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Brain ERPs of depressed patients to complex tones
in an oddball task: Relation of reduced P3 asymmetry
to physical anhedonia
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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. Topograploical 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 potentiéSRP3g in depressed per- 1986. There is evidence that P3 reduction in depression varies
sons have generally found reduced amplitude of early potentialsith severity of depressive or psychotic symptof@angadhar,
such as N1, which might reflect a deficit in sensory processing o/Ancy, Janakiramaiah, & Umapathy, 1993; Santosh, Malhotra,
arousal level in depressiaiBurkhart & Thomas, 1993; El Mas- Raghunathan, & Mehra, 1994nd is normalized following clini-
sioui & Lesevre, 1988; Roth, Pfefferbaum, Kelly, Berger, & Ko- cal recovery(Blackwood et al., 1987 Most studies of ERPs in
pell, 1981; Shagass, 1981; Yee, Deldin, & Miller, 1998 contrast, = depressed persons have used relatively simple “oddball” tasks, in
the amplitude of the N2 potential tends to be greater in depressedhich an infrequent target tone occurs in a series of standard tones.
persons than in normal control individu&(Siese-Davis, Miller, & In a recent study(Bruder et al., 1995 we measured ERPs of
Knight, 1993; Sandman, Vigor-Zierk, Isenhart, Wu, & Zetin, 1992; depressed patients to complex tones during a more cognitively
Sara et al., 1994 Giese-Davis et al. found that the enhanced N2 inchallenging dichotic listening test. Normal control participants
dysthymic or anhedonic individuals was not due to a difference inshowed the expected behavioral left &&ght hemisphergadvan-
mismatch negativityor N23 but to greater amplitude of the N2b tage for dichotic pitch discriminatiofSidtis, 1980), which was
subcomponent. They suggested that the N2 enhancement may besociated with greater P3 amplitude over the right than over the
related to voluntary allocation of conceptual resources. Findingseft hemisphere sites. Depressed patients had smaller P3 amplitude
for the P3 potential have been less consistent, with about half athan did normal control participants and did not show either the
the studies finding a reduction of P3 amplitude in depressed indibehavioral left ear advantage or the associated hemispheric asym-
viduals and the other half finding no difference from normal con-metry of P3. Our interpretation of these findings was that right
trol participants(Roth, Duncan, Pfefferbaum, & Timsit-Berthier, hemisphere mechanisms normally involved in mediating complex
pitch discrimination(Sidtis, 1980; Sidtis & Volpe, 1988wvere not
] activated in depressed participants. This interpretation is consistent
This research was supported by an NIMH greviti36295 to G.E.B., with other findings for depressed persons using neuropsycholog-
and additional support for data processing was provided by a Mental Healt o -
Clinical Research Center grattiH30906. ical tests(Flor-Henry, 1976; Miller, Fujioka, Chapman, & Chap-
We thank Deborah Deliyannides, Stephen Donovan, Diane Rizzo andénan, 1993, tests of visual field asymmetrié$ieller, Etienne, &
other members of the Depression Evaluation Service, where diagnostiMiller, 1995; Jaeger, Borod, & Peselow, 1987; Liotti, Sava, Riz-
evaluations and treatment of patients were conducted. We also thank JUfg?@latti, & Caffarra, 199}, or dichotic listening testéBruder et al.,

Kayser for assistance with statistical software. . ] .
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psychology, New York State Psychiatric Institute, 722 West 168 StreetWhich have similarly been interpreted as evidence of right hemi-
New York, NY 10032, USA. sphere dysfunction in depression.
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Recent studies in healthy adults using auditory and visual “oddpressive disorder and the remaining nine met criteria for dysthymic
ball” tasks and sufficiently large numbers of electrodes have foundlisorder. The depressed participants were tested after a minimum
greater P3 amplitude over the right than over the left hemispherejrug-free period of 7-10 days, with most participants being drug-
particularly at frontocentral site@\lexander et al., 1995, 1996 free for a considerably longer period. The normal control partici-
The main purpose of the present study was to determine whethgrants were screened using a modified version of the Schedule for
depressed individuals and normal control participants would showAffective Disorders and Schizophrenia—Lifetime Versi@pitzer
this P3 asymmetry during an oddball task with binaurally pre-& Endicott, 1975 to exclude those with current or past psycho-
sented complex tones. Based on our prior findings for a dichotigpathology. All  participants were screened for hear-
complex tone taskBruder et al., 1995 we hypothesized that ing loss using a standard audiometric evaluation. Participants had
depressed participants would show less evidence of P3 asymmethgss than a 10-dB difference between ears and a hearing loss no
than normal individuals. Earlier ERP compone(iisl, N2) were  greater than 30 dB at 500, 1000, or 2000 Hz. Individuals were not
also examined to explore further the stage of information processincluded in the study if they had a neurological or substance abuse
ing responsible for alterations of laterality in depression. More-disorder.
over, a larger array of scalp electrodes was used in this study to Table 1 shows the characteristics of the depressed persons and
permit topographic analyses using current source defiSi§D) normal control participants. The depressed participants did not
measures. CSD is a “reference-free” representation of patterns dfiffer significantly from control participants in gender or age. Per-
radial (transcranigl scalp current density, which produces topog- sons in the depressed group were 22-52 years, and those in the
raphies with peaks that are more sharply localized than those afontrol group were 24-57 years. A small but significant difference
scalp potential§Hjorth, 1980; Nunez, 1981 was present between groups in mean educati{é8) = 3.05,p <

An additional purpose of this study was to continue to explore.01, with control participants having more education than those in
the clinical features of depressed persons who show abnormalitighe depressed group. There was no difference between groups in
of hemispheric asymmetry. Previous studies have indicated thdtandedness laterality quotier(isQs) on the Edinburgh Handed-
persons having a melancholic depression with pervasive anhedonreess InventoryOldfield, 1971. Ten items concerning hand pref-
showed no left eafright hemisphereadvantage on the dichotic erence for writing, drawing, holding a spoon, and so forth, were
complex tone test, whereas individuals having a nonmelancholicised to compute a laterality quotient, {BO— L)/(R + L). A
depression with preserved mood reactivity and atypical featurescore of 100 on this inventory equals complete right-hand prefer-
showed a left ear advanta@@ruder et al., 198p Anhedoniais not ence and—100 equals complete left-hand preference. Four de-
only a defining symptom of melancholic depression but also apressed10%) and two normal control9%) participants were left
feature of schizophreniéMeehl, 1975 and may be of value for handed, whereas the remaining participants were right handed.
identifying persons “at risk” for psychopatholog@hapman, Chap- Response hand was counterbalanced across subjects within each
man, Kwapil, Eckblad, & Zinser, 1994; Miller & Yee, 1994nthe  group, with 17 of the 40 depressed participants and 13 of the 22
present study, self-ratings on the Revised Physical Anhedonia Scatermal control participants responding with the right hand and the
(Chapman & Chapman, 19y8vere used to evaluate whether or remaining participants responding with the left hand. As would be
not the symptom of anhedonia is related to abnormalities of P&xpected, depressed persons had considerably higher scores on
asymmetry in depressed individuals. Specifically, it was hypoth-the Beck Depression InventofBeck, Ward, Mendelson, & Er-
esized that depressed persons with high physical anhedonia woulsaugh, 196}, t(56) = 8.93,p < .001, and on the Revised Physical
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 . o
movement-related potentials are known to be maximal over fronJaPle 1. Participant Characteristics
tocentral regions contralateral to the response hdfutas &
Donchin, 1980; Neshige, Luders, Friedman, & Shibasaki, 1988, /ariable
Singh et al., 1992 If the movement-related potential overlaps the
endogenous ERPs in the oddball task, the increase in negativity &ender(n)
central site§C3,C4 would increase N2 amplitude and decrease P3 Female 15 10
amplitude contralateral to the movement. This activity would re- Male 25 12
sult in greater P3 amplitude over the righit4) than over the left /g€ (years

Normal
Patients participants

(C3) central site when participants respond with their right hand gp 3;'; 33_':
(Ford et al., 199% Therefore, the variable of response hand wasgqycation(years
controlled in this study. M 15.0*P 16.9
SD 2.4 2.2
HandednessL:
Method M Q) 69.9 74.9
- SD 50.4 44.8
Participants )
ERPs were recorded from 40 depressed outpatients who were a%fa,\ak Depression Inventory 20.G 23
tending a university-affiliated depression research clinic at New gsp 8.6 24
York State Psychiatric Institute and 22 normal control participantsphysical Anhedonia Scale
recruited from hospital personnel, local colleges, and a pool of M 16.5° 12.0¢
normal volunteers. All aspects of the diagnostic assessment of the SP 9.0 5.8

depressed individuals were carried out by research psychiatrists

ir! the clinic. A” depreSS_Ed participants had _Uni_p0|ar deF_’ress'ive‘Patients significantly different from normal control participamiss<
disorders. Thirty-one patients met DSM-IV criteria for major de- .05.°n = 38. °n = 18. 9n = 20.
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Table 2. Characteristics of Anhedonia Subgroups octave between middle 264 Hz and C5(528 Hz. The digitally
synthesized tones were generated using the STIM portion of the
Anhedonia NeuroScan software package and were presented via TDH-49
) ) earphones at 72 dB SPL to each participant seated in a sound-
Variable High Low

attenuation booth. Each block contained a different pair of funda-
Gender(n) mental frequencies that were easily discriminable. Participants were
Female 5 10 instructed to respond as quickly as possible to infrequent target

Male 15 10 .
Age (years tones by pressing a button on a key pad.

M 38.5 36.5
Edilzation(years 9.1 8.7 Electrophysiological Recording

M 147 15.3 Scalp EEG was recorded from 13 lateral pairs of electroBPq,,2;

sSD 2.1 2.1 F3,4; F7,8; FC5,6; FT9,10; C3,4; T7,8; CP5,6; TP9,10; P3,4; P7,8;
Handednes$LQ) P9,10; 01,2 and from four midline electrodedz; Cz; Pz; O

M 73.6 66.2 using an electrode cdj&lectro Cap International, Incwith a nose

SD 52.8 49.0 reference. Standard Beckman /gCl electrodes at supra- and
Beck Depression Inventory infraorbital sites surrounding the right eye were used to monitor

’\SAD 2;8 12? eyeblinks and vertical eye movemeitspolar), and electrodes at

Physical Anhedonia Scale right and left outer car_lthi monitored horizontal eye movements
M 24, 8.8 (bipolan. All electrode impedances were below 5 Ks. The elec-
SD 4.9 3.9 troencephalogrartEEG) was recorded through a Grass Neurodata

acquisition system at a gain of 10 (& K for eye channe)s with

a bandpass of 0.01-30 Hz. A PC-based EEG acquisition system

an = 19. . I
bScores for high anhedonia patients were significantly (NeuroScah acquired and digitized the data at 100 samfges
greater than those for low anhedonia patiepts; .001. 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
p < .05. a tone b 1 s afterward. Blinks were corrected on a trial-by-trial

The median score of depressed participants on the Reviseg‘alSiS using a Iine_ar regression algoritk(ﬁ_emlitsch, Anderer,
Physical Anhedonia Scalendn = 16) was used to divide that chuster, & Presslich, 19B6Epachs cor_ltamlnated by eye move-
group into subgroups with high versus low scores. The charactelr-ner;tS or (;ftl?.er ?ovement-rglatid artp;aqts Wﬂ)eo eccluded from
istics of participants in these subgroups are shown in Table 2‘?‘23 ysels gh-lne iusnn? aT_edjetc_ |c|)n cn er_lo_nf:o d'dM tog.:fmyb
Although there was a somewhat higher percentage of men in thghannel. The numboer of valid trials remaining did not ditter be-

high anhedonia groug7’5% than the low anhedonia grous0%), tween groups. The average number of trials for depressed partici-
these subgroups did not differ significantly in gendg®(1) =  Pants were 44range = 10-57 for targets and 17@range =

2.67,p> .10. Likewise, no significant difference was found in the 45-237 for nontargets. The average number of trials for normal

gender distributions among these subgroups and normal contr grticipants were Agrange= 22-5 for targets and 17¢range=
participants,y2(2) = 2.97,p > .10. No significant difference was 0-239 for nontargets.

found between the high and low anhedonia groups in age, educa- Average ERP waveforms were compu_ted for targets and non-
tion, or handedness LQs. About an equal number of participantgargets _at_each electrode for each participant, and across partici-
with high (n = 9) and low(n = 8) anhedonia responded to targets pants within each group. ERP amplitudes were measured as average

with the right hand. There was also no difference in Beck Depresyalues within the following windows(a) N1, a negative compo-

sion Inventory scores between these subgroups, and about an eqﬂ'glnt between 70 and 150 ms poststimul{ty; N2, a negative

number of persons in the high = 15) and low(n = 16) anhe- component between 180 and 270 ms; &)dP3, a late positive

donia groups met DSM-IV criteria for major depressive disorder. AcpmponenF betwgen 280 and 700. ms. For analyses of N2, the
marked difference in anhedonia scores was found between groupg',ﬁerenc.e in amplitude to ta_rgets minus hontargets w_as computed
with the high anhedonia group having a score more than 2 standa118 examine N2 to targNetls |ngeF|)oendentIy from the influence of
deviations above the mean for normal control participants, and th&X09enous componenthl1 and P2

low anhedonia group having a score essentially the same as the

Anhedonia ScaléChapman & Chapman, 19Y8t(58) = 2.32,

control group. Statistical Methods
Average amplitudes within N1, N2, and P3 windows were sub-
Oddball Task jected to a repeated-measures analysis of varighVA). To

A series of complex tones of two different fundamental frequen-reduce the amount of data in these summary statistical analyses
cies, separated by an interstimulus interval of 2 s, were presenteahd allow orthogonal groupings of electrodes spanning regions of
binaurally in six blocks of 50 trials. Frequent nontar¢#@%) and interest, electrode sites were selected for comparing fraitgl
infrequent target20%) tones in each block had different funda- central(C), and posteriokP) sites at medial and lateral locations
mental frequencies. The complex tones were 250-ms square wawer the right and left hemispherég = F3,4; F7,8; C= C3,4;
trains, linearly tapered over 10% at each end. The fundamental7,8; P= P3,4; P7,8 These regional differences were represented
frequency of each tone corresponded to the major notes in thim the ANOVA by variables for frontal-posteriqiF,C,P, medial-
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lateral, and hemisphere. Stimulus condititarget, nontarg¢tvas  Results
also included as an additional repeated measures variable in ﬂ?ehavioral Data

ANQVA for N1 alnd 23' BEtween:UbJ?C:] ve:rl?bles mc_luded grOlJpA(:curacy levels of depressed and nondepressed participants were
(patient, conFrc) and response handlight, left). F _ratlos Were  near perfect and did not differ significantly. The percentage of
evaluated using degrees of freedom computed with Greenhousec—orrect responses to targets was 9%bB = 7.3 among depressed

Gglsser epsilon corrre]ctlddennlqgs%W0.0d, 197)6Nhgre appro- articipants and 96.5SD = 4.6) among normal control partici-
priate to counteract heterogeneity of variance—covariance matr'c%ants. The percent correct rejection of nontargets was (@D0=

associated with repeated measures. Only findings that reachedz% in depressed participants and 998D = 0.5) in normal

.05 significance level are considered in this report. SIgnIfICamcontrol participants. There was no significant difference among the

frontal-posterior, medial-lateral, or hemisphere interactions Wereﬁigh and low anhedonia subgroups and the normal control group in
also evaluated after scaling the amplitudes across electrode Sit%ﬁher correct responses to targef$2,59 = 1.39,p > .20, or
(McCarthy & Wood, 1985 Higher-order interactions involving correct rejectionsE (2,59 = 1.41,p > .20.

response hand, stimulus condition, frontal-posterior, medial-lateral,

and hemisphere, which did not have a group interaction and digcgp \Waveforms for Patients and Normals

not bear on the hypotheses of this study, are not dealt with in thi%igure 1 shows the average ERP waveforms to correctly detected
report. ) _ _ ) target tones for the depressed and control groups. The N1 compo-
Predicted differences in P3 asymmetry between patient subzent, which is most prominent at frontal and central sites, did not
groups with high versus low anhedonia scores were similarly evalyifter hetween the depressed and control groups. Depressed indi-
uated in an ANOVA with the variables of groufow anhedonia, iguals did show greater N2 amplitude than control participants, a
high anhedonia, contrplresponse hand, stimulus condition, frontal- finging that was most evident at central sites. Although some trend
posterior, medial-lateral, and hemisphere. _ was found for depressed participants to have smaller P3 amplitude
Product-moment correlations were computed to examine thenan normal control participants at central and parietal sites, only

strength of the relationship between ERP meas(aeplitudes or e gifference in N2 amplitude between groups was confirmed in
asymmetriesand scores on the Beck Depression Inventory and thgpe statistical analyses presented below.

Revised Physical Anhedonia Scale. Correlations with age and ed-
ucation were also examined. Significant correlations were vali{N1 Amplitude

dated using Spearman rank-order correlations. ANOVA of the average amplitude in the N1 window indicated that
. there was no significant difference between the two main groups.
Topographic Analyses There were also no significant interactions involving group.

Sandard analysis of scalp potentials was supplemented by CSD

analyses to localize further the obtained regional differences in P82 Amplitude

asymmetry. A CSD waveform is produced from an estimate of thean ANOVA of average amplitude for target minus nontarget dif-

second spatial derivativePoisson’s equatignof an ERP at each  ferences confirmed that depressed participants had greater N2 am-

electrode or interpolated poifiNunez, 1981 The CSD preserves plitude than did the control participants(1,58 = 4.03,p < .05.

localized changes observable in a field potential map, but elimi-As can be seen in Figure 1, the group difference was most evident

nates activity that varies linearly across the scalp, such as activitgt medial sites where N2 was largéstg., C3, Cz, C§ Group X

volume conducted from other regions. Although the CSD methodviedial-Lateral interactionF (1,58 = 6.57,p = .01. This inter-

provides a “reference-free” measure of an ERP topography, thaction was also significant after vector scaling the amplitudes across

resulting measure is not independent of the specific computationadlectrode sitesF(1,58 = 4.57,p < .05. No other significant

algorithm or the spatial resolution of the recording montage in anyinteractions involving group were found. There was a hemispheric

region(Tenke, Schroeder, Arezzo & Vaughan, 1998 maintain  asymmetry of N2, with N2 being greater over the right than over

the spatial resolution available using our montage, we computed the left hemisphere. This N2 asymmetry was more evident at lat-

variant of a local Laplacian at each electrode using the Hjortheral than at medial electrode sites, as indicated by a Hemisphere

algorithm(Hjorth, 198Q with three to five neighboring electrodes. Medial-Lateral interactionF (1,58 = 11.61,p = .001.

Whenever possible, the four nearest symmetric neighbors were Another question was whether or not larger N2 amplitude was

chosen(e.g., for C3 the neighbors were F3, Cz, P3 and T/  equally present in the low and high anhedonia groups. An ANOVA

ensure comparability and symmetry of each calculation and taf the N2 amplitude for the low and high anhedonia subgroups and

reduce distortion of these computations. Because computing a trugormal control participants revealed a significant GrouMedial-

second spatial derivative for electrodes at the edges of a montageateral interactionF (2,56 = 3.75,p < .05. At the medial-central

is impossible, we used a conservative approach by not computinglectrodegaveraged over C3)4vhere N2 was maximal, the N2 of

a Hjorth at these location§.e., FP1,2; FT9,10; TP9,10; P9)10 the depressed group = —6.10,SD = 4.25 was significantly

Although this method optimized the local Laplacian, the observedarger than for the normal group participarild = —3.90,SD =

P3 asymmetries were also clearly evident using alternative comptg.44), t(60) = 2.21,p < .05. There was, however, no difference in

tational approaches, for example, with spherical spline Laplacianhe N2 amplitude between the low anhedofia= —6.35,SD =

interpolation(Tenke et al., in press 4.85 and high anhedoniav = —5.84,SD = 3.65 subgroups,
Hemispheric difference maps of the Hjorth values correspondwhich indicates that the higher N2 amplitude in the depressed par-

ing to P3 asymmetry, illustrating hemispheric differences in radialticipants was not related to physical anhedonia.

current flow between homologous pairs of electrodes, were pro-

jected onto a map of the lateral view of the right hemisphere. AnP3 Amplitude

ANOVA of Hjorth amplitudes within the P3 window was com- Although the average amplitude in the P3 window tended to be

puted for the three medial pairs of electrodes to assess the signiémaller in the depressed gro(gee Cz and Pz sites in Figurg &

icance of observed group differences in hemispheric asymmetrygroup difference did not attain significance in the ANOVA. There
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Figure 1. Average event-related potential waveforms to targets for depressed patients and normal control participants at 30 elec-
trode sites.

was an overall hemispheric asymmetry of P3, with P3 beingnot show this P3 asymmetry. The group difference in P3 asymme-
generally greater over the right than over the left hemispheretry, which was largest at medial sites to target stimuli, was re-
F(1,58 = 13.36,p < .001. This P3 asymmetry was greater over flected in an overall ANOVA for low and high anhedonia subgroups
medial than over lateral electrode sites in normal control partici-and the normal control group as a GradgHemisphere< Medial-
pants but not in depressed participa(sese Figure 2 a finding that  Lateral X Stimulus Condition interactiorf (2,56 = 4.51,p <
was reflected in a GroupX Hemispherex Medial-Lateral inter-  .05. This interaction was confirmed after vector scaling of these
action,F(1,58 = 6.95,p = .01. Further analyses confirmed that amplitudesfF (2,56 = 3.46,p < .05. To clarify this interaction, a
this three-way interaction was due to the presence of a Hemiseparate ANOVA was performed on the P3 amplitudes for each
sphere X Medial-Lateral interaction for the control group, group. The analysis for the normal control group revealed a sig-
F(1,20 = 8.50,p < .01, but not for depressed participants. This nificant Hemispherex Medial-LateralX Stimulus Condition in-
topographic interaction was significant after each topographyteraction,F(1,20 = 9.59,p < .01. As can be seen in Figure 3,
was scaled by its vector amplitude(1,58 = 4.94,p < .05. There  normal control participants had the largest P3 asymmetry at medial
was also a Group< HemispherexX Response Hand interaction, sites to target stimuli. The ANOVA for the low anhedonia group
F(1,58 = 5.41,p < .05, but this interaction was not confirmed showed a significant hemisphere effeEt1,18 = 11.10,p <
following vector scalingF (1,58 = 2.33,p > .10. .005, with greater P3 amplitude over right than over left hemi-
The tendency for depressed persons to show less P3 asymmesphere sites. In contrast, the high anhedonia subgroup showed
at medial sites than normal participarifsgure 2 was primarily  essentially no P3 asymmetry. The ANOVA for the high anhedonia
due to the absence of a P3 asymmetry in the high anhedonigroup did not show either a significant hemisphere effect or a
subgroup. Figure 3 shows the mean P3 amplitudes at medial arfdemispherex Medial-Lateral X Stimulus Condition interaction.
lateral sites over each hemisphere for the low and high anhedonia An important question is whether or not the difference in P3
subgroups and the normal control group. The normal control anéisymmetry among groups could be due to the somewhat higher
low anhedonia groups showed greater P3 amplitude over right thaproportion of men in the high anhedonia subgroup. Although we
over the left medial sites, whereas the high anhedonia group didid not have enough female participants with high anhedonia scores
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. . . Figure 3. Mean P3 amplitude to targets and nontargets for normal control
to examine the |r_1fluence of anhedon'a} separate_ly by gender, Wﬁarticipants and low and high anhedonia patients at medial and lateral sites
were able to confirm the above group differences in P3 asymmetryyer each hemisphere.

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 thishontarget stimuli. A one-way ANOVA of the CSD asymmetry scores
difference was supported by a significant Groxipiemispherex of each group for target stimuli revealed a significant difference in
Medial-Lateral X Stimulus Condition interaction for men, hemispheric asymmetry among group$2,59 = 5.89,p < .005.

F(2,3) = 3.43,p < .05. Scheffé multiple comparisons indicated that both the low anhe-
donia and control groups had significantly greater CSD asymmetry
Topographic Analyses than did the high anhedonia grogp < .05), whereas there was

The topography of regional differences in P3 asymmetry was exno significant difference between the low anhedonia and control
amined using local Laplacian analys@djorth, 1980. The CSD  groups.

waveforms to target tones in normal adults showed a major posi-

tive peak(source with a parietal maximum and a latency corre- Correlational Analyses

sponding to P3(Tenke et al., in pregs This source extended Correlations were computed to examine the relation of P3 asym-
asymmetrically into central regions, with greater amplitude overmetry to participant characteristics and to continuous scores on
C4 than over C3. To illustrate the asymmetry of the CSD peakself-rating scales for assessing depression and physical anhedonia.
corresponding to the P3 window, the difference between HjorthTo reduce the number of correlational analyses, only P3 asymme-
estimates for homologous pairs of electrodes over right and leftry to target tones at the central sit€4 — C3) where P3 asym-
hemispheres were projected onto a map of a lateral view of thenetry was largest was entered in these analyses. Also, correlations
right hemisphergFigure 4. Dark regions indicate sites where were computed across all participants to maximize sample size. P3
radial current flow was greater over the right than over the leftasymmetry was not significantly correlated with age= —.01,
hemisphere. As can be seen in Figure 4, the map for the normails), education levelr = .02, ns) or handedness LQ scorés =
control group showed relatively greater current flow over right .09, ns). Significant correlations were found between P3 asymme-
central regions. Participants with high anhedonia did not show thidry and scores on the Beck Depression Inventory: —.29,p <
asymmetry, whereas participants with low anhedonia showed ar05) and the Revised Physical Anhedonia Soale= —.38,p <
intermediate asymmetry in the central region. The difference in01). Both correlations were also significant in Spearman analyses
asymmetry among participants with high and low anhedonia andr = —.32,p < .05, andr = —.39,p < .01). Higher depression

the normal control group was confirmed in the ANOVA of the CSD and physical anhedonia scores were associated with less P3 asym-
for the P3 window. A significant Group Hemisphere interaction metry favoring the right central site. Additional analyses were
was found,F(2,56 = 9.69,p < .001. A robust Groupx Hemi- performed to examine the relation between depression or anhedo-
sphere X Stimulus Condition interaction was also found, nia scores and amplitude of the N2 and P3 compong@nézan of
F(2,56 = 7.75,p = .001, indicating that the difference in CSD amplitude at C3 and Q4No significant correlations were found
asymmetry across groups was more evident for target than foior these amplitude measures.
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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.

Discussion reduction of P3 amplitude. Depressed participants in our previous
study (Bruder et al., 199bdid show reduced P3 amplitude when
performing a more cognitively demanding dichotic complex tone
task. Given evidence that P3 reduction in depressed persons is

ERP Amplitudes in Depression
Depressed participants did not differ from normal control partici-

e o ot 1t 415 st 0 sverty of InesGangaha ot al 1993 Santosh ot .

. : g 1994, it is also possible that the moderately depressed outpatients
that early sensopattentional processing of complex tones is intact in this study may not have been disturbed severely enough to show
in moderately depressed outpatients. Reduction of N1 amplitudea P3 reduc)iion in an oddball task 9
reported for depressed participants in several studeskhart & '

Thomas, 1993; El Massioui & Lesevre, 1988; Roth et al., 1981;
Yee et al., 199pis apparently not universal and may be specific to ERP Asymmetries in Normal Adults
severe depression or a subtype of depressive illness. For instancEhe findings of the present study replicate prior findings for healthy
Shagas$1981) found reductions of this early ERP component to adults showing greater P3 amplitude over right than over left hemi-
be more evident in psychotic than neurotic individuals. sphere in an oddball tagklexander et al., 1995, 1996Alexander

The depressed participants did show greater N2 amplitude wheet al. found this P3 asymmetry at frontocentral sites for target and
compared with normal control participants. This finding is in ac- nontarget stimuli in auditory and visual tasks. In the present study
cord with studies finding enhanced N2 in depressed or dysthymieising binaural complex tones, the P3 asymmetry in normal adults
individuals and “at-risk” participants with high physical anhedonia was largest at medial and central sites. Topographic analyses using
scores(Giese-Davis et al., 1993; Miller, 1986; Sandman et al.,reference-free CSDocal Laplacian analyses confirmed the pres-
1992; Sara et al., 1994; Yee et al., 199Phus, N2 enhancement ence of a posterior source corresponding to P3. This source ex-
appears to be a very robust effect in depressed or anhedonic persaesded asymmetrically into central regions, with greater radial
but contrasts sharply with the reduction of N2 amplitude found incurrent flow over the right than over the left hemisphere. This
schizophrenidO’Donnell et al., 1993; Salisbury, O’Donnell, Mc- asymmetry parallels findings of positron emission tomography stud-
Carley, Shenton, & Benavage, 199%Ve did not find a N2 dif- ies that have found evidence of enhanced activation of right tem-
ference between depressed individuals with high versus low physicgloral lobe structures during tone discrimination taski®lcomb
anhedonia scores, which suggests that anhedonia per se was mttal., 1996; Mazziotta, Phelps, Carson, & Kuhl, 198Phe in-
responsible for the enhanced N2 in depression. Giese-Davis et alolvement of right hemisphere regions in complex pitch discrim-
(1993 reported evidence that N2 enhancement in dysthymic oiination is also suggested by performance asymmetry, P3 asymmetry,
anhedonic persons is not related to an automatic response to taand imaging data obtained during dichotic listening té€isffey,
gets, as would be reflected in mismatch negativiN2a), but Bryden, Schroering, Wilson, & Mathew, 1989; Tenke, Bruder,
rather to a subsequent stage of processing involving initial allocaTowey, Leite, & Sidtis, 1998 Although the exact mechanism
tion of conceptual resourcé®2b). One possible explanation of responsible for greater P3 amplitude over right than over left hemi-
the enhanced N2 among depressed participants is, therefore, thegihere regions remains unknown, the mechanism is likely to reflect
they allocate more cognitive resources than would normally beasymmetries related to the attentional, working memory, and pitch
necessary to perform a simple oddball task. The depressed partialiscrimination processes involved in performing the oddball task.
pants in this study and the dysthymic and anhedonic participants in As in the study by Alexander et a1996, the P3 asymmetry
the study by Giese-Davis et @993 showed an enhancement of to tones in healthy adults was preceded by asymmetry of the N2
N2 in the absence of a difference in P3 amplitude. This finding iscomponent. The amplitude of N2 was greater over right than over
consistent with the suggestion that N2 and P3 provide independeffeft hemisphere sites. However, unlike the P3 asymmetry, N2 asym-
sources of informatioriMiller, 1986). metry was largest at lateral sites. Giard, Perrin, Pernier, and Bouchet

The very simplicity of the oddball task and the ability of de- (1990 found that mismatch negativity in a region 170-240 ms
pressed persons to perform well on this task may also account fdollowing tone onset was greater over the right than over the left
why the depressed participants in this study and in about half ohemisphere. They suggested that this finding may represent an
studies using an oddball tagRoth et al., 1986did not show a electrophysiological basis of a frontal process, involving predom-
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inantly the right hemisphere, associated with an automatic atterinfluence of Response Hand on ERP Asymmetries

tional orienting. Rohrbaugh, Newlin, Varner, and Elling$@884 Asymmetries of N2 and P3 at medial-central sit€8, C4 have
found a similar asymmetry of a frontal negative “O-wave,” which been found to be modulated by response hand, particularly for
was also interpreted in terms of a frontal predominance of orienttargets for which a response is requir€enke et al., in pregs

ing or attentional processes and right hemisphere dominance fdvlovement-related negative potentials that occur prior to a re-

processing tones. sponse would be expected to be maximal over central regions
contralateral to the side of the response h@xeshige et al., 1988;
ERP Asymmetries in Depression Singh et al., 1992 Because response hand was counterbalanced

Depressed participants also showed asymmetries of N2 and P3 across participants in each group and was entered as a control
the oddball task. The P3 asymmetry of depressed participants &ctor in analyses, the overall hemispheric asymmetry of P3 and
medial-central sites tended to be smaller than that seen for norméhe group difference in P3 asymmetry cannot be due to response-
control participants, primarily because of the lack of a P3 asym+elated potentials.
metry in depressed participants with high scores on the Revised
Physical Anhedonia scal@Chapman & Chapman, 1981Topo-  Theoretical Model
graphic (local Laplacian analyses showed greater radial current Pervasive anhedonia is the cardinal symptom of DSM-IV criteria
over the right than over the left central regions in normal adultsfor major depression with melancholia. Anhedonia was originally
corresponding to the P3 asymmetry. Depressed participants withypothesized by Kleif1974 to characterize an “endogenomor-
high anhedonia scores did not show this asymmetry, whereas pephic” subtype of depression with a central nervous system disor-
sons with low anhedonia scores showed an intermediate asynuler. In the tripartite model of depression and anxiety proposed by
metry. These findings provide further support for the hypothesisClark and Watsori1991), anhedonia or lack of pleasure is viewed
that depressed individuals, in particular those having an anheas one of three major symptom subtypes. This model may be
donic depression, display right hemisphere dysfunctBruder  helpful in understanding the relationship of anhedonia and other
et al., 1989. No difference in N2 asymmetry was found between symptom features of depression to abnormalities of regional hemi-
depressed and normal control participants, strengthening the cospheric asymmetry. The first subtype includes symptoms of gen-
clusion that abnormalities of laterality in depression involve lateeral distress and negative affect that are common to both depression
stages of cognitive processing reflected by the P3 component, fand anxiety. Studies of EEG alpha asymmetries provide evidence
example, stimulus evaluation or working memdBruder et al.,  that these forms of negative affect and withdrawal behaviors are
1995. associated with an abnormal frontal asymmetry characterized by
Correlational analyses confirmed that higher depression andelatively greater right than left frontal activifpavidson, 1992
anhedonia ratings were associated with less P3 asymmetry favofhe second subtype includes symptoms of anhedonia and absence
ing the right central region. P3 asymmetry was not, however, reof positive affect, which are specific to depression. Our prior di-
lated to age, education, or handedness scores. Therefore, tlhotic listening findings for melancholi@ruder et al., 198Pand
difference in education between the depressed and control groupiBe lack of a P3 asymmetry for complex tones in depressed indi-
could not explain the difference in P3 asymmetry between theseiduals with high physical anhedonia scores suggest the hypothesis
groups. Moreover, there was no difference in education betweethat anhedonic depression is associated with dysfunction of right
participants with high versus low anhedonia, but the P3 asymmetremisphere mechanisms mediating complex pitch discrimination.
of these subgroups differed in the predicted direction. There was &his dysfunction may involve right temporoparietal regions that
nonsignificant trend for a higher percentage of males in the higrare implicated not only in pitch discriminatié¢@offey et al., 1989;
than in the low anhedonia subgroup. Male participants have genHolcomb et al., 1996; Sidtis, 1985; Sidtis & Volpe, 19&Rit also
erally been found to have higher scores than female participants oin the generation of the P3 componddbhnson, 1989; Knight,
the Revised Physical Anhedonia Scéhmielewski, Fernandes, Scabini, Woods, & Clayworth, 198%nd the processing of emo-
Yee, & Miller, 1995, which may account for the somewhat greater tional stimuli(Kayser et al., 1997 Both right frontal activation, in
number of men in the high anhedonia subgroup. It should be notedhe form of relatively less EEG alpha power, and evidence of right
however, that no difference in gender was found between the higposterior dysfunction on cognitive tests have been reported to oc-
anhedonia and normal control groups, and, therefore, the absencer in depressioriTucker, Stenslie, Roth, & Shearer, 198The
of P3 asymmetry in the high anhedonia subgroup could not be duthird subtype includes symptoms of anxious arousal and tension,
to a gender difference. Also, the group differences in P3 asymmewhich are specific to anxiety. Heller et 411999 reviewed evi-
try were unchanged when we examined the data separately fafence that somatic manifestations of anxious arousal are associ-
men. However, given the limited number of women in the highated with hyperactivation of right parietal regions. This evidence is
anhedonia subgroup, more data will be needed to confirm that theupported by our recent finding of greater activatitess EEG
findings generalize to women having an anhedonic depression. alpha power over right than over left posterior sites in depressed
Another unresolved issue is whether or not nonpatient anhepersons with an anxiety disorder, but not in nonanxious depressed
donic individuals, defined on the basis of questionnaire data, mighpersonsBruder et al., 1997 Although the present study did not
display an absence of P3 asymmetry similar to anhedonic depresddress the issue of comorbidity, it is important to note that an
sion. Although studies have found a P3 reduction among anhesqual number of participants in the high anheddmia= 7) and
donic participantgMiller, 1986; Simons, 1982 this P3 reduction low anhedonign = 7) groups also had an anxiety disorder. The
has not been significant in some stud{€sese-Davis et al., 1993 larger P3 asymmetry in the low than in the high anhedonia par-
and there are no reports of the reduction being asymmetric. Thed&ipants could therefore not be attributed to the presence of anx-
studies used a limited array of scalp electrodes and were not deety disorders. The three symptom subtypes in the Clark and Watson
signed to examine the issue of P3 asymmetry in anhedonia. Furthenodel, negative affect, anhedonic depression, and anxious arousal,
study of the topography of P3 in nonpatient anhedonic individualghus may involve different alterations of regional hemispheric
is needed to resolve this issue. function.
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Further study of the relationship of physical anhedonia to re-be used to provide more direct measures of anhedonia. Moreover,
gional hemispheric activation is needed to confirm the findings ofERP measures could be obtained using emotional stimuli to deter-
this study and to test the above model. The present study wasine whether blunted affective responses to these stimuli in de-
limited by reliance on a self-report measure of anhedonia. Elecpressed persons are associated with reduced P3 asymmetry, which
trophysiological measurée.g., skin conductanter observer rat- would be consistent with a hypothesis of right temporoparietal
ings of participant responses to pleasant or unpleasant stimuli couldysfunction in anhedonic depression.
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