
INTRODUCTION

The loudness dependence of auditory evoked potentials 
(LDAEP) is considered to be a valid indicator of the brain’s se-
rotonin activity, and has been identified as being inversely as-
sociated with central serotonergic activity, with a weak LDAEP 
reflecting high serotonergic neurotransmission.1-6

Several studies have investigated the LDAEP in psychiatric 
disorders. LDAEP was found to be significantly weaker in sc-
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hizophrenia patients than in healthy subjects, indicating higher 
serotonergic activity in these patients.7 These results are con-
sistent with the serotonin hypothesis of schizophrenia. In the 
case of major depressive disorder (MDD), no significant dif-
ference in the LDAEP was found between depressive patients 
and healthy subjects.8 Few studies have considered bipolar 
disorder. It was reported that as in schizophrenia, the LDAEP 
is significantly weaker in bipolar patients than in healthy 
subjects and patients with major depressive disorder.9 How-
ever, that study did not separate bipolar patients according to 
the current mood state, such as mania, depression, and eu-
thymia. Lee et al.10 recently reported on the LDAEP of multiple 
mood statuses (i.e., bipolar depression, mania, and euthymia) 
and its clinical implications in bipolar disorder patients. They 
found that serotonin function, as reflected by the LDAEP, var-
ied with current mood status, and weakened in the following 
order: healthy subjects, euthymia, bipolar depression, and bi-
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polar mania. Fitzgerald et al.11 found that the melancholic de-
pressive patients had a significantly weaker LDAEP than the 
non-melancholic depressive patients and there was no differ-
ence in LDAEP between the non-melancholic depressive group 
and control group. They explained that melancholic depres-
sion is likely to involve multiple neurotransmitter systems and 
the action of noradrenergic abnormalities may be to produce 
an increase in serotonin tone. In addition, Parker et al.12 report-
ed that bipolar depression corresponds closely to melancholic 
depression in terms of its clinical phenotype. Thus, we hypo-
thesized that stronger LDAEP would be observed in patients 
with bipolar depression compared to patients with MDD. 

No studies to date have considered the LDAEP in individ-
uals with MDD who display subsyndromal hypomanic fea-
tures, not concurrent with a major depressive episode (i.e., su-
bthreshold bipolarity). We also hypothesized that LDAEP can 
differentiate between patients with MDD and those with MDD 
who report subsyndromal hypomania, outside the context of a 
major depressive episode without a clear hypomanic or manic 
episode. This is a very important issue, because patients who 
have bipolar disorder can be misdiagnosed and inappropria-
tely treated, contributing significantly to treatment failure. For 
example, bipolar patients placed on antidepressant mono-
therapy may fail to respond, or their symptoms may even 
worsen. 

The aim of this study was to test the hypothesis that LDAEP 
can be used to predict the presence of bipolarity in patients 
with a major depressive episode. The question of whether 
there are clinical differences between depressive patients with 
and without bipolarity was also addressed.

METHODS

Subjects
The subjects with a major depressive episode agreed to par-

ticipate in our study. They met the criteria for MDD follow-
ing diagnosis using Axis I of the fourth edition of the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-IV)-
text revision. They had no history of hypomanic or manic epi-
sodes. The LDAEP was evaluated by measuring the auditory 
event-related potential before beginning medication with se-
rotonergic agents. In addition, the Korean versions of the 
Mood Disorder Questionnaire (K-MDQ) were used as screen-
ing tools to help identify bipolarity. The validity of the K-MDQ, 
a screening instrument for bipolar disorder, has been tested by 
Korean researchers, it was found to have a high Cronbach’s al-
pha (0.88).13 A total K-MDQ score of at least 7 (excluding fur-
ther two questions) was chosen as the optimal cutoff, as it 
showed good sensitivity (0.75) and specificity (0.69). 

The cohort was stratified into two subgroups depending on 

whether or not they achieved a positive score for the K-MDQ. 
Subjects who had psychotic symptoms, any additional men-
tal disorders on Axis I or II of the DSM-IV, or major medical 
and neurological disorders were excluded in order to remove 
contamination. The included cohort comprised 61 subjects. 
Written informed consent to participate was obtained from 
all of the subjects before beginning the investigation.

Depression severity was assessed using the clinician-admini-
stered 17-item Hamilton Depression Rating Scale (HDRS-17),14 
and the self-reported Beck Depression Inventory (BDI).15 
Furthermore, the Beck Hopelessness Scale (BHS),16 the Bar-
ratt Impulsiveness Scale (BIS),17 the Hamilton Anxiety Scale 
(HAMA),18 and the Beck Scale for Suicidal Ideation (BSS)19 
were applied. The findings from some subjects in this study 
have been reported previously.20

The study protocol was approved by the ethics committee 
of Inje University Ilsan Paik Hospital. Written informed con-
sent to participate was obtained from all patients before be-
ginning the investigation. 

EEG methods
The potential confounding influences of drugs were mini-

mized by measuring the LDAEP before treatment with anti-
depressants or serotonergic agents. None of the patients had 
taken any psychotropic agent other than a hypnotic drug (be-
nzodiazepine or zolpidem) for a minimum 3 months before 
visiting our hospital. 

Each subject was seated in a comfortable chair in a sound-
attenuated room. The auditory stimulation comprised 1000 sti-
muli with an interstimulus interval randomized to between 500 
and 900 ms. Tones of 1000 Hz and 80-ms duration (with a 
10-ms rise and fall times) were presented at five intensities (55, 
65, 75, 85, and 95 dB SPL) via headphones (MDR-D777, Sony, 
Tokyo, Japan). E-Prime software (Psychology Software Tools, 
Pittsburgh, PA, USA) generated the stimuli. EEG data were 
recorded from 32 scalp sites using silver/silver-chloride elec-
trodes according to the international 10-20 system (imped-
ance <10 kΩ), using an Auditory Neuroscan NuAmp amplifier 
(Compumedics USA, El Paso, TX, USA). Data were collected 
at a sampling rate of 1000 Hz, using a bandpass filter from 0.5 
to 100 Hz. In addition, four electrodes were used to measure 
both horizontal and vertical electrooculograms.

Data were reanalyzed using Scan 4.3 software with a band-
pass filter from 1 to 30 Hz, and ocular contamination was re-
moved using standard blink-correction algorithms.21 Event-
related potential sweeps with artifacts exceeding 70 μV were 
rejected at all electrode sites. For each intensity and for each 
subject, the N1 peak (negative-most amplitude between 80 
and 130 ms after the stimulus) and P2 peak (positive-most 
peak between 130 and 230 ms after the stimulus) were then 
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determined at the Cz electrode.
The peak-to-peak N1/P2 amplitudes were calculated for 

the five stimulus intensities, and the LDAEP was calculated 
as the slope of the linear-regression curve.

Analysis
The demographic, psychopathological, and biological mea-

sures of the two groups were compared using Student’s t-test, 
the chi-square test, and correlation analysis (Pearson’s correla-
tion). In addition, binary logistic regression analysis was car-
ried to to adjust odds ratios for the bipolarity by LDAEP when 
HDRS, BDI, HAMA, BIS, BHS, and BSS were considered. All 
tests were two tailed, and group differences were tested at the 
p<0.05 level.

RESULTS

In our sample of 61 subjects with MDD, the mean age and 
the HDRS-17 and BDI scores were 39.21±14.60 years, 18.16± 
4.84, and 26.41±9.98, respectively. The subjects were divided 
into two groups according to whether they screened positive or 
negative for bipolarity with the K-MDQ, and the two groups 
were compared regarding several variables (Table 1).

There were no between-group differences in the gender di-
stribution and age (respectiviely, p=0.751, p=0.709). The BIS 
score was also higher for the positive screening group (81.24± 
11.87) than for the negative screening group (73.30±14.92; 
p=0.039, independent t-test). However, the LDAEP (Figure 1), 

BDI, HAMD, BHS, and HAMA scores did not differ signifi-
cantly between them, and there was no correlation between the 
K-MDQ score and LDAEP strength (Pearson’s test). The num-
ber of subjects who had attempted suicide did not differ signif-
icantly between them (χ2=2.469, p=0.158). However, correla-
tion analysis (Pearson’s test) revealed the significant correlation 
between total MDQ score and BIS or BSS score (respectively, 
p=0.001, p=0.049).

When binary logistic regression analysis for bipolarity was 
carried, the relationship between total MDQ score and BIS or 
BSS score was also significant (respectively, p=0.017, p=0.038)
(Table 2). In addition, when binary logistic regression analysis 
for LDAEP was carried, the relationship between LDAEP value 
and total BDI score was also significant (p=0.007)(Table 3). 

Table 1. Gender, age, LDAEP, and psychometric ratings of de-
pressive patients with bipolarity and without bipolarity

Bipolarity (-) 
(N=40)

Bipolarity (+) 
(N=21)

p value

Gender (M/F) 8/32 5/16 0.751
Age (years) 39.73±13.44 38.24±16.91 0.709
LDAEP (uV/10 dB) 1.13±0.75 1.29±0.95 0.454
Suicide hx (no/yes) 29/11 11/10 0.158
BDI 25.73±9.90 27.71±10.2 0.464
BDI, item 9 0.85±0.74 1.00±1.00 0.277
HDRS 19.00±4.28 17.71±4.94 0.214
HDRS, item 3 0.68±0.69 0.71±0.85 0.846
BIS 73.30±14.92 81.24±11.87 0.039*
BHS 11.00±6.08 11.19±6.43 0.910
HAMA 21.20±5.42 22.93±5.54 0.349
BSS 10.33±8.00 14.10±9.75 0.110

*p<0.05. F: female, M: male, BDI: Beck Depression Inventory, 
HDRS: Hamilton Depression Rating Scale, BIS: Barratt Impulsive-
ness Scale, BHS: Beck Hopelessness Scale, HAMA: Hamiton Anxi-
ety Scale, BSS: Beck Scale for Suicidal Ideation, LDAEP: Loudness 
Dependence of Auditory Evoked Potentials, hx: history

Figure 1. Comparison of LDAEP between depressive patients 
with bipolarity and depressive patients without bipolarity. Mean 
values were presented as horizontal bars. There was no signifi-
cant difference between two groups. LDAEP: Loudness Depen-
dence of Aoditory Evoked Potentials.
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Table 2. Binary logistic regression analysis for bipolarity 

SE Odds ratio (95% CI) p value
LDAEP 0.445 1.301 (0.544-3.114) 0.554
BDI 0.051 0.969 (0.876-1.072) 0.546
BDI, item 9 0.707 0.672 (0.168-2.689) 0.575
HDRS 0.133 0.803 (0.619-1.041) 0.097
HDRS, item 3 0.624 0.699 (0.206-2.376) 0.566
HAMA 0.092 1.080 (0.902-1.293) 0.400
BIS 0.030 1.075 (1.013-1.140) 0.017*
BHS 0.078 0.902 (0.774-1.052) 0.189
BSS 0.089 1.204 (1.011-1.435) 0.038*
*p<0.05. SE: standard error, CI: confidence interval, BDI: Beck 
Depression Inventory, HDRS: Hamilton Depression Rating Scale, 
BIS: Barratt Impulsiveness Scale, BHS: Beck Hopelessness Scale, 
HAMA: Hamilton Anxiety Scale, BSS: Beck Scale for Suicidal Ide-
ation, LDAEP: Loudness Dependence of Auditory Evoked Poten-
tials
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DISCUSSION

Our results did not reveal differences in LDAEP between 
depressive patients with and without bipolarity. However, to 
date there have been no study on the LDAEP of patients with 
bipolarity. There have been some studies related to some per-
sonality style and bipolar disorder. 

It was reported that the existence of significant negative 
correlations between the strength of the LDAEP and both hy-
perthymic temperament and hypomanic personality.22 Our 
previous research addressed the LDAEP in psychiatric disor-
ders and showed that the LDAEP was weaker in bipolar pa-
tients than in healthy subjects.9 However, one limitation of 
this study is that our bipolar sample included both manic and 
depressive patients.

In contrast, it was found that a strong LDAEP may be char-
acteristic of healthy subjects with an action-oriented and extro-
verted personality style, such as sensation seeking, impulsivity, 
and extraversion. Norra et al.23 described a correlation between 
a strong LDAEP and aspects of impulsiveness in borderline 
patients. Some findings suggest that sensation seeking and im-
pulsivity are also related to the premorbid personality of bi-
polar disorder.24,25 Our recent research also revealed that the 
LDAEP varies according to mood status.10 Analysis of the 
LDAEP revealed a tendency toward decreasing strength in pa-
tients in the following order: healthy controls, patients with bi-
polar euthymia, patients with bipolar depression, patients with 
bipolar mania, and patients with schizophrenia. A post hoc 
analysis revealed that the LDAEP was significantly stronger 
in patients with bipolar depression than in those with schizo-
phrenia, stronger in bipolar euthymia than in schizophrenia, 
and stronger in healthy controls than in patients with bipolar 

mania. Therefore, the strength of the LDAEP in bipolar dis-
order remains controversial.

We found that LDAEP was not significantly different be-
tween patients with positive scores for K-MDQ and those with 
negative K-MDQ scores. This means that that the central se-
rotonergic activity is not different between patients with coexi-
sting major depressive episodes and bipolarity and those with 
major depressive episodes but without bipolarity. Measurement 
of the LDAEP appears not to be clinically useful, enabling the 
prediction of bipolarity in MDD patients. Our study also re-
veals that the score for BIS was significantly higher in the bi-
polarity group than in the non-bipolarity group. This results 
are consistent with previous studies.24,26 When binary logistic 
regression analysis for bipolarity was carried, the relationship 
between the positive or negative subgroups for K-MDQ and 
BIS or BSS score, which reflects suidal ideation, was also sig-
nificant. This suggests that clinicians should monitor depres-
sive patients with bipolarity particularly carefully for suicid-
ality. In addition, when binary logistic regression analysis for 
LDAEP was carried, the relationship between LDAEP value 
and total BDI score. This suggests that there is the negative co-
rrelation between serotonergic activity and depression severity.

The small sample in this study limits the generalizability of 
our findings. In addition, MDQ is used as only a screening 
tool to help identify bipolarity, not bipolarity itself. However, 
despite these limitations, our study has revealed the differ-
ence between two subgroups based on whether or not they 
achieved a positive score for the K-MDQ in BIS or BSS score. 
More studies with larger cohorts and measuring the differ-
ences between bipolarity and non-bipolarity group are needed.
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