed recognition for a short
story); Verbal Paired Associates I and II (immediate and delayed recall,
and delayed recognition for eight-word pairs); Faces [ and Il (immediate
and delayed recognition of faces); and Family Scenes I and Il (immediate
and delayed recall for family scenes). These scales provide two general
memory indices (immediate memory and delayed memory), material-
specific memory indices (immediate auditory memory, delayed audi-
tory memory, delayed auditory recognition, immediate visual memory,
delayed visual memory), and indices related to auditory processes
(single-trial auditory learning, auditory learning slope, auditory
retention, and auditory retrieval), expressed in age-adjusted scalar
scores. These scores were transformed to age-adjusted percentile
scores, which were used in all analyses.

The Spanish version [27] of the State-Trait Anxiety Inventory (STAI)
Scale [28] is composed by two scales: The state scale (STAI-S) evaluates
the current state of anxiety, while the trait anxiety scale (STAI-T)
evaluates relatively stable aspects of anxiety. Each subscale has 20
items rated on a four-point scale. Cronbach's alpha of the Spanish
adaptation is 0.94 [27].
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Table 1

Characteristics of groups based on side of seizure focus, epilepsy type, and memory competence (mean + SD or n (%)) and differences between groups.

Characteristics Side of seizure focus Epilepsy type Immediate memory competence Delayed memory competence
[H(n=27) RH(M=25) p TLE(n=38) ETLE(n=14) p High(n=28) Low(n=24) p High(n=28) Low(n=24) p
Age 3733 £1026 4076 +10.13 .23 3945+ 1099 3771 £811 .59 4121+1019 3638 +9.89 .09 3893 +9.33 390441143 .97
Sex 28 .26 18 18
Female 17 (63.0%) 12 (48.0%) 23 (60.5%) 6 (42.9%) 18 (64.3%) 11 (45.8%) 18 (64.3%) 11 (45.8%)
Male 10 (37.0%) 13 (52.0%) 15 (39.5%) 8 (57.1%) 10 (35.7%) 13 (54.2%) 10 (35.7%) 13 (54.2%)
Educational level .16 17 31 12
Primary 2 (7.4%) 3 (12.0%) 4(10.5%) 1(7.1%) 1(3.6%) 4 (16.7%) 0 (0.0%) 5(20.8%)
Secondary 6 (22.2%) 9 (36.0%) 8(21.1%) 7 (50.0%) 7 (25.0%) 8 (33.3%) 6 (21.4%) 9 (37.5%)
Lower-university 10 (37.0%) 11 (44.0%) 16 (42.1%) 5 (35.7%) 13 (46.4%) 8 (33.3%) 13 (46.4%) 8 (33.3%)
University 9 (33.3%) 2 (8.0%) 10 (26.3%) 1(7.1%) 7 (25.0%) 4 (16.7%) 9 (32.1%) 2 (8.3%)
Epilepsy type .87 - 77 .36
TLE! 20 (74.1%) 18 (72.0%) 38 (100.0%) 0 (0.0%) 20 (71.4%) 18 (75.0%) 19 (67.9%) 19 (79.2%)
ETLE? 7 (25.9%) 7 (28.0%) 0 (0.0%) 4 (100.0%) 8 (28.6%) 6 (25.0%) 9(32.1%) 5 (20.8%)
Side of seizure focus - .87 39 39
LH? 27 (100.0%) 0 (0.0%) 20 (52.6%) 7 (50.0%) 13 (46.4%) 14 (58.3%) 13 (46.4%) 14 (58.3%)
RH* 0 (0.0%) 25 (100.0%) 18 (47.4%) 7 (50.0%) 15 (53.6%) 10 (41.7%) 15 (53.6%) 10 (41.7%)
Age at epilepsy onset 1574+ 11.76 1584+ 1198 .98 1758 + 1209 1093 +952 .07 1707 + 1260 1429+ 1074 .40 16114+ 1190 1542+ 1182 .84
Epilepsy duration 2159 + 1564 2492 4+ 1419 43 2187 £ 1557 2679 £12.75 30 2414 +£1540 22.08 4 1456 .62 22.82+ 1514 2363 4+ 1494 .85
Etiology of pathology
HS® 8 (29.6%) 4 (16.0%) 25 12(31.6%) 0 (0.0% 02 4(14.3%) 8 (33.3%) 10 4(14.3%) 8 (33.3%) 10
FCD® 7 (25.9%) 4 (16.0%) 39 5(13.2%) 6 (42.9% 20 6(21.4%) 5(20.8%) 96 5(17.9%) 6 (25.0%) 53
Tumor 2 (7.4%) 2 (8.0%) .60 3(7.9%) 1(7.1%) 80 2(7.1%) 2 (8.3%) .65 3(10.7%) 1(4.2%) .65
Cavernoma 2 (7.4%) 1 (4.0%) 61 2(53%) 1(7.1% .80 3(10.7%) 0 (0.0%) .10 3(10.7%) 0 (0.0%) .10
Glioma 3(11.1%) 1 (4.0%) 96 3(7.9%) 1(7.1% 93 1(3.6%) 3 (12.5%) 23 2(7.1%) 2 (8.3%) .87
Gliosis 1(3.7%) 1 (4.0%) 96 2(5.3%) 0 (0.0% 38 1(3.6%) 1(4.2%) 91 1(3.6%) 1(4.2%) 91
Heterotopia 0 (0.0%) 1 (4.0%) 33 1(2.6%) 0 (0.0% .54 0(0.0%) 1(4.2%) 28 1(3.6%) 0 (0.0%) 35
General atrophy 0 (0.0%) 1 (4.0%) 33 1(2.6%) 0 (0.0% 54 1(3.6%) 0 (0.0%) .35 0(0.0%) 1(4.2%) .28
Hippocampal atrophy 1 (3.7%) 0 (0.0%) 33 1(2.6%) 0 (0.0% 54 1(3.6%) 0 (0.0%) 35 1(3.6%) 0 (0.0%) 35
Nonspecific 3(11.1%) 7 (28.0%) 13 6(15.8%) 4 (28.6%) 30 6(21.4%) 4(16.7%) 66 6(21.4%) 4 (16.7%) 66
Nonassessable 0 (0.0%) 3(12.0%) .08 2(5.3%) 1(71 .80 2 (7.1%) 1(4.2%) 65 2(7.1%) (4.2%) 65
Number of AEDs’ 248 +£085 3404112 .01 266+091 3.644+ 122 .01 289 +1.23 2.96 + 091 .83 2.86+1.18 3.00 + 0.98 64
Type of AEDs”
Levetiracetam 12 (44.4%) 14 (56.0%) 41 15(39.5%) 1(78.6%) .01 18 (64.3%) 8 (33.3%) .03 17 (60.7%) 9 (37.5%) .10
Lacosamide 12 (44.4%) 14 (56.0%) 41 16 (42.1%) 10 (71.4%) .06 15 (53.6%) 11 (45.8%) .58 17 (60.7%) 9 (37.5%) .10
Carbamazepine 7 (25.9%) 10 (40.0%) 28 11 (28.9%) 6 (42.9%) 34 11(39.3%) 6 (25.0%) 27 10(35.7%) 7 (29.2%) .62
Eslicarbazepine acetate 8 (29.6%) 6 (24.0%) .65 11 (28.9%) 3(214% .59 7 (25.0%) 7 (29.2%) 74 7 (25.0%) 7 (29.2%) 74
Valproic acid 5 (18.5%) 5 (20.0%) .89 6 (15.8%) 4(28.6% 30 4(14.3%) 6 (25.0%) 33 4(14.3%) 6 (25.0%) 33
Lamotrigine 4 (14.8%) 8 (32.0%) 14 8(21.1%) 4 (28.6% 57 9(32.1%) 3(12.5%) .09 6(21.4%) 6 (25.0%) .76
Perampanel 4 (14.8%) 6 (24.0%) 40 7 (18.4%) 3(214% .81 3(10.7%) 7 (29.2%) .09 5(17.9%) 5 (20.8%) .79
Clobazam 5 (18.5%) 3(12.0%) 51 5(13.2%) 3(21.4% 46 3 (10.7%) 5(20.8%) 31 3(10.7%) 5(20.8%) 31
Zonisamide 3(11.1%) 2 (8.0%) 70 5(13.2%) 0 (0.0% 15 1 (3.6%) 4 (16.7%) 11 1(3.6%) 4 (16.7%) 11
Clonazepam 1(3.7%) 4 (16.0%) 13 4(10.5%) 1(7.1% 71 3(10.7%) 2 (8.3%) 77 2 (7.1%) 3 (12.5%) 51
Oxcarbazepine 2 (7.4%) 2 (8.0%) 94 3(7.9%) 1(7.1% 93 0(0.0%) 4(16.7%) 03 1(3.6%) 3 (12.5%) 23
Phenobarbital 1(3.7%) 2 (8.0%) 51 3(7.9%) 0 (0.0% 28 1 (3.6%) 2 (8.3%) 46 2(7.1%) 1(4.2%) .65
Topiramate 1(3.7%) 1 (4.0%) .96 0(0.0%) 2 (14.3%) .12 0(0.0%) 2 (8.3%) .12 0(0.0%) 2 (8.3%) 12
Phenytoin 1(3.7%) 1 (4.0%) 96 2(5.3%) 0 (0.0% .38 0(0.0%) 2 (8.3%) 12 1(3.6%) 1(4.2%) 91
Lorazepam 1(3.7%) 1(4.0%) 94 1(2.6%) 1(7.1% 45 1 (3.6%) 1(4.2%) 91 1(3.6%) 1(4.2%) 91
Diazepam 1(3.7%) 1 (4.0%) 94 2(5.3%) 0 (0.0% .38 0(0.0%) 2 (8.3%) .12 0(0.0%) 2 (8.3%) 12
Pregabalin 0 (0.0%) 2 (8.0%) 13 2(5.3%) 0 (0.0% 38 2(7.1%) 0 (0.0%) 18 1(3.6%) 1(4.2%) 91
Alprazolam 0 (0.0%) 1 (4.0%) 33 0(0.0%) 1(7.1% 10 1 (3.6%) 1(4.2%) 35 1(3.6%) 1(4.2%) 35
Total DDD® 271+116 3454135 .04 275+117 3914127 01 2874137 329+ 1.19 24 2844130 332+127 19
Seizures per month 26.88 + 6027 21.71 43824 .72 13.67 £2653 5350 + 8210 .10 2862 + 6425 1947 42747 .52 2950 + 64.13 1844 +2740 .44
Seizure type
Sps® 3(11.1%) 1 (4.0%) 34 3(7.9%) 1(7.1% 93 3(10.7%) 1(4.2%) 38 4(14.3%) 0 (0.0%) .06
cpste 8 (29.6%) 13 (52.0%) 11 16 (42.1%) 5(35.7% .68 13 (46.4%) 8 (33.3%) 34 13 (46.4%) 8 (33.3%) 34
SPS°® + CPS'® 6 (22.2%) 6 (24.0%) .88 8(21.1%) 4 (28.6%) 57 5(17.9%) 7 (29.2%) 34 5(17.9%) 7 (29.2%) 34
CPs'® + GeTs'! 8 (29.6%) 3 (12.0%) 12 8(21.1%) 3(21.4%) 98 5(17.9%) 6 (25.0%) 53 5(17.9%) 6 (25.0%) .53
SPS® + CPS'® + GCTS'! 2 (7.4%) 2 (8.0%) 94 3(7.9%) 1(7.1% 93 2(7.1%) 2 (8.3%) .87 1(3.6%) 3 (12.5%) 23

Note. 'TLE: temporal lobe epilepsy, 2ETLE: extratemporal lobe epilepsy, >LH: left-hemisphere, “RH: right-hemisphere, °HS: hippocampal sclerosis, °FCD: focal cortical dysplasia, ’AEDs:
antiepileptic drugs; ®DDD: defined daily dose; °SPS: simple partial seizure, '°CPS: complex partial seizure, ''GTCS: secondarily generalized seizures.

The Spanish version [29] of the Beck Depression Inventory-II (BDI-II)
[30] was used to assess depression by means of 21 items rated on a four-
point scale. Cutting scores for different depression levels were as
follows: 0-13 for minimum depression; 14-19 for mild depression;
20-28 for moderate depression; and 29-63 for severe depression [30].
As variations in the cutting scores are frequent in research with this
instrument and that this could complicate comparison between studies
[31], we used the total score as an indicator of depression level, but not
the classification of depression levels. Cronbach's alpha of the Spanish
adaptation is 0.89 [29].

2.5. Statistical analyses

The Kolmogorov-Smirnov test was carried out to examine data nor-
mality. The result showed that the distribution of cortisol raw data was
not normal, and a logarithmic transformation was performed for this
variable. In addition, of the 468 data for cortisol (nine samples x 52
individuals), 4 data were missing, due to insufficient volume of saliva
sample for determinations. It supposes a percentage of less of 1% of
missing data. These 4 data were estimated using the full information
maximum likelihood (FIML) estimation method, which retains cases
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that are missing in survey waves and avoids the biased parameter
estimates that can occur with pairwise or listwise deletion, according
to Schafer and Graham [32].

Patients were distributed into groups based on memory compe-
tence. Age-adjusted percentile scores one standard deviation below
the mean (percentile scores lower than 16) were classified as “low
competence”, while those higher than one standard deviation below
the mean (percentile scores higher than 16) were classified as “high
competence”. This criterion was in accordance with previous studies
using WMS-III that suggest that a one standard deviation cutoff yields
the most balanced levels of sensitivity and specificity to establish
criteria for cognitive impairment [33]. Patients were distributed
into two groups based on immediate memory (auditory and visual)
competence (p = .0001): group 1 with high immediate memory scores
(mean = 49.03, SD = 25.73) (13 patients with LH focus and 15 patients
with right-hemisphere (RH) focus); and group 2 with low immediate
memory scores (mean = 5.52, SD = 4.00) (14 patients with LH focus
and 10 patients with RH focus). Patients were also distributed
into two groups based on delayed memory (auditory and visual)
competence (p = .0001): group 1 with high delayed memory scores
(13 patients with LH focus and 15 patients with RH focus); and group
2 with low delayed memory scores (14 patients with LH focus and 10
patients with RH focus). All but four of the patients had the same
level of memory competence (low or high) in the immediate and
delayed indices.

For between-group comparisons based on the side of seizure focus,
epilepsy type, and profiles of memory competence, the chi-square test
was used to study the differences between frequencies in categorical
variables. We employed t-tests for independent samples in descriptive
variables, as well in trait anxiety, depression, and memory variables.
A repeated measures analysis of variance (ANOVA) was carried out for
state anxiety. When significant differences in these variables were
found, they were included as covariates in further ANOVAs. These
analyses were repeated in the subgroup of patients with TLE, including
the presence of HS as the between-subject factor, and anxiety,
depression, and memory scores as dependent variables.

The area under the curve (AUC) with respect to increase (AUG;) and
the AUC with respect to ground (AUC,) were used to study the cortisol
fluctuations with the trapezoid formula [34]. These two formulas can
show different information inherent in the repeated measurements,
simplifying the statistical analyses when the number of repeated mea-
surements is high [34]. Thus, the AUG; is a measure of the dynamic of
the cortisol changes over the evaluation, more related to the sensitivity
of the system, while the AUC; is an estimate of the total cortisol secre-
tion over the evaluation [34]. We also computed a cortisol percentile
for each patient considering its mean value of cortisol and the normative
reference values in the general population at similar hours [19].
Preliminarily, we performed t-tests for independent samples to analyze
differences in cortisol levels, percentiles and AUCs between patients
who were taking strong enzyme inducer drugs and the rest of the
sample. Univariate ANOVAs were carried out to analyze differences in
cortisol levels, percentiles, and AUCs among patients who were taking
one enzyme inducer drug, more than one, and none.

To test the impact of the side of seizure focus, epilepsy type, and
memory competence on cortisol levels, we carried out repeated
measures ANOVAs with “side of seizure focus”, “epilepsy type”, and
“memory competence” (immediate or delayed) as the between-
subject factors; the “moment” (C2 to C9) as the within-subject factor;
and initial cortisol levels (C1) and age as covariate variables. Although
no registration of seizures close to the neuropsychological assessment
was available, their potential impact on cortisol levels was controlled
since C1 was used as a covariate, and C2 was measured more than
45 min after the beginning of the evaluation. To facilitate data interpre-
tation, the values of cortisol in the figures and tables represent raw
values and not logarithmic-transformed values. The age was covariate
since various studies have found age differences in cortisol levels [11,

35]. Univariate ANOVAs were carried out to investigate the impact of
the “side of seizure focus”, “epilepsy type” and “memory competence”
(immediate or delayed) on the cortisol AUC; and AUGC,, considering
age as a covariate variable, and on cortisol percentiles. These ANOVAs
were repeated in the subgroup of patients with TLE, including the
presence of HS as a between-subject factor. Greenhouse-Geisser
adjustments of the degree of freedom were applied where appropriate.
When a factor was significant in repeated measures ANOVAs, Bonferroni
tests were performed.

Relationships between variables were calculated using Pearson or
Spearman correlations where appropriate.

To evaluate the role of the cortisol AUC; and the trait anxiety as
predictors of memory performance, controlling seizure frequency and
epilepsy type, hierarchical regressions were carried out in the total
sample and in groups with LH and RH focus. Immediate and delayed
memory percentile scores were included as dependent variables in the
regression analyses. We sequentially entered three separate blocks of
independent variables. Block 1 included the seizure frequency and
epilepsy type. Block 2 was comprised of cortisol AUC;. Block 3 included
trait anxiety. After the entry of each block, we evaluated the adjusted R?
change to determine the proportion of variance explained.

All cortisol analyses were repeated excluding two patients who
suffered a seizure during neuropsychological evaluation.

Statistical analyses were carried out using SPSS 22.0, and two-tailed
tests with p set to .05 were considered as significant.

3. Results
3.1. Preliminary analyses

The sample was composed of 52 adults with drug-resistant epilepsy
(mean age = 38.98, SD = 10.25; mean epilepsy duration (years) =
23.19, SD = 14.91). Demographic and clinical characteristics of groups
depending on the side of seizure focus, epilepsy type, and memory
competence are shown in Table 1. Patients with LH focus significantly
consumed fewer AEDs and had a lower total DDD than patients with
RH focus. Patients with TLE consumed fewer AEDs, and less frequently
levetiracetam, had lower DDD, and more frequently had HS than those
with extratemporal epilepsy (ETLE). Patients with high immediate
memory consumed more frequently levetiracetam and less frequently
oxcarbazepine than those with low immediate memory. These variables
were controlled in further analyses. No other differences were found in
demographic and clinical variables.

No differences were found in memory indices, anxiety, or depression
scores between patients with LH focus and RH focus neither between
patients with TLE and ETLE (Table 2). In the group of patients with
TLE, those with HS had lower scores in most of the memory indices,
including immediate and delayed memory, immediate and delayed
auditory memory, immediate visual memory, and single-trial auditory
learning (t(36) = —2.85, p = .007; t(36) = —2.81, p = .008;
t(36) = —2.23,p = .03; t(36) = —2.81, p = .009; t(36) = —2.66,p =
.012; and t(36) = —2.21, p = .034, respectively) in respect to patients
without HS. No differences in anxiety or depression scores were found
between patients with HS and those without HS. As expected, patients
with high memory competence (immediate and delayed) had better
memory performance than those with low memory competence.
These groups also differed in trait anxiety, patients with high memory
competence having lower trait anxiety than those with low memory
competence (for immediate memory groups: p = .05; for delayed
memory groups: p = .0001) (Table 2), so this variable was controlled
in further analyses.

In the total sample, the mean values of cortisol were compared with
the normative reference values for cortisol in the general population
[19] — 9.6% of the sample having cortisol levels located in the 50-59th
percentile, 7.7% in the 60-69th percentile, 15.4% in the 70-79th, 9.6%
in the 80-89th percentile, and 57.7% in the 90-99th percentile. In the
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Table 2

Memory (percentile scores), and anxiety and depression (direct scores) in groups based on the side of seizure focus, epilepsy type and memory competence (mean + SD).

Scores Side of seizure focus Epilepsy type

Immediate memory competence Delayed memory competence

[H(n=27) RH(n=25) p TLE(n=38)

ETLE(n=14) p

High (n=28) Low (n=24) p High (n =28) Low (n=24) p

WMS-IIT

Immediate memory 27.79 £ 29.76 30.20 + 2859 .77 3024 43033 2545 +2549 .60 49.03 4 2573 552 4 4.00 0001 4719 +2794 7.67+795 .0001
Immediate auditory 30.61 4- 30.13 41.05 43223 .23 3627 +£31.89 3389 +30.71 .81 5597 4+2815 11.894 1223 .0001 55.82 4 2852 12.07 +11.90 .0001

memory
Immediate visual
memory

Delayed memory
Delayed auditory
memory

Delayed visual
memory

Delayed auditory
recognition

35.00 + 3004 4072 +£31.05 .50 37.13 4+ 3127 3942 + 2881 .81 4830+ 3239 2544 + 2280 .006

31.06 £ 27.09 2721 +£2598 .60 31.84+28.02 22.04 + 2047 .18 4621 + 2428 937 +9.35 .0001 4255+ 2593 13.63 + 16.81 .0001

29.18 + 2844 3320 +£31.81 50 31.67 +31.79 2959 + 2496 .83 4844 + 3027 1090 + 1060 .0001 51.69 + 26.68 7.10 & 5.14 .0001
32.64 +£ 3086 40.72 +£31.05 .09 3963 + 3395 4044 + 2757 93 5891 +2924 1761+ 1793 .0001 60.60 + 2826 15.64 + 14.52 .0001

34.08 +29.00 29.67 + 2875 .58 33.86+ 2991 2680+ 2534 .44 4740+ 2835 1394 + 1586 .0001 49.74 + 2686 11.22 £+ 11.96 .0001

5285+ 2799 20.13 £+ 22.88 .0001

Single-trial auditory 40.93 4 27.21 42.08 4+ 26,68 .88 39.63 £ 27.05 46.50 & 2601 42 557542519 2483 4 1726 .0001 56.04 4 25.05 24.50 + 16.88 .0001

learning

Auditory learning

slope

Auditory retention

Auditory retrieval
STAI

Trait anxiety

4848 + 3333 5936 +2584 20 51.16 +£32.00 60.64 + 2426 .38 6046 +29.15 4583 + 3003 .08

40.78 +31.95 5280+ 3130 .18 46.76 +£33.98 46.00 +£26.61 .94 5550 + 31.51
4644 4+ 31.28 4048 +33.80 .51 4550 +31.29 3836 £ 3570 .32 4025+ 3339 4746 + 3131 43

2481 + 1181 2564 +11.15 .80 2587 + 11.83 2343 +£ 1032 .50 2236+ 1096 2854+ 11.20 .05

60.89 + 27.51 4533 £+ 31.55 .06

36.13 + 29.68 .03 62.82 + 2953 2758 + 23.15 .0001

46.11 + 32,67 40.63 + 3238 .56

19.89 + 1026 3142 +948 .0001

State anxiety pre- 1996 + 980 224041041 43 2180+ 1017 1950+993 49 226341095 18594808 .20 2128 £10.76 20.794+928 .88
State anxiety post- 20.13 4849 195541186 .85 2053 +10.74 1843 £853 52 21.07+1094 17944836 32 2024 +£943 19374+ 1104 .78
State anxiety 017 £763 —2854+1028 27 —127+930 —107+847 95 —156+942 —0.654+840 .75 —1.044+903 —1424+9.08 .89
differences

BDI-II
Depression 11.74 796 1140 4 653 87 1137+674 1214+871 74 1211 +£774 1096+6.73 .58 1054 +719 1279+726 27

51.9% of the sample, cortisol levels were located above the 95th
percentile of cortisol levels for the general population. Cortisol levels,
percentiles, and AUCs were not related to seizure frequency in the
total sample, although a positive association between seizure frequency
and cortisol levels was found in patients with both partial and secondar-
ily generalized seizures (r(15) = 0.54, p = .037,r(15) = 0.48,p =
.07, r(15) = 0.49,p = .06, r(15) = 0.53, p = .04, and r(15) = 0.48,
p = .07, for C4, C5, C6, C7 and C8, respectively). Seizure frequency
was also marginally related to AUG in these patients (r(15) = 0.47,
p = .08). Additionally, cortisol levels, percentiles, and AUCs were
not related to the number of AEDs, the total DDD (for all, p >.06),
nor the total dose of strong enzyme inducer drugs (such as
carbamazepine, phenytoin, phenobarbital, or primidone) in the total
sample. No differences in cortisol levels, percentiles, or AUCs were
found between patients who were taking strong enzyme inducer
drugs (n = 19) and the rest of the sample (n = 33) neither among
patients who were taking one enzyme inducer drug (n = 12), more
than one (n = 7), and none (n = 33).

Considering the side of the seizure focus, cortisol AUC, was
positively related to seizure frequency in the group with RH focus
(r(25) = 0.47, p = .018), but not in the patients with LH focus.
No other significant relationships for the side of seizure focus,
epilepsy type, or memory competence groups were found between
cortisol and descriptive or clinical variables.

3.2. Profiles of memory performance: cortisol, side of seizure focus,
and epilepsy type

A significant effect of the “moment = side of seizure focus » immediate
memory competence” interaction on cortisol levels was found (Table 3).
Specifically, in the group of patients with LH focus, those with low imme-
diate memory scores had higher cortisol levels at C4, C5, C7, and C8
(for all, p <.05) (Fig. 1A). In the group of patients with RH focus, there
were no differences in cortisol levels that depended on immediate
memory scores (Fig. 1B).

The interaction “moment = side of seizure focus * delayed mem-
ory competence” on cortisol levels was also significant (Table 3).

Specifically, in the group of patients with LH focus, those with low
delayed memory scores had higher cortisol levels at C7 (p = .008)
(Fig. 1C). In the group of patients with RH focus, there were no
differences in cortisol levels that depended on delayed memory scores
(Fig. 1D).

Additionally, significant effects of “immediate memory competence”
and “delayed memory competence” on cortisol AUC; were found
(Table 3). Patients with low immediate and delayed memory scores
had higher cortisol AUC; independently of the side of seizure focus or
the epilepsy type (see Fig. 2).

All these effects remained significant even when the two patients
who suffered a seizure during the evaluation were excluded, and
when variables in which there were significant differences between
groups based on the side of seizure focus, epilepsy type, and memory
competence (number of AEDs, DDD, consumption of levetiracetam,
consumption of oxcarbazepine, and trait anxiety) were covariated.

Patients with LH and RH focus presented similar levels of cortisol
and AUCs. Additionally, no significant effects of epilepsy type or HS
were found in these variables. No significant effects were found on
cortisol percentiles.

3.3. Predictors of memory performance

In the total sample, the cortisol AUC; was negatively related to imme-
diate and delayed memory (r(52) = —0.27,p = .04 and r(52) = —0.22,
p = .05, respectively). The cortisol AUC; was also negatively related to
specific memory indices such as immediate and delayed auditory
memory (r(52) = —0.29, p = .036 and r(52) = —0.30, p = .031,
respectively). Cortisol percentiles were negatively associated with
auditory retrieval (r(52) = —0.29, p = .036). Additionally, trait
anxiety was negatively related to most of the memory indices,
including immediate and delayed memory, immediate and delayed
auditory and visual memory, single-trial auditory learning, and
auditory learning slope (r(52) = —0.48, p = .0001; r(52) = —0.50,
p = .0001; r(52) = —0.40,p = .003; r(52) = —0.40, p = .003;
r(52) = —0.41,p = .002; r(52) = — 048, p = .0001; r(52) = —0.40,
p = .004; and r(52) = —0.32, p = .019, respectively).
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g'r)tlizjl levels (nmol/L) and cortisol AUCs (arbitrary units) in groups based on side of seizure focus and memory competence (mean =+ SD).
Cortisol Side' Immediate memory competence Delayed memory competence Total Statistics
High Low High Low
C1 LH?  4.86 +2.96 2.62 + 1.88 4.84 + 298 2.63 + 1.87 3.70 £+ 2.67

MP: F(4.3,42) = 1.76,p = 13, n%, = 004

RH® 437 + 194 3.04 + 222 3.90 £+ 2.11 375+224 3.84+ 212 M x S7: F(4.3,42) = 0.80, p = .54, n%, = 0.02
Total 4.60 4 2.43 2.78 +£1.99 434 + 2.55 3.10 + 2.06 3.76 + 2.40 M x IM®: F(4.3,42) = 0.53,p = .73, n%, = 0.01
c2 LH? 518 +4.40 294 + 261 525+ 4.32 2.87 £+ 2.66 4.01 £ 3.69 M x DM?: F(4.5,42) = 0.51, p = .74, n%, = 0.01
RH® 417 +224 311+ 197 3.63 +£ 244 392 +£1.78 3.75 £ 2.16 M x S x IM'%: F(4.3,42) = 3.30,p = .01%, nzp =007
Total 4.64 4 3.38 3.01 +£2.32 438 + 347 331+235 3.88 +£3.03 M x S x DM'": F(4.5,42) = 355, p = .006%, n?, = 0.08
3 LH? 445 +3.46 322 +£3.79 4.52 +3.39 3.16 £ 3.82 3.81 + 3.62 S'2: F(1,42) = 0.09, p = .77, n?, = 0.01
RH®  4.00 + 2.10 3.65 + 2.96 3.71 £ 2.26 4.07 £ 2.77 3.86 £ 243 IM'3: F(1,42) = 2.84,p = .10, nzp = 0.06
Total 4.21 4 2.77 3.40 + 3.40 4.09 £+ 2.82 3.54 +3.39 3.83 +£3.07 DM': F(1,42) = 1.28, p = .26, n%, = 0.03
C4 LH>  3.46 +2.62 351 £3.72 3.52 + 2.56 3.45 + 3.76 349 + 3.18
RH?® 3.87 +1.81 233 + 1.66 3.51 + 2.07 2.86 + 1.57 325+ 1.88
Total 3.68 + 2.19 3.02 +3.04 3.52 +2.26 3.21 £ 3.01 337 + 261
c5 LH?  3.03 +2.17 3.33 +£3.30 3.10 £+ 2.09 3.26 +£3.35 3.18 £2.76
RH® 335+ 132 228 +£1.53 3.06 + 1.53 271 £ 144 292 + 148
Total 3.20 + 1.74 289 +2.71 3.08 £ 1.78 3.03 £+ 2.69 3.06 £+ 2.22
C6 LH> 257 +1.70 2.59 + 2.51 265+ 1.64 2.52 4+ 2.55 2.58 +£2.12
RH® 273 +1.18 192 + 1.14 2.54 + 131 221 £ 1.07 241 +1.21
Total 2.66 + 1.42 231+ 205 259 + 145 239 +2.04 250 +1.73
7 LH? 197 + 141 238 +1.83 2.02 + 137 233+ 1.87 2.18 + 1.62
RH® 211+1.10 1.60 + 0.94 1.96 + 1.12 1.83 +£0.98 191 + 1.05
Total 2.04 +1.23 2.05 + 1.55 1.99 + 1.22 212 £1.55 2.05 + 1.37
8 LH?  1.83 +1.00 215+ 191 1.86 + 0.96 2114+ 194 1.99 £ 1.52
RH® 187 +1.17 1.77 + 148 1.74 +1.23 1.96 + 1.40 1.83 +1.28
Total 1.85 + 1.07 1.99 + 1.72 1.80 & 1.09 205+ 1.70 1.91 + 140
as] LH?> 1.78 + 1.06 1.78 + 1.61 1.75 + 1.09 1.81 £ 1.59 178 £1.35
RH® 179 +1.10 1.71 £ 0.93 1.68 + 1.08 1.88 + 0.96 1.76 + 1.02
Total 1.79 4 1.06 1.75 + 1.34 1.71 &+ 1.06 1.84 + 134 1.77 +£ 1.19

AUC LH>  —471.34 +469.05 7.88 + 488.44

—454.54 + 47790 —7.72 + 496.38

—222.86 4+ 52950 S'*F(1,51) = 0.20, p = .65, n%, = 0.01

RH® —363.62+287.10 —199.47 +292.76 —307.87 +272.16 —283.09 + 340.96 —297.96 +294.89 IM': F(1,51) = 5.25,p = .027%,n?, = 0.11

Total —413.63 +378.83 —78.52 4-423.42

AUC;  LH?  739.95 + 45475
RH? 72534 4 300.99
Total 732.12 & 372.74

657.59 + 585.74
557.24 £ 342.40
615.78 + 492.29

751.00 + 442.60
662.73 + 338.63
703.71 £ 385.40

—37597 + 38140 —12245 + 1.34

647.33 £+ 592.53
651.16 & 313.90
648.93 + 1.34

—258.96 + 43045 DM': F(1,51) = 3.85, p = .05% n?, = 0.09
Sx IM™: F(1,51) = 1.16, p = .29, n?, = 0.03
S x DM'®: F(1,51) = 2.09, p = .16, n?, = 0.05
S'2:F(1,51) = 0.01, p = .95, n?, = 0.01

IM": F (1,51) = 5.58, p = .45,n%, = 0.01
DM'™: F (1,51) = 0.10, p = .75, n?, = 0.01

Sx IM': F(1,51) = 0.16, p = .69, n?, = 0.01
S x DM'®: F(1,51) = 0.02, p = .88, n?, = 0.01

697.25 £+ 518.41
658.10 £ 322.30
678.43 £+ 431.60

Note. 'Side: side of seizure focus, >LH: left-hemisphere, RH: right-hemisphere, “AUC;: area under the curve with respect to increase, >AUC,: area under the curve with respect to ground,
SM: moment effect, ’M x S: moment « side of seizure focus interaction, ®M x IM: moment « immediate memory competence interaction, °M x DM: moment « delayed memory competence
interaction, '°M x S x IM: moment « side of seizure focus » immediate memory competence interaction, ''M x S x DM: moment + side of seizure focus « delayed memory competence
interaction, 'S: side of seizure focus effect, '*IM: immediate memory competence effect, '“DM: delayed memory competence effect, 'S x IM: side of seizure focus » immediate memory
competence interaction, 'S x DM: side of seizure focus « delayed memory competence interaction, *: significant.

When correlations were examined in groups with LH and RH focus,
these patterns of relationships were mainly found in the group with LH
focus. In this group, immediate and delayed memory, immediate and de-
layed auditory memory, immediate visual memory, and auditory reten-
tion were negatively associated with the cortisol AUG; (r(27) = —0.39,
p =.045;r(27) = —0.37,p = .05; r(27) = —0.39, p = .045; r(27) =
—0.46, p = .016; r(27) = —0.41, p = .035; r(27) = —0.42, p = .03,
respectively), while immediate and delayed memory, immediate and
delayed auditory and visual memory, single-trial auditory learning, and
auditory learning slope were negatively related to trait anxiety (r(27) =
—0.53,p =.003; r(27) = —0.53, p = .005; r(27) = —047,p = .014;
r(27) = —0.46,p = .017; r(27) = —0.55, p = .003; r(27) = —0.51,
p = .006; r(27) = —0.49, p = .01; and r(27) = —0.42, p = .03,
respectively). In patients with RH focus, we only found that trait
anxiety was negatively related to immediate and delayed memory,
and delayed visual memory (r(25) = —0.32, p = .03; r(25) = — 049,
p = .013; r(25) = — 043, p = .03, respectively).

No significant associations of cortisol AUCs or percentiles with trait
anxiety, state anxiety, and depression were found in the total sample
neither in the group of patients with LH focus nor in the group of
patients with RH focus (for all, p > .07).

Because of the complexity of these relationships, hierarchical regres-
sions were carried out to examine reliable predictors of memory perfor-
mance in the total sample and in both groups of patients. The results of
the hierarchical regressions with memory performance as dependent

variables, controlling seizure frequency and epilepsy type, are shown
in Table 4.

In the total sample, higher immediate memory scores were pre-
dicted by the lower cortisol AUC; and lower trait anxiety. When groups
based on the side of the seizure focus were considered separately, this
model remained significant in the group of patients with LH focus, but
not in the group of patients with RH focus.

However, higher delayed memory scores were only predicted by the
lower trait anxiety in the total sample. This model remained significant
in the group of patients with RH focus. In the group of patients with LH
focus, both lower trait anxiety and lower cortisol AUC; predicted higher
delayed memory scores.

These regression models remained significant even when the two
patients who suffered a seizure during the evaluation were excluded.

4. Discussion

The results of the current study indicate that patients with low im-
mediate and delayed memory performance have higher cortisol levels
and AUG; — and levels, therefore, decline more slowly in the afternoon
(independently of the side of seizure focus). Moreover, memory perfor-
mance is negatively related to AUC; and trait anxiety in the total sample.
Even after controlling for seizure frequency and epilepsy type, lower
cortisol AUC; and lower trait anxiety are reliable predictors of higher im-
mediate memory performance in the group of patients with LH focus,
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Fig. 1. Cortisol levels in groups based on side of seizure focus and memory competence. (A) Cortisol levels in patients with LH focus depending on immediate memory competence.
(B) Cortisol levels in patients with RH focus depending on immediate memory competence. (C) Cortisol levels in patients with LH focus depending on delayed memory competence.
(D) Cortisol levels in patients with RH focus depending on delayed memory competence. Note: error bars represent 95% confidence intervals.

although not in the patients with RH focus. Lower trait anxiety signifi-
cantly predicted delayed memory performance in the total sample and
in both groups of patients with LH and RH focus, while cortisol AUG;
was a significant predictor only in the group of patients with LH focus.
Furthermore, no significant relationships of cortisol with anxiety and
depression have been found in the sample studied.

Most demographic and clinical characteristics did not differ depend-
ing on the side of seizure focus or the epilepsy type. However, patients
with RH focus had higher number of AED consumption and total DDD
than those with LH focus, and patients with ETLE had more AED
consumption (more frequently levetiracetam), higher DDD, and lower
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Fig. 2. Cortisol AUG; in groups with high and low immediate memory and in groups with
high and low delayed memory (independently of the side of seizure focus). Note: error
bars represent 95% confidence intervals.

frequency of HS than those with TLE. It is worth noting that AEDs
could modulate cortisol levels, especially strong enzyme inducer drugs
[22,23], although the results are not homogeneous [36]. However, in
our sample, there were no differences for cortisol levels between
patients with LH and RH focus or between patients with TLE and
patients with ETLE. In the subgroup of patients with TLE, those with
HS had similar cortisol levels than those without HS. Additionally, corti-
sol levels were not related to the number of AEDs nor the total DDD or
type of AED, and no differences in cortisol were found depending on
the consumption of strong enzyme inducer drugs.

No differences in memory indices were found depending on the side
of seizure focus or the epilepsy type. The material-specific model estab-
lishes that the left temporal lobe sustains verbal memories, while the
right temporal lobe sustains nonverbal memories [37]. However,
chronic epilepsy could imply an additional indirect impairment of
functional compensation in nonepileptic areas, producing progressive
cognitive deterioration in people with drug-resistant epilepsy [38].
Patients in the present study have suffered epilepsy for a mean of
23.19 years, and this could explain the scarce differences found in cog-
nitive profile between patients with LH and RH focus or between
those with TLE and ETLE. However, in the subgroup of patients with
TLE, those with HS were more likely to have lower memory scores
than those without HS, according to previous studies [39]. Mesial TLE
with HS is a severe focal epilepsy type associated with a high degree
of pharmacoresistance [40], more closely associated with cortical
function disturbances than other focal epilepsy syndromes [41].

Patients did not differ in anxiety and depression scores depending on
the side of seizure focus or the epilepsy type in contrast to previous stud-
ies that suggested that LH lesions [42] and temporal focus [42,43] are
related to higher susceptibility to anxiety and depression. Surprisingly,
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Table 4
Hierarchical regression analyses investigating the effect of the cortisol AUC; and the trait
anxiety on memory performance in the total sample and in patients with LH and RH focus.

Total sample
Std Lower  Upper AR? R? F
limit! limit!
Immediate memory
Block 1 0.01
Seizure frequency  —0.01 —0.16 0.15
Epilepsy type —0.11 —2427 10.15
Block 2 0.08*
Cortisol AUC} —0.25* —0.03 0.00
Block 3 022" 031 525"
Trait anxiety —048"*  —1.87 —0.58
Delayed memory
Block 1 0.01
Seizure frequency  0.17 —0.06 0.26
Epilepsy type —0.14 —26.80 844
Block 2 0.05
Cortisol AUC! —0.17 —0.03 0.01
Block 3 0.27*** 032 5.53*
Trait anxiety —0.54"*  —2.07 —0.76

Patients with LH focus

Std»  Lowerlimit' Upperlimit' AR?> R? F

Immediate memory

Block 1 0.04
Seizure frequency —0.10 —0.25 0.16
Epilepsy type 0.01 —24.96 26.63
Block 2 0.19*
Cortisol AUC! —042* —0.04 —0.01
Block 3 0.22* 045 4.54*
Trait anxiety —0.52 =220 —0.40

Delayed memory

Block 1 0.03
Seizure frequency 0.20 —0.09 0.29
Epilepsy type 0.03 —22.02 26.39
Block 2 0.14
Cortisol AUC! —0.36" —0.04 —0.01
Block 3 030" 047 4.92*

Trait anxiety —0.60* —2.28 —0.59

Patients with RH focus

Sstdp  Lower limit! Upper limit! AR?> R®> F

Immediate memory

Block 1 0.03
Seizure frequency 0.07 —0.26 0.36
Epilepsy type —0.23 —40.58 11.85
Block 2 0.01
Cortisol AUC! 0.06 —0.04 0.05
Block 3 0.20* 024 1.57

Trait anxiety —047" =227 —0.12

Delayed memory
Block 1 0.01

Seizure frequency 0.03 —0.30 0.35
Epilepsy type —0.30 —48.14 5.87
Block 2 0.01
Cortisol AUC! 0.18 —0.02 0.06
Block 3 0.29* 035 2.66*
Trait anxiety —0.56* —2.69 —0.48

Note. 'AUG;: area under the curve with respect to increase, *, p <.05; ** p <.001; ***,
p <.0001; (t), p = .06; '95% C.I. = confidence intervals.

in the total sample, anxiety and depression scores were not significantly
related to the cortisol AUC or percentiles. Previous studies found a posi-
tive association between cortisol and depression scores [15,16], but also
no relationship in people with epilepsy [17]. It should be noted that our
sample had subclinical levels of depression (mean score of 11.58), and
the score of 16 has been identified as the BDI cutoff point indicating
levels of depression susceptible to psychological intervention [44]. This

could explain the lack of significant associations between cortisol and
depression scores in our study. Moreover, trait anxiety scores were not
related to cortisol levels in contrast to the study of Busch et al. [17]
with a single sample of midnight cortisol. In the present study, trait
anxiety was not related to cortisol levels, although it was negatively
related to most of the memory indices, according to previous studies
with people with epilepsy [45-47].

Salivary cortisol levels were different depending on memory perfor-
mance. Patients with low and high memory competence had similar
demographic and clinical characteristics (except for the consumption
of levetiracetam and oxcarbazepine that was more frequent in patients
with high immediate memory). These groups differed in trait anxiety,
patients with high memory competence having lower trait anxiety
than those with low memory competence. Even after controlling for
variables in which groups differed, patients with LH focus with low im-
mediate and delayed memory performance showed higher rest cortisol
levels, according to the results of Busch et al. [17]. Cortisol levels follow a
24-h circadian rhythm, in which cortisol concentrations present a
morning circadian peak, and slowly declining levels in the late after-
noon, evening, and night — the circadian trough [11,24]. Cortisol levels
exhibited by over half of the sample of the present study during the af-
ternoon were above the 95th percentile of normative reference levels
for the general population at similar hours, according to the CIRCORT
database [19]. It is not likely to attribute the hypercortisolism of the
sample to recent seizures, since, although recent seizures can alter
cortisol levels [48], the cortisol peak in most cases appears within
30 min of the onset of stress in healthy people [49], and this period of
potential responsiveness was covariated.

High cortisol levels in the afternoon could be interpreted as an
inability of the HPA axis to inhibit itself and could be maladaptive in
cognitive terms in these patients. This possible explanation is supported
by the fact that people with epilepsy have high rates of nonsuppression
after the dexamethasone test [50]. In patients with RH focus, no differ-
ences in cortisol levels depending on memory performance were
found. As far as we know, no studies have analyzed the potential role
of the side of seizure focus in the relationship between cortisol and
memory performance. However, patients with LH focus are at higher
risk of an accelerated forgetting of declarative memory [20] and,
although this reasoning remains speculative, this could be influenced
by basal cortisol levels. Additionally, the lack of significant effects in
patients with RH focus may be influenced by the lower sensitivity of
the visual memory measures to the RH integrity (in respect to the verbal
memory measures' sensitivity to the LH integrity), being frequently
mediated by the verbalization of the information to be learned [51,52].

With regard to the epilepsy type and the HS, we found no effects of
these factors in the relationship between cortisol and memory perfor-
mance. The relative smaller size of the group with ETLE may have
affected our ability to detect significant effects, so our findings should
be interpreted with caution. To the best of our knowledge, the only
study analyzing relationships between cortisol and memory in people
with epilepsy only includes patients with TLE [17], limiting the
establishment of conclusions about the impact of the epilepsy type.
According to our findings, in Busch's study [17], patients with hippo-
campal atrophy performed worse in verbal memory tasks, indepen-
dently of midnight cortisol.

Additionally, patients with low immediate and delayed memory
scores had higher cortisol AUC;, independently of the side of seizure
focus and the epilepsy type. The AUC; may be indicative of the ability
of the HPA axis to descend in accordance with the daily circadian
rhythm [34], and so patients with low memory scores had slower
declining levels in the afternoon. Cortisol AUG; is negatively related to
scores in most memory indices. Accordingly, cortisol percentiles are
negatively related to memory performance, but only to auditory
retrieval. This lower sensitivity of the percentiles with respect to the
AUGC; on memory performance could be due to the ceiling effect
produced by the accumulation of the sample in the upper cortisol
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percentiles. Despite these differences in the sensitivity of the
measures employed, our findings are in line to previous studies
that analyzed the associations between elevated cortisol and poor
cognitive functions in healthy participants and predominantly found
deficits in hippocampal-dependent cognitive domains [53,54]. This
relationship is coherent with the considerations of the hippocampus
as a region involved in episodic and declarative memory [55], rich in
glucocorticoid receptors [56], and especially vulnerable to repeated
stress [57].

People with drug-resistant epilepsy deal with repetitive, uncontrol-
lable, and unpredictable seizures together with the usual stressors in
daily life, and these stressors could imply a price in terms of health.
McEwen [57] proposed the term “allostatic load” to refer to the price a
person pays for being forced to adapt to daily life stressors. The allostatic
load hypothesis links repeated exposure to environmental stressors
with disease through wear of the neuroendocrine systems [57]. In the
present study, higher seizure frequency has been related to higher
cortisol levels, one of the final products of the stress response in patients
with both partial and secondarily generalized seizures and in the group
of patients with LH focus. This result suggests that certain characteris-
tics of the patients could help to detect individuals with a high risk of
presenting stress-related unbalanced states of health.

Controlling seizure frequency and epilepsy type, higher immediate
memory performance was predicted by lower cortisol AUC; and lower
trait anxiety in the total sample. This result is mainly due to the patients
with LH focus; since this group replicates the pattern of predictors, not
found in the patients with RH focus. Regarding delayed memory perfor-
mance, lower trait anxiety was a reliable predictor in the total sample
and in both groups of patients with LH and RH focus, while cortisol
AUCG; was a significant predictor only in the group of patients with LH
focus. Considering our results, the exposure to psychosocial stressors
may facilitate cognitive impairment via elevated cortisol levels [54],
especially in patients with LH focus, who more frequently have memory
deficits. Additionally, cognitive impairment could affect the family,
social, and work environment, and have a global impact on the life of
the individual, favoring in turn, higher cortisol levels and anxiety. It is
worth noting the role of trait anxiety in cognitive impairments, consid-
ering that its scores are not clinical anxiety as evaluated in the present
study. The results suggest, firstly, that cognitive and affective aspects
are related and must be considered jointly from an integrative view of
clinical evaluation; and, secondly, that trait anxiety could be a useful
tool to early detect potential comorbidities in epilepsy.

Some limitations of our study should be considered. Firstly,
although all the patients presented drug-resistant epilepsy, the group
is heterogeneous in terms of the exact localization of the epileptic
focus. Secondly, greater sample sizes could provide more information
about groups, thereby ensuring statistical power. Thirdly, although we
found no relationships between the AEDs (number, type, or total
defined daily dose) and cortisol levels, patients were treated with
AEDs polytherapy, and the AEDs combination was individualized for
each patient. Finally, it should be noted that anxiety and depression
scores are not clinical measures (since we considered anxiety as a
trait, and depression was only measured once), and so this does not
enable establishing a diagnostic criterion [31].

5. Conclusions

In summary, the data suggest a relationship indicating that exposure
to elevated levels of cortisol in people with drug-resistant epilepsy who
have an LH focus is related to worse memory performance. Additionally,
patients with poor memory performance have higher cortisol AUC; and,
consequently, slower declining cortisol levels in the afternoon than
those with high memory performance. Considering that cortisol AUC
may capture dysregulation in the HPA axis, it is possible that memory
deficits in people with drug-resistant epilepsy may be influenced by
exposure to chronic stress in this population. Despite the lack of a

relationship between cortisol levels and anxiety and depression scores,
poor memory performance is related to high trait anxiety that could
contribute to individual differences in vulnerability to stress [58].
Further research is needed to clarify to which extent afternoon cortisol,
with fewer fluctuations than morning cortisol, could be proposed as an
indicator of high risk for memory deficits in people with epilepsy.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.yebeh.2018.12.022.
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