
CLINICAL EEG and NEUROSCIENCE ©2010 VOL. 41 NO. 4

196

Key Words

Alpha Asymmetry
Anxiety 
Depression 
Electroencephalography
Verbal/Spatial Processing

ABSTRACT
Studies of regional hemispheric asymmetries point to relatively less

activity in left frontal and right posterior regions in depression. Anxiety
was associated with increased right posterior activity, which may be
related to arousal and, in anxious-depressed individuals, offset the
posterior asymmetry typically seen in depression. These asymmetries
have been indexed by resting EEG or inferred through the use of
lateralized auditory and visual tasks (e.g., dichotic listening and
chimeric faces). However, associations between regional EEG activity
and neurocognitive function in depression or anxiety remain unclear.
The present study used matched verbal (Word Finding) and spatial
(Dot Localization) tasks to compare task-related alpha asymmetries in
depressed patients grouped according to level of trait anxiety. EEG and
behavioral performance were recorded from depressed patients with
high anxiety (n=14) or low anxiety (n=14) and 21 age- and education-
matched healthy adults during the two tasks, and alpha power was
averaged within each task. As predicted, the two patient groups
exhibited opposite patterns of regional hemispheric alpha asymmetry.
Greater right than left central-parietal activation was seen in the high-
anxiety depressed group during the spatial task, whereas greater left
than right frontal-central activation was found in the low-anxiety
depressed group during the verbal task. Group differences in task
performance were in the expected direction but did not reach statistical
significance. These results are consistent with Heller’s two-dimen-
sional model of depression and anxiety and highlight the sensitivity of
task-related EEG alpha in discriminating among subgroups of depres-
sed patients differing in trait anxiety. 

INTRODUCTION
Major depressive disorder is among the most common of

psychiatric illnesses, with a lifetime prevalence of 13 percent.1

Approximately one third of individuals with depression also have an
anxiety disorder.1,2 Individuals with this comorbidity are often more
severely depressed3 and less likely to respond to antidepressant
treatment.4 Linking particular neurocognitive abnormalities with
symptom profiles should lead to an increased understanding of the
pathways to clinical impairment and could highlight the importance of
comorbidity in treatment planning and research design. 

Comparisons of EEG activity within the alpha frequency band over
homologous right and left hemisphere regions have been used to study
regional brain asymmetry in depression. Alpha is generally presumed

to indicate relative deactivation of brain regions over which it is
recorded,5 and regional alpha power at rest has been reported to be
inversely correlated with cerebral blood flow as measured by PET6 and
fMRI.7 There is evidence that depressed patients display a frontal
asymmetry characterized by relatively less alpha power (therefore,
greater activity) over right than left frontal regions,8,9 but there have
also been inconsistent findings.10-12 Posterior alpha in depression has
been shown to exhibit an asymmetry opposite to that of frontal alpha,
indicative of greater left than right activity. This asymmetry has been
found in both currently and previously depressed individuals8,13 and in
offspring of two depressed parents.14 Posterior asymmetries were also
found to be unchanged by antidepressant treatment.15 However, not all
studies have found this pattern of posterior asymmetry.16

Heller’s two-dimensional model proposes that in both anxiety and
depression, there is an asymmetry consisting of right greater than left
frontal activity, thought to be associated with increased negative affect
in both disorders. In contrast, greater right parietotemporal activity is
thought to reflect increased arousal, which is characteristic of some
anxiety disorders. Less activity in this region reflects decreased arousal,
seen in depression as symptoms of fatigue and hypersomnia.17 When
listening to sad or fearful stories, individuals high in trait anxiety
symptoms had a rightward shift in parietal alpha asymmetry, indicative
of greater right parietal activity.18 In a study of patients with post-
traumatic stress disorder (PTSD), level of arousal appeared to predict
posterior alpha asymmetry more than did severity of depression.19

However, this asymmetry is not necessarily a feature of all anxiety
disorders. Whereas an alpha asymmetry indicating greater right activity
was found in individuals high in anxious arousal, individuals with
anxious apprehension, who are characterized by worry and a tendency
to ruminate, did not show an asymmetry.20 It is possible that conflicting
research findings for posterior asymmetries in depression may be due
to the presence of comorbid anxiety, in which posterior asymmetry may
be opposite to that seen in depression alone.13,21

Functional asymmetries have been assessed with tasks involving
lateralized presentation of stimuli. Dichotic listening studies using verbal
and nonverbal stimuli have supported opposite asymmetries in
depression with and without anxiety, with an increased right hemisphere
advantage for nonverbal and/or a decreased left hemisphere advantage
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for verbal stimuli in those with comorbid anxiety and depression relative
to those with depression alone.22-24 Opposite hemispheric biases in
depression with and without anxiety have also been found in studies
employing chimeric faces25,26 and comparing reaction times to right- and
left-lateralized stimuli.27

Electrophysiological asymmetries pointing to right posterior
hypoactivation, along with behavioral asymmetries on lateralized tasks,
suggest that there may also be abnormalities in cognitive functions
controlled by right posterior brain regions in some depressed
individuals. In others, in particular those with comorbid anxiety, there
may be relative hyperactivation of these regions, which might be
expected to result in better performance on cognitive tasks mediated by
right posterior regions. A study measuring event-related potentials
during phonetic and tonal target detection (oddball) tasks in patients
with either a depressive disorder, anxiety disorder, or comorbidity of
these disorders showed task-dependent hemispheric asymmetries in
N2-P3 amplitude. The greater left than right temporoparietal asymmetry
for phonetic as opposed to tonal stimuli was largest in patients with
depression alone, smallest in patients with anxiety disorders alone, and
intermediate for the comorbid patients.28 However, there have been few
other electrophysiological studies of functional asymmetries comparing
patients having depression with and without anxiety. 

One way to test the hypothesis that depression and anxiety exhibit
opposite functional asymmetries in posterior regions is to compare
performance and EEG recorded during cognitive tasks which selectively
engage the left or the right posterior regions. EEG alpha in healthy
adults recorded during a set of matched verbal (Word Finding) and
nonverbal (Dot Localization) tasks confirmed greater activation over the
left and right hemispheres, respectively.29 As would be expected given
a right posterior deficit, depressed patients show a selective weakness
on the Dot Localization task.30,31 Further, depressed patients failed to
demonstrate the task-specific posterior asymmetries found in controls,
instead showing relative left-sided activation during both tasks.31

Relative right hemisphere hypoactivation during the spatial task was
also associated with higher levels of depression in college students,
both before and after partialling out level of anxiety.32 However, a study
of men having a depressive disorder using the Word Finding and Dot
Localization tasks reported finding left frontotemporal hypoactivation.33

Conflicting findings for depressed patients could arise from the failure to
take into account comorbid anxiety disorders, or methodological
differences across studies, e.g., in the reference electrode.34

The present study measured EEG and behavioral performance
during the Dot Localization and Word Finding tasks in depressed
patients having either high or low trait anxiety and in healthy controls.
Depressed patients with low levels of anxiety were predicted to show
an increase in the normal EEG asymmetry of greater left than right
activation during the verbal task and a reduction in the normal
asymmetry of greater right than left activation during the spatial task.
In contrast, in depressed patients with high levels of anxiety, the right
temporoparietal region was expected to show increased activation
during both tasks, with an opposite effect of decreasing the normal
asymmetry in the verbal task and increasing the normal asymmetry in
the spatial task. While it was expected that depressed patients with low
anxiety would show a relative performance deficit on Dot Localization
consistent with right hemisphere dysfunction, patients with high anxiety
were instead expected to show similar performance on the two tasks
or better Dot Localization than Word Finding performance due to
increased activation in right posterior regions. 

METHODS
Participants

Currently depressed patients were recruited from inpatient and
outpatient clinics at the New York State Psychiatric Institute. DSM-IV
Diagnoses were made by research psychiatrists based on a structured
interview. Age-matched healthy comparison participants were recruited
from postings around the medical center and from online
advertisements. Healthy controls were free of past or present DSM-IV
diagnosis. All participants were fluent in English and had learned
English prior to age 7. Handedness was determined via the score on
the Edinburgh Handedness Inventory,35 and left-handed participants
(laterality quotient < 0) were excluded. 

Self-ratings were obtained from the Beck Depression Inventory
(BDI)36 and the State-Trait Anxiety Inventory-Form Y (STAI-Y).37 The
patients were classified as high-anxiety depressed or low-anxiety
depressed via the median split procedure based on level of self-rated
trait anxiety. Patients with trait anxiety scores ≥ 82 were classified as
high-anxiety depressed (range = 82 – 97) and those with scores < 82
were classified as low-anxiety depressed (range = 60 – 80). For
descriptive purposes, these groups are referred to as high- and low-
anxiety, although patients in the low-anxiety depressed group may still
have some level of anxiety. Trait anxiety scores from healthy controls
did not overlap with patient scores. 

The final sample included 14 participants in the high-anxiety
depressed group, 14 participants in the low-anxiety depressed group,
and 21 participants in the control group. Of the 28 patients, 22 had a
diagnosis of major depressive disorder, 7 had a diagnosis of dysthymia
(3 of whom also met criteria for major depressive disorder), and 2 had a
diagnosis of bipolar II disorder. Nine of the patients also met criteria for
an anxiety disorder (1 social phobia, 4 simple phobia, 1 panic disorder,
and 3 obsessive-compulsive disorder). These 9 included 8 of 14 in the
high-anxiety depressed group and 1 of 14 in the low-anxiety depressed
group. Demographic information for the final sample is reported in Table
1. There were no significant group differences in age, years of education,
handedness score, or in the proportion of men to women.

Self-ratings of depression (BDI) and trait anxiety (STAI-Y) were
compared among groups and are summarized in Table 1. As expected,
trait anxiety differed significantly between groups (F (2,46) = 170.13, p
< .001). Pairwise testing indicated that all groups differed from each
other (all p-values < .001), with highest anxiety in the high-anxiety
depressed group and lowest anxiety in the control group. A significant
group difference in BDI depression scores was also found (F (2,46) =
106.25, p < .001). Pairwise testing revealed that both patient groups
were significantly more depressed than controls (p-values < .001).
Additionally, the high-anxiety depressed group had significantly higher
BDI scores than the low-anxiety depressed group (p = .003). These
results are unsurprising in light of evidence that self-report measures
of depression and anxiety are highly correlated.38 Overall, depressed
men and women did not differ on level of depression (t (26) = .54, p =
.59) or anxiety (t (26) = -0.42, p = .68). 
Tasks

A pair of psychometrically matched verbal (Word Finding) and spatial
(Dot Localization) tasks39-41 were used to examine EEG asymmetries
related to verbal and nonverbal task performance in depression. In the
Word Finding task, individuals are presented with a written definition and
must determine the word being defined (e.g., “A person who works for a
skilled worker to learn a trade” Answer: “apprentice”). The Dot Local-
ization task is a measure of visual localization which presents individuals
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with two open rectangles, one above and slightly to the left of the other.
The top rectangle contains two dots, and the bottom rectangle contains
a matrix of numbers. Individuals are required to indicate the two numbers
in the matrix that would be covered by dots if the rectangle containing
dots were placed over the rectangle containing numbers. Number
matrices ranged from 13 to 50 numbers.

The Word Finding and Dot Localization tasks were adapted from
their original booklet form to be administered on a PC. Thirty-item
forms of each task were created, and approximately equal difficulty of
the forms was verified by calculating the mean and standard deviation
percent correct and response latency for each item based on a
separate, preliminary sample of nine healthy adults. The tasks were
administered in a fixed order (Word Finding first, Dot Localization
second) consistent with the normative procedure and prior studies.39-41

In both tasks, participants pressed a button to indicate they were ready
to respond. Responses were given verbally and recorded by an
examiner. The Word Finding score was the number of definitions
correctly identified. The Dot Localization score was the number of trials
on which both numbers were correctly identified. 
EEG Recording and Analysis

Continuous EEG was recorded from 12 sites (F3/4; C3/4; P3/4; F7/8;
T7/8; P7/8) using a 72-channel Biosemi ActiveTwo system (256
samples/s; DC-128 Hz; 24-bit resolution; active reference composed of
common mode sense [PO1] and driven right leg [PO2]). Additional
channels included nose (offline reference) and bipolar eye channels (left
and right outer canthi; above and below right eye) to monitor lateral eye
movements and blinks. Data were converted to the 16-bit continuous
data format (CNT) used by NeuroScan and re-referenced to the nose
using PolyRex software.42 A high pass filter of 0.3 Hz (-24 dB/octave) was

applied. Volume-conducted blink artifacts were removed from the raw
EEG using a spatial singular value decomposition filter generated from
identified blinks and artifact-free EEG periods.43 One-second EEG
epochs (50% overlap) were extracted from the continuous recording
during the two task conditions, beginning at the onset of each task
stimulus and ending with the participant’s button press, and screened for
electrolyte bridges.44 Horizontal eye artifacts were removed from EEG
epochs using a linear regression of lateral EEG differences to remove
correlated activity (+/- beta weight/2) of each lateral channel.45 To
maximize the number of artifact-free epochs, a reference-free approach
was used to identify artifactual EEG epochs for any given trial,46 which is
based on the electrical distance measure introduced by Tenke and
Kayser.44 Using this measure, channels with extreme values outside a
median-based range47 were flagged, and these artifactual surface
potentials were replaced by spherical spline interpolation48 from artifact-
free channels of the complete montage. Removal of artifactual epochs
was then verified interactively. 

Power spectra were computed by Fast Fourier Transform (1Hz
resolution) from artifact-free EEG epochs after data were baseline
corrected and cosine-tapered over the entire epoch. Power spectra
were averaged across all available epochs for each task at each
electrode. Power density was averaged across 8-13 Hz (alpha) and
transformed using natural logarithms to normalize the data. 

Because different reference schemes have been shown to affect
EEG asymmetry,34 for comparative purposes the EEG data were also
mathematically re-referenced to the averaged mastoids, and additionally
these averages were analyzed.
Statistical Analysis

Gender was not included as a factor in the ANOVA models due to
some small cell sizes. However, exploratory analyses including gender
did not yield main effects or interactions involving gender for task
accuracy or task-related alpha asymmetries. 
Performance data

To test the hypothesis that the groups would differ with regard to
accuracy on the verbal and spatial tasks, the data were analyzed using
repeated-measures ANOVA, with a between-subjects factor of group
(high-anxiety depressed, low-anxiety depressed, and control) and a
within-subjects factor of task (verbal and spatial). 
Task-related EEG data

Log power measures were evaluated using repeated-measures
ANOVA. The between-subjects factor was group (high-anxiety
depressed, low-anxiety depressed, and control), and the within-
subjects factors were task (verbal and spatial), hemisphere (left and
right), and region (frontal, central, and parietal). Frontal electrodes
were F3, F4, F7, and F8. Central electrodes were C3, C4, T7, and T8.
Parietal electrodes were P3, P4, P7, and P8. Within each region,
power was averaged across medial and lateral sites after preliminary
analyses indicated no significant effects of interest for this variable. 

F-ratios were evaluated using degrees of freedom computed with
the Greenhouse-Geisser epsilon correction on tests involving more
than 1 degree of freedom on within-subjects factors. Significant
omnibus F-tests involving factors with more than two levels were
followed-up with Bonferroni-adjusted pairwise comparisons (GLM
procedure, SPSS Statistics 17.0).

RESULTS
Performance

Overall accuracy on the tasks did not differ significantly by group
(F (2,46) <1; ns). Contrary to expectation, there was no significant
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Table 1
Participant characteristics

High-anxiety Low-anxiety
depressed depressed Control

Gender
M/F 8/6 4/10 9/12

Age (yrs.)
Mean 39.9 31.4 34.0 
SD 11.7 12.8 11.8

Education (yrs.)
Mean 15.1 15.9 15.8
SD 2.8 1.8 3.1

Handedness (Laterality Quotient)
Mean 79.6 79.1 82.5
SD 18.7 29.0 26.3

BDIa

Mean 31.1 22.9 1.8
SD 9.6 5.9 2.3

STAI-Y Trait Anxietyb

Mean 86.7 71.7 44.1
SD 4.6 7.4 7.8

a Significant difference among groups in BDI score (F (2,46) =
106.25, p < .001); High-anxiety depressed > Low-anxiety depressed
> Control. 
b Significant difference among groups in STAI-Y Trait Anxiety, F
(2,46) = 170.13, p < .001; High-anxiety depressed > Low-anxiety
depressed > Control.



Group x Task interaction (F (2,46) < 1, ns). Post-hoc analyses were
used to determine whether there were more subtle group differences
in Word Finding versus Dot Localization task performance. To control
for between-subject variability in overall level of performance due to
general cognitive factors such as attention and motivation, which can
be assumed to influence the tasks equally, task-asymmetry scores
were calculated as the accuracy difference between verbal and
spatial tasks.49 A positive score, indicating better performance on the
spatial than the verbal task, was achieved in 36 percent of high-
anxiety depressed participants, 18 percent of low-anxiety depressed
participants, and 24 percent of controls. Although these proportions
are in the expected direction based on the hypothesis of increased
right hemisphere activation in anxiety states, Fisher’s exact test
revealed that the groups did not differ significantly (Fisher’s exact
test, p = .37). Despite the lack of between-group differences, evalu-
ation of whether scores on verbal and spatial tasks differed within
each group was made using two-tailed paired t-tests.30 Better
performance on the verbal than the spatial task was seen in the low-
anxiety depressed (t (13) = 2.64, p = .02) and control (t (20) = 2.29,
p = .03) groups, but the high-anxiety depressed group had essentially
equal performance on the two tasks (t (13) = 0.28, p = .79). Percent
correct for each task and asymmetry scores for the three groups are
shown in Table 2.
Task-Related Alpha

Alpha asymmetries (right – left log alpha power) during the Word
Finding and Dot Localization tasks for each group at frontal, central, and
parietal regions are displayed in Figure 1. For the nose-referenced data,
the predicted 4-way Group x Task x Hemisphere x Region interaction
approached significance (F (4,92) = 2.29, epsilon = .825, p = .08). This
interaction reflects group differences in patterns of regional hemispheric
asymmetry for each task. Significant hemispheric asymmetries were in
the expected direction for the spatial and verbal tasks, but each group
showed an asymmetry predominantly in only one or the other of the
tasks. Specifically, paired t-tests of hemispheric effects with group, task,
and region held constant indicated that the high-anxiety depressed
group showed less alpha (greater activation) over right than left central
(p = .003) and parietal (p = .03) regions in the spatial task, but had no
significant asymmetries in the verbal task. In contrast, the low-anxiety
depressed group showed less alpha (greater activation) over the left
than right hemisphere in frontal (p = .01) and central (p = .03) regions
in the verbal task, while displaying no significant asymmetry in the
spatial task. The control group had a pattern similar to that seen in the
low-anxiety depressed group, with significantly less alpha (greater
activation) over the left than right hemisphere in all regions for the
verbal task (frontal p = .002, central p < .001, parietal p < .001) and no

significant asymmetry for the spatial task. The 4-way interaction was not
significant with a linked-mastoids reference (F (4, 86) = 1.43, p = .24). 

Figure 1 also illustrates the group differences in overall hemi-
spheric asymmetries, which are most prominent in the central region.
The low-anxiety depressed patients and controls had a tendency
toward greater left hemisphere activation (greater right alpha),
whereas high-anxiety depressed patients had a tendency toward
greater right hemisphere activation (greater left alpha). In order to
further examine this difference in overall hemispheric asymmetry, a
combined asymmetry score was computed for each region by
averaging alpha asymmetries (right – left log alpha power) across the
two tasks. This is similar to a combined index of perceptual asymmetry
used in a dichotic listening study of depressed patients with or without
a comorbid anxiety disorder.23 Combined asymmetry scores for the
three groups are presented in Table 3. The results confirmed that group
differences were strongest in the central region, where the groups
differed significantly in combined asymmetry (F (2,46) = 3.71, p = .03).
The control group differed from the high-anxiety depressed group (p =
.04) in showing relatively stronger left hemisphere activation across
tasks, whereas the high anxiety-depressed group showed relatively
greater right hemisphere activation across tasks. The low-anxiety
depressed group did not differ significantly from either the high-anxiety
depressed (p = .14) or control (p = 1.0) group. There were no group
differences in combined asymmetry scores for either the frontal (F
(2,46) = 1.32, p = .28) or parietal regions (F (2,46) < 1, ns).

BDI and STAI-Y scores were significantly correlated in the
combined sample of depressed patients (Pearson r = .57, p = .002).
Correlations between each of these scores and the combined
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Table 2
Mean (SD) percent correct on Word Finding and Dot Localization tasks

Word Dot
Finding Localization Difference 

High-anxiety 
depressed 75.0  (17.3) 72.9  (23.2) 2.1  (29.0)
Low-anxiety 
depressed 83.6  (  9.1) 71.2  (16.2) 12.4  (17.6)a

Control 81.1  (13.4) 72.9  (20.4)  8.3  (16.5)a

a Significant difference in accuracy for Word Finding and Dot
Localization tasks (p<.05)

Figure 1.
Regional alpha asymmetries recorded during the Word Finding and Dot
Localization tasks.



asymmetry score were examined to determine whether depression or
trait anxiety were related to hemispheric asymmetry. The association of
combined central asymmetry with trait anxiety approached significance
(r = -.309, p = .06) in the expected direction, i.e., greater right-hemi-
sphere activation (less alpha) associated with higher trait anxiety,
whereas the association of combined central asymmetry with
depression was not significant (r = -.10, p = .31). This suggests that
trait anxiety was a better predictor of alpha asymmetry during cognitive
processing than depression. Nonsignificant correlations with BDI and
STAI-Y scores were obtained for the combined frontal asymmetry and
combined parietal asymmetry scores and for the individual task
asymmetry scores in each of the three regions. 

DISCUSSION
Electrophysiological Data

The results were in accordance with predictions made on the basis
of the two-dimensional model of depression and anxiety.25 Group
differences in task-related regional hemispheric alpha asymmetries
were found, with different asymmetry patterns for depressed patients
with high and low trait anxiety. Significant task-related hemispheric
asymmetries were all in the expected direction, but the groups differed
in terms of which task produced an asymmetry. In the high-anxiety
depressed group, the Dot Localization (spatial) task was accompanied
by greater activation over right than left central and parietal regions,
but no hemispheric asymmetries were present during the Word Finding
(verbal) task. In contrast, the low-anxiety depressed group had no
significant regional asymmetries in the spatial task, but showed greater
activation over left than right frontal and central regions during the
verbal task.

These results were not found for the linked-mastoids reference,
suggesting that the nose reference scheme may be more sensitive in
detecting these task-related asymmetries, owing to the topographies of
signal and noise across the recording montage (including the
reference). Similarly, in an earlier study using these tasks, correlations
between depression and alpha asymmetry in the spatial task were
greater for a nose than a linked-ears reference.32

It has been previously demonstrated that these tasks asymmetrically
activate brain regions in non-depressed adults, with greater right-sided
activation during the spatial task and greater left-sided activation during
the verbal task in both the central and parietal regions (using both
averaged-ears and vertex reference montages)29,31 with no task-related
alpha asymmetry present in a depressed sample.31 Results for the
healthy participants in the present study suggested a pattern consisting
of the expected asymmetry only in the verbal task, with a nonsignificant
opposite asymmetry in the spatial task. Upon closer inspection, this lack
of asymmetry in the spatial task in healthy adults is consistent with

previous findings in which hemispheric differences appeared to be
primarily the result of asymmetries in the verbal task.31 Similarly, in the
dichotic listening literature, left hemisphere advantages for verbal tasks
are typically more robust than right-hemisphere advantages for
nonverbal tasks.23,50 Although a recent study reported that subclinical
depression was associated with reduced right hemisphere activation
during the spatial task,32 undiagnosed depression is unlikely to account
for our negative finding because the present sample of healthy adults
was screened for psychopathology (also see their low BDI score in Table
1). Finally, right-handed button press and verbal responding may have
increased the left-hemisphere demand of both tasks, reducing the right
greater than left asymmetry in the spatial task. 

The lack of significant task-related asymmetry in a depressed
sample in a prior study31 may have been related to failure to distinguish
between depressed patients with high and low trait anxiety levels.
While partialling out the effects of anxiety from depression in a healthy
sample did not affect the task-related alpha asymmetry,32 depressed
patients having high anxiety in the current study showed different task-
related asymmetries when compared to patients with low anxiety and
healthy adults. From the current findings, it may be inferred that
depressed individuals with low trait anxiety have a tendency toward
greater left-hemisphere activity, which in effect maintained the
expected task-related asymmetry in the verbal task but reduced it in
the spatial task. In contrast, depressed individuals with high trait
anxiety have an opposite tendency, which heightened the right
hemisphere advantage on the spatial task and decreased the left
hemisphere advantage on the verbal task. These results are in line
with previous EEG evidence of greater left than right posterior activity
in both currently and previously depressed individuals8,13 and a reduc-
tion in the normal right hemisphere superiority for face processing in
depressed patients.51 The opposite pattern observed in the high-
anxiety depressed patients in the present study is consistent with
evidence of greater right that left hemisphere activity measured by
dichotic listening studies in patients with comorbid major depressive
and anxiety disorders,22-24 opposite patterns of asymmetry in reaction
time to lateralized stimuli in depressed versus anxious patients,27

chimeric face perception studies in individuals grouped according to
levels of trait anxiety and depression,25,26 and resting alpha asymmetry
at posterior sites in patients with comorbid major depressive and
anxiety disorders.13,21 While few studies have examined electro-
physiological asymmetries associated with cognitive functions, results
from this study are also consistent with an ERP study suggesting
opposite effects of anxiety and depression in functional asymmetry.28

Performance Data

The prediction of differential task performance between the groups
was only partially supported. Low-anxiety depressed patients and
controls performed better on the verbal than spatial task, whereas
high-anxiety depressed patients performed approximately equally on
the two tasks; however, the interaction of group and task did not reach
statistical significance, suggesting that the group differences in task
performance were not sufficiently robust to yield statistical significance. 

Future studies would benefit from the use of more sensitive scales to
discriminate between depression and anxiety. Scales used to measure
depression and anxiety have been found to be correlated.38 It is likely
that the overlap of symptoms measured by the BDI and STAI-Y scales,
which was clearly reflected in higher levels of depression, as well as
anxiety, in the high-anxiety than the low-anxiety depressed group,
resulted in non-optimal classification of depressed patients as high- or
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Table 3
Mean (SD) combined asymmetry 

(right – left log alpha power) across tasks

Frontal Centrala Parietal 
High-anxiety 
depressed -.012 (.100) -.038 (.141) .002 (.153)
Low-anxiety 
depressed .023 (.161) .082 (.153) .046 (.122)
Control .052 (.085) .101 (.165) .070 (.149)
a Significant difference among groups in combined asymmetry
scores, F(2,46)=3.71, p=.03.
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