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Abstract 

Background  Epilepsy is one of the common clinical disorders with comorbid anxiety and depression that severely 
affects their quality of life and increases their suicidality, while screening for anxiety and depression currently lacks 
objective identifiers. This study aimed to analyze the characteristics of the electroencephalogram (EEG) power spec-
trum in patients with epilepsy with comorbid anxiety and depression, utilizing resting EEG data.

Methods  Resting EEG data were collected under standard conditions from two groups: patients with epilepsy 
comorbid with anxiety and depression (n = 42) and patients without comorbidities (n = 45). EEG power was calculated 
using data processing with EEGLAB and MATLAB. This study compared the absolute and relative powers of the δ, θ, α, 
β, and γ frequency bands, as well as the values of (δ + θ)/(α + β), between the two groups. Additionally, the correlation 
between the EEG power of each frequency band and anxiety and depression scores was analyzed.

Results  1) Among individuals with epilepsy comorbid with anxiety and depression, lower absolute power of δ, α, 
and θ at specific sites was observed (P < 0.05), along with lower relative power of θ at certain sites (P < 0.05). Con-
versely, higher relative power of β and γ at specific sites was noted in those with comorbidities (P < 0.05). 2) There 
was no statistically significant difference in the values of (δ + θ)/(α + β) between the two groups (P > 0.05). 3) Depres-
sion scores exhibited a negative correlation with θ absolute power at the T3 and T4 sites (P < 0.05), while showing 
a positive correlation with β relative power at the C4 and T6 sites (P < 0.05). Anxiety scores displayed a positive correla-
tion with β relative power at the F4, C3, C4 and T6 sites and γ relative power at F8 site (P < 0.05).

Conclusions  The findings suggest that comorbid anxiety and depression may impact resting EEG power spectra 
in individuals with epilepsy, particularly in regions exhibiting altered network connectivity. Furthermore, a positive 
correlation was observed between anxiety and depression scores and β relative power in the right central and right 
posterior temporal regions, indicating potential screening utility.
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Key points
The study compared EEG power spectra in epilepsy 
patients with and without comorbid anxiety and depres-
sion, Focusing on δ, θ, α, β, and γ bands.

It unveiled that in epilepsy patients with combined 
anxiety and depression, slow wave (δ, θ) and α power val-
ues in some brain regions decreased (P<0.05), while the 
power values of fast wave (β, γ) increased (P<0.05). These 
changes are mainly concentrated in the frontal and tem-
poral lobes.

This study also revealed that increased β power in spe-
cific brain regions correlates with higher anxiety and 
depression scores, suggesting its potential for screening 
purposes.

Background
Epilepsy is a chronic neurological disorder characterized 
by abnormal synchronous discharges in the brain, and it 
ranks among the most prevalent clinical conditions. Anx-
iety and depression are recognized as prevalent psycho-
logical comorbidities in people with epilepsy (PWE) [1, 
2]. These comorbidities substantially impact the quality 
of life of PWE and elevate their risk of suicide.

Electroencephalography (EEG) is the simplest tool 
to evaluate brain activity, which reflects the integrated 
electrophysiological activity of a group of neurons and 
contains a wealth of physiological and psychological 
information. Resting-state EEG is recorded while the sub-
ject is awake, with eyes closed, relaxed, and not engaged 
in any specific task. It reflects baseline brain activity and 
intrinsic network connectivity in the absence of external 
task interference and is more closely related to spontane-
ous brain activity and default network activity. It is used 
to assess resting-state functional connectivity of the brain 
and to diagnose neuropsychiatric disorders such as epi-
lepsy and depression. In contrast, non-resting-state EEGs 
are recorded while individuals perform specific cogni-
tive, sensory, or motor tasks. This type of EEG reflects 
the activity state of the brain when processing external 
information and performing tasks, and it is related to the 
response of the brain to specific stimuli and the perfor-
mance of cognitive functions. It is used to assess the acti-
vation state and functional connectivity of the brain, as 
well as to monitor the response of the brain to treatment. 
Overall, resting-state EEGs provide information about 
baseline brain activity in the task-free state, whereas 
non-resting-state EEGs provide insights into brain activ-
ity during the performance of a specific task. Therefore, 
resting-state EEGs were used in this study.

In recent years, related studies have demonstrated that 
PWE exhibit varying levels of background EEG activ-
ity, which extend beyond epileptic discharge regions 
to encompass alterations in brain activity affecting the 

entire brain. This is characterized by an elevated interic-
tal EEG power spectrum across the δ, θ, β and γ rhythms 
[3]. In addition, anxiety and depression may also influ-
ence the EEG background waves. To the best of our 
knowledge, no studies have been undertaken to examine 
alterations in the resting EEG power spectrum among 
patients with epilepsy who also have comorbid anxiety 
and depression, and the underlying mechanisms of these 
changes remain poorly understood.

Quantitative electroencephalography (QEEG) meas-
urements provide insights into the fundamental insta-
bility of cortical arousal, which is frequently observed 
in various anxiety disorders [4, 5]. One study revealed 
greater power in the β1 and β2 bands in patients with 
anxiety and depression compared to a control group, 
with statistically significant differences in β1 power in 
the parietal and occipital lobes, as well as β2 power in the 
frontal lobe [6]. Furthermore, several studies have docu-
mented EEG abnormalities in patients exhibiting mild 
depressive symptoms, with increased θ power in the right 
anterior central gyrus and elevated α power in the right 
superior temporal gyrus observed among patients with 
mild depression [7, 8].

QEEG uses computers to calculate and visualize EEG 
activity in both the time and frequency domains, encom-
passing recording digital EEG signals that are subse-
quently processed, transformed, and analyzed using 
sophisticated mathematical algorithms [9]. Studies have 
shown that QEEG possesses a broad spectrum of clinical 
applications, including the management of neuropsychi-
atric disorders, epilepsy, stroke, dementia, brain trauma, 
posttraumatic stress disorder, and Parkinson’s disease 
[10–14]. QEEG is considered a potential intermedi-
ate biomarker for the diagnosis of mental diseases [15]. 
QEEG introduces a innovative technology for extracting 
features from EEG signals, including specific frequency 
band analysis, signal complexity assessment, connectivity 
analysis, and network analysis [16], with power spectrum 
analysis serving as its core component. The power spec-
trum analysis of QEEG constitutes a quantitative analysis 
of background brainwaves, effectively illustrating the dis-
tribution and variability of brainwaves across the α, β, θ, 
δ, and γ bands.

Considering the chronic and persistent characteris-
tics of mood disorder symptoms, we hypothesized that 
these symptoms are mediated by interictal dysfunction 
rather than by relatively transient neurological changes 
occurring during seizures. Consequently, in this study, 
we employed power spectrum analysis to examine 
spontaneous brain activity at rest in PWE who also 
have comorbid anxiety and depression. Should a sig-
nificant and stable difference be identified between the 
individuals with epilepsy comorbid with anxiety and 
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depression and those without comorbidities, based on 
the resting EEG power spectrum, it would have a posi-
tive impact the diagnosis and treatment of epilepsy 
associated with these conditions.

Methods
Participants
Data were collected from PWE who were monitored 
by video EEG at the Affiliated Hospital of Zunyi Medi-
cal University from October 1, 2020, to July 31, 2021. 
All participants met the diagnostic criteria outlined in 
the 2017 epilepsy diagnosis and treatment guidelines 
established by the International League Against Epi-
lepsy [17] .

The inclusion criteria were as follows: 1) aged 
between 14 and 60 years; 2) capable of cooperating 
with the scale examination and EEG recordings; 3) all 
scale assessments completed within one day before or 
after EEG acquisition; and 4) right-handedness. The 
exclusion criteria included: 1) acute and chronic sys-
temic infection; 2) long-term alcohol consumption; 
3) neurological disorders (such as cerebral infarction, 
intracranial space-occupying lesions, brain trauma, 
and encephalitis); 4) cognitive impairment (defined by 
a Mini-Mental State Examination [MMSE] score of less 
than 27); 5) left-handedness or mixed handedness; 6) 
neuropsychiatric disorders such as schizophrenia; and 
7) use of anti-anxiety, depression, or benzodiazepines.

Currently, the assessment of anxiety and depression 
in PWE is predominantly carried out using a range 
of neuropsychological scales. Nevertheless, the sen-
sitivity of each scale is constrained, and subjectivity 
continues to pose a considerable challenge. Relevant 
studies have indicated that the Generalized Anxiety 
Disorder-7 (GAD-7) [18] and the Neurological Dis-
orders Depression Inventory for Epilepsy (NDDI-E) 
[19] demonstrate greater sensitivity in assessing anxi-
ety and depression within this specific population. 
Therefore, this study aimed to utilize the GAD-7 and 
NDDI-E to assess anxiety and depression status in epi-
lepsy patients. Based on the scores from the GAD-7 
and NDDI-E scores, patients with epilepsy were classi-
fied into two groups: those comorbid with anxiety and 
depression group (GAD-7 score > 6 and NDDI-E score 
> 12) and those without anxiety and depression group 
(GAD-7 score ≤ 6 and NDDI-E score ≤ 12).

All participants comprehended the objectives of this 
study and voluntarily consented to participate by pro-
viding written informed consent. This study received 
approval from the Ethics Committee of the Affiliated 
Hospital of Zunyi Medical University (KLLY-2020-115).

Neuropsychological examination
The neuropsychological assessment scales used in this 
study comprised the GAD-7, NDDI-E, and MMSE.

Electroencephalogram
A long-range NicoletOne video EEG monitoring system 
was utilized. Sixteen electrodes (FP1, FP2, F3, F4, F7, F8, 
T3, T4, T5, T6, C3, C4, P3, P4, O1, and O2) along with 
two reference electrodes (A1 and A2) were positioned on 
the scalp according to the international 10–20 system. 
During the recording sessions conducted in a quiet room, 
subjects remained awake in bed with their eyes closed 
and relaxed for 10 min prior to the examination. Sample 
data from eyes closed for 5min were selected for analysis.

EEG processing
During the data preprocessing and analysis phase, blind-
ing of subject groups was maintained to minimize sub-
jective bias. Subsequently, EEGLAB and MATLAB were 
employed to detect and label artifacts, thereby reducing 
potential human judgment bias. Following automated 
detection, a manual review was conducted to ensure that 
no data were overlooked or incorrectly labeled. Five-
minute resting EEG segments were randomly selected for 
analysis. Additionally, another EEG expert independently 
reviewed the data selection process.

The established standards for EEG frequency band 
were as follows: δ band (2–4 Hz), θ band (5–7 Hz), α band 
(8–12 Hz), β band (15–29 Hz), and γ band (30–46 Hz). 
In this study, a total of 16 electrode sites were selected 
for analysis, including the frontal pole (FP1, FP2), fron-
tal region (F3, F4), temporal region (F7, F8, T3, T4, T5, 
T6), central region (C3, C4), parietal region (P3, P4), and 
occipital region (O1, O2).

The power values were derived using EEGLAB (SCCN, 
San Diego, USA, Version 2021.1) and MATLAB(Mathworks, 
Natick, MA, USA,Version R2021b) for EEG data process-
ing. The original data were processed with a finite impulse 
response (FIR) bandpass filter with a frequency range of 
1–46 Hz to eliminate interference, and a 10-second segment 
was excluded from both the beginning and end of the data-
set to further mitigate any residual interference. Upon com-
pletion of the processing, the data were manually reviewed 
to identify and eliminate any interference factors. EEG data 
were recorded using bilateral earlobe reference electrodes 
in accordance with international standards, and the whole-
brain averaged reference was used for referencing the EEG 
data. For each patient, four 10-second segments of interfer-
ence-free data were selected, from which the absolute and 
relative power of each frequency band was calculated along-
side the ratio of (δ + θ)/(α + β), and subsequently averaged 
for each patient.
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Statistical analysis
The statistical software SPSS (IBM Corp., Armonk, NY, 
USA, Version 29.0) was used for data processing. Cat-
egorical variable data are presented as the number of 
cases or composition ratios and were analyzed using the 
Chi-square test. When numerical variables exhibited a 
normal distribution, the mean ± standard deviation was 
used for statistical description, and the independent sam-
ple t-test was applied for comparison between the two 
groups. When the data did not conform to a normal dis-
tribution, the median (interquartile range) was used for 
statistical description, and the Mann–Whitney U test 
was used. Statistical significance was established at P < 
0.05 (two-tailed). Spearman’s correlation analysis was 
conducted to examine the relationships among anxiety 
and depression scores and EEG power.

Results
Baseline data
This study collected data from  160 epilepsy patients 
who underwent video-EEG monitoring at the Affili-
ated Hospital of Zunyi Medical University from October 
1, 2020, to July 31, 2021. According to the GAD-7 and 
NDDI-E scores, there were 45 patients in the epilepsy 
group comorbid with anxiety and depression group and 
80 patients in the epilepsy group without anxiety and 
depression. After excluding 1 patient with cognitive dys-
function, 1 patient with lost EEG data, and 1 patient with 
EEG data interference, a total of 42 patients were ulti-
mately included in the epilepsy comorbid anxiety and 
depression group. In contrast, 45 patients were included 
in the epilepsy group without anxiety and depression 
after excluding 3 patients with repeated EEG monitoring, 
4 patients with cognitive impairment, 3 patients with lost 
EEG data, 7 patients older than 60 years, 8 patients with 
EEG data interference, and 10 patients who did not com-
plete the scale evaluation within 1 day of EEG monitoring 
(Fig. 1). There was no significant difference in the base-
line data between the two groups (P > 0.05) (Table 1).

Analysis of the resting‑EEG power spectra of the two 
groups
Comparison of the absolute power of each frequency band 
in each brain area between the two groups
Sixteen sites were analyzed, revealing that the δ abso-
lute power in the epilepsy with comorbid anxiety and 
depression group decreased by 1.6% to 31.3% compared 
to that of the epilepsy group without comorbidities. The 
difference observed in the left middle temporal region 
(T3) between the two groups was significant (P < 0.05) 
(see Table  S1). The θ absolute power in the epilepsy 
group with comorbid anxiety and depression decreased 
by 2.8% to 41.7%, with significant differences observed 

in the frontal region, temporal region, and right central 
region (F3, F4, C4, F7, F8, T3, T4, and T6) between the 
two groups (P < 0.05) (Table 2). The α absolute power in 
the epilepsy group with comorbid anxiety and depression 
varied, decreasing or increasing by 5.5% to 50.4% com-
pared to that of the epilepsy group without comorbidi-
ties, with a significant difference found in the left middle 
temporal region (T3) (P < 0.05) (Table  S2). No signifi-
cant differences were observed in β or γ absolute powers 
between both groups (P > 0.05).

Comparison of the relative power of each frequency band 
in each brain area between the two groups
Sixteen sites were analyzed. Compared to the epilepsy 
group without comorbidities, the θ relative powers in the 
epilepsy group with comorbid anxiety and depression 
decreased or increased by 1.3% to 18.4%, with significant 
differences in the left frontal pole and left frontal lobe 
(Fp1, F3, F7) between the two groups (P < 0.05) (Table S3). 
The β relative power in the epilepsy group comorbid with 
anxiety and depression increased by 21.6% to 74% com-
pared to that of the group without anxiety and depression, 
with significant differences noted in the central region, 
left parietal region, left temporal region, right occipital 
region, and right posterior temporal region (C3, C4, P3, 
O2, F7, T3, T5, and T6) between the two groups (P < 
0.05) (Table 3). The relative γ power in the epilepsy group 
comorbid with anxiety and depression increased by 21.4% 
to 101.8% compared to that of the group without comor-
bidities, with significant differences were found in the 
frontal region, central region, left parietal region, and left 
temporal region (F3, F4, F7, F8, C3, C4, P3, T3, and T5) 
between these two groups (P < 0.05) (Table 4). No signifi-
cant difference were observed in the δ or α relative powers 
between the two groups (P > 0.05).

Sixteen sites were analyzed. The values of (δ + θ)/(α 
+ β) in the epilepsy group comorbid with anxiety and 
depression increased or decreased by 0–27.8% compared 
to the comorbidity-free epilepsy group, however, the dif-
ference between the two groups were not statistically sig-
nificant (P > 0.05).

Correlation analysis
Anxiety scores exhibited positively correlations with 
the β relative power in the right frontal region, central 
region, and right posterior temporal region (F4, C3, C4, 
T6), as well as the γ relative power of the right anterior 
temporal region (F8). Conversely, depression scores dem-
onstrated positive correlations with the β relative power 
in the right central region and right posterior temporal 
region (C4, T6),while exhibiting negative correlations 
with the θ absolute power in the middle temporal region 
(T3 and T4) (Table 5).
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Discussion
The energy information conveyed by brain waves across 
various frequency bands, including α, β, θ, δ, and γ, is 
reflected in the power spectrum. Previous studies ana-
lyzing interictal EEG power spectra have demonstrated 
that patients with idiopathic generalized epilepsy exhibit 
greater power across multiple frequency bands in vari-
ous brain regions compared to control subjects [20–25]. 
Prior to myoclonic seizures, an increase in power was 
noted across all frequency bands, leading to speculation 
that elevated spectral power may indicate susceptibility 
to seizures [26]. Additionally, differences in EEG power 
spectra have been observed in depressed patients [27]. 

Studies have shown that depressed individuals exhibit 
increased resting-state α power in both anterior and pos-
terior regions of the brain [28, 29]. However, findings 
from these studies vary regarding the specific frequency 
bands and scalp regions where such differences were 
found.

Herein, quantitative EEG power spectrum analysis was 
performed for all brain regions in each frequency band. 
Notably, the β relative powers of the central region, left 
temporoparietal region, right occipital region, and right 
posterior temporal region of PWE who have comorbid 
anxiety and depression showed significant increases. Fur-
thermore, we observed a positive correlation between 

Fig. 1  Flow chart for screening and grouping of patients with epilepsy
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β relative power and anxiety and depression scores in 
some brain regions, primarily within the right central 
and the right posterior temporal regions. A certain cor-
relation was identified between the β power of patients 
with epilepsy and comorbid depression and their depres-
sion scores [30]. Consequetnly, we hypothesize that the 
β relative power in both the right central and the right 
posterior temporal regions may be particularly sensitive 

to variations in anxiety and depression levels. Some 
researchers believe that an increase in γ power from 
background EEG signals may correlate negatively with 
epilepsy control [25]; specifically, higher γ power is asso-
ciated with poorer seizure management. Our findings 
revealed a significant increase in γ relative power of epi-
leptic patients with comorbid anxiety and depression in 
several brain regions; additionally, anxiety scores were 

Table 1  Demographics and neuropsychological examination results

Note: Age, age of onset, number of concomitant antiseizure medications, and scale scores are expressed in mean ± standard deviation; the duration of epilepsy and 
the number of hospitalizations due to epilepsy are expressed in the median (quartile); take drugs regularly (yes/no) and gender are expressed in the number of cases. 
independent sample t-test, Mann–Whitney U test and chi-square test were used, respectively

GAD-7 Generalized Anxiety Disorder-7, NDDI-E Neurological Disorders Depression Inventory for Epilepsy, MMSE Mini-Mental State Examination

Epilepsy comorbid anxiety and 
depression

Epilepsy comorbidity free P-value

Number of cases 42 45

Sex (male/female) 21/21 26/19 0.467

Age 30.45 ± 12.93 27.53 ± 12.07 0.279

Age of onset 23.30 ± 12.74 19.38 ± 9.99 0.113

Duration of epilepsy (months) 60 (36, 120) 36 (9, 126) 0.054

Number of hospitalizations due to epilepsy 0.5 (0, 1) 0 (0, 1) 0.088

Number of concomitant antiseizure medications 1.12 ± 0.80 1.02 ± 0.89 0.597

Take medicines regularly (yes/no) 18/24 23/22 0.441

MMSE score 28.69 ± 1.27 28.98 ± 1.12 0.269

GAD-7 score 11.50 ± 3.14 2.47 ± 1.91 0

NDDI-E score 17.38 ± 3.06 8.73 ± 2.06 0

Table 2  θ absolute power of each site (× 1012)

Note: Data are expressed as median (interquartile range) and were statistically 
analyzed using the Mann–Whitney U test
* P value < 0.05

Sites Epilepsy comorbid anxiety 
and depression (n = 42)

Epilepsy 
comorbidity
free (n = 45)

P-value

FP1 1.65 (1.67) 2.20 (3.72) 0.096

FP2 1.71 (1.6) 2.09 (3.96) 0.169

F3 1.00 (1.89) 1.51 (2.89) 0.016*

F4 1.03 (1.92) 1.75 (3.12) 0.026*

C3 0.73 (1.35) 0.95 (1.57) 0.064

C4 0.80 (1.41) 1.05 (1.65) 0.041*

P3 0.76 (1.23) 1.08 (1.72) 0.088

P4 0.80 (1.18) 1.03 (1.67) 0.096

O1 1.85 (1.74) 1.91 (4.41) 0.285

O2 1.85 (2.55) 2.13 (3.24) 0.171

F7 0.87 (0.92) 1.33 (2.37) 0.030*

F8 0.86 (1.25) 1.42 (1.75) 0.029*

T3 0.74 (1.04) 1.27 (1.67) 0.006*

T4 0.74 (0.9) 1.17 (1.58) 0.010*

T5 1.28 (2.14) 1.73 (3.92) 0.142

T6 1.21 (1.62) 1.51 (3.81) 0.044*

Table 3  β relative power of each site (100%)

Note: Data are expressed as median (interquartile range) and were statistically 
analyzed using the Mann–Whitney U test
*  P value < 0.05

Sites Epilepsy comorbid anxiety 
and depression (n = 42)

Epilepsy 
comorbidity
free (n = 45)

P-value

Fp1 3.36 (3.33) 2.63 (2.52) 0.212

Fp2 3.57 (3.51) 2.76 (3.24) 0.405

F3 4.9 (4.48) 3.5 (3.78) 0.103

F4 4.95 (4.67) 3.55 (3.19) 0.053

C3 5.31 (4.01) 3.48 (3.36) 0.048*

C4 4.64 (4.58) 2.72 (3.2) 0.010*

P3 4.24 (4.5) 3.31 (3.64) 0.041*

P4 4.2 (4.87) 2.74 (4) 0.057

O1 4.44 (5.31) 3.65 (3.86) 0.098

O2 4.56 (5.53) 3.08 (2.99) 0.035*

F7 5.07 (3.97) 3.36 (3.92) 0.035*

F8 5.03 (4.08) 2.89 (3.74) 0.069

T3 6.43 (5.43) 3.99 (4.24) 0.014*

T4 6.35 (5.86) 3.96 (5.07) 0.080

T5 4.55 (4.43) 3.21 (3.82) 0.034*

T6 4.6 (4.51) 3.09 (3.42) 0.012*
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positively correlated with γ relative power of the right 
anterior temporal lobe. This indicates that both anxiety 
and depression can elevate γ relative power in some brain 
regions, especially those related to temporal function. 
Therefore, we propose that the increased γ relative power 

observed in the temporal lobe predominantly results 
from heightened anxiety levels. The ratio of (δ + θ)/(α 
+ β) serves as an indicator of EEG activity slowing and 
reflected declines in overall brain function [31]. How-
ever, our analysis did not reveal significant differences 
regarding this ratio between the epilepsy group comor-
bid with anxiety and depression and the epilepsy group 
without comorbidities. Our results showed that anxiety 
and depression do not contribute to a deceleration of 
background brain waves in patients with epilepsy, thus 
relevant EEG parameters reflecting the slowing of brain 
waves have limited clinical value concerning anxiety and 
depression.

It is well known that glutamate is an excitatory neuro-
transmitter, while GABA has a broad inhibitory effect, 
and both neurotransmitters play a crucial role in epilep-
tic seizures. However, high concentrations of glutamate 
and lower cortical GABA levels have also been found in 
the cerebrospinal fluid and plasma of patients with major 
depressive disorder [32]. Our study found that the rela-
tive power values of the β and γ frequency bands were 
higher in epilepsy patients comorbid with anxiety and 
depression compared to those without comorbidities, 
mainly concentrated in the frontal, temporal, and cen-
tral regions. The anxiety scores were positively correlated 
with the γ relative power values in the right anterior tem-
poral region and the β relative power values in the right 
frontal, central, and right posterior temporal regions. The 
depression scores were positively correlated with the β 
frequency relative power values in the right central and 

Table 4  γ relative power of each site (100%)

Note: Data are expressed as median (interquartile range) and were statistically 
analyzed using the Mann–Whitney U test
* P value < 0.05

Sites Epilepsy comorbid anxiety 
and depression (n = 42)

Epilepsy 
comorbidity
free (n = 45)

P-value

Fp1 1.1 (1.27) 0.8 (1.43) 0.308

Fp2 1.1 (1.65) 0.88 (1.42) 0.164

F3 1.34 (1.9) 0.9 (1.22) 0.045*

F4 1.2 (1.25) 0.75 (1.19) 0.040*

C3 1.02 (1.01) 0.84 (0.93) 0.040*

C4 1.13 (0.78) 0.76 (1.1) 0.043*

P3 0.92 (0.88) 0.54 (0.73) 0.037*

P4 0.88 (0.91) 0.66 (0.85) 0.060

O1 1.45 (3.1) 0.82 (2.44) 0.191

O2 1.13 (2.95) 0.56 (1.65) 0.089

F7 2.1 (1.86) 1.2 (1.64) 0.013*

F8 1.6 (2.69) 1.04 (2.36) 0.040*

T3 2.24 (2.88) 1.2 (2.98) 0.023*

T4 2.15 (3.47) 1.61 (2.61) 0.241

T5 1.14 (1.78) 0.85 (0.82) 0.024*

T6 1.16 (1.24) 0.88 (1.19) 0.085

Table 5  Correlation between EEG power spectrum and anxiety and depression scores

Note: The data in the table are correlation coefficients
*  P < 0.05

β relative power γ relative power θ absolute power

sites GAD-7 NDDI-E GAD-7 NDDI-E GAD-7 NDDI-E

Fp1 0.123 0.047 0.091 −0.001 −0.095 −0.127

Fp2 0.091 0.026 0.112 0.036 −0.079 −0.100

F3 0.183 0.077 0.155 0.083 −0.165 −0.202

F4 0.229* 0.140 0.203 0.103 −0.159 −0.196

C3 0.230* 0.139 0.190 0.139 −0.151 −0.141

C4 0.286** 0.232* 0.178 0.149 −0.144 −0.171

P3 0.179 0.128 0.177 0.143 −0.117 −0.153

P4 0.206 0.130 0.186 0.113 −0.103 −0.110

O1 0.165 0.141 0.106 0.102 −0.011 −0.083

O2 0.210 0.164 0.170 0.137 −0.054 −0.085

F7 0.155 0.101 0.192 0.155 −0.157 −0.185

F8 0.180 0.116 0.230* 0.144 −0.187 −0.185

T3 0.198 0.123 0.157 0.131 −0.199 −0.233*

T4 0.173 0.097 0.146 0.056 −0.188 −0.211*

T5 0.181 0.160 0.204 0.201 −0.065 −0.124

T6 0.260* 0.219* 0.179 0.123 −0.117 −0.148
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right posterior temporal regions. We speculate that the 
increase in excitatory neurotransmitters or the reduc-
tion of GABA in epilepsy patients with comorbid anxiety 
and depression leads to an increase in fast wave activity, 
resulting in higher β and γ relative power values in the 
corresponding brain regions. These results suggest that 
the increased β and γ relative power values in the tem-
poral region of epilepsy patients are a result of comorbid 
anxiety and depression.

Currently, it is believed that temporal lobe epilepsy 
(TLE) and psychiatric disorders share similar neural net-
work features, including regions such as the temporal lobe, 
hippocampus, amygdala, frontal lobe, and subcortical 
structures [33, 34]. Previous studies have found that many 
patients with TLE and depression have reduced functional 
connectivity characteristics in multiple brain regions 
related to emotions and cognition, impaired frontotem-
poral network function, reduced frontal-temporal-limbic 
system connectivity, and changes in relative power spec-
tra of the hippocampus, cingulate cortex, and amygdala 
[30, 35–38]. Ren et al. analyzed changes in neural oscilla-
tions and functional connectivity, finding reduced frontal 
θ oscillations and functional connectivity in patients with 
epilepsy and depression, confirming that changes in fron-
tal connectivity may be a potential mechanism of depres-
sion [39]. The EEG power spectrum analysis in this study 
revealed a decrease in θ power among epilepsy patients 
with comorbid anxiety and depression, particularly in the 
frontal and temporal lobes, especially the left frontal lobe. 
The severity of depression showed a negative correlation 
with θ power, while the absolute power values of δ and α 
in the left middle temporal region were relatively low. Fur-
thermore, patients with epilepsy who have comorbid anxi-
ety and depression exhibited decreased slow wave power 
and absolute α wave power due to weakened connectivity 
within the frontal-temporal-limbic system.

Some studies indicate that anti-seizure medications 
(ASMs) affect spectral power, while others report no sig-
nificant effects [40] . Both lamotrigine and sodium val-
proate have been shown to reduce spectral power in the 
δ, θ, α, and β frequency bands [41–44]. Valproate has also 
been reported to increase upper α power in the occipi-
tal regions, with a decrease in β power in another study 
[44]. A study evaluating the effects of levetiracetam in 
patients before and after medication initiation reported 
a decrease in δ and θ and an increase in α and β power 
[45] . Overall, evidence from the majority of studies on 
these three ASMs suggests that they alter spectral power 
in epilepsy in at least one frequency band, suggesting that 
the differences observed in our study may reflect mixed 
effects of ASMs. To exclude the influence of ASMs on our 
results, we grouped patients based on their medication 
status and compared EEG power spectrum differences 

between groups. We then divided both the unmedicated 
and medicated epilepsy groups into subgroups accord-
ing to comorbid anxiety or depression status for further 
comparison of EEG spectra. Finally, we categorized the 
group with comorbid anxiety/depression alongside those 
without into two subgroups based on ASM use for addi-
tional analysis of EEG spectrum differences. Results are 
presented in Table  S4.1–6, indicating that ASMs had 
minimal or no effect on the power spectrum.

Differences in epileptiform activity or epilepsy type 
may also contribute to observed power changes, even 
when such activity is excluded from the EEG data. Some 
researchers argue that the power changes in specific fre-
quency bands are not unique to any particular disease 
[27]. Mental disorders are often presented as a loose set 
of overlapping symptoms, and other comorbidities not 
considered in this study may complicate our results. 
Therefore, analyses focusing on specific symptoms and 
symptom clusters could yield more detailed insights. 
Additionally, the EEG signal analysis method adopted 
here is relatively simple; it only anlyzes the EEG power 
spectrum, leading to a single result. However, incorporat-
ing additional indicators and adopting diverse EEG data 
processing methods could significantly enhance the diag-
nosis of epilepsy comorbid with anxiety and depression.

Conclusions
In conclusion, this study showed that the comorbidity 
of anxiety and depression affects the power spectrum of 
resting-state electroencephalogram (REEG) in the brain 
regions related to PWE, particularly influencing the power 
values in areas with altered brain network connectiv-
ity. Epilepsy patients with comorbid anxiety and depres-
sion exhibited increased fast-wave (β, γ) power values and 
decreased slow-wave (θ, δ) and α power values, primarily in 
the frontal and temporal regions. It is hypothesized that the 
elevation in relative power values of fast waves (β, γ) may 
be linked to an increase in excitatory neurotransmitters or 
a decrease in GABA. The reduction in slow-wave power 
values (θ, δ) and α absolute power values may be associated 
with decreased connectivity within the frontal–temporal-
limbic system. Furthermore, resting-state β relative power 
has clinical significance for screening anxiety and depres-
sion in epilepsy patients. Moving forward, we will analyze 
various EEG indices within the frequency bands of these 
brain regions to further investigate the EEG characteristics 
of comorbid anxiety and depression in epilepsy patients 
and improve their identification.
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