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Abstract

Event-related potentials to binaural complex tones were recorded from 40 depressed outpatients and 22 normal control
participants at 30 electrode sites. Patients did not differ from control participants in N1 or P3 amplitude but showed
greater N2. N2 was greater over right than over the left hemisphere at lateral sites in patients and control participants.
A P3 asymmetry was found for control participants and patients with low scores on a physical anhedonia scale, but not
for patients with high anhedonia scores. Topographic~local Laplacian! maps corresponding to P3 showed greater radial
current flow over right than over left central regions in control participants. Patients with high anhedonia did not show
this asymmetry, whereas patients with low anhedonia showed an intermediate asymmetry. These findings support the
hypothesis that anhedonic depression is associated with dysfunction of right hemisphere mechanisms mediating the
processing of complex pitch information.

Descriptors: Depression, P3, Asymmetry, Anhedonia

Studies of event-related brain potentials~ERPs! in depressed per-
sons have generally found reduced amplitude of early potentials
such as N1, which might reflect a deficit in sensory processing or
arousal level in depression~Burkhart & Thomas, 1993; El Mas-
sioui & Lesevre, 1988; Roth, Pfefferbaum, Kelly, Berger, & Ko-
pell, 1981; Shagass, 1981; Yee, Deldin, & Miller, 1992!. In contrast,
the amplitude of the N2 potential tends to be greater in depressed
persons than in normal control individuals~Giese-Davis, Miller, &
Knight, 1993; Sandman, Vigor-Zierk, Isenhart, Wu, & Zetin, 1992;
Sara et al., 1994!. Giese-Davis et al. found that the enhanced N2 in
dysthymic or anhedonic individuals was not due to a difference in
mismatch negativity~or N2a! but to greater amplitude of the N2b
subcomponent. They suggested that the N2 enhancement may be
related to voluntary allocation of conceptual resources. Findings
for the P3 potential have been less consistent, with about half of
the studies finding a reduction of P3 amplitude in depressed indi-
viduals and the other half finding no difference from normal con-
trol participants~Roth, Duncan, Pfefferbaum, & Timsit-Berthier,

1986!. There is evidence that P3 reduction in depression varies
with severity of depressive or psychotic symptoms~Gangadhar,
Ancy, Janakiramaiah, & Umapathy, 1993; Santosh, Malhotra,
Raghunathan, & Mehra, 1994! and is normalized following clini-
cal recovery~Blackwood et al., 1987!. Most studies of ERPs in
depressed persons have used relatively simple “oddball” tasks, in
which an infrequent target tone occurs in a series of standard tones.
In a recent study~Bruder et al., 1995!, we measured ERPs of
depressed patients to complex tones during a more cognitively
challenging dichotic listening test. Normal control participants
showed the expected behavioral left ear~right hemisphere! advan-
tage for dichotic pitch discrimination~Sidtis, 1980!, which was
associated with greater P3 amplitude over the right than over the
left hemisphere sites. Depressed patients had smaller P3 amplitude
than did normal control participants and did not show either the
behavioral left ear advantage or the associated hemispheric asym-
metry of P3. Our interpretation of these findings was that right
hemisphere mechanisms normally involved in mediating complex
pitch discrimination~Sidtis, 1980; Sidtis & Volpe, 1988! were not
activated in depressed participants. This interpretation is consistent
with other findings for depressed persons using neuropsycholog-
ical tests~Flor-Henry, 1976; Miller, Fujioka, Chapman, & Chap-
man, 1995!, tests of visual field asymmetries~Heller, Etienne, &
Miller, 1995; Jaeger, Borod, & Peselow, 1987; Liotti, Sava, Riz-
zolatti, & Caffarra, 1991!, or dichotic listening tests~Bruder et al.,
1989; Johnson & Crockett, 1982; Overby, Harris, & Leek, 1989!,
which have similarly been interpreted as evidence of right hemi-
sphere dysfunction in depression.
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Recent studies in healthy adults using auditory and visual “odd-
ball” tasks and sufficiently large numbers of electrodes have found
greater P3 amplitude over the right than over the left hemisphere,
particularly at frontocentral sites~Alexander et al., 1995, 1996!.
The main purpose of the present study was to determine whether
depressed individuals and normal control participants would show
this P3 asymmetry during an oddball task with binaurally pre-
sented complex tones. Based on our prior findings for a dichotic
complex tone task~Bruder et al., 1995!, we hypothesized that
depressed participants would show less evidence of P3 asymmetry
than normal individuals. Earlier ERP components~N1, N2! were
also examined to explore further the stage of information process-
ing responsible for alterations of laterality in depression. More-
over, a larger array of scalp electrodes was used in this study to
permit topographic analyses using current source density~CSD!
measures. CSD is a “reference-free” representation of patterns of
radial ~transcranial! scalp current density, which produces topog-
raphies with peaks that are more sharply localized than those of
scalp potentials~Hjorth, 1980; Nunez, 1981!.

An additional purpose of this study was to continue to explore
the clinical features of depressed persons who show abnormalities
of hemispheric asymmetry. Previous studies have indicated that
persons having a melancholic depression with pervasive anhedonia
showed no left ear~right hemisphere! advantage on the dichotic
complex tone test, whereas individuals having a nonmelancholic
depression with preserved mood reactivity and atypical features
showed a left ear advantage~Bruder et al., 1989!. Anhedonia is not
only a defining symptom of melancholic depression but also a
feature of schizophrenia~Meehl, 1975! and may be of value for
identifying persons “at risk” for psychopathology~Chapman, Chap-
man, Kwapil, Eckblad, & Zinser, 1994; Miller & Yee, 1994!. In the
present study, self-ratings on the Revised Physical Anhedonia Scale
~Chapman & Chapman, 1978! were used to evaluate whether or
not the symptom of anhedonia is related to abnormalities of P3
asymmetry in depressed individuals. Specifically, it was hypoth-
esized that depressed persons with high physical anhedonia would
be particularly likely to show reduced P3 asymmetry.

A methodological issue addressed in this study was the re-
sponse hand used by participants during the oddball task. Negative
movement-related potentials are known to be maximal over fron-
tocentral regions contralateral to the response hand~Kutas &
Donchin, 1980; Neshige, Luders, Friedman, & Shibasaki, 1988;
Singh et al., 1992!. If the movement-related potential overlaps the
endogenous ERPs in the oddball task, the increase in negativity at
central sites~C3,C4! would increase N2 amplitude and decrease P3
amplitude contralateral to the movement. This activity would re-
sult in greater P3 amplitude over the right~C4! than over the left
~C3! central site when participants respond with their right hand
~Ford et al., 1994!. Therefore, the variable of response hand was
controlled in this study.

Method

Participants
ERPs were recorded from 40 depressed outpatients who were at-
tending a university-affiliated depression research clinic at New
York State Psychiatric Institute and 22 normal control participants
recruited from hospital personnel, local colleges, and a pool of
normal volunteers. All aspects of the diagnostic assessment of the
depressed individuals were carried out by research psychiatrists
in the clinic. All depressed participants had unipolar depressive
disorders. Thirty-one patients met DSM-IV criteria for major de-

pressive disorder and the remaining nine met criteria for dysthymic
disorder. The depressed participants were tested after a minimum
drug-free period of 7–10 days, with most participants being drug-
free for a considerably longer period. The normal control partici-
pants were screened using a modified version of the Schedule for
Affective Disorders and Schizophrenia–Lifetime Version~Spitzer
& Endicott, 1975! to exclude those with current or past psycho-
pathology. All participants were screened for hear-
ing loss using a standard audiometric evaluation. Participants had
less than a 10-dB difference between ears and a hearing loss no
greater than 30 dB at 500, 1000, or 2000 Hz. Individuals were not
included in the study if they had a neurological or substance abuse
disorder.

Table 1 shows the characteristics of the depressed persons and
normal control participants. The depressed participants did not
differ significantly from control participants in gender or age. Per-
sons in the depressed group were 22–52 years, and those in the
control group were 24–57 years. A small but significant difference
was present between groups in mean education,t~58! 5 3.05,p ,
.01, with control participants having more education than those in
the depressed group. There was no difference between groups in
handedness laterality quotients~LQs! on the Edinburgh Handed-
ness Inventory~Oldfield, 1971!. Ten items concerning hand pref-
erence for writing, drawing, holding a spoon, and so forth, were
used to compute a laterality quotient, 100~R 2 L!0~R 1 L!. A
score of 100 on this inventory equals complete right-hand prefer-
ence and2100 equals complete left-hand preference. Four de-
pressed~10%! and two normal control~9%! participants were left
handed, whereas the remaining participants were right handed.
Response hand was counterbalanced across subjects within each
group, with 17 of the 40 depressed participants and 13 of the 22
normal control participants responding with the right hand and the
remaining participants responding with the left hand. As would be
expected, depressed persons had considerably higher scores on
the Beck Depression Inventory~Beck, Ward, Mendelson, & Er-
baugh, 1961!, t~56! 5 8.93,p , .001, and on the Revised Physical

Table 1. Participant Characteristics

Variable Patients
Normal

participants

Gender~n!
Female 15 10
Male 25 12

Age ~years!
M 37.7 34.1
SD 8.8 9.4

Education~years!
M 15.0a,b 16.9
SD 2.4 2.2

Handedness~LQ!
M 69.9 74.9
SD 50.4 44.8

Beck Depression Inventory
M 20.9a 2.3c

SD 8.6 2.4
Physical Anhedonia Scale

M 16.5a 12.0d

SD 9.0 5.8

aPatients significantly different from normal control participants,p ,
.05. bn 5 38. cn 5 18. dn 5 20.
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Anhedonia Scale~Chapman & Chapman, 1978!, t~58! 5 2.32,
p , .05.

The median score of depressed participants on the Revised
Physical Anhedonia Scale~mdn 5 16! was used to divide that
group into subgroups with high versus low scores. The character-
istics of participants in these subgroups are shown in Table 2.
Although there was a somewhat higher percentage of men in the
high anhedonia group~75%! than the low anhedonia group~50%!,
these subgroups did not differ significantly in gender,x2~1! 5
2.67,p . .10. Likewise, no significant difference was found in the
gender distributions among these subgroups and normal control
participants,x2~2! 5 2.97,p . .10. No significant difference was
found between the high and low anhedonia groups in age, educa-
tion, or handedness LQs. About an equal number of participants
with high ~n 5 9! and low~n 5 8! anhedonia responded to targets
with the right hand. There was also no difference in Beck Depres-
sion Inventory scores between these subgroups, and about an equal
number of persons in the high~n 5 15! and low ~n 5 16! anhe-
donia groups met DSM-IV criteria for major depressive disorder. A
marked difference in anhedonia scores was found between groups,
with the high anhedonia group having a score more than 2 standard
deviations above the mean for normal control participants, and the
low anhedonia group having a score essentially the same as the
control group.

Oddball Task
A series of complex tones of two different fundamental frequen-
cies, separated by an interstimulus interval of 2 s, were presented
binaurally in six blocks of 50 trials. Frequent nontarget~80%! and
infrequent target~20%! tones in each block had different funda-
mental frequencies. The complex tones were 250-ms square wave
trains, linearly tapered over 10% at each end. The fundamental
frequency of each tone corresponded to the major notes in the

octave between middle C~264 Hz! and C5~528 Hz!. The digitally
synthesized tones were generated using the STIM portion of the
NeuroScan software package and were presented via TDH-49
earphones at 72 dB SPL to each participant seated in a sound-
attenuation booth. Each block contained a different pair of funda-
mental frequencies that were easily discriminable. Participants were
instructed to respond as quickly as possible to infrequent target
tones by pressing a button on a key pad.

Electrophysiological Recording
Scalp EEG was recorded from 13 lateral pairs of electrodes~FP1,2;
F3,4; F7,8; FC5,6; FT9,10; C3,4; T7,8; CP5,6; TP9,10; P3,4; P7,8;
P9,10; O1,2! and from four midline electrodes~Fz; Cz; Pz; Oz!
using an electrode cap~Electro Cap International, Inc.! with a nose
reference. Standard Beckman Ag0AgCl electrodes at supra- and
infraorbital sites surrounding the right eye were used to monitor
eyeblinks and vertical eye movements~bipolar!, and electrodes at
right and left outer canthi monitored horizontal eye movements
~bipolar!. All electrode impedances were below 5 Ks. The elec-
troencephalogram~EEG! was recorded through a Grass Neurodata
acquisition system at a gain of 10 K~5 K for eye channels!, with
a bandpass of 0.01–30 Hz. A PC-based EEG acquisition system
~NeuroScan! acquired and digitized the data at 100 samples0per
second.

ERP Analyses
Continuous EEG data recorded during the oddball task were seg-
mented for ERPs such that each record extended from 0.2 s before
a tone to 1 s afterward. Blinks were corrected on a trial-by-trial
basis using a linear regression algorithm~Semlitsch, Anderer,
Schuster, & Presslich, 1986!. Epochs contaminated by eye move-
ments or other movement-related artifacts were excluded from
analyses off-line by using a rejection criterion of6100mV on any
channel. The number of valid trials remaining did not differ be-
tween groups. The average number of trials for depressed partici-
pants were 44~range5 10–57! for targets and 170~range5
45–237! for nontargets. The average number of trials for normal
participants were 45~range5 22–58! for targets and 176~range5
80–239! for nontargets.

Average ERP waveforms were computed for targets and non-
targets at each electrode for each participant, and across partici-
pants within each group. ERP amplitudes were measured as average
values within the following windows:~a! N1, a negative compo-
nent between 70 and 150 ms poststimulus;~b! N2, a negative
component between 180 and 270 ms; and~c! P3, a late positive
component between 280 and 700 ms. For analyses of N2, the
difference in amplitude to targets minus nontargets was computed
to examine N2 to targets independently from the influence of
exogenous components~N1 and P2!.

Statistical Methods
Average amplitudes within N1, N2, and P3 windows were sub-
jected to a repeated-measures analysis of variance~ANOVA !. To
reduce the amount of data in these summary statistical analyses
and allow orthogonal groupings of electrodes spanning regions of
interest, electrode sites were selected for comparing frontal~F!,
central~C!, and posterior~P! sites at medial and lateral locations
over the right and left hemispheres~F 5 F3,4; F7,8; C5 C3,4;
T7,8; P5 P3,4; P7,8!. These regional differences were represented
in the ANOVA by variables for frontal-posterior~F,C,P!, medial-

Table 2. Characteristics of Anhedonia Subgroups

Anhedonia

Variable High Low

Gender~n!
Female 5 10
Male 15 10

Age ~years!
M 38.5 36.5
SD 9.1 8.7

Education~years!
M 14.7a 15.3a

SD 2.1 2.1
Handedness~LQ!

M 73.6 66.2
SD 52.8 49.0

Beck Depression Inventory
M 22.8 19.0
SD 8.9 8.1

Physical Anhedonia Scale
M 24.2b 8.8
SD 4.9 3.9

an 5 19.
bScores for high anhedonia patients were significantly
greater than those for low anhedonia patients,p , .001.

56 G.E. Bruder et al.



lateral, and hemisphere. Stimulus condition~target, nontarget! was
also included as an additional repeated measures variable in the
ANOVA for N1 and P3. Between-subject variables included group
~patient, control! and response hand~right, left!. F ratios were
evaluated using degrees of freedom computed with Greenhouse–
Geisser epsilon correction~Jennings & Wood, 1976! where appro-
priate to counteract heterogeneity of variance–covariance matrices
associated with repeated measures. Only findings that reached a
.05 significance level are considered in this report. Significant
frontal-posterior, medial-lateral, or hemisphere interactions were
also evaluated after scaling the amplitudes across electrode sites
~McCarthy & Wood, 1985!. Higher-order interactions involving
response hand, stimulus condition, frontal-posterior, medial-lateral,
and hemisphere, which did not have a group interaction and did
not bear on the hypotheses of this study, are not dealt with in this
report.

Predicted differences in P3 asymmetry between patient sub-
groups with high versus low anhedonia scores were similarly eval-
uated in an ANOVA with the variables of group~low anhedonia,
high anhedonia, control!, response hand, stimulus condition, frontal-
posterior, medial-lateral, and hemisphere.

Product-moment correlations were computed to examine the
strength of the relationship between ERP measures~amplitudes or
asymmetries! and scores on the Beck Depression Inventory and the
Revised Physical Anhedonia Scale. Correlations with age and ed-
ucation were also examined. Significant correlations were vali-
dated using Spearman rank-order correlations.

Topographic Analyses
Sandard analysis of scalp potentials was supplemented by CSD
analyses to localize further the obtained regional differences in P3
asymmetry. A CSD waveform is produced from an estimate of the
second spatial derivative~Poisson’s equation! of an ERP at each
electrode or interpolated point~Nunez, 1981!. The CSD preserves
localized changes observable in a field potential map, but elimi-
nates activity that varies linearly across the scalp, such as activity
volume conducted from other regions. Although the CSD method
provides a “reference-free” measure of an ERP topography, the
resulting measure is not independent of the specific computational
algorithm or the spatial resolution of the recording montage in any
region~Tenke, Schroeder, Arezzo & Vaughan, 1993!. To maintain
the spatial resolution available using our montage, we computed a
variant of a local Laplacian at each electrode using the Hjorth
algorithm~Hjorth, 1980! with three to five neighboring electrodes.
Whenever possible, the four nearest symmetric neighbors were
chosen~e.g., for C3 the neighbors were F3, Cz, P3 and T7! to
ensure comparability and symmetry of each calculation and to
reduce distortion of these computations. Because computing a true
second spatial derivative for electrodes at the edges of a montage
is impossible, we used a conservative approach by not computing
a Hjorth at these locations~i.e., FP1,2; FT9,10; TP9,10; P9,10!.
Although this method optimized the local Laplacian, the observed
P3 asymmetries were also clearly evident using alternative compu-
tational approaches, for example, with spherical spline Laplacian
interpolation~Tenke et al., in press!.

Hemispheric difference maps of the Hjorth values correspond-
ing to P3 asymmetry, illustrating hemispheric differences in radial
current flow between homologous pairs of electrodes, were pro-
jected onto a map of the lateral view of the right hemisphere. An
ANOVA of Hjorth amplitudes within the P3 window was com-
puted for the three medial pairs of electrodes to assess the signif-
icance of observed group differences in hemispheric asymmetry.

Results

Behavioral Data
Accuracy levels of depressed and nondepressed participants were
near perfect and did not differ significantly. The percentage of
correct responses to targets was 95.5~SD5 7.3! among depressed
participants and 96.5~SD 5 4.6! among normal control partici-
pants. The percent correct rejection of nontargets was 99.0~SD5
2.7! in depressed participants and 99.6~SD 5 0.5! in normal
control participants. There was no significant difference among the
high and low anhedonia subgroups and the normal control group in
either correct responses to targets,F~2,59! 5 1.39, p . .20, or
correct rejections,F~2,59! 5 1.41,p . .20.

ERP Waveforms for Patients and Normals
Figure 1 shows the average ERP waveforms to correctly detected
target tones for the depressed and control groups. The N1 compo-
nent, which is most prominent at frontal and central sites, did not
differ between the depressed and control groups. Depressed indi-
viduals did show greater N2 amplitude than control participants, a
finding that was most evident at central sites. Although some trend
was found for depressed participants to have smaller P3 amplitude
than normal control participants at central and parietal sites, only
the difference in N2 amplitude between groups was confirmed in
the statistical analyses presented below.

N1 Amplitude
ANOVA of the average amplitude in the N1 window indicated that
there was no significant difference between the two main groups.
There were also no significant interactions involving group.

N2 Amplitude
An ANOVA of average amplitude for target minus nontarget dif-
ferences confirmed that depressed participants had greater N2 am-
plitude than did the control participants,F~1,58! 5 4.03,p , .05.
As can be seen in Figure 1, the group difference was most evident
at medial sites where N2 was largest~e.g., C3, Cz, C4!, Group3
Medial-Lateral interaction,F~1,58! 5 6.57, p 5 .01. This inter-
action was also significant after vector scaling the amplitudes across
electrode sites,F~1,58! 5 4.57, p , .05. No other significant
interactions involving group were found. There was a hemispheric
asymmetry of N2, with N2 being greater over the right than over
the left hemisphere. This N2 asymmetry was more evident at lat-
eral than at medial electrode sites, as indicated by a Hemisphere3
Medial-Lateral interaction,F~1,58! 5 11.61,p 5 .001.

Another question was whether or not larger N2 amplitude was
equally present in the low and high anhedonia groups. An ANOVA
of the N2 amplitude for the low and high anhedonia subgroups and
normal control participants revealed a significant Group3 Medial-
Lateral interaction,F~2,56! 5 3.75,p , .05. At the medial-central
electrodes~averaged over C3,4! where N2 was maximal, the N2 of
the depressed group~M 5 26.10, SD 5 4.25! was significantly
larger than for the normal group participants~M 5 23.90,SD 5
3.44!, t~60! 5 2.21,p , .05. There was, however, no difference in
the N2 amplitude between the low anhedonia~M 5 26.35,SD5
4.85! and high anhedonia~M 5 25.84, SD 5 3.65! subgroups,
which indicates that the higher N2 amplitude in the depressed par-
ticipants was not related to physical anhedonia.

P3 Amplitude
Although the average amplitude in the P3 window tended to be
smaller in the depressed group~see Cz and Pz sites in Figure 1!, a
group difference did not attain significance in the ANOVA. There
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was an overall hemispheric asymmetry of P3, with P3 being
generally greater over the right than over the left hemisphere,
F~1,58! 5 13.36,p , .001. This P3 asymmetry was greater over
medial than over lateral electrode sites in normal control partici-
pants but not in depressed participants~see Figure 2!, a finding that
was reflected in a Group3 Hemisphere3 Medial-Lateral inter-
action,F~1,58! 5 6.95,p 5 .01. Further analyses confirmed that
this three-way interaction was due to the presence of a Hemi-
sphere 3 Medial-Lateral interaction for the control group,
F~1,20! 5 8.50,p , .01, but not for depressed participants. This
topographic interaction was significant after each topography
was scaled by its vector amplitude,F~1,58! 5 4.94,p , .05. There
was also a Group3 Hemisphere3 Response Hand interaction,
F~1,58! 5 5.41,p , .05, but this interaction was not confirmed
following vector scaling,F~1,58! 5 2.33,p . .10.

The tendency for depressed persons to show less P3 asymmetry
at medial sites than normal participants~Figure 2! was primarily
due to the absence of a P3 asymmetry in the high anhedonia
subgroup. Figure 3 shows the mean P3 amplitudes at medial and
lateral sites over each hemisphere for the low and high anhedonia
subgroups and the normal control group. The normal control and
low anhedonia groups showed greater P3 amplitude over right than
over the left medial sites, whereas the high anhedonia group did

not show this P3 asymmetry. The group difference in P3 asymme-
try, which was largest at medial sites to target stimuli, was re-
flected in an overall ANOVA for low and high anhedonia subgroups
and the normal control group as a Group3 Hemisphere3 Medial-
Lateral 3 Stimulus Condition interaction,F~2,56! 5 4.51, p ,
.05. This interaction was confirmed after vector scaling of these
amplitudes,F~2,56! 5 3.46,p , .05. To clarify this interaction, a
separate ANOVA was performed on the P3 amplitudes for each
group. The analysis for the normal control group revealed a sig-
nificant Hemisphere3 Medial-Lateral3 Stimulus Condition in-
teraction,F~1,20! 5 9.59, p , .01. As can be seen in Figure 3,
normal control participants had the largest P3 asymmetry at medial
sites to target stimuli. The ANOVA for the low anhedonia group
showed a significant hemisphere effect,F~1,18! 5 11.10, p ,
.005, with greater P3 amplitude over right than over left hemi-
sphere sites. In contrast, the high anhedonia subgroup showed
essentially no P3 asymmetry. The ANOVA for the high anhedonia
group did not show either a significant hemisphere effect or a
Hemisphere3 Medial-Lateral3 Stimulus Condition interaction.

An important question is whether or not the difference in P3
asymmetry among groups could be due to the somewhat higher
proportion of men in the high anhedonia subgroup. Although we
did not have enough female participants with high anhedonia scores

Figure 1. Average event-related potential waveforms to targets for depressed patients and normal control participants at 30 elec-
trode sites.
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to examine the influence of anhedonia separately by gender, we
were able to confirm the above group differences in P3 asymmetry
when only the data for male participants with high or low anhe-
donia and normal control participants were entered into an ANOVA.
The same difference in P3 asymmetry among groups seen for the
full samples at medial sites for target stimuli was evident, and this
difference was supported by a significant Group3 Hemisphere3
Medial-Lateral 3 Stimulus Condition interaction for men,
F~2,31! 5 3.43,p , .05.

Topographic Analyses
The topography of regional differences in P3 asymmetry was ex-
amined using local Laplacian analyses~Hjorth, 1980!. The CSD
waveforms to target tones in normal adults showed a major posi-
tive peak~source! with a parietal maximum and a latency corre-
sponding to P3~Tenke et al., in press!. This source extended
asymmetrically into central regions, with greater amplitude over
C4 than over C3. To illustrate the asymmetry of the CSD peak
corresponding to the P3 window, the difference between Hjorth
estimates for homologous pairs of electrodes over right and left
hemispheres were projected onto a map of a lateral view of the
right hemisphere~Figure 4!. Dark regions indicate sites where
radial current flow was greater over the right than over the left
hemisphere. As can be seen in Figure 4, the map for the normal
control group showed relatively greater current flow over right
central regions. Participants with high anhedonia did not show this
asymmetry, whereas participants with low anhedonia showed an
intermediate asymmetry in the central region. The difference in
asymmetry among participants with high and low anhedonia and
the normal control group was confirmed in the ANOVA of the CSD
for the P3 window. A significant Group3 Hemisphere interaction
was found,F~2,56! 5 9.69,p , .001. A robust Group3 Hemi-
sphere 3 Stimulus Condition interaction was also found,
F~2,56! 5 7.75,p 5 .001, indicating that the difference in CSD
asymmetry across groups was more evident for target than for

nontarget stimuli. A one-way ANOVA of the CSD asymmetry scores
of each group for target stimuli revealed a significant difference in
hemispheric asymmetry among groups,F~2,59! 5 5.89,p , .005.
Scheffé multiple comparisons indicated that both the low anhe-
donia and control groups had significantly greater CSD asymmetry
than did the high anhedonia group~ p , .05!, whereas there was
no significant difference between the low anhedonia and control
groups.

Correlational Analyses
Correlations were computed to examine the relation of P3 asym-
metry to participant characteristics and to continuous scores on
self-rating scales for assessing depression and physical anhedonia.
To reduce the number of correlational analyses, only P3 asymme-
try to target tones at the central sites~C4 2 C3! where P3 asym-
metry was largest was entered in these analyses. Also, correlations
were computed across all participants to maximize sample size. P3
asymmetry was not significantly correlated with age~r 5 2.01,
ns!, education level~r 5 .02, ns! or handedness LQ scores~r 5
.09,ns!. Significant correlations were found between P3 asymme-
try and scores on the Beck Depression Inventory~r 5 2.29, p ,
.05! and the Revised Physical Anhedonia Scale~r 5 2.38, p ,
.01!. Both correlations were also significant in Spearman analyses
~r 5 2.32, p , .05, andr 5 2.39, p , .01!. Higher depression
and physical anhedonia scores were associated with less P3 asym-
metry favoring the right central site. Additional analyses were
performed to examine the relation between depression or anhedo-
nia scores and amplitude of the N2 and P3 components~mean of
amplitude at C3 and C4!. No significant correlations were found
for these amplitude measures.

Figure 2. Mean P3 amplitude at medial and lateral sites over left and right
hemispheres for depressed patients and normal control participants~aver-
aged over targets and nontargets!.

Figure 3. Mean P3 amplitude to targets and nontargets for normal control
participants and low and high anhedonia patients at medial and lateral sites
over each hemisphere.
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Discussion

ERP Amplitudes in Depression
Depressed participants did not differ from normal control partici-
pants in N1 amplitude. This finding agrees with our prior findings
for a dichotic complex tone task~Bruder et al., 1995! and indicates
that early sensory0attentional processing of complex tones is intact
in moderately depressed outpatients. Reduction of N1 amplitude,
reported for depressed participants in several studies~Burkhart &
Thomas, 1993; El Massioui & Lesevre, 1988; Roth et al., 1981;
Yee et al., 1992! is apparently not universal and may be specific to
severe depression or a subtype of depressive illness. For instance,
Shagass~1981! found reductions of this early ERP component to
be more evident in psychotic than neurotic individuals.

The depressed participants did show greater N2 amplitude when
compared with normal control participants. This finding is in ac-
cord with studies finding enhanced N2 in depressed or dysthymic
individuals and “at-risk” participants with high physical anhedonia
scores~Giese-Davis et al., 1993; Miller, 1986; Sandman et al.,
1992; Sara et al., 1994; Yee et al., 1992!. Thus, N2 enhancement
appears to be a very robust effect in depressed or anhedonic persons
but contrasts sharply with the reduction of N2 amplitude found in
schizophrenia~O’Donnell et al., 1993; Salisbury, O’Donnell, Mc-
Carley, Shenton, & Benavage, 1994!. We did not find a N2 dif-
ference between depressed individuals with high versus low physical
anhedonia scores, which suggests that anhedonia per se was not
responsible for the enhanced N2 in depression. Giese-Davis et al.
~1993! reported evidence that N2 enhancement in dysthymic or
anhedonic persons is not related to an automatic response to tar-
gets, as would be reflected in mismatch negativity~N2a!, but
rather to a subsequent stage of processing involving initial alloca-
tion of conceptual resources~N2b!. One possible explanation of
the enhanced N2 among depressed participants is, therefore, that
they allocate more cognitive resources than would normally be
necessary to perform a simple oddball task. The depressed partici-
pants in this study and the dysthymic and anhedonic participants in
the study by Giese-Davis et al.~1993! showed an enhancement of
N2 in the absence of a difference in P3 amplitude. This finding is
consistent with the suggestion that N2 and P3 provide independent
sources of information~Miller, 1986!.

The very simplicity of the oddball task and the ability of de-
pressed persons to perform well on this task may also account for
why the depressed participants in this study and in about half of
studies using an oddball task~Roth et al., 1986! did not show a

reduction of P3 amplitude. Depressed participants in our previous
study ~Bruder et al., 1995! did show reduced P3 amplitude when
performing a more cognitively demanding dichotic complex tone
task. Given evidence that P3 reduction in depressed persons is
related to severity of illness~Gangadhar et al., 1993; Santosh et al.,
1994!, it is also possible that the moderately depressed outpatients
in this study may not have been disturbed severely enough to show
a P3 reduction in an oddball task.

ERP Asymmetries in Normal Adults
The findings of the present study replicate prior findings for healthy
adults showing greater P3 amplitude over right than over left hemi-
sphere in an oddball task~Alexander et al., 1995, 1996!. Alexander
et al. found this P3 asymmetry at frontocentral sites for target and
nontarget stimuli in auditory and visual tasks. In the present study
using binaural complex tones, the P3 asymmetry in normal adults
was largest at medial and central sites. Topographic analyses using
reference-free CSD~local Laplacian! analyses confirmed the pres-
ence of a posterior source corresponding to P3. This source ex-
tended asymmetrically into central regions, with greater radial
current flow over the right than over the left hemisphere. This
asymmetry parallels findings of positron emission tomography stud-
ies that have found evidence of enhanced activation of right tem-
poral lobe structures during tone discrimination tasks~Holcomb
et al., 1996; Mazziotta, Phelps, Carson, & Kuhl, 1982!. The in-
volvement of right hemisphere regions in complex pitch discrim-
ination is also suggested by performance asymmetry, P3 asymmetry,
and imaging data obtained during dichotic listening tests~Coffey,
Bryden, Schroering, Wilson, & Mathew, 1989; Tenke, Bruder,
Towey, Leite, & Sidtis, 1993!. Although the exact mechanism
responsible for greater P3 amplitude over right than over left hemi-
sphere regions remains unknown, the mechanism is likely to reflect
asymmetries related to the attentional, working memory, and pitch
discrimination processes involved in performing the oddball task.

As in the study by Alexander et al.~1996!, the P3 asymmetry
to tones in healthy adults was preceded by asymmetry of the N2
component. The amplitude of N2 was greater over right than over
left hemisphere sites. However, unlike the P3 asymmetry, N2 asym-
metry was largest at lateral sites. Giard, Perrin, Pernier, and Bouchet
~1990! found that mismatch negativity in a region 170–240 ms
following tone onset was greater over the right than over the left
hemisphere. They suggested that this finding may represent an
electrophysiological basis of a frontal process, involving predom-

Figure 4. Differences in radial current flow between homologous pairs of electrodes over right and left hemispheres projected on the
lateral view of the right hemisphere for normal control, low and high anhedonia groups.
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inantly the right hemisphere, associated with an automatic atten-
tional orienting. Rohrbaugh, Newlin, Varner, and Ellingson~1984!
found a similar asymmetry of a frontal negative “O-wave,” which
was also interpreted in terms of a frontal predominance of orient-
ing or attentional processes and right hemisphere dominance for
processing tones.

ERP Asymmetries in Depression
Depressed participants also showed asymmetries of N2 and P3 in
the oddball task. The P3 asymmetry of depressed participants at
medial-central sites tended to be smaller than that seen for normal
control participants, primarily because of the lack of a P3 asym-
metry in depressed participants with high scores on the Revised
Physical Anhedonia scale~Chapman & Chapman, 1981!. Topo-
graphic ~local Laplacian! analyses showed greater radial current
over the right than over the left central regions in normal adults,
corresponding to the P3 asymmetry. Depressed participants with
high anhedonia scores did not show this asymmetry, whereas per-
sons with low anhedonia scores showed an intermediate asym-
metry. These findings provide further support for the hypothesis
that depressed individuals, in particular those having an anhe-
donic depression, display right hemisphere dysfunction~Bruder
et al., 1989!. No difference in N2 asymmetry was found between
depressed and normal control participants, strengthening the con-
clusion that abnormalities of laterality in depression involve late
stages of cognitive processing reflected by the P3 component, for
example, stimulus evaluation or working memory~Bruder et al.,
1995!.

Correlational analyses confirmed that higher depression and
anhedonia ratings were associated with less P3 asymmetry favor-
ing the right central region. P3 asymmetry was not, however, re-
lated to age, education, or handedness scores. Therefore, the
difference in education between the depressed and control groups
could not explain the difference in P3 asymmetry between these
groups. Moreover, there was no difference in education between
participants with high versus low anhedonia, but the P3 asymmetry
of these subgroups differed in the predicted direction. There was a
nonsignificant trend for a higher percentage of males in the high
than in the low anhedonia subgroup. Male participants have gen-
erally been found to have higher scores than female participants on
the Revised Physical Anhedonia Scale~Chmielewski, Fernandes,
Yee, & Miller, 1995!, which may account for the somewhat greater
number of men in the high anhedonia subgroup. It should be noted,
however, that no difference in gender was found between the high
anhedonia and normal control groups, and, therefore, the absence
of P3 asymmetry in the high anhedonia subgroup could not be due
to a gender difference. Also, the group differences in P3 asymme-
try were unchanged when we examined the data separately for
men. However, given the limited number of women in the high
anhedonia subgroup, more data will be needed to confirm that the
findings generalize to women having an anhedonic depression.

Another unresolved issue is whether or not nonpatient anhe-
donic individuals, defined on the basis of questionnaire data, might
display an absence of P3 asymmetry similar to anhedonic depres-
sion. Although studies have found a P3 reduction among anhe-
donic participants~Miller, 1986; Simons, 1982!, this P3 reduction
has not been significant in some studies~Giese-Davis et al., 1993!
and there are no reports of the reduction being asymmetric. These
studies used a limited array of scalp electrodes and were not de-
signed to examine the issue of P3 asymmetry in anhedonia. Further
study of the topography of P3 in nonpatient anhedonic individuals
is needed to resolve this issue.

Influence of Response Hand on ERP Asymmetries
Asymmetries of N2 and P3 at medial-central sites~C3, C4! have
been found to be modulated by response hand, particularly for
targets for which a response is required~Tenke et al., in press!.
Movement-related negative potentials that occur prior to a re-
sponse would be expected to be maximal over central regions
contralateral to the side of the response hand~Neshige et al., 1988;
Singh et al., 1992!. Because response hand was counterbalanced
across participants in each group and was entered as a control
factor in analyses, the overall hemispheric asymmetry of P3 and
the group difference in P3 asymmetry cannot be due to response-
related potentials.

Theoretical Model
Pervasive anhedonia is the cardinal symptom of DSM-IV criteria
for major depression with melancholia. Anhedonia was originally
hypothesized by Klein~1974! to characterize an “endogenomor-
phic” subtype of depression with a central nervous system disor-
der. In the tripartite model of depression and anxiety proposed by
Clark and Watson~1991!, anhedonia or lack of pleasure is viewed
as one of three major symptom subtypes. This model may be
helpful in understanding the relationship of anhedonia and other
symptom features of depression to abnormalities of regional hemi-
spheric asymmetry. The first subtype includes symptoms of gen-
eral distress and negative affect that are common to both depression
and anxiety. Studies of EEG alpha asymmetries provide evidence
that these forms of negative affect and withdrawal behaviors are
associated with an abnormal frontal asymmetry characterized by
relatively greater right than left frontal activity~Davidson, 1992!.
The second subtype includes symptoms of anhedonia and absence
of positive affect, which are specific to depression. Our prior di-
chotic listening findings for melancholia~Bruder et al., 1989! and
the lack of a P3 asymmetry for complex tones in depressed indi-
viduals with high physical anhedonia scores suggest the hypothesis
that anhedonic depression is associated with dysfunction of right
hemisphere mechanisms mediating complex pitch discrimination.
This dysfunction may involve right temporoparietal regions that
are implicated not only in pitch discrimination~Coffey et al., 1989;
Holcomb et al., 1996; Sidtis, 1985; Sidtis & Volpe, 1988! but also
in the generation of the P3 component~Johnson, 1989; Knight,
Scabini, Woods, & Clayworth, 1989! and the processing of emo-
tional stimuli~Kayser et al., 1997!. Both right frontal activation, in
the form of relatively less EEG alpha power, and evidence of right
posterior dysfunction on cognitive tests have been reported to oc-
cur in depression~Tucker, Stenslie, Roth, & Shearer, 1981!. The
third subtype includes symptoms of anxious arousal and tension,
which are specific to anxiety. Heller et al.~1995! reviewed evi-
dence that somatic manifestations of anxious arousal are associ-
ated with hyperactivation of right parietal regions. This evidence is
supported by our recent finding of greater activation~less EEG
alpha power! over right than over left posterior sites in depressed
persons with an anxiety disorder, but not in nonanxious depressed
persons~Bruder et al., 1997!. Although the present study did not
address the issue of comorbidity, it is important to note that an
equal number of participants in the high anhedonia~n 5 7! and
low anhedonia~n 5 7! groups also had an anxiety disorder. The
larger P3 asymmetry in the low than in the high anhedonia par-
ticipants could therefore not be attributed to the presence of anx-
iety disorders. The three symptom subtypes in the Clark and Watson
model, negative affect, anhedonic depression, and anxious arousal,
thus may involve different alterations of regional hemispheric
function.
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Further study of the relationship of physical anhedonia to re-
gional hemispheric activation is needed to confirm the findings of
this study and to test the above model. The present study was
limited by reliance on a self-report measure of anhedonia. Elec-
trophysiological measures~e.g., skin conductance! or observer rat-
ings of participant responses to pleasant or unpleasant stimuli could

be used to provide more direct measures of anhedonia. Moreover,
ERP measures could be obtained using emotional stimuli to deter-
mine whether blunted affective responses to these stimuli in de-
pressed persons are associated with reduced P3 asymmetry, which
would be consistent with a hypothesis of right temporoparietal
dysfunction in anhedonic depression.
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