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Abstract

Relatively less right parietal activity may reflect reduced arousal and signify risk for major
depressive disorder (MDD). Inconsistent findings with parietal electroencephalographic (EEG)
asymmetry, however, suggest issues such as anxiety comorbidity and sex differences have yet to
be resolved. Resting parietal EEG asymmetry was assessed in 306 individuals (31% male) with (n
= 143) and without (n = 163) a DSM-1V diagnosis of lifetime MDD and no comorbid anxiety
disorders. Past MDD+ women displayed relatively less right parietal activity than current MDD+
and MDD- women, replicating prior work. Recent caffeine intake, an index of arousal, moderated
the relationship between depression and EEG asymmetry for women and men. Findings suggest
that sex differences and arousal should be examined in studies of depression and regional brain
activity.

In recent years, researchers have examined the brain mechanisms involved in cognitive and
emotional disturbances in depressed individuals to identify endophenotypes, biological
markers of risk that may improve diagnosis and treatment of major depressive disorder
(MDD) (e.g., Hasler, Drevets, Manji, & Charney, 2004; Mayberg, 2003). Although the
research spotlight often focuses on the prefrontal and anterior cingulate cortices, the parietal
cortex has also been implicated in depression-related attention and executive function
deficits in both cognitive and emational tasks and is thus a valuable candidate of study
(Liotti & Mayberg, 2001; Mayberg, 1997). It has been argued that depression is particularly
associated with impaired right parietal cortex function, reflecting reduced arousal and
impaired processing of emotional stimuli (e.g., Bruder, 2003; Heller, 1993; Heller &
Nitschke, 1997). This impairment is evident on neuropsychological tests of perceptual
asymmetry (e.g., Heller, Etienne, & Miller, 1995; Keller et al., 2000) and in event-related
potential studies of emotional perception (Deldin, Keller, Gergen, & Miller, 2000; Kayser,
Bruder, Tenke, Stewart, & Quitkin, 2000), lateralized auditory processing (e.g., Bruder et
al., 1995; Bruder, Wexler, Stewart, Price, & Quitkin, 1999; Bruder et al., 2002) and spatial
task performance (Henriques & Davidson, 1997; Rabe, Debener, Brocke, & Beauducel,
2005), suggesting that right parietal hypoactivity in depression may manifest under many
conditions, particularly for tasks that require right hemisphere processing.
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Rather than simply serving as a state index of depression status, right parietal hypoactivity
may instead represent an endophenotype of depression that could provide insight into
mechanisms involved in risk for depression. Relatively lower right resting parietal
electroencephalogram (EEG) activity (inferred by relatively greater right alpha band
activity; see Allen, Coan, & Nazarian, 2004) distinguishes both symptomatic and remitted
depressed individuals from never-depressed individuals (Blackhart, Minnix, & Kline, 2006;
Bruder et al., 1997; Henriques & Davidson, 1990; Kentgen et al., 2000), is prominent in
family members of MDD patients (Bruder et al., 2005; Bruder, Tenke, Warner, &
Weissman, 2007), and is linked with other indices of depression risk such as low positive
emotionality (Hayden et al., 2008; Shankman et al., 2005), suggesting that parietal EEG
asymmetry may also be a psychophysiological indicator for depression risk. Consistent with
this hypothesis, parietal brain asymmetry demonstrates reliable trait-like properties in
clinical and non-clinical samples (e.g., Debener et al., 2000; Hagemann, Naumann, Thayer,
& Bartussek, 2002; VVuga et al., 2006), and in contrast to frontal asymmetry that appears to
reflect not quite 60% stable trait variance across recording sessions, parietal asymmetry has
higher trait variance, with approximately 70% reflecting stable trait variance (Hagemann et
al., 2002) and convergence across EEG reference montages (Hagemann, Naumann, &
Thayer, 2001; Henriques & Davidson, 1990; but see Reid, Duke & Allen, 1998 and
Tomarken, Dichter, Garber, & Simien, 2004).

Several resting EEG studies, however, have failed to confirm an association between right
parietal hypoactivity and depression (e.g., Debener et al., 2000; Deslandes et al., 2008;
Henriques & Davidson, 1991; Mathersul, Williams, Hopkinson, & Kemp, 2008; Nitschke,
Heller, Palmieri, & Miller, 1999). Furthermore, within high risk samples, infants of
depressed mothers have not displayed less right than left parietal activity (e.g., Dawson,
Frey, Panagiotides, Osterling, & Hessl, 1997; Diego et al., 2004; Field, Fox, Pickens, &
Nawrocki, 1995; Jones, Field, Fox, Lundy, & Davalos, 1997; Jones et al., 1998), and another
study showed that adolescents with depressed mothers exhibited relatively greater, not less,
right parietal activity than their low risk counterparts (Tomarken et al., 2004). Inconsistent
results may be due to a number of factors, including small patient samples, diagnostic
heterogeneity and anxiety comorbidity, depression recruitment strategies, and sex
differences in depression and/or EEG asymmetry (e.g., Davidson, 1998; Heller & Nitschke,
1998). With respect to patient samples, a few studies demonstrate effects in the predicted
direction but do not reach significance, likely due to the limited number of depressed
patients included (e.g., Allen, lacono, Depue, & Arbisi, 1993). Significant parietal EEG
asymmetry results between pure MDD patients and controls tend to possess a medium effect
size (e.g., Bruder et al., 1997; Reid et al., 1998), requiring a substantial number of subjects
to detect group differences, which may explain null results for studies with small sample
sizes (e.g., Henriques & Davidson, 1991). Conflicting results across studies may also be a
result of heterogeneity of depressed samples, perhaps due to subtypes of depression such as
seasonal affective disorder (e.g., Allen et al., 1993; Volf & Passynkova, 2002), anhedonic
depression (Nitschke et al., 1999), and depression co-occurring with types of comorbid
anxiety that are associated with opposing patterns of brain asymmetry than those displayed
by non-anxious depressed individuals (Heller & Nitschke, 1998). For example, anxious
apprehension (worry) has been linked to relatively less right hemisphere activity, and
anxious arousal (somatic symptoms of anxiety) to relatively more right hemisphere activity
(e.g., Heller, Nitschke, Etienne, & Miller, 1997; Nitschke et al., 1999), patterns that could
potentially exaggerate or cancel out relatively lower right parietal activity in depression.
Consistent with this proposition research indicates that: 1) individuals with MDD and at
least one anxiety disorder display relatively more right parietal activity than MDD patients
without anxiety (Bruder et al., 1997); 2) comorbid anxiety disorders in adolescents with
MDD were associated with relatively greater right parietal activity (Kentgen et al., 2000);
and, 3) comorbid anxious arousal and depression symptoms were linked to relatively greater
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right parietal activity in patients with posttraumatic stress disorder (Metzger et al., 2004).
Differences between pure and comorbid depressed individuals, however, are not consistently
found (Mathersul et al., 2008), potentially due to the type of recruitment strategy used to
obtain depressed individuals (i.e., on the basis of a DSM-IV diagnoses versus questionnaires
measuring symptoms of depression and anxiety). Null results are apparent in some studies
using questionnaires measuring current depressive symptoms (e.g., Deslandes et al., 2008;
Diego, Field, & Hernandez-Reif, 2001; Harmon-Jones et al., 2002; Nitschke et al., 1999;
Reid et al., 1998; Schaffer, Davidson, & Saron, 1983), consistent with research indicating
that some depression scales may also index anxiety (Nitschke, Heller, Imig, McDonald, &
Miller, 2001), and may cancel out lateralization effects associated with depression. Table 1
summarizes studies examining the relationship between parietal EEG asymmetry and
depression.

In addition to heterogeneity in symptom presentation, sex differences in depression may
influence patterns of regional brain activity. Most resting EEG asymmetry studies of
depression that examined differences in parietal activity have utilized only female samples
(Allen et al., 1993; Diego et al., 2001; Graae et al., 1996; Kentgen et al., 2000; Reid et al.,
1998; Volf & Passynkova, 2002) or predominantly female samples, thereby lacking the
power to reliably examine sex differences (Blackhart et al., 2006; Debener et al., 2000;
Deslandes et al., 2008; Henriques & Davidson, 1991; Nitschke et al., 1999; Schaffer et al.,
1983). Although there is some evidence that sex differences may be an important factor in
frontal EEG asymmetry and its relationship to depression (e.g., Miller et al., 2002;
Tomarken et al., 2004), parietal asymmetry (the focus of this report) has not been examined
with respect to sex differences (with the exception of Bruder et al., 2007, who found no
differences in parietal asymmetry between women and men with and without risk for
depression). Examining sex differences in depression and brain asymmetry is important,
since depressed men and women appear to display opposing patterns of frontal EEG activity
that may be differentially associated with risk for depression (e.g., Miller et al., 2002;
Stewart, Bismark, Towers, Coan, & Allen, 2010). Null results found in studies of clinical
MDD that pool similar numbers of women and men could be due to opposing patterns of
parietal activity that cancel out when sex effects are not examined (e.g., Henriques &
Davidson, 1991). Furthermore, EEG asymmetry results in the unpredicted direction
(relatively higher right parietal activity predicting depression symptoms one year later;
Pdéssel, Lo, Fritz, & Seemann, 2008) could be due to a higher number of male than female
participants included in the study.

The present investigation addressed these issues of sample-specific variability by recruiting
a substantial sample of depressed individuals (31% male) without comorbid anxiety
disorders to examine whether relatively lower right parietal activity at rest would similarly
characterize women and men with a lifetime diagnosis of MDD. Additional analyses
determined whether lifetime MDD results were due to a diagnosis of current MDD versus
past MDD. Symptoms of depression and anxiety were included in analyses to 1) confirm
that EEG asymmetry findings were not simply due to current distress among those with
lifetime MDD and 2) attempt to replicate null EEG asymmetry findings using dimensional
questionnaire measures of depression. In addition, since parietal EEG asymmetry is thought
to reflect arousal-related processes, the present study examined whether an index of arousal
(recent caffeine intake) moderated the relationship between parietal EEG asymmetry and
depression in men and women. Resting EEG was collected eight times, twice per day on
four separate days to ensure measurement of trait-related variance associated with parietal
asymmetry. In addition, asymmetry scores were calculated for four reference derivations
(average, current source density, Cz, and linked mastoid) to replicate research demonstrating
convergent results for parietal asymmetry across EEG reference montages (e.g., Hagemann
et al., 2001; Henriques & Davidson, 1990).
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Method

Participants

A total of 306 participants (95 male, 73% Caucasian; also reported in Stewart et al., 2010)
with an age range of 17 to 34 years (M = 19.1, SE = 0.1) were enrolled in the study from a
possible pool of over 10,000 individuals on the basis of their scores on the Beck Depression
Inventory (BDI; Beck, Ward, Mendelson, Mock, & Erbaugh, 1961) completed during pre-
testing in a large introductory psychology course or online after learning about the study
from a flier or referral source (please see Figure 1 for a detailed flow chart summarizing
study recruitment over a four year period). Individuals were selected to span the full range
of depressive severity (from absent to full clinical levels as well as ranges in between), and
participated in a phone screening session administered by a post-bachelors project manager
to screen for preliminary inclusion and exclusion criteria. To be eligible, individuals were
required to be strongly right-handed (a score greater than 35 on the 39 point scale of
Chapman & Chapman, 1987) and to report no history of: head injury with loss of
consciousness greater than 10 minutes, concussion, epilepsy, electroshock therapy, use of
current psychotropic medications, and active suicidal potential necessitating immediate
treatment (although participation in current psychotherapy was allowed). Those passing this
brief phone screen were invited for an intake interview, administered by a trained graduate
clinical rater. Individuals were enrolled in the study if the Structured Clinical Interview for
DSM-1V (SCID, First, Spitzer, Gibbon, & Williams, 1997) indicated that they did not meet
criteria for any DSM-1V Axis | disorder other than lifetime MDD and comorbid current
dysthymia. Inter-rater reliability analyses (performed by clinical interviewers and the first
and last authors) for a randomly selected 10% of SCIDs demonstrated inter-rater agreements
of 96% (Kappa = .81) for current MDD diagnoses and 96% (Kappa = .91) for past MDD
diagnoses. The sample of individuals with lifetime MDD was moderately impaired; with
data available from 129 of the 143 with lifetime MDD, the number of major depressive
episodes averaged 3.2 (SD = 3.1); with data available from 44 of the 62 with current MDD,
the approximate length of the current episode was 107 days (SD = 101 days). The lifetime
MDD+ group was further separated into a current MDD+ group (consisting of all
participants with current MDD, regardless of past MDD status) and a past MDD+ group
(consisting of participants with past MDD but not current MDD or current dysthymia) to
examine whether lifetime MDD results were actually due to current symptoms (indicating a
state, not a trait depression effect).l

Symptoms of depression and anxious apprehension for all groups (see Table 2) were
assessed with the Beck Depression Inventory Il (BDI-II; Beck, Steer, & Brown, 1996), the
17-item Hamilton Rating Scale for Depression (HRSD; Hamilton, 1960; intra-class
correlation of inter-rater agreement of .95 for 10% of randomly selected HRSD interviews in
the present sample), and the Penn State Worry Questionnaire (PSWQ; Meyer, Miller,
Metzger, & Borkovec, 1990). Internal consistency reliability for all questionnaires ranged
from acceptable to high in the current sample (Cronbach's alpha = .90 for BDI-II, .84 for
HRSD, .95 for PSWQ). In addition to measures of depression and anxiety, caffeine
consumption was used as a proxy for current arousal. Participants indicated the recency of
their caffeine intake by answering the question “When was the last time you consumed
caffeine? 0 = I have not used any since my last visit, 1 = earlier this week, but not yesterday,
2 = yesterday before 5pm, 3 = yesterday evening after 5pm, 4 = today.” Caffeine intake

IWithin the lifetime MDD+ group (n = 143), the following diagnoses were met: 14 (5 male) for current MDD only, 75 (20 male) for
past MDD only, 39 (10 male) for current MDD and past MDD, 2 (0 male) for current MDD and current dysthymia, 6 (1 male) for past
MDD and current dysthymia, and 7 (3 male) for current MDD, past MDD, and current dysthymia. A total of six participants with
diagnoses of past MDD and current dysthymia that were included in lifetime MDD analyses were excluded from current/past MDD
analyses due to high levels of dysphoric DSM-1V symptomatology that did not meet criteria for a current MDD diagnosis.
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ratings were averaged across sessions for each participant to obtain an index of general
caffeine consumption.

To examine whether groups differed in depression, anxious apprehension, and arousal,
univariate ANOVAs were computed with current MDD status (current MDD+, past MDD+,
MDD-) and biological sex as between-subjects variables and each questionnaire score as the
dependent variable. Effect size (Cohen's d) is reported for significant differences between
groups. A main effect of current MDD status emerged for BDI-Il (F(2, 294) = 125.5,p <.
001), HRSD (F(2, 294) = 98.3, p <.001) and PSWQ (F(2, 292) = 23.5, p < .001), indicating
that 1) the current MDD+ group endorsed higher depression scores than the past MDD+
group (both p <.001; BDI-Il1 d = 1.66 and HRSD d = 1.78), and 2) current MDD+ and past
MDD+ groups endorsed higher depression and anxious apprehension scores than the MDD-
group (all p <.001; BDI-Il d = 2.38 and .65, HRSD d = 1.69 and .42, and PSWQ d = .96
and .60, respectively). In addition, a main effect of sex emerged for BDI-11 (F(1, 294) = 4.2,
p =.04,d =.26), HRSD (F(1, 294) = 6.5, p = .01, d = .32), and PSWQ (F(1, 292) = 11.6, p
<.01, d = .43), indicating that women had higher symptom scores than men. No effects
emerged for caffeine intake (p > .28).

EEG Data Collection and Reduction

Two resting EEG sessions were completed during each visit, on four separate days with no
fewer then 24 hours between visits, and with all four visits completed within a 14 day
period.2 Each resting EEG session was recorded for eight minutes in one-minute periods of
eyes-open (O) and eyes-closed (C), in one of two counterbalanced orders (OCCOCOOC or
COOCOCCOQ). EEG data were collected continuously for each eight-minute resting session
with a 64-channel NeuroScan Synamps?2 (Charlotte, NC) amplifier and acquisition system
using Ag-AgCl electrodes, a 1000 Hz sampling rate, and a gain of 2816, with bandpass from
DC to 200 Hz prior to digitization. EEG data were acquired with an online reference site
immediately posterior to Cz and subsequently re-referenced offline to four references: 1)
average of all EEG leads = AVG, 2) current source density = CSD (using algorithms from
Kayser & Tenke, 2006 and based on the spherical spline approach summarized by Perrin,
Pernier, Bertrand, & Echallier, 1989;Perrin, Pernier, Bertrand, & Echallier, 1990), 3) Cz,
and 4) averaged (“linked”) mastoids = LM. The international 10-20 system was utilized for
electrode placement and two electrooculogram (EOG) channels (horizontal: outer canthi;
vertical: superior and inferior orbit of the left eye) were collected for ocular artifact
rejection. All impedances were kept under 10K Ohms.

Before data reduction was implemented using custom scripts in Matlab (release 2007b, The
Mathworks Inc., Natick, MA), resting EEG files were visually inspected to remove intervals
contaminated with movement and muscle artifacts. EEG files were then epoched into 117
2.048 seconds length epochs for each minute of data, overlapping by 1.5 seconds to
compensate for the minimal weight applied to the end of the epoch by the use of the
Hamming window function, retaining only epochs that did not overlap rejected segments
due to artifacts. Following epoching, a blink rejection algorithm rejected additional data
segments where ocular activity exceeded +/- 75 microvolts in the vertical EOG, and an
artifact rejection algorithm rejected segments with large, fast deviations in amplitude (e.qg.,
spikes) and DC steps in any channel. Subsequently, a Fast Fourier Transform (FFT) was
applied to all artifact-free epochs. All 2.048 second epochs were first baseline adjusted by
removing the mean of all samples in the epoch, effectively removing the large DC

20f the 21 participants who did not complete their sessions within a 2 week time frame, 15 completed all sessions within 16 days,
whereas the remaining 6 completed all sessions within 18-20 days. In addition, 7 participants attended fewer than all four EEG
assessment days (N = 4 three days, N = 1 two days, N = 2 one day), but these individuals were included in mixed linear model
analyses that successfully accommodated missing data.
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component prior to the FFT. The power spectra from all artifact-free epochs across all eight
minutes were averaged to provide a summary spectrum for each resting session (range of
artifact-free epochs per subject entered into the FFT for each single resting session = 44-931,
lifetime MDD+ men: M = 489.0, SE = 9.3, lifetime MDD- men: M = 498.6, SE = 8.7,
lifetime MDD+ women: M = 446.9, SE = 6.1, lifetime MDD- women: M = 444.3, SE = 5.3).

Finally, total alpha power (8-13 Hz) was extracted from the spectrum and an asymmetry
score for each resting session was then calculated for each site by subtracting the natural log
transformed scores (i.e., In[Right] — In[Left]) for each homologous left and right pair (FP1 &
FP2, AF3 & AF4,F7 & F8,F5 & F6, F3 & F4, F1 & F2, FT7 & FT8, FC5 & FC6, FC3 &
FC4,FC1 & FC2,T7 & T8,C7 & C6,C3 & C4,C1 & C2, TP7 & TP8, CP5 & CP6, CP3 &
CP4, CP1 & CP2, P7 & P8, P5 & P6, P3 & P4, P1 & P2, PO7 & PO8, PO5 & PO6, PO3 &
PO4, 01 & 02). Higher asymmetry score values are thought to reflect relatively greater left
than right parietal activity (i.e., relatively greater right than left alpha; cf. Allen et al., 2004).
The present study will be framing results in terms of right, not left, parietal activity because
previous research points to right parietal dysfunction in depressed individuals (e.g., Heller &
Nitschke, 1997, 1998), with lower scores thus reflective of relatively greater right activity.
Asymmetry scores for the eight resting sessions (two resting sessions within each day) were
then averaged together to create a trait measurement of regional brain activity. Separate
asymmetry scores for each of four reference montages were utilized in analyses, resulting in
four asymmetry scores per participant at each homologous pair. Although asymmetry scores
were computed for all homologous pairs of channels, analyses for the present study were
performed on a specific subset of those pairs (P2-P1, P4-P3, P6-P5, P8-P7) that correspond
to a region commonly studied in the parietal asymmetry literature (P4-P3; e.g., Bruder et al.,
1997, Shankman et al., 2005) as well as pairs of channels that neighbor P4-P3 to add
specificity to the nature of parietal asymmetry as a function of lifetime MDD status.3
Intraclass correlations indicated that parietal EEG asymmetry scores were highly stable
across the eight resting sessions for each reference montage (AVG range = .84-.89 across
parietal pairs; CSD range = .87-.91; Cz range = .81-.85; LM range = .77-.82).

Lifetime MDD Status — EEG Asymmetry Analysis

To examine the relationship between lifetime MDD status and parietal EEG asymmetry, a
full factorial mixed linear model (SAS 9.2, Gary, NC) was performed. Lifetime MDD status
(past and/or current MDD = lifetime MDD+, never depressed = lifetime MDD-) and
biological sex (male, female) were between-subjects variables, whereas reference (4: AVG,
CSD, Cz, and LM), and channel (4: P2-P1, P4-P3, P6-P5, P8-P7) were within-subjects
variables. EEG asymmetry score based on total 8-13 Hz alpha power was the dependent
variable. Effects of interest based on prior work (e.g., Bruder et al., 1997; Stewart et al.,
2009) were: 1) a main effect of lifetime MDD, and 2) a lifetime MDD by sex interaction.
Effect size (Cohen's d) is reported for significant differences between MDD+ and MDD-
groups.

Results revealed several effects that were not of primary interest that will be reported first,
with those involving MDD status being further described. Main effects of reference (F(3,
906) = 60.7, p <.001) and channel (F(3, 906) = 157.4, p <.001) were qualified by a
reference by channel interaction (F(9, 2718) = 7.1, p <.001). Most importantly, the main
effects of lifetime MDD (F(1, 302) = 37.3, p <.001) and sex (F(1, 302) = 23.9, p <.001)

3Resting EEG asymmetry results for frontal regions alone were previously reported in Stewart et al. (2010) and therefore were not
included in this manuscript.
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were qualified by a lifetime MDD by sex interaction (F(1, 302) = 51.1, p <.001), and
follow-up linear mixed models for each sex separately (see Figure 2) indicated that lifetime
MDD+ men (n = 39) displayed relatively greater right parietal activity than lifetime MDD-
men (n = 56) (p <.001, d = 1.66), whereas lifetime MDD+ women (n = 104) did not differ
from lifetime MDD- women (n = 107) (p > .34). These effects were not moderated by
channel pair (p > .08) or reference (p > .91).

Current MDD Status

A follow-up full factorial linear mixed model was run to examine whether parietal EEG
asymmetry results for lifetime MDD and sex differed as a function of current versus past
MDD status. Current MDD status (current MDD+ = all participants with current MDD,
regardless of past MDD status; past MDD+ = participants with past MDD but not current
MDD or current dysthymia; MDD- = participants without current and past MDD and
dysthymia) and sex were between-subjects variables. Within-subjects variables were
reference and channel. The interaction of interest was the current MDD status by sex
interaction.

Results (see Figure 3) indicated that a current MDD status by sex interaction emerged (F(2,
294) = 42.4, p < .001), and follow-up mixed models performed for each sex separately
demonstrated that current MDD+ men (n = 18) and past MDD+ men (n = 20) displayed
relatively greater right parietal activity than MDD- men (n = 56) (both p <.001,d = 1.18
and 2.18, respectively). In addition, past MDD+ men showed relatively greater right parietal
activity than current MDD+ men (p <.001, d =.99). Women demonstrated a different
pattern than men, wherein past MDD+ women (n = 55) displayed relatively less right
parietal activity than current MDD+ women (n = 44) (p < .001, d = 1.45) and MDD- women
(n=107; p<.001, d = .63), and current MDD+ women exhibited relatively greater right
parietal activity than MDD- women (p < .001, d = .82). These findings explain why no
significant asymmetry effects for lifetime MDD status were found for women: current MDD
+ and past MDD+ groups show opposing patterns of parietal asymmetry (and thus cancel
their effects).

Follow-Up Analysis

Current symptomatology—Two types of mixed model approaches were performed for
each of three questionnaire measures: BDI-11 intake, HRSD, and PSWQ. The first approach
was designed to assess whether current symptomatology was in fact responsible for the
current MDD status by sex EEG asymmetry effects observed, which would then suggest that
EEG asymmetry would be sensitive to state levels of depression and anxiety rather than a
trait indicator of risk for depression. Thus, hierarchical linear mixed models using Type 1
(rather than Type 3) sums of squares were run wherein reference, channel, and sex were
entered first, followed by one questionnaire (z-scored), and a questionnaire by sex
interaction (z-scored). Subsequently, current MDD status and the current MDD status by sex
interaction were added to the model. If EEG asymmetry results are not due to current
symptomatology, the current MDD status by sex interaction should remain significant.
Parietal EEG asymmetry score was the dependent variable. Results indicated that the current
MDD by sex interaction remained significant in all questionnaire analyses (BDI-II intake:
F(2,292) = 39.1, p <.001; HRSD: F(2, 292) = 40.1, p <.001; PSWQ: F(2, 290) = 46.7, p
<.001), suggesting that current symptomatology cannot account for MDD asymmetry
findings in women or men. In addition, BDI-II by sex (p > .54), HRSD by sex (p > .63), and
PSWQ by sex (p > .40) interactions did not emerge, indicating that sex differences on these
questionnaires do not meaningfully influence parietal asymmetry or mirror results for the
observed current MDD by sex interaction.
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The second mixed model approach was an attempt to replicate prior null results in the
literature using dimensional psychopathology measures (not DSM-IV categories) to predict
EEG asymmetry with Type 3 sums of squares. Each questionnaire was entered in its own
full factorial mixed model with reference and channel as repeated factors, and sex as the
other between-subjects factor. No effects emerged for BDI-1I intake, BDI-1I intake by sex,
HRSD, HRSD by sex, PSWQ, or PSWQ by sex (all p > .39).

Post-hoc examination of moderators of EEG asymmetry—The relationship
between an index of current arousal (caffeine intake) and parietal EEG asymmetry was
explored as a function of current MDD status to determine whether it might differentially
moderate patterns of parietal asymmetry in men and women and explain two effects not
previously reported in the EEG asymmetry literature, namely: a) why current and past MDD
+ men may exhibit relatively higher right parietal activity than MDD- men, and b) why
current MDD+ women might display relatively higher right parietal activity than past MDD
+ and MDD- women. A full factorial mixed model was run with current MDD and sex as
between-subject factors, reference and channel as within-subject factors, and caffeine intake
as the covariate. Parietal EEG asymmetry was the dependent variable. The effect of interest
for each model was the current MDD by sex by caffeine intake interaction.

A current MDD by sex by caffeine interaction emerged (F(2, 287) = 6.0, p <.01), and
follow-up mixed models run for each sex separately (see Figure 4) indicated that a current
MDD by caffeine interaction was significant for men (F(2, 87) = 15.9, p < .001), showing
that at low levels of caffeine intake, current MDD+ men, past MDD+ men, and MDD- men
did not differ in parietal asymmetry (all p > .07), but at high levels of caffeine intake, current
MDD+ men and past MDD+ men exhibited relatively greater right parietal activity than
MDD- men (both p <.001; d = 1.21 and d = 2.62, respectively). In addition, past MDD+
men displayed relatively greater right parietal activity than current MDD+ men (p < .001; d
= 1.17). These results suggest that the asymmetry findings for men presented in the main
analyses were only apparent at higher levels of caffeine intake, and by inference, arousal.

In addition, a current MDD by caffeine interaction was significant for women (F(2, 200) =
20.8, p < .001), demonstrating that at low levels of caffeine intake, current MDD+ women
and MDD- women displayed relatively greater right parietal activity than past MDD+
women (p =.02 and d = .49, and p <.001 and d = .75, respectively). At high levels of
caffeine intake, current MDD+ women still displayed relatively greater right parietal activity
than past MDD+ women (p < .001; d = 1.47) but now also exhibited relatively higher right
parietal activity than MDD- women (p < .001 and d = 1.35). Most importantly, Figure 4
illustrates that whereas caffeine intake did not moderate parietal asymmetry for past MDD+
women or MDD- women, it did moderate asymmetry for current MDD+ women, such that
higher caffeine intake was linked to higher relative right parietal activity. These results
account for asymmetry differences between current MDD+ and MDD- women presented in
the main analyses, and these findings also partially explain initial differences between
current MDD+ and past MDD+ women. Although current MDD+ women displayed
relatively greater right parietal activity than past MDD+ women even at low levels of
caffeine, the effect size between groups became much larger at high levels of caffeine (d =.
49 compared to d = 1.47).

Discussion

The present study examined regional parietal brain activity in a large sample of depressed
and non-depressed individuals without comorbid anxiety disorders in order to determine
whether parietal EEG asymmetry, a potential endophenotype of MDD, is moderated by sex
differences.
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Patterns of parietal EEG asymmetry were indeed different between men and women with
and without MDD. Results indicated that although lifetime MDD+ women did not differ
from lifetime MDD- women, this null finding was due to opposing patterns of parietal
asymmetry for current MDD+ and past MDD+ women. Past MDD+ women displayed
relatively less right parietal activity than MDD- women, a pattern of asymmetry consistent
with other parietal EEG studies of depression (e.g., Blackhart et al., 2006; Bruder et al.,
1997; Kentgen et al., 2000), presenting with a medium effect size similar to those previously
demonstrated in the literature (e.g., Bruder et al., 1997; Reid et al., 1999). Although current
MDD+ women exhibited higher relative right parietal activity than past MDD+ women, an
unexpected finding not previously described in the literature, this effect was partially
moderated by caffeine intake, such that the parietal asymmetry difference between past
MDD+ women and current MDD+ women was larger at high than low levels of recent
caffeine consumption. Current MDD+ women did not differ from past MDD+ women on
levels of caffeine intake, however, indicating that a higher amount of caffeine in the current
MDD+ group was not responsible for this finding. Since prior research indicates that
currently depressed patients report more anxiety than non-depressed individuals at similar
levels of caffeine ingestion (Lee, Flegel, Greden, & Cameron, 1988), it could be that current
MDD+ women had higher levels of anxious arousal (symptoms of panic) associated with
caffeine than past MDD+ and MDD- women, reflected in higher relative right parietal
activity, although additional research is needed to address this hypothesis. In summary,
results for women suggest that caffeine may affect arousal processes differently as a
function of current depression severity to obfuscate the underlying risk pattern for MDD,
and that future work on MDD and parietal asymmetry might utilize multiple measures of
arousal sensitivity to explore this possibility.

Unlike lifetime MDD results for women, lifetime MDD+ men displayed higher relative right
parietal activity than lifetime MDD- men, and this large effect size was replicated in
analyses of current MDD+ and past MDD+ men, who also displayed relatively greater right
parietal activity than MDD- men. Recent caffeine consumption moderated the relationship
between MDD status and parietal asymmetry in men, wherein current and past MDD+ men
displayed relatively higher right parietal activity than MDD- men at high but not low levels
of recent caffeine intake. These large parietal EEG asymmetry differences in men are new
findings not previously discussed in the literature, but these results may explain null findings
in parietal EEG asymmetry studies that did not examine sex differences in depression. Due
to the limited research on sex differences and EEG asymmetry in individuals with MDD
(thus far, only in frontal regions: Stewart et al., 2010 using the present sample, and Miller et
al., 2002, using a substantial male sample), further examination is needed to evaluate the
significance of parietal asymmetry in men.

Unlike parietal EEG asymmetry results for DSM-1V-defined depression categories, findings
for dimensional measures of current depression symptoms (BDI-11 and HRSD) were non-
significant, replicating other studies finding null results with depression scales (e.g., Diego
et al., 2001; Harmon-Jones et al., 2002; Nitschke et al., 1999; Reid et al., 1998), suggesting
that parietal EEG asymmetry could be linked to a more enduring trait-like factor of past
depression, as parietal results for women indicate. In addition, no relationship between
anxious apprehension (PSWQ) and parietal asymmetry were found, replicating research
finding no hemispheric differences associated with worry at rest (Nitschke et al., 1999).

Implications of Sex Differences

Relatively higher right than left parietal EEG activity is thought to reflect higher levels of
emotional arousal. Since men with current and/or past depression in the present study
exhibited relative right parietal EEG activity (and women with past depression showed the
opposite pattern), results of the present study suggest that depressed men, regardless of
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current depression status, might possess higher levels of anxious arousal than depressed
women. Prior research, however, demonstrates the opposite pattern. First, depressed women
have a higher prevalence of panic attacks than depressed men, and women with depression
also report higher incidence of palpitations and tremor/shaking, consistent with panic
disorder/attacks (Angst et al., 2002). Second, women have higher comorbidity of depression
and anxiety disorders than men (e.g., Breslau, Schultz, & Peterson, 1995; Howell,
Brawman-Mintzer, Monnier, & Yonkers, 2001).

Complicating the clinical picture further is the assertion that two types of anxiety, anxious
apprehension and anxious arousal, are associated with opposing patterns of EEG asymmetry,
with anxious apprehension linked to asymmetry in favor of relatively greater left hemisphere
activity, and anxious arousal associated with asymmetry in favor of relatively greater right
hemisphere activity (e.g., Heller & Nitschke, 1998). Although present findings indicate that
sex differences in anxious apprehension did not account for parietal EEG asymmetry
differences between depressed men and women, the present study did not include a measure
of anxious arousal, nor did it include depressed individuals with comorbid anxiety disorders,
so it must remain an empirical question as to whether higher incidence of particular types of
anxiety/anxiety disorders in depressed women and men influence differential patterns of
parietal EEG asymmetry.

Parietal EEG Asymmetry: An Endophenotype for Depression?

To be an endophenotype for depression, parietal EEG asymmetry should be specific to
depression and present as a trait-like feature, independent of state factors (Gottesman &
Gould, 2003; lacono, 1998). Results of the present study do not produce strong evidence that
reduced right parietal EEG activity is a risk marker for depression, since parietal EEG
asymmetry did not function as a trait independent of state factors. Although women with a
past history of MDD displayed lower relative right parietal activity regardless of current
arousal level (as indexed by recent caffeine consumption), women with current MDD and
men with current and/or past MDD showed higher, not lower, relative right parietal activity,
suggestive of physiological hyperarousal, not underarousal. In addition, the fact that
depressed men differed from non-depressed men only at high but not low levels of recent
caffeine intake (current arousal) indicate that higher right parietal EEG activity is dependent
on state arousal. Reduced right parietal EEG activity, however, may be a marker for features
associated with MDD pertaining to a subtype of anxiety or underarousal, warranting further
explication and examination. Since a measure of anxious arousal was not included in the
present study, it is possible that, even though no participants met criteria for DSM-1V
anxiety disorders, anxious arousal symptoms could alone or in conjunction with anxious
apprehension, moderate results for depressed participants, such that individuals with lifetime
MDD and low arousal might demonstrate relatively less right parietal activation.

Strengths, Limitations, and Synopsis

The design of the present study was beneficial for examining the relationship between MDD
status and parietal EEG asymmetry due to the recruitment of a substantial sample of
medically healthy, medication-free men and women with no comorbid anxiety disorders. In
addition, multiple sessions of EEG recording provided a reliable estimate of trait asymmetry
effects that were consistent across medial and lateral regions of the parietal cortex. Parietal
EEG results were also highly consistent across all four reference derivations, supporting the
assertion that references should possess similar signal-to-noise ratios in posterior brain
regions where EEG alpha activity is strongest (Hagemann et al., 2001).

The present study is the first to examine parietal EEG asymmetry differences in a large
sample of men and women with current versus past MDD to attempt to disentangle state
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versus trait MDD effects. The divergent patterns of EEG asymmetry for current MDD
versus past MDD, particularly in women suggests that relatively less right parietal activity at
rest may actually be an enduring risk factor for depression (characterizing those with past
MDD) but not an indicator of current severity (as it does not characterize those with current
MDD). A limitation of this study is the failure to measure specifically symptoms of anxious
arousal, which could potentially moderate the relationship between current MDD status and
EEG asymmetry in women, since higher anxious arousal symptoms are linked to relatively
greater right parietal activity in women and men with current MDD.

Limitations of the present study include a younger cohort who was not actively seeking
treatment for depression, suggesting that these findings may not be assumed to apply for
later-onset depression, or severe cases of depression in individuals receiving inpatient or
outpatient treatment. Our early-onset sample, however, was moderately depressed, as
indicated by number of major depressive episodes experienced and length of current
depressive episodes, and thus might be expected to have a recurrent or chronic course of
depression (cf. findings with chronic depression, Klein et al., 1999), potentially generalizing
to depression later in life. Although results of the current study are most generalizable to a
young medication-free sample without comorbid Axis | disorders, the fact that indices of
arousal moderate patterns of parietal asymmetry in depressed men and women suggest that
the present results may extend to depressed individuals with comorbid conditions associated
with anxiety, which comprise a large percentage of the MDD population (e.g., Kessler et al.,
2003).

In the largest study of parietal EEG asymmetry of MDD to date, men and women exhibited
differential patterns of regional brain activity as a function of current and past depression
status across four EEG reference montages, indicating that a) parietal EEG asymmetry
differences in MDD are robust and b) future studies of parietal brain asymmetry and risk for
depression must take sex differences into consideration. In addition, the strength of an
arousal index (recent caffeine consumption) as a moderator of parietal asymmetry in men
and women indicate that comorbidity of depression and anxiety symptoms may be important
in the study of endophenotypic markers of depression vulnerability.
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Figure 1.

Flowchart of participant screening and enrollment. BDI = Beck Depression Inventory. LOC
= Loss of consciousness. MDD = Major Depressive Disorder. PTSD = Posttraumatic Stress

Disorder. NOS = Not Otherwise Specified. OCD = Obsessive Compulsive Disorder. GAD =
Generalized Anxiety Disorder. ADHD = Attention Deficit Hyperactivity Disorder.
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Figure 2.

Parietal alpha asymmetry scores (8-13 Hz) as a function of lifetime MDD status and sex
collapsed across channel and reference. Higher values on the asymmetry score putatively
reflect greater relative left or less relative right activity. Error bars reflect standard error.
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Figure 3.

Parietal alpha asymmetry scores (8-13 Hz) as a function of current MDD status and sex
across channel and reference. Higher values on the asymmetry score putatively reflect
greater relative left or less relative right activity. Error bars reflect standard error.
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Figure 4.

Parietal alpha asymmetry scores (8-13 Hz) as a function of current MDD status and caffeine
intake averaged across sessions (illustrated by plotting estimated means +/- 1 standard
deviation) for women (top panel) and men (lower panel) collapsed across channel and
reference. Higher values on the asymmetry score putatively reflect greater relative left or
less relative right activity. Error bars reflect standard error.
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