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Objective: The study investigated the hy-
pothesis that EEG asymmetry scores (indi-
cating higher right and lower left frontal
brain activity) are associated with vulner-
ability to negative mood states and de-
pressive disorders. Gender and clinical
history variables were examined as fac-
tors that may influence the relation be-
tween EEG and depression.

Method: EEG measures of asymmetrical
alpha frequency (7.5–12.5 Hz) suppres-
sion were analyzed in 55 young adults
with a documented clinical history of
childhood-onset depression and 55 com-
parison subjects with no history of major
psychopathology. EEG patterns were ex-
amined in relation to operational diag-
noses of mental disorders during child-
hood and adulthood.

Results: Differences in EEG asymmetry
between childhood depression probands

and comparison subjects varied with gen-
der, diagnostic history, and current symp-
toms. Women with childhood depression
had higher right midfrontal alpha suppres-
sion, and men with childhood depression
had higher left midfrontal alpha suppres-
sion, relative to comparison subjects. At all
scalp sites, women showed greater alpha
power than men. Probands with a bipolar
spectrum course had the most extreme
midfrontal asymmetry. Frontal asymmetry
was more extreme in probands with cur-
rent depressive symptoms than in those
without current symptoms.

Conclusions: Regional brain activity is
influenced by gender and variability in
clinical course. The findings have implica-
tions for investigating brain correlates of
mood disorder and may help to develop
more refined phenotypes.

(Am J Psychiatry 2002; 159:934–940)

Several studies of quantitative electroencephalogra-
phy have sought to relate emotion, temperament, and de-
pression to individual differences in resting frontal alpha
asymmetry (1). On the basis of the evidence, it has been
proposed that asymmetry scores reflecting higher right
and lower left frontal brain activity may signify vulnerabil-
ity to negative mood and depressive disorders (2–4). Our
ongoing program of research on risk for depression tested
this hypothesis in a clinically well-defined group of young
adults with a history of mood disorder beginning during
childhood (5).

Characteristic patterns of lateralized brain activity have
been associated with emotional tendencies across devel-
opment, including separation distress during infancy (6),
social competence in toddlers (7), self-reported emotional
experience in adults (8), and responses to laboratory chal-
lenges in children (9) and adults (10). The primary frame-
work for explaining such observations is the approach-
withdrawal model of frontal brain asymmetry (1–3). Ac-
cording to this model, the left frontal cortex is part of a neu-
ral system that promotes approach-directed emotional re-
sponses, and the right frontal cortex is part of a system that
facilitates withdrawal-directed emotional responses. Lat-
eralized frontal brain activity may reflect the balance of ac-

tivity in neurobehavioral systems for emotion regulation.
When applied to depression, the model suggests that ex-
treme patterns of relevant brain activity may maintain pro-
tracted negative mood in affective disorders (2).

The primary dependent measure in EEG asymmetry
studies has been suppression of power in the alpha band.
Alpha is the dominant frequency in the human EEG wave-
form, and it is suppressed at occipital and central sites
during visual or motor stimulation, respectively (presum-
ably from desynchronized electrical fields generated by
pyramidal neurons) (11). Relative measures of alpha
asymmetry minimize between-participant differences in
skull morphology that influence absolute power (12) and
are typically computed as logarithmic differences scores
(e.g., ln F4 alpha – ln F3 alpha).

Studies of EEG alpha asymmetry and depression have
examined juvenile and adult populations. For example,
high-risk offspring of depressed mothers displayed left
frontal hypoactivation and atypical power, relative to low-
risk youngsters (13, 14). Decreased relative left midfrontal
alpha suppression also has been observed in adults with
current or remitted depression (15, 16). In posterior areas
implicated in emotional perception, some patients dis-
played the reverse pattern of lower right and higher left
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parietal activity, relative to normal comparison subjects
(15, 17). However, inconsistent findings for EEG asymme-
try and depression have focused attention on possible me-
diating or moderating factors (18, 19). Major factors may
include variability in clinical diagnoses (19), stability of
asymmetry measures (12, 20), and differences between
men and women (21).

The issue of diagnostic variability is particularly impor-
tant in studies of depressive disorders, given the heteroge-
neity of clinical phenotypes and the high rates of comorbid
psychiatric disorders. For example, Heller and Nitschke
(22), focusing on comorbidity between depression and
anxiety, argued that anxious arousal could offset effects of
depression on alpha asymmetries, especially at posterior
sites. Consistent with this perspective, Bruder and his col-
leagues (17) reported that depressed patients without anx-
iety disorders (N=25) showed posterior asymmetry consis-
tent with lower activity over the right and higher activity
over the left parietal sites, while patients with comorbid
anxious depression (N=19) had higher activation over
right frontal and parietal sites, relative to normal compar-
ison subjects (N=26). Likewise, adolescent girls (N=8) with
“pure” major depression reportedly displayed more ex-
treme posterior alpha asymmetries than girls with comor-
bid depression and anxiety (N=11) and girls with anxiety
disorders only (N=6) (23). In addition, relative right frontal
asymmetry has been observed in girls but not in boys with
oppositional defiant disorder (N=119) (24), but previous
EEG studies have not examined behavior disorders co-
morbid with depression.

In addition to comorbid disorders, clinical phenotypes
of depression include unipolar or bipolar course (25). Al-
though one small EEG study examined women with bipo-
lar seasonal affective disorder (26), no studies have com-
pared subjects with unipolar and bipolar depression.
Because major depression beginning during childhood is
associated with conversion to bipolar disorder in up to a
third of cases (27), such populations may be valuable for
such comparisons.

In the present article, we report on the baseline pattern-
ing of EEG alpha asymmetry in young adults with a history
of childhood-onset depression or no history of major psy-
chopathology. The clinical probands had a documented
history of childhood depression and well-characterized
outcomes into adulthood. Most had recurrent depression
and a positive family history for mood disorder (28). We
tested the primary hypothesis that childhood depression
probands have higher levels of right frontal brain activity
and lower levels of left frontal brain activity, relative to
comparison subjects without a history of major psycho-
pathology. We also examined whether gender differences,
diagnostic history, and current symptoms influence pat-
terns of frontal brain asymmetry.

Method

Participants

Data were derived from 55 young adults with a history of child-
hood-onset depression and 55 adults with no psychiatric history
who had been participants in a larger research program on risk
for juvenile-onset mood disorders. Childhood depression pro-
bands were recruited through prior research studies or commu-
nity media advertisements. Depression probands had to have
clinical or research records supporting the presence of DSM-III
and DSM-IV diagnostic criteria for major depressive disorder or
dysthymic disorder by age 14.99 years. The comparison group
was recruited through a Coles Directory search, a neighborhood
program in a low-socioeconomic-status area, and previous re-
search studies. Potential comparison subjects were excluded if
they met criteria for and were impaired by psychopathology any
time in their life or if they reported elevated depressive symptoms
at the psychophysiology assessment. Written informed consent
was obtained from all participants.

Groups were comparable on demographic characteristics. The
childhood depression group included 27 men and 28 women, and
their mean age was 26.0 years (SD=3.2). In this group, 65.5% of the
subjects were Caucasian (N=36), 25.5% were African American
(N=14), and 9.1% had other ethnic backgrounds (N=5). Approxi-
mately 85% (N=47) were right-handed, according to the Edin-
burgh Handedness Inventory (29). Nine (16.4%) were taking psy-
chotropic medication at the time of the psychophysiology
assessment, and 37 (67.3%) were treated with psychotropic med-
ication during their lifetime. The comparison group consisted of
17 men and 38 women, and their mean age was 27.2 years (SD=
5.8). In this group, 81.8% of the subjects were Caucasian (N=45),
16.4% were African American (N=9), and 1.8% had another ethnic
background (N=1); 89.1% (N=49) were right-handed.

Procedures

Psychiatric diagnoses and symptom ratings. Inf o r m a t i o n
about lifetime psychiatric disorders was obtained through one of
several means. For patients who had participated in a longitudi-
nal naturalistic follow-up study since they were children (5), diag-
noses had been derived through repeated assessments with the
semistructured Interview Schedule for Children and Adolescents
and Follow-Up Interview Schedule for Adults (30) in which the
proband and the parent (or other adults) as the second informant
had been interviewed. These diagnoses were supported by medi-
cal records, as needed. Other probands who had participated in
research studies for a limited number of years while children, as
well as the remaining subjects, were assessed with the Structured
Clinical Interview for DSM-IV Axis I Disorders, Patient Edition
(SCID) (31) adapted to include selected childhood and axis II di-
agnoses. For the SCID, a second informant also was required, as
well as supporting clinical or related psychosocial records. Expe-
rienced research clinicians assessed each participant and each
participant’s second informant. On the basis of all available SCID
data and medical/research records, two independent senior psy-
chiatrists, who were blind to group status, provided final diag-
noses using DSM-IV and DSM-III criteria and Research Diagnos-
tic Criteria. Disagreements were resolved by consensus.

All clinical probands had major depression or dysthymia dur-
ing childhood. For the current analyses, other lifetime diagnoses
of interest were designated as dichotomous variables (1=present,
0=absent), including 1) bipolar spectrum disorders (i.e., bipolar I
or bipolar II disorder; 11 men and 10 women), 2) early-onset be-
havior disorders (i.e., conduct, oppositional, and attention deficit
disorders by age 14.99 years; 13 men and nine women); and 3)
early-onset anxiety disorders (i.e., separation anxiety, overanx-
ious, atypical anxiety, phobia, obsessive-compulsive, panic, gen-
eralized anxiety, and posttraumatic stress disorders by age 14.99
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years; 16 men and 15 women). Among the 21 probands who had
developed some form of bipolar disorder, 14 (seven men and
seven women) also had behavior or anxiety disorders, and most
had both. Among the 34 probands with unipolar depression, 10
(four men and six women) had a behavior disorder, 19 (nine men
and 10 women) had anxiety without behavior disorders, and five
had neither a behavior nor an anxiety disorder. Notably, no pro-
bands with unipolar depression had both behavior and anxiety
diagnoses during childhood.

At the time of the psychophysiology assessment, symptomatic
status was assessed by self-rating and clinical evaluation. Partici-
pants self-rated their symptoms using the Beck Depression In-
ventory (32) and the Beck Anxiety Inventory (33), 21-item scales
that quantify, respectively, depressive and anxious symptoms and
attitudes. Trained raters used a structured interview format to
complete the Follow-Up Depression and Anxiety Scales, com-
posed of selected items from the Follow-Up Interview Schedule
for Adults (30), which provided a broader clinical picture of a re-
spondent’s symptomatic status.

Physiologic data acquisition. EEG acquisition followed stan-
dard guidelines (34). An electrode cap (ElectroCap, Eaton, Ohio)
was positioned according to the expanded 10–20 International Sys-
tem (35). Electrodes were placed at sites F3, F4, AF3, AF4, F7, F8,
FC1, FC2, FC5, FC6, C3, C4, T7, T8, P3, P4, P7, P8, O1, and O2. Re-
cordings were made with a vertex (Cz) reference. The isolated-
common ground was AFz. The electro-oculogram (EOG) was re-
corded with a bipolar reference. Six-mm tin electrodes were placed
above and below the right eye to record blinks and vertical eye
movements and on the outer canthi to record horizontal eye move-
ments. Scalp electrode impedances were below 10 kΩ throughout
the session (with left-right pairs generally within 0.5 kΩ), resulting
in a very low level of electrical noise in the EEG signals.

EEG data were collected during six 1-minute resting baseline
periods with the eyes either open (O) or closed (C). Two counter-
balanced orders were used (OCCOCO/COOCOC). Data were col-

lected with equipment and software from the James Long Com-
pany (Caroga Lake, N.Y.). The bioamplifier was set for band-pass
filtering with half power cutoff frequencies of 0.01 and 100 Hz (12
dB/octave roll-off). The gain was 5000 for the EEG channels and
2500 for the EOG channels. Data were digitized continuously at
512 Hz.

Physiology data reduction. Automated regression-based al-
gorithms minimized blink artifacts in the EEG (10), and manual
scoring excluded periods confounded by movements, muscle
tension, and large saccades. The data were transformed from a
Cz- to average-reference montage, and then Fourier analyses
were applied to each 1-minute baseline epoch. Hanning windows
identified 1-second periods of artifact-free data in each epoch
(50% overlap). Spectral power from 1-Hz bins was clustered into
broad bands. The band of primary interest was alpha (7.5–12.5
Hz), given that previous asymmetry and emotion results per-
tained specifically to this band (1). Alpha power (in pico-watt
ohms or microvolts squared) was averaged across baselines and
weighted by the number of artifact-free windows in each epoch.
Power values were then transformed to natural logarithms to nor-
malize the distribution for statistical analyses. Asymmetry met-
rics were computed as the natural logarithm of alpha power at the
right recording site minus the left recording site (e.g., ln F4 – ln
F3). The logarithmic difference scores are equivalent to ratiomet-
ric scores of the raw data and control for individual differences in
skull morphology (12). Given that alpha power varies inversely
with cortical activation, higher asymmetry values represent
greater left relative to right brain activity.

Statistical Analyses

Primary analyses used repeated measures multivariate analy-
sis of variance and the Pillai’s trace statistic. For a priori hypothe-
ses, the alpha level was 0.05, with Bonferroni corrections for post
hoc comparisons. We report values of p (i.e., probability of mak-
ing a type I error) and η2 (i.e., proportion of accounted variance).
On the basis of previous research, a priori hypotheses focused on
alpha suppression at midfrontal sites (F3, F4), and follow-up
analyses were conducted with all sites. For example, the initial
analysis included group (childhood depression, comparison) and
gender (male, female) as between-subjects factors and hemi-
sphere (left, right) as a within-subjects repeated measure. The de-
pendent variable was midfrontal alpha power (microvolts
squared), transformed to a natural logarithmic scale (ln). Interac-
tions for hemisphere as a repeated measure in analyses of site-
specific power are equivalent to main effects for analyses of
asymmetry metrics (e.g., ln F4 – ln F3).

Results

Gender Differences

In initial analyses for midfrontal sites F3 and F4, we
found main effects for gender (F=12.70, df=1, 106, p<0.001,
η2=0.11) and hemisphere (F=4.90, df=1, 106, p<0.03, η2=
0.04). In addition, we observed a group-by-gender-by-
hemisphere interaction (F=5.47, df=1, 106, p<0.02, η2=
0.05). Figure 1 illustrates the mean values for midfrontal
asymmetry for men and women in each group. Higher
scores reflect greater relative left midfrontal alpha suppres-
sion. The figure shows that women with childhood depres-
sion had greater relative right midfrontal alpha suppres-
sion, whereas men with childhood depression had greater
relative left midfrontal alpha suppression. The magnitude
of asymmetry was greater for men than for women. Con-

FIGURE 1. Asymmetry Between EEG Measures for Right
and Left Midfrontal Regions in Subjects With Childhood-
Onset Depression and in Healthy Comparison Subjects, by
Gender

a Alpha band (7.5–12.4 Hz) power at right and left midfrontal EEG re-
cording sites (F4 and F3) was measured in microvolts squared and
transformed to natural logarithms. Asymmetry was computed as
the difference between the natural logarithms of alpha power at
the right and left recording sites (i.e., ln F4 – ln F3). Values for ln F4
and ln F3 used to compute asymmetry were as follows: men with
childhood-onset depression: 1.516 and 1.442, male comparison
subjects: 1.301 and 1.298, women with childhood-onset depres-
sion: 2.090 and 2.096, female comparison subjects: 2.021 and
1.972. Given that alpha power varies inversely with cortical activa-
tion, higher asymmetry values represent greater relative left frontal
brain activity.
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trast analyses of data for subjects with childhood depres-
sion revealed that midfrontal asymmetry differed between
men and women (t=2.00, df=53, p<0.05, η2=0.07). Gender
differences depended on both left midfrontal (F3) alpha
power (t=–2.50, df=108, p<0.01, η2=0.06) and right mid-
frontal (F4) alpha power (t=–2.64, df=108, p<0.009, η2=
0.06). Men had lower power than women at all sites.

Clinical History

Participants were hierarchically sorted on the basis of
whether they had a history of 1) lifetime bipolar spectrum
disorder (N=21), 2) unipolar depression with early-onset
behavior disorders (N=10), or 3) unipolar depression with
early-onset anxiety disorders (N=19). The five participants
who did not meet criteria for these categories were not in-
cluded in these analyses.

Specifically at midfrontal sites, we observed a diagnos-
tic group-by-gender-by-hemisphere interaction (F=3.38,
df=3, 97, p<0.02, η2=0.10) (Figure 2). Among probands
with bipolar spectrum disorder, men and women had
particularly extreme relative left and relative right mid-
frontal asymmetry, respectively. Contrast effects showed
that midfrontal asymmetry for the bipolar disorder group
differed from that for other groups (t=–2.76, df=103,
p<0.007, η2=0.07). In addition, there was an interaction
with gender (t=3.17, df=103, p<0.002, η2=0.09). When men
and women were considered separately, differences be-
tween the bipolar disorder and comparison groups re-
mained for both men (t=2.13, df=26, p<0.04, η2=0.15) and
women (t=–2.95, df=46, p<0.005, η2=0.16).

Current Depressive Symptoms

The childhood depression proband group, relative to
the comparison group, had a higher mean current Beck
Depression Inventory score (childhood depression group:
mean=9.1, SD=7.6; comparison group: mean=2.5, SD=2.3)
(F=35.05, df=1, 106, p<0.0001, η2=0.25). When the data
were viewed categorically, 19 of the 55 childhood depres-
sion probands had a high level of depressive symptoms
(i.e., Beck Depression Inventory score ≥10). This group
included both probands with a history of unipolar de-
pression and those with a history of bipolar disorder and
probands who were and were not taking psychotropic
medication (nonsignificant chi-square for group mem-
bership). Probands who were taking psychotropic medi-
cation (N=9) and those who were not (N=46) did not differ
in self-reported level of depressive symptoms (F=0.47, df=
1, 53, p=0.49, η2=0.009) or in midfrontal EEG asymmetry
(F=0.33, df=1, 53, p=0.56, η2=0.006).

Men and women with childhood depression did not dif-
fer significantly in self-reported severity of depression, as
measured with the Beck Depression Inventory (men:
mean=8.6, SD=6.6; women: mean=9.5, SD=8.5) (F=0.18,
df=1, 53, p=0.67, η2=0.003) or in the proportion of symp-
tomatic subjects (eight men and 11 women) (F=0.55, df=1,
53, p=0.46, η2=0.01). Among the comparison subjects,

there also were no gender differences in severity of depres-
sive symptoms (F=0.58, df=1, 53, p=0.45, η2=0.01). Yet, de-
spite comparable self-reported depressive symptoms in
men and women, gender differences in midfrontal asym-
metry were more extreme in the symptomatic than in the
nonsymptomatic probands.

In particular, we found a depressive symptom group-by-
gender-by-hemisphere interaction at midfrontal sites (F=
5.46, df=2, 104, p<0.006, η2=0.10). As illustrated in Figure 3,
symptomatic men with a history of childhood depression
had greater relative left midfrontal asymmetry (t=1.99, df=
42, p<0.05, η2=0.09), and symptomatic women with child-
hood depression had greater relative right midfrontal
asymmetry (t=–2.81, df=64, p<0.007, η2=0.11). Within the
childhood depression group, midfrontal asymmetry in
symptomatic women tended to differ from that in nons-
ymptomatic women (t=2.17, df=26, p<0.04, η2=0.15), but

FIGURE 2. Asymmetry Between EEG Measures for Right
and Left Midfrontal Regions in Subjects With Childhood-
Onset Depression and Other Lifetime Diagnoses and in
Healthy Comparison Subjects, by Gender

a Alpha band (7.5–12.4 Hz) power at right and left midfrontal EEG re-
cording sites (F4 and F3) was measured in microvolts squared and
transformed to natural logarithms. Asymmetry was computed as
the difference between the natural logarithms of alpha power at
the right and left recording sites (i.e., ln F4 – ln F3). Values for ln F4
and ln F3 used to compute asymmetry were as follows: men with
childhood-onset depression: 1.576 and 1.483 for those with life-
time bipolar spectrum disorders, 1.397 and 1.347 for those with
lifetime unipolar depression and behavior disorder, and 1.287 and
1.245 for those with lifetime unipolar depression and anxiety disor-
der; male comparison subjects: 1.301 and 1.298; women with
childhood-onset depression: 1.790 and 1.871 for those with life-
time bipolar spectrum disorders, 2.180 and 2.165 for those with
lifetime unipolar depression and behavior disorder, and 2.213 and
2.182 for those with lifetime unipolar depression and anxiety disor-
der; female comparison subjects: 2.021 and 1.972. Given that alpha
power varies inversely with cortical activation, higher asymmetry
values represent greater relative left frontal brain activity.
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symptomatic and nonsymptomatic men did not differ
from each other in this feature (t=–0.91, df=25, p=0.4, η2=
0.03).

We also examined the effects of current levels of anxiety
as measured by the Beck Anxiety Inventory. The childhood
depression proband group, relative to the comparison
group, reported higher levels of anxiety (childhood depres-
sion group: mean=7.8, SD=7.3; comparison group: mean=
3.3, SD=3.0) (F=16.85, df=1, 106, p<0.0001, η2=0.14). When
viewed categorically, 21 of the clinical probands had ele-
vated anxiety symptoms (i.e., Beck Anxiety Inventory score
≥8). No gender differences were present in the childhood
depression group (t=–1.20, df=53, p=0.23, η2=0.03) or the
comparison group (t=0.005, df=53, p=0.99, η2=0.0001).

Midfrontal and parietal asymmetries were comparable
for participants with and without anxiety symptoms. How-
ever, currently anxious childhood depression probands,
but not the probands without current anxiety symptoms,

differed from comparison subjects in their midfrontal-cen-
tral (FC1, FC2) asymmetry (F=4.96, df=2, 104, p<0.009, η2=
0.09). Among the childhood depression probands with ele-
vated anxiety, both men (N=8) and women (N=13) had rel-
ative right midfrontal-central asymmetry (ln FC2 – ln FC1=
–0.0554 for men and –0.0814 for women). In addition, for
occipital (O1, O2) asymmetry, we observed an interaction
of current anxiety symptom group and gender (F=4.68, df=
2, 104, p<0.01, η2=0.08). In contrast to the findings for fron-
tal asymmetry, particularly extreme relative left occipital
asymmetry was found in anxious women (ln O2 – ln O1=
0.3057) and relative right occipital asymmetry was found in
anxious men (ln O2 – ln O1=–0.0333).

Discussion

This study examined frontal brain asymmetry among
young adults with a history of childhood-onset depression
who were well characterized clinically and a comparison
group with no history of major psychopathology. Our find-
ings supported the hypothesized relation between depres-
sion and midfrontal (F3, F4) asymmetry scores reflecting
higher right and lower left frontal brain activity, but only
for women. Men with a history of childhood depression
showed the opposite pattern of extreme relative left mid-
frontal asymmetry. Gender differences in midfrontal brain
asymmetry were most extreme in childhood depression
probands with an eventual history of a bipolar spectrum
disorder and probands with elevated depressive symp-
toms at the time of the psychophysiology assessment.
Among clinical probands with currently elevated anxiety
symptoms, gender differences were present specifically at
occipital sites (O1, O2). Anxious women showed relative
left occipital asymmetry, and anxious men displayed rela-
tive right occipital asymmetry. Within the currently anx-
ious group, both men and women displayed greater rela-
tive right activity at frontal-central sites (FC1, FC2). We did
not find group differences in parietal EEG asymmetry.

The importance of gender differences in EEG asymme-
try is one of the crucial findings of our study. It is particu-
larly notable in relation to findings by Bruder and his col-
leagues (36) that extreme relative right alpha asymmetry
predicts nonresponse to fluoxetine only in depressed
women. The importance of gender differences in EEG
studies of depression has not been fully appreciated be-
cause previous studies of this disorder typically have ex-
amined only female subjects (18, 23) or included small
study groups with insufficient power to detect gender dif-
ferences (15, 16). However, our findings as well as those of
Bruder et al. (36) are consistent with prior reports on non-
clinical subjects that demonstrated large differences in
EEG asymmetry between women and men (21). Addi-
tional data are needed to clarify the psychological and
physiological mechanisms whereby differences between
women and men influence regional brain activity impli-
cated in emotion and depression (see reference 10).

FIGURE 3. Asymmetry Between EEG Measures for Right
and Left Midfrontal Regions in Subjects With Childhood-
Onset Depression and High or Low Level of Current De-
pressive Symptoms and in Healthy Comparison Subjects,
by Gender

a Alpha band (7.5–12.4 Hz) power at right and left midfrontal EEG re-
cording sites (F4 and F3) was measured in microvolts squared and
transformed to natural logarithms. Asymmetry was computed as
the difference between the natural logarithms of alpha power at
the right and left recording sites (i.e., ln F4 – ln F3). Values for ln F4
and ln F3 used to compute asymmetry were as follows: men with
childhood-onset depression: 1.694 and 1.580 for those with a high
level of current depressive symptoms and 1.442 and 1.384 for those
with a low level of current depressive symptoms; male comparison
subjects: 1.301 and 1.298; women with childhood depression:
2.087 and 2.167 for those with a high level of current depressive
symptoms and 2.093 and 2.051 for those with a low level of current
depressive symptoms; female comparison subjects: 2.021 and
1.972. Given that alpha power varies inversely with cortical activa-
tion, higher asymmetry values represent greater relative left frontal
brain activity. 

b Current depressive symptoms were assessed with the Beck Depres-
sion Inventory (32), on which scores ≥10 indicated a high level and
<10 a low level of symptoms.
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In the current study, we examined gender differences in
relation to current symptoms and diagnostic history. Previ-
ous research has established that population base rates of
depression are higher in women than in men (37) and that
women and men differ in longitudinal patterns of comor-
bidity (38). Although women have higher rates of depres-
sion, men with early-onset depression have higher rates of
comorbid behavior disorders and substance abuse; over
time these disorders tend to become uncoupled in men
but not in women (38). Such data raise the possibility that
differences in clinical symptoms and history between men
and women may account for gender differences in EEG
asymmetry. However, in the current study group, men and
women had relatively similar levels of current depressive
symptoms and did not differ in early diagnostic history,
and yet gender differences in midfrontal asymmetry were
particularly extreme in participants with a history of bipo-
lar spectrum disorders or current depressive symptoms.

The findings suggest that men and women with child-
hood depression may differ in their biological propensi-
ties for emotion regulation. Right frontal asymmetry in
women with childhood depression may reflect regulatory
tendencies characterized by withdrawal and anhedonia.
Left frontal asymmetry in men with childhood depression
may reflect regulatory dispositions primed more toward
approach-related responses for distracting oneself or
fighting off challenges. Such patterns may maintain pro-
tracted negative mood and dysfunctional coping. Possibly,
extreme right or left frontal asymmetry may be maladap-
tive (rather than left frontal asymmetry being protective in
all cases), such that individual differences in the relative
imbalance of lateralized regulatory systems may predict
depressive history or risk for subsequent episodes.

Our asymmetry finding for bipolar disorder appears
consistent with the emotional lability and dysregulation
that characterize this variant of mood disorder. Further
work is needed to examine the polarity of depression in a
larger group of subjects. For example, modeling variabil-
ity between unipolar and bipolar depression would be
facilitated by additional categorical data on diagnostic
trajectories as well as continuous measures of affective
temperament (39).

The observed relation between midfrontal asymmetry
and current depressive symptoms warrants further assess-
ment of the stability of asymmetry measures across time
and in relation to changing emotional state. Asymmetry
differences between symptomatic and nonsymptomatic
women, but not men, could signify that asymmetry may
be more state-dependent in women than men. Longitudi-
nal data across sessions and during emotion challenge
conditions may help to assess within-subject changes in
affective responses and symptoms.

In summary, our results show that patterns of resting
frontal EEG asymmetry in adults with a history of child-
hood-onset depression are influenced by substantial gen-
der differences and natural clinical variability. Attending

closely to such factors may increase the replicability of
findings regarding CNS markers of depression and may
provide clues about shared mechanisms of commonly co-
morbid psychiatric disorders.
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