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Abstract
AIM: To characterize the relationship between depression 
and epilepsy-related seizures, treatment, hormonal and 
biological variables.

METHODS: Included were 200 Egyptian adults (male 
= 100, female = 100) with epilepsy (mean age: 30.87 
± 7.88 years; duration of illness: 13.89 ± 7.64 years) 
and 100 healthy matched subjects for comparison. 
Psychiatric interview, Beck Depression Inventory (BDI-
II) and Hamilton Anxiety Rating Scale (HAM-A) were 
used to assess depression and anxiety. Blood levels of 

free testosterone, sex hormone binding globulin, pro-
lactin, free thyroxin and thyroid stimulating hormone, 
serotonin, noradrenaline and adrenaline neurotransmit-
ters were measured to assess endocrine and biological 
states.

RESULTS: Patients had higher rates of depressive 
disorder (25.5% or 51/200), mostly intermixed with 
anxiety (47.06%), psychotic features (19.61%), ag-
gression (40%) and suicide (55%). Compared to con-
trols, higher scores on the BDI-II were observed with 
right-sided epileptic foci (P  = 0.011), polytherapy (P  = 
0.001) and lack of control on antiepileptic drugs (AEDs) 
(P  = 0.0001). Patients had lower levels of serotonin 
(P= 0.001) [marked with depression (P  = 0.012)] and 
adrenaline (P  = 0.0001), while noradrenaline was low-
er with temporal lobe epilepsy (P  = 0.039), left-sided 
foci (P  = 0.047) and lack of control on AEDs (P = 0.017). 
Negative correlations were observed between levels 
of serotonin and BDI-II (P  = 0.048) and HAM-A (P  = 
0.009) scores, but not with AEDs dose or drug level. 

CONCLUSION: Comorbid depressive disorder with 
epilepsy appears to be closely related to seizure type, 
focus, side, intractability to medications and neu-
rotransmitter changes. Thus, optimizing seizure control 
and early recognition and management of depression 
is necessary to improve patients’ quality of life.

© 2012 Baishideng. All rights reserved.

Key words: Adrenaline; Antiepileptic drugs; Depres-
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INTRODUCTION
Epilepsy is one of  the most common and important 
chronic medical problems. The prevalence of  epilepsy in 
the general population is approximately 8.2 per 1000[1]. 
While epilepsy is defined by the presence of  recurrent 
seizures due to sudden electrical misfiring of  neurons or 
nerve cells in the epileptic brain, it is complicated by a 
high rate of  inter-ictal behavioral or psychiatric comor-
bid symptoms and disorders which include: depression, 
anxiety, psychosis, obsessive-compulsive disorder, atten-
tion-deficit and personality disorders, aggression and sui-
cide[2-10]. Although inter-ictal behavioral manifestations 
are frequently mild and reversible, some patients with in-
tractable epilepsy may have enduring manifestations that 
impair their quality of  life. Depression is the most fre-
quent psychiatric disorder in patients with epilepsy, with 
a prevalence of  20%-80%[9,10] compared to 1.5%-19% 
in the general population[11]. Depression in epilepsy may 
manifest as: (1) major depressive disorder which meets 
the Diagnostic and Statistical Manual, 4th edition (DSM-
IV)[12]; (2) atypical depression with a fluctuating course 
and a pleomorphic presentation such as depressive inter-
mixed with euphoric moods, irritability, fear, symptoms 
of  anxiety, insomnia, psychotic features (including hal-
lucinations, paranoia, delusions or bizarre behavior), ag-
gression and suicidal thoughts or even suicide attempts 
in severe form; and (3) a dysthymic-like disorder that is 
milder than those of  major depression[9,10,13].

The comorbidity of  depression and epilepsy have 
been found to be correlated with a number of  vari-
ables including psychosocial (such as stigma, learning 
problems, unemployment, inability to obtain a driving 
license)[14,15], demographic-, clinical- and epilepsy-related 
variables (such as age, gender, age at onset, type of  sei-
zures, site and side of  structural brain lesion, seizure 
frequency, severity and duration of  epilepsy)[16] and iat-
rogenic variables or adverse effects due to antiepileptic 
medications (AEDs)[17]. Recent evidence indicated that 
it seems to be a bidirectional relationship between epi-
lepsy and depression indicating that both disorders share 
the same common neuroanatomical or structural and 
biological mechanisms (i.e., neurotransmitters), which 
include: (1) dysfunctions of  the limbic system, frontal-
limbic-subcortical circuits, frontal-striatal systems, 
limbic-brainstem connections or amygdale and its con-
nections (e.g., amygdale-hypothalamic, amygdale-locus 
ceruleus)[16,18,19]; and (2) dysfunction of  cerebral g-amino 
butyric acid (GABA), catecholamines, dopaminergic, 
nonadrenergic, and serotonergic systems[20]. In addition, 

it has been observed that some AEDs are associated 
with negative psychotropic effects with higher risk re-
ported with phenobarbital (PB)[21], while low risks were 
associated with phenytoin (PHT)[22], carbamazepine 
(CBZ)[23], and valproate (VPA)[24]. The mechanisms of  
negative psychotropic effects with AEDs are complex 
and may vary dramatically between patients. They seem 
to be related to the direct and indirect mechanisms of  
drug action. They are commonly associated with rapid 
dose titration, slow drug metabolism, polypharmacy and 
drug-drug interactions, drug toxicity, drug withdrawal 
and electrolyte and other metabolic derangements (such 
as folate deficiency)[17,25]. Early recognition of  comorbid 
depression and other psychiatric disorders with epilepsy 
will have a significant impact on the medical manage-
ment and quality of  life of  patients with epilepsy.

This study aimed to determine the frequency of  
depression in adult patients with epilepsy. This study 
also aimed to determine the risk variables and correlates 
of  comorbid depression with epilepsy which include: 
demographic-, clinical-, seizure-, treatment-, hormonal- 
and biological- (i.e., neurotransmitters) related variables. 
The relationship between depression and different re-
lated variables were determined.

MATERIALS AND METHODS
Ethics
The study protocol was approved by the ethical com-
mittee of  the Faculty of  Medicine of  Assiut University 
and all patients and control subjects gave their informed 
consent to participate in this study.

Patient tissue
The original sample consisted of  200 adult patients with 
epilepsy (males = 100; females = 100), aged between 
20 years and 48 years with a mean age of  30.87 ± 7.88 
years and total time of  illness ranging from 3 to 35 years. 
The patients’ seizure types were diagnosed according to 
the International League Against Epilepsy (ILAE) crite-
ria[26]. All patients were treated with conventional AEDs 
(CBZ, VPA or combined therapy (CBZ+VPA) for at 
least 6 months before participation in our study. Patients 
were recruited from the out-patient epilepsy clinic of  
the Department of  Neurology and Psychiatry of  Assuit 
University Hospital, Assuit, Egypt. One hundred healthy 
subjects matched for age- (range: 20-48; mean: 31.63 ± 
8.55), sex (male = 50; female = 50), educational level and 
socioeconomic status, were included in the study for sta-
tistical comparisons. Control subjects were chosen from 
the general population. A standardized psychiatric inter-
view was chosen as the primary method for obtaining 
data from the participants (patients and controls) in the 
study. Standardized psychiatric interviews were carried 
out by applying the Diagnostic and Statistical Manual of  
Mental Health Disorders, fourth edition (DSM–Ⅳ) cri-
teria for the diagnosis of  depression[12]. Excluded from 
the study were subjects (patients and controls) with: (1) 
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intelligence quotient (IQ) < 70 as assessed by the Arabic 
version[27] of  Wechsler Adult Intelligence Scale revised 
(WAIS-R)[28]; (2) patients with neurologic (other than 
epilepsy), systemic or medical diseases that may result in 
psychiatric abnormalities; (3) patients with epilepsy and 
their psychiatric interview suggested a diagnosis other 
than depression (e.g., psychosis, anxiety alone, obsessive-
compulsive and attention deficit hyperactive disorders; (4) 
use of  any regular medication(s) in addition to AEDs; 
and (5) alcoholism or diagnosed substance abuse and/or 
previous hospitalization for substance abuse.

Methods
All patients and healthy control subjects underwent the 
same research protocol which included following:

Medical and neurological history and examinations: 
Seizure variables included age at onset, precipitating fac-
tors, duration of  illness, type, frequency, family history 
of  epilepsy, type of  utilized AED(s) (monotherapy or 
polytherapy), duration of  treatment, degree of  patients’ 
control on AED(s) and side effects from medications. 
The frequency of  seizures was defined as described 
previously[29] into: (1) very frequent (occurring several 
times a day or at intervals shorter than 7 d; (2) frequent 
(at intervals longer than 7 d but shorter than 30 d);  (3) 
occasional (at intervals longer than 30 d but shorter than 
one year; and (4) rare (at intervals longer than one year. 
Regarding the degree of  control on AEDs, patients were 
considered controlled on AEDs treatment, when seizure 
free for ≥ 1 year, partially controlled when seizure fre-
quency was occasional or rare and uncontrolled when 
seizures were frequent or very frequent.

All patients underwent standard electroencephalog-
raphy (EEG) and neuroimaging [such as computed to-
mography (CT) or magnetic resonance imaging (MRI)].

Psychiatric evaluation: A differentiation between be-
havioral disorders and behavioral symptoms was made 
throughout the psychiatric interview. In patients with 
coexisting depressive or mixed depressive and anxiety 
symptoms, confirmation and severity assessment of  the 
diagnosis was undertaken using the Arabic translated 
versions of  the Beck Depression Inventory (2nd edi-
tion) (BDI-Ⅱ)[30,31] and Hamilton Anxiety Rating Scale 
(HAM-A)[32,33].  BDI-Ⅱ is the revised version of  the 
original BDI (1st edition)[34]. In BDI-Ⅱ, the items re-
flecting somatic disease and consequences of  a medical 
illness which overlap with depressive symptoms were 
eliminated (such as fatigue, work disability, weight loss, 
loss of  energy, sleep loss, appetite loss, changes in body 
image, and somatic preoccupation). The BDI-Ⅱ con-
sists of  21 items to assess the intensity of  depression. 
Each of  the 21 items corresponding to a symptom of  
depression is summed to give a single score for the BDI-
Ⅱ. According to the summation of  scores from all 21 
parameters, a total score of  0-13 is considered minimal 
range, 14-19 is mild, 20-28 is moderate, and 29-63 is 

severe. The HAM-A consists of  14 items to measure 
the severity of  anxiety. Each of  the 14 items is scored 
on a 5-point scale, ranging from 0 = not present to 4 = 
severe. According to the summation of  scores from all 
14 parameters, a total score of  14-17 is considered mild 
in range, 18-24 is moderate, while 25-30 is severe. The 
BDI-Ⅱ and HAM-A test both take about 15-20 min to 
complete the interview and score the result.

Laboratory investigations: Standard laboratory tests 
included: complete blood count (CBC), measurement 
of  serum creatinine, liver enzymes and fasting blood 
glucose level. For analysis of  serum free testosterone, 
prolactin, free thyroxin (FT4), thyroid stimulating hor-
mone (TSH) and sex hormone binding globulin (SHBG), 
serotonin, and plasma levels of  catecholamines (adrena-
line and noradrenaline) blood samples were drawn at 
(8.00-10.00 am) after an overnight fast and patients were 
seizure free for at least 72 h, as any postictal central hor-
monal dysfunction is recognized to reverse within hours. 
Assessment protocols were carried out according to the 
recommendations of  the manufacturers. The concentra-
tions of  serum prolactin, FT4 and TSH were measured 
by IMMULITE reproductive hormone assays from 
Diagnostic Product Cooperation (Los Angeles, United 
States). The concentrations of  free testosterone were 
measured by enzyme immunoassay (ELISA) (BioSource 
Europe S.A. Rue de I`Industrie, 8-B-1400 Nivelles-Bel-
gium) and SHBG, serotonin, adrenaline and noradrena-
line concentrations were measured by ELISA kits (IBL 
International GMBH, Hamburg, Germany). For confir-
mation, the levels of  hormones and neurotransmitters 
were obtained and assessed twice on two different days. 
The levels of  hormones and neurotransmitters were 
combined with the cross-sectional assessment while 
clinically evaluating and interviewing the patients and 
control subjects. 

Compliance to antiepileptic medications was con-
firmed by assessment of  the serum drug level at least 
once during the period of  study. The serum levels of  
AEDs were determined in the Therapeutic Drug Moni-
toring (TDM) lab, Assiut University Hospital, Assiut, 
Egypt, using the fluorescence polarization immunoassay 
system of  Abbott (EPIA), TDxFLX apparatus (Abbott 
Lab, Wiesbaden, Germany) as described previously[35]. 
The serum levels of  AEDs were measured as part of  the 
investigation in batched assays. The approximated thera-
peutic serum level of  CBZ was 4-10 µg/mL and that of  
VPA was 50-100 µg/mL.

Statistical analysis
Calculations were carried out using the statistical pack-
age SPSS, version 12.0. Data were presented as mean 
± SD (standard deviation) when normally distributed 
and mean (quartiles) when not normally distributed 
(e.g., scores of  BDI-Ⅱ for depression and HAM-A for 
anxiety, serum levels of  free testosterone, SHBG and se-
rotonin and plasma levels of  noradrenaline and adrena-
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line). The Kolmogorov-Simirnov test was used to test 
the distribution of  the parameters. Unpaired two-sided 
Student’s t test was used for the comparison of  means 
of  normally distributed parameters. In all other cases the 
Mann-Whitney U test was used for comparison. Correla-
tions were assessed using Pearson’s test for normally dis-
tributed data and Spearman’s methods for non-normally 
distributed data. For all tests, values of  P < 0.05 were 
considered statistically significant.

RESULTS
The frequency of  comorbid depression in the popula-
tion with epilepsy was 25.5% (51/200) (male = 20 or 
39.22%; female = 31 or 60.78%) compared to 20% 
(20/100) (male = 7 or 35%; female = 13 or 65%) in 
healthy control subjects. Based on the psychiatric inter-
view, 95 patients with epilepsy and 32 healthy control 
subjects had manifestations suggesting a diagnosis other 
than depression and were thus excluded from the final 
statistical analysis. The final statistical analysis included 
105 patients (male = 51; female = 54) with epilepsy and 
68 healthy control subjects (males = 13; female = 55). 
Patients included in this study (n = 105) had a mean age 
of  30.87 ± 7.88 years (mean age of  control subjects: 
31.63 ± 8.55 years; P = 0.559) and mean duration of  
illness of  13.89 ± 7.64 years (range: 3-35 years). The 
majority of  patients (n = 66; 62.86%) had focal epilepsy 
(complex partial or partial epilepsy with secondary gen-
eralization), while 39 (37.14%) had generalized tonic-
clonic convulsions. Twenty six (24.76%) had frontal 
lobe epilepsy with secondary generalization, 36 (34.29% 
or 36/105) had temporal lobe epilepsy with second-
ary generalization and 4 (3.81% or 4/105) had parietal 
lobe epilepsy with secondary generalization. Thirty 
seven patients (35.24%) had left-sided foci of  epileptic 
activity, while 29 (27.62%) had right-sided foci. Patients 
were treated with one or more AED(s) [CBZ (n = 55 
or 52.38%), VPA (n = 28 or 26.67%) and polytherapy 
(n = 22 or 20.95%)] for 2-30 years (mean duration of  
treatment:  9.08 ± 4.13 years). The majority of  patients 
(n = 54 or 51.83%) were uncontrolled on AEDs (had 
frequent or very frequent seizures), 23 (21.90%) were 
partially controlled (had occasional or rare frequency 
for seizures) and 28 (26.67%) were controlled on treat-
ment or seizure free for ≥ 1 year. Table 1 presents the 
demographic and clinical features of  the patients with 
epilepsy, patients with comorbid depression and patients 
without comorbid behavioral disorders. 

Psychometric testing
Compared to healthy control subjects (n = 68), the mean 
scores of  BDI-Ⅱ for depression was 28.08 vs 12.59 for 
control subjects (P = 0.031). In patients with depression, 
the risk was higher in females (n = 31 or 60.78%) than 
males (n = 20 or 39.22%). Seventeen patients with de-
pressive manifestations (33.33%) fulfilled the Diagnostic 
and Statistical Manual, 4th edition (DSM-Ⅳ) criteria of  

major depressive disorder while the majority of  patients 
had depression and anxiety (n = 24 or 47.06%) or with 
psychotic features (n = 10 or 19.61%). A moderate/se-
vere degree of  depression was reported in 78.43% (n = 
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 Demographic and
 clinical features

Patients
(total) 
(n  = 105)

Patients with
epilepsy and
comorbid  
depression
(n  = 51)

Patients with
epilepsy and
without comorbid
psychiatric disorders
(n  = 54)

P -
value

  Male/female 52/53 20/31 32/22 -
  Age; yr 20-48 

(30.87 ± 7.88)
20-48

 (30.37 ± 7.68)
20-45 

(31.40 ± 8.14)
0.511

  Age at onset of
  disease; yr

1-40 
(16.70 ± 8.68)

1-35 
(14.69 ± 7.90)

3-40 
(18.78 ± 9.05)

0.02

  Duration of 
  illness; yr

3-35 
(13.89 ± 7.64)

4-31 
(15.31 ± 7.20)

3-35 
(12.42 ± 7.88)

0.57

  Family history of
  epilepsy (positive)

17 (16.19%) 10 (19.61%) 7 (12.96%) -

  Type of epilepsy:
    GTC 39 (37.14%) 21 (41.18%) 18 (33.33%) -
     Complex partial/
    partial epilepsy  
    with secondary
    generalization:

66 (62.86%) 30 (58.52%) 36 (66.67%) -

    Frontal 26 (24.76%) 11 (21.57%) 15 (27.78%)
    Temporal 36 (34.29%) 16 (31.37%) 20 (37.04%) -
    Parietal 4 (3.81%) 3 (5.88%) 1 (1.85%) -
  Side of epileptic
  foci:
    Right 29 (27.62%) 15 (29.41%) 14 (25.93%) -
    Left 37 (35.24%) 15 (29.41%) 22 (40.74%) -
  AED(s) utilized
    CBZ 55 (52.38%) 25 (49.02%) 30 (54.7%) -
    VPA 28 (22.87%) 11 (21.57%) 17 (31.48%) -
    Polytherapy 22 (20.95%) 15 (29.41%) 7 (12.96%) -
  Dose of AED(s)
  utilized; mg/d
    CBZ 400-1200 

(764.62 ± 342.6)
400-1200 

(735.34 ± 358.5)
400-1200 

(722.34 ± 377.9)
0.437

    VPA 200-1400
(783.27 ±425.5)

200-1400
(777.27 ±400.2)

200-1400 
(750.28 ± 452.7)

0.436

    Duration of 
    treatment; yr

2-30 
(9.08 ± 4.13)

2-30 
(9.12 ± 4.48)

3-20 (9.04 ± 3.80) 0.212

  Serum drug
  level; µg/mL
    CBZ 3.50-12.80

(9.05 ± 3.3)
3.50-12.80 
(9.12 ± 4.5)

3.50-11.9 
(8.14 ± 3.6)

0.924

    VPA 30.04-115.40
(85.88 ± 35.0)

60.54-115.40
(80.64 ± 45.0)

30.04-102.60
(70.74 ± 35.0)

0.875

  Degree of control 
  on AED(s)
    Controlled 28 (26.67%) 12 (23.53%) 16 (29.63%) -
    Partially 
    controlled 

23 (21.90%) 10 (19.61%) 13 (24.07%) -

    Uncontrolled 54 (51.43%) 29 (56.86%) 25 (46.30%) -

Table 1  Demographic and clinical features of the patients 
with epilepsy, patients with comorbid depression and patients 
without comorbid behavioral disorders

Values are expressed as mean ± SD and number (%). Controlled: Seizure 
free for ≥ 1 year; partially controlled: occasional or rare in frequency; 

uncontrolled: very frequent or frequent in frequency. GTC: Generalized 
tonic-clonic; AEDs: Antiepileptic drugs; CBZ: Carbamazepine; VPA: Val-
proate; PHT: Phenytoin. 
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40 or 40/51). Compared to patients without psychiatric 
disorders, patients with depression had a high frequency 
of  aggression (n = 34 or 66.67% vs 14 or 25.93%) and 
suicidality (thoughts n = 21 or 41.18%; attempts n = 7 
or 13.73% vs thoughts n = 9 or 16.67%). The risk of  
suicide (particularly thoughts) was higher in males (n = 
13 or 65%) than females (n = 15; 48.39%), while the risk 
of  aggression was higher in females (n = 14 or 45.16%) 
compared to males (n = 6 or 30%).

Compared to control subjects, higher scores of  BDI-
II for depression were observed with right-sided foci of  
epileptic activity (P = 0.011), polytherapy (P = 0.001) 
and those who lacked control on AEDs (P = 0.0001) 
(Table 2). Compared to patients without comorbid psy-
chiatric disorders, patients with comorbid depression 
had higher scores of  HAM-A for anxiety (P = 0.0001) 

(Table 3).

Hormonal findings
No significant difference in the levels of  free testos-
terone and SHBG between patients with epilepsy and 
control subjects regardless of  the type, focus and side 
of  epilepsy, type of  AEDs or the degree of  control on 
AEDs. However, patients with comorbid depression had 
lower serum levels of  free testosterone (P = 0.054) and 
higher levels of  SHBG (P = 0.029) compared to patients 
without psychiatric disorders (Table 3). In patients with 
epilepsy, there were no significant differences in the se-
rum levels of  prolactin (8.4 ± 2.5 ng/mL vs 8.9 ± 3.2; 
P = 0.226), FT4 (0.48 ± 0.15 ng/dL vs 0.54 ± 0.27; P = 
0.645) or TSH (2.35 ± 1.67 µIU/mL vs 2.48 ± 0.88; P = 
0.475) compared to control subjects.
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  Epilepsy-related variables BDI-Ⅱ HAM-A Free testosterone SHBG Serotoni (n ) Noradrenaline Adrenaline

  Type of epilepsy
  Generalized (n = 39)
    P1 0.016 0.538 0.347 0.476 0.001 0.169 0.008
  Focal ( n = 66)
    P1 0.102 0.458 0.816 0.125 0.01 0.049 0.004
    P2 0.364 0.861 0.212 0.65 0.093 0.563 0.505
  Focal epilepsies
  Frontal ( n = 26)
    P1 0.076 0.8 0.567 0.255 0.019 0.253 0.065
  Temporal ( n = 36)
    P1 0.33 0.494 0.75 0.231 0.008 0.039 0.014
    P3 0.387 0.77 0.053 1 0.884 0.683 0.456
  Parietal ( n = 4)
    P1 0.065 0.658 0.325 0.467 0.822 0.385 0.184
    P3 0.483 0.668 0.095 0.564 0.567 0.655 1
    P4 0.168 0.635 0.538 0.229 0.112 1 0.596
  Side of epileptic activity
  Right ( n = 29)
    P1 0.011 0.896 0.631 0.202 0.027 0.127 0.023
  Left ( n = 37)
    P1 0.474 0.388 0.95 0.282 0.012 0.047 0.017
    P5 0.149 0.518 0.197 0.248 0.754 0.685 0.779
  CBZ ( n = 55)
    P1 0.07 0.069 0.512 0.61 0.011 0.085 0.028
    P6 0.725 0.224 0.457 0.205 0.196 0.713 0.304
    P7 0.03 0.006 0.334 1 0.293 0.465 0.237
  VPA ( n = 28) 
    P1 0.443 0.784 0.451 0.129 0.001 0.044 0.007
    P7 0.032 0.069 0.432 0.813 0.859 0.391 0.609
  Polytherapy ( n = 22)
    P1 0.001 0.084 0.936 1 0.017 0.349 0.02
  Controlled ( n = 28)
    P1 0.11 0.001 0.873 0.873 0.013 0.805 0.042
    P8 0.01 0.026 0.024 0.462 0.658 0.047 0.094
    P9 0.0001 0.0001 0.067 0.564 0.534 0.086 0.659
  Partially uncontrolled ( n = 23)
    P1 0.06 0.6 0.352 0.265 0.014 0.068 0.005
    P9 0.3 0.173 0.873 0.624 0.567 0.951 0.164
  Uncontrolled ( n = 54)
    P1 0.000 0.253 0.254 0.79 0.004 0.017 0.012

Table 2  Significance between patients and control subjects in scores of depression, hormones and neurotransmitters in relation to 
epilepsy related and treatment related variables

CBZ: Carbamazepine; VPA: Valproate; BDI-Ⅱ: Beck depression inventory – 2nd Edition; HAM-A: Hamilton anxiety rating scale; SHBG: Sex hormone bind-
ing globulin; P1: Patients vs controls; P2: Generalized vs focal; P3: Versus frontal; P4: Versus temporal; P5: Right vs left; P6: CBZ vs VPA; P7: Versus poly-
therapy; P8: Versus partially controlled; P9: Versus uncontrolled.
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Neurotransmitter findings
Compared to healthy control subjects, patients with epi-
lepsy had lower serum levels of  serotonin (P = 0.001) 
regardless of  the type, focus of  epilepsy or side of  epi-
leptic activity, type of  AEDs and the degree of  control 
on AEDs. Lower plasma levels of  noradrenaline were 
observed in patients with focal epilepsy (P = 0.049), par-
ticularly with temporal lobe epilepsy (P = 0.039), left-sided 
foci of  epileptic activity (P = 0.047), those on VPA (P = 
0.044) and those who lacked control on AEDs (P = 0.017). 
Lower plasma levels of  adrenaline (P = 0.0001) were ob-
served in patients with epilepsy regardless of  the type, fo-
cus of  epilepsy or side of  epileptic activity, type of  AEDs 
and the degree of  control on AEDs (Table 2). Compared 
to patients without psychiatric disorders, patients with de-
pression had lower serum levels of  serotonin (P = 0.012), 
but not noradrenaline or adrenaline (Table 3).

Correlations between scores of  depression, anxiety, 
hormonal-, neurotransmitters-, demographic- and clinical 
related-variables, showed that there was a significant posi-
tive correlation between the BDI-Ⅱ and HAM-A scores 
(P = 0.0001) and a negative correlation between the BDI-
Ⅱ score and serum levels of  serotonin (P = 0.048). Sig-
nificant negative correlations were observed between the 
HAM-A score and serotonin (P = 0.009) and noradrena-
line (P = 0.032). Significant positive correlations were 
shown between the levels of  serotonin and noradrenaline 
(P = 0.038) and between the levels of  adrenaline and 
noradrenaline (P = 0.039). For healthy control subjects, a 
significant positive correlation was observed between the 
BDI-Ⅱ and HAM-A scores (P = 0.0001). No significant 
correlations were identified between patient age, age at 
onset, duration of  illness, dose and serum level of  AEDs 
and scores of  depression or anxiety, or levels of  sex hor-
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Table 3  Comparative statistics between patients with epilepsy and comorbid depression, patients without comorbid psychiatric dis-
orders and control subjects in psychosocial-, hormonal- and neurotransmitter-related variables

BDI-Ⅱ HAM-A Free testosterone (pg/mL) SHBG (nmol/L) Serotonin (ng/mL) Noradrenaline (ng/mL) Adrenaline (ng/mL)
  Patients with epilepsy (n = 105)

  Range 3.0-47.0 4.0-44.0 9.0-24.0 118.0-200.0 0.0-74.9 1.1-100.5 0.1-521.4
  Mean 28.08 20.63 18.75 159.75 43.39 27.93 65.4
   Skewness 0.13 0.2 -1.65 -0.04 -0.36 1.32 2.83
   Std. error of  skewness 0.33 0.33 1.01 1.01 0.51 0.72 0.75
   25th percentiles 22 13 11.75 121.25 24.38 2.45 0.1
   50th percentiles 26 22 21 160.5 42.8 4.7 0.1
   75th percentiles 33 27 23.5 197.5 64.2 58.45 0.93

  Patients with epilepsy and comorbid depression (n = 51)
  Range 3.0-47.0 4.0-44.0 9.0-24.0 118.0-200.0 0.0-64.2 1.1-100.5 0.1-521.4
  Mean 28.08 20.65 18.75 159.75 23.67 27.93 65.4
   Skewness 0.13 0.2 -1.65 -0.04 0.97 1.32 2.83
   Std. error of skewness 0.3 0.3 1.01 1.01 0.58 0.72 0.75
   25th percentiles 22 13 11 121.25 6.4 2.45 0.1
   50th percentiles 26 22 21 160.5 21.4 4.7 0.1
   75th percentiles 33 27 23 197.5 42.8 58.45 0.93

Patients with epilepsy and without comorbid psychiatric disorders (n = 54)
  Range 1.0-19.0 1.0-15.0 5.0-100.0 17.3-185.0 0.0-74.9 4.5-213.4 0.1-1.2
  Mean 7.62 6.15 44.73 110.44 43.39 58.13 0.39
   Skewness 0.76 0.64 0.66 0.15 -0.36 1.51 1.12
   Std. error of skewness 0.33 0.33 0.66 0.64 0.51 0.66 0.69
   25th Percentiles 5 3.5 24 76.25 24.38 5 0.1
   50th Percentiles 8 7 24 105.50 42.8 31.4 0.1
   75th Percentiles 9 8 80 162.50 64.2 98.3 0.95

Control subjects (n = 68)
   Range 1.0-51.0 2.0-48.0 5.0-100.0 80.0-185.0 42.8-107.0 1.5-493.2 0.1-1897.0
   Mean 12.59 14 57.14 103.07 74.9 135.42 269.84
   Skewness 1.93 1.47 -0.14 2.04 0.18 1.71 2.59
   Std. Error of skewness 0.29 0.29 0.6 0.60 0.79 0.62 0.51
   25th percentiles 6 6.25 19 83.00 62.2 23.15 3.08
   50th percentiles 10.5 10 68 91.00 74.9 128 51.5
   75th percentiles 15.75 15.75 95 116.50 96.3 186.8 383.88

  Significance 
   P1 0.031 0.519 0.717 0.219 0.001 0.028 0.000
   P2 0.001 0.000 0.741 0.817 0.007 0.173 0.001
   P3 0.000 0.825 0.182 0.008 0.001 0.016 0.014
   P4 0.000 0.000 0.054 0.029 0.012 0.128 0.965

BDⅠ-Ⅱ: Beck depression inventory-2nd edition; HAM-A: Hamilton anxiety rating scale; SHBG: Sex hormone binding globulin; P1: Patients versus control 
subjects; P2: Patients with comorbid depression versus control subjects; P3: Patients without comorbid psychiatric disorders versus control subjects; P4: Pa-
tients with comorbid depression versus patients without comorbid psychiatric disorders.
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mones and neurotransmitters (Table 4). In patients with 
suicide and aggression, significant positive correlation 
was observed between scores of  BDI-Ⅱ (P = 0.0001 for 
both) and HAM-A (P = 0.0001 for both).

DISCUSSION
The results of  this study confirm that depression is a 
common comorbid condition with epilepsy with an esti-
mated frequency of  25.5% which is mostly of  a moder-
ate/severe degree (78.43%)[6]. Females with epilepsy had 
a higher frequency of  depression compared to males 
(60.78% vs 39.22%)[15]. The majority of  patients had 
depression intermixed with symptoms of  anxiety, irrita-
bility and insomnia (47.06%) or psychotic features such 
as hallucinations and delusions (19.61%). Patients with 
depression also had higher scores of  HAM-A for anxi-
ety. In addition, scores of  BDI-Ⅱ for depression and 
HAM-A for anxiety were positively correlated[36]. Nearly 
40% of  the patients with depression had manifesta-
tions of  aggression and more than half  of  the patients 
with depression (55%) had suicidal thoughts and/or 
attempts[7,36]. Depression is the most frequent psychi-
atric disorder in adults with epilepsy, with an estimated 
prevalence of  20%-80%[6] compared to 1.5%-19% in the 
general population[11]. Anxiety is the second most com-
mon psychiatric disorder in adults with epilepsy with 
a prevalence estimated to range from 19% to 25% or 
up to 66%[5] compared to 19.6% in the general popula-
tion[37]. The coexistence of  inter-ictal anxiety and depres-
sion is not unusual (73%) in patients with epilepsy[8,36]. 
The prevalence of  aggressive behavior in patients with 
epilepsy has been estimated to vary between 4.8% and 

50%, not taking into account the specific epileptic sub-
syndromes, specific socio-economic profile, public and 
family factors and ethnic social vulnerabilities[4]. Suicide 
and suicidality (suicidal thoughts and attempts) are also 
frequent in subjects with epilepsy with an estimated risk 
of  about 13%[7,38] compared to 1.4%-6.9% in the general 
population[39].

Traditionally, psychosocial variables have been 
strongly implicated as causes of  psychiatric manifesta-
tions associated with epilepsy. Depression has been 
considered a manifestation of  a negative effect on effort 
and attitude about his or her abilities, low self-esteem 
and reduced well-being, which are the results of  poor 
adjustment to seizures, low socio-economic status, fi-
nancial stress, poor cultural approach to epilepsy, poorer 
academic achievement, unemployment (with rates up 
to 50% in developed countries if  seizures are not fully 
controlled and up to 100% in developing countries), in-
ability to drive, marital stresses, diminished sexual desire 
and responsiveness. These factors result in social isola-
tion, stigmatization, depression and lower quality of  
life[14,15]. Anxiety has been considered a response to the 
unpredictability of  seizures and fear of  the unknown 
or fear of  death which result in restrictions on normal 
living and activities, stigmatization and social rejection, 
misinformation about the disorder and low self-esteem[6]. 
Aggression and suicidality (thoughts and attempts) have 
been considered a consequence of  decreased adaptive 
abilities, depression, increased emotional problems and 
anxiety[7,36]. Several studies reported that depression is 
one of  the psychiatric disorders that increases the risk 
of  suicide which reached approximately 15%-18.9%, and 
in some studies, it may be as high as 50 times that of  the 
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  Variables BDI-Ⅱ HAM-A Free testosterone SHBG Serotonin Noradrenaline Adrenaline
  BDⅡ -
  HAM-A   0.69

    0.000
-

  Free testosterone 0.2
0.8

0.4
0.6

-

  SHBG 0.6
0.4

0.8
0.2

-0.2
 0.8

-

  Serotonin    -0.447
    0.048

  -0.569
   0.009

                   -1
                    1

-0.274
0.389

-

  Noradrenaline   -0.028
   0.458

  -0.576
   0.032

   -0.113
    0.677

0.006
0.981

-0.632
0.038

-

  Adrenaline   -0.094
   0.825

   0.016
   0.971

  -0.123
   0.628

-0.196
 0.422

       0
       1

0.733
0.039

-

  Age    0.077
 0.59

          0
   0.997

   0.106
   0.597

        -0.2
         0.8

-0.118
0.621

-0.143
0.714

0.133
0.753

  Age at onset  0.04
  0.778

          0.04
  0.778

                   0.3
                   0.2

        -0.4
         0.6

-0.352
0.128

          0.25
0.516

-0.312
 0.452

  Duration of illness  -0.007
0.96

        -0.007
          0.96

   0.238
   0.262

0.316
0.684

0.176
0.458

-0.305
0.425

-0.078
0.854

  Dose  -0.141
  0.552

 -0.141
  0.552

   0.266
   0.333

-0.258
0.742

0.229
0.289

-0.775
0.225

-0.084
0.844

  Drug level  -0.073
0.54

 -0.019
  0.476

 0.23
   0.523

-0.273
0.417

0.008
       0.97

-0.291
 0.335

-0.284
 0.397

Table 4  Correlations between scores of depression, anxiety, hormonal- and neurotransmitters related variables

BDI-Ⅱ: Beck depression inventory – 2nd edition; HAM-A: Hamilton anxiety rating scale; SHBG: Sex hormone binding globulin.
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general population[40].
However, the results of  this study indicate that not 

only functional (psychosocial) but also epilepsy itself  and 
its related variables (such as type, focus, side, frequency, 
severity, intractability to medications and structural brain 
changes), and epilepsy-associated biological changes (neu-
rotransmitter abnormalities) are important risks which 
contribute to the comorbidity between epilepsy and 
depression, depression/anxiety, aggression and suicide. 
These results also indicated that the risk of  epilepsy itself  
as a cause of  psychiatric abnormalities overweighed that 
of  AEDs. Our view is supported by the following: First, 
in this study, higher scores of  BDI-II for depression were 
observed in patients with right-sided foci of  epileptic ac-
tivity (P = 0.011)[41], those who lacked control on AEDs 
(P = 0.0001) and those on polytherapy (P = 0.001), indi-
cating epilepsy intractability[42,43]. These findings support 
the fact that epilepsy itself  and its related variables (such 
as type, focus, side, frequency, severity, intractability to 
medications and structural brain changes) contribute to 
the comorbidity between epilepsy and depression, depres-
sion/anxiety, aggression and suicide. Further supporting 
evidence includes: the presence of  different patterns of  
psychiatric symptoms and disorders with different seizure 
types (i.e., generalized versus localization-related) and later-
alization asymmetry. For example: (1) dysfunctions of  the 
limbic system, frontal–limbic–subcortical circuits, frontal-
striatal systems, limbic-brainstem connections or amygdale 
and its connections (e.g., amygdale-hypothalamic, amyg-
dale-locus ceruleus) are the most important causes of  epi-
lepsy and its related comorbidities such as depressive and 
behavioral symptoms[16,19]; and (2) growing evidence in 
the literature suggests that hippocampal sclerosis appears 
to be the main factor associated with the occurrence of  
depression in patients with epilepsy[42,43]. This may explain 
why some studies found that the frequency of  seizures did 
not correlate with severity of  depression, and a seizure-
free state did not protect epileptic patients from develop-
ing depression and consequently committing suicide. This 
was further confirmed by the finding that improvement in 
behavioral manifestations was associated with the disap-
pearance of  seizures after temporal lobectomy[44]; (3) The 
majority of  the studies implicate left-sided foci (2-3-fold 
higher) rather than right-sided foci as a potential risk 
factor for depression in epilepsy, particularly left-sided 
temporal lobe epilepsy (TLE) in association with frontal 
lobe hypofunction[45,46]. However, and in accordance to 
our findings, some studies implicate the right hemisphere 
in the risk of  depression in epileptic patients and suggest 
that this might be attributed to the extensive limbic con-
nections compared with the left hemisphere. A few stud-
ies found no effect of  lateralization [41]; and (4) reduced 
activity measured with single photon emission computed 
tomography (SPECT) in bilateral frontal and right tempo-
ral regions was associated with higher scores on the BDI 
in patients with left TLE[47,48].

Second, in this study, lower levels of  serotonin (P = 
0.001) (particularly in patients with comorbid depression) 

(P = 0.012) and adrenaline (P = 0.0001) were reported 
in patients with epilepsy regardless of  epilepsy- and 
treatment-related variables. A significant negative correla-
tion was observed between serum levels of  serotonin and 
scores of  BDI-Ⅱ for depression (P = 0.048) and HAM-A 
for anxiety (P = 0.009). Lower levels of  noradrenaline 
were observed in patients with focal epilepsy (P = 0.049), 
particularly with TLE (P = 0.039), left-sided foci of  epi-
leptic activity (P = 0.047), and in those who lacked con-
trol on AEDs (P = 0.017). These findings indicate that 
epilepsy-associated biological changes (neurotransmitter 
abnormalities) are important risks which contribute to 
the comorbidity between epilepsy and depression, de-
pression/anxiety, aggression and suicide. In support: (1) 
decreased serotonergic and noradrenergic functions or 
alterations in dopaminergic activity were identified as piv-
otal pathogenic mechanisms for comorbid depression in 
some patients with epilepsy[38]; (2) preclinical and clinical 
studies suggest that 5-hydroxytryptamine 1A (5-HT1A) 
receptors play a role in the pathophysiology of  both 
TLE, depression and anxiety disorders[49]; (3) the hypo-
perfusion (hypo-metabolism) observed in the limbic 
frontal regions has been found to be related to inter-ictal 
inhibitory activity, depletion of  substrates with decreased 
levels of  neurotransmitters (such as serotonin, catechol-
amines and dopamine) and increases in the vulnerability 
to depression[47]; and (4) analysis of  the literature has 
shown that serotonin metabolism disturbances are in-
volved in the pathogenesis of  suicidal behavior irrespec-
tive of  primary diagnosis. Serotonin disturbances also 
seem to be a common link between depression, suicidal-
ity and even epilepsy itself[38].

Third, in this study, no relationship was identified be-
tween the dose and level of  AEDs and scores of  BDI-II 
or HAM-A [50]. This indicates that the risk of  epilepsy it-
self  as a cause of  psychiatric abnormalities overweighed 
that of  AEDs. Although lower levels of  noradrenaline 
were observed in patients on VPA (P = 0.044), however, 
neither the dose of  the drug nor its serum level were 
correlated with scores of  BDI-Ⅱ or HAM-A as well as 
serum serotonin levels. This is supported by the finding 
that VPA is associated with increased synaptic secretion 
of  serotonin, has an antidepressant effect and thus is 
effective as a mood stabilizer[50]. However, some studies 
reported sedation and infrequently cognitive impair-
ment, irritability, depression, hyperactivity and aggressive 
behavior with VPA [24]. This may be related to its mecha-
nism of  action[17].

CONCLUSION
Depressive or depressive/anxiety manifestations associ-
ated with epilepsy appear to be more closely related to 
seizure type, focus, side, severity and intractability to 
medications as well as epilepsy-related neurotransmit-
ter changes rather than the effect of  treatment-related 
adverse effects. However, it is possible that the overall 
function and well-being of  the patient, the presence of  
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negative, depressed or irritable mood, periods of  anxiety 
and stress in combination with negative life events, may 
increase the frequency of  seizures[39,51]. Attention should 
be paid to optimizing seizure control and the early rec-
ognition of  depression and its correlates. Regular psychi-
atric consultation, psychotherapy and medical treatment 
are sometimes needed. It is also imperative to properly 
understand the pathophysiologic mechanisms of  co-
morbid depression with epilepsy. This should move the 
treatment of  patients toward a comprehensive biopsy-
chosocial model that focuses on the whole person rather 
than on the disease process.
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MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJN, reviewers of  
accepted manuscripts will be announced by publishing the name, 
title/position and institution of  the reviewer in the footnote ac-
companying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong Uni-
versity, Shanghai, China; Professor Xin-Wei Han, Department of  
Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 

Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no 
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2218-6212/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 0.05, 
bP < 0.01 should be noted (P > 0.05 should not be noted). If  there 
are other series of  P values, cP < 0.05 and dP < 0.01 are used. A third 
series of  P values can be expressed as eP < 0.05 and fP < 0.01. Other 
notes in tables or under illustrations should be expressed as 1F, 2F, 
3F; or sometimes as other symbols with a superscript (Arabic numer-
als) in the upper left corner. In a multi-curve illustration, each curve 
should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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