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Abstract

This study examined whether frontal alpha electroencephalographic (EEG) asymmetry moderates
the association between stressful life events and depressive symptoms in children at familial-risk
for depression. Participants included 135 children ages 6 to 13, whose mothers had either a history
of depression or no history of major psychiatric conditions. Frontal EEG was recorded while
participants watched emotion-eliciting films. Symptoms and stressful life events were obtained via
the Child Behavior Check List and a clinical interview, respectively. High-risk children displayed
greater relative right lateral frontal activation (F7/F8) than their low-risk peers during the films.
For high-risk children, greater relative left lateral frontal activation moderated the association
between stressful life events and internalizing symptoms. Specifically, greater relative left lateral
frontal activation mitigated the effects of stress in at-risk children.
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A number of cross-sectional and longitudinal studies indicate that acute stressful events as
well as the accumulation of life stressors are associated with depressive symptoms and the
onset of major depression in children and adolescents (Goodyer, Herbert, Tamplin, &
Altham, 2000; Goodyer, Kolvin, & Gatzanis, 1985; Williamson et al., 1998). For over
twenty years, researchers have explored why some people appear to be more predisposed to
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suffer from the effects of stress while others seem resilient, with most research focusing on
the possible role of cognitive, personality, and genetic factors (e.g., Alloy et al., 2000; Caspi
et al., 2003). One possible moderator of the effect of stress on depression, namely; affective
style as indexed by frontal alpha electroencephalographic (EEG) asymmetry (see Davidson,
2004), has received less attention despite its role in modulating an individual's response to
environmental stressors (e.g., Tomarken, Davidson, & Henriques, 1990). The examination
of the interplay between affective style and stressful life events is particularly important in
the study of children at familial-risk for depression, because these offspring are exposed to
elevated levels of stressful life events (Goodman & Gotlib, 1999) and display cognitive,
affective, and physiological profiles that may place them at higher risk for a dysregulated
response to negative events (Kovacs & Lopez-Duran, 2010). Therefore, the objective of the
current study was to examine whether frontal alpha EEG asymmetry impacts the effects of
stressful life events on depressive symptoms in children at familial-risk for depression.

Exposure to stressful life events has been proposed as a risk factor in children at familial-
risk for depression (see Goodman & Gotlib, 1999). Indeed, children of depressed mothers
experience higher levels of episodic and chronic stress than do children of either healthy
mothers or mothers with non-depressive psychiatric and medical conditions (Adrian &
Hammen, 1993). Children of depressed mothers also differ from their peers in a number of
other factors that may make these children more susceptible to stress, such as abnormal
endocrine functioning (Ashman, Dawson, Panagiotides, Yamada, & Wilkinson, 2002),
physiologically inflexible reactions to psychological challenges (Forbes, Fox, Cohn, Galles,
& Kovacs, 2006a), and greater relative right frontal EEG activity (Dawson, Frey,
Panagiotides, Osterling, & Hessl, 1997). This has led some researchers to propose that a
combination of greater exposure to life stress and greater susceptibility to stress is one
mechanism in the intergenerational transmission of depression risk (Goodman & Gatlib,
1999).

Frontal alpha EEG asymmetry may be an important moderator of the detrimental effects of
stress given that frontal EEG asymmetry may reflect key affective processes associated with
the stress response (see Coan & Allen, 2004; Davidson, 1993, 2004; Davidson & Irwin,
1999). Davidson and colleagues have suggested that frontal EEG asymmetry reflects an
affective style, or a trait-like tendency towards approach- or withdrawal-related motivation
(Davidson, 1998). Specifically, studies with children and adults indicate that greater relative
left frontal activation (left-sided asymmetry) is associated with approach-related behaviors,
most often in response to positively valanced stimuli (see Coan & Allen, 2004 for a review).
In contrast, greater relative right frontal activation (right-sided asymmetry) is associated
with withdrawal-related behaviors in response to most, but not all, negatively valenced
stimuli (see Davidson, Jackson, & Kalin, 2000). In line with this perspective, individuals
with depression show decreased relative left-frontal EEG activity during both depressive and
euthymic states (see Thibodeau, Jorgensen, & Kim, 2006 for meta-analytic review) and
direct manipulation of the left prefrontal cortex, via transcranial magnetic stimulation,
significantly decreases depressive symptoms and increases the rate of remission in patients
with depressive disorders (O'Reardon et al., 2007). Furthermore, neuroimaging research of
tonic cerebral blood flow and metabolism indicate reduced left prefrontal activity in patients
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with major depressive disorder (e.g., Drevets, 2000; Ketter, George, Kimbrell, Benson, &
Post, 1996).

Profiles of frontal EEG asymmetry have also been linked to variability in an individual's
response to his/her environment. For example, greater relative right frontal EEG activation
is associated with exacerbated behavioral and emotional responses to a variety of stressful
stimuli and situations, such as maternal separation (Davidson & Fox, 1989) and fear-
inducing films (Tomarken et al., 1990). In contrast, greater relative left frontal EEG
activation is associated with elevated positive affect in response to a positively valanced
stimuli (Wheeler, Davidson, & Tomarken, 1993), as well as an attenuated startle response to
negatively valenced stimuli (Jackson et al., 2003). Not surprisingly, greater relative right
frontal EEG activation has also been directly linked to the modulation of the neuroendocrine
stress response in animals and humans. For example, rhesus monkeys with greater relative
right frontal activation have significantly higher basal cortisol levels than their peers (Kalin,
Larson, Shelton, & Davidson, 1998). Likewise, higher cortisol reactivity to a stressor has
been associated with greater relative right- frontal activation in human infants (Buss et al.,
2003).

Children at familial-risk for depression display profiles of frontal EEG asymmetry that have
been associated with an exacerbated response to stress (greater relative right activation)
(Dawson et al., 1997; Field, Pickens, Fox, Nawrocki, & Gonzalez, 1995b; Jones, Field, &
Almeida, 2009; Jones, Field, & Davalos, 2000; Jones, Field, Fox, Lundy, & Davalos,
1997b). Yet, it is unknown whether profiles of frontal EEG asymmetry influence the effect
of stressful life events on depression among these children. Kovacs & Lopez-Duran (2010)
recently argued that children at risk for depression have difficulties regulating sadness in
response to stressful situations, and that this deficit is associated with motivational and
affective processes. Specifically, the failure to regulate dysphoria among high-risk children
is hypothesized to be partly due to reduced levels of positive affectivity and approach
motivation (see Olino et al., 2011), which leads to a failure to deploy regulatory strategies
that are dependent upon the child's ability to experience positive affect (e.g., distraction).
Under this hypothesis, in the presence of stressful events, children with greater relative left
frontal activation may be better equipped to effectively regulate their distress than children
with greater relative right-frontal activation.

Therefore, the present study examined whether frontal alpha EEG asymmetry during a series
of emotion-eliciting tasks moderated the effects of life stress on early depressive symptoms
in a group of children at familial-risk for depression and low-risk peers. These subjects
participated in a large Program Project of risk factors for childhood-onset depression but
have not yet developed depression. Thus, we examined internalizing problems as an index of
depression symptoms. We hypothesized that children at high risk for depression would
experience significantly more stressful life events and would show greater relative right-
frontal EEG activation when compared to low-risk peers. We further hypothesized that
frontal EEG asymmetry during an emotion eliciting tasks would moderate the association
between stressful life events and internalizing symptoms. Specifically, stressful life events
would be associated with greater internalizing problems among children displaying greater
relative right-frontal activation compared to children showing greater relative left-frontal
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activation. Finally, we expected that the moderating effects of frontal EEG asymmetry on
stressful life events would be stronger in the high-risk group compared to low-risk peers due
to the greater exposure to stressful life events among the high-risk group. Exploratory
analyses were conducted using other frequency bands (theta and beta) and non-frontal
electrodes to assess the specificity of our results to indices of frontal alpha EEG asymmetry.

Participants included 135 children between the ages of 6 and 13, participating in a Program
Project on risk factors for childhood-onset depression (COD). The sample included 90
children who were at high-risk for depression by virtue of having one parent with a
documented history of COD. The remaining low-risk peers had parents who were free of
any life-time major psychiatric diagnosis. The COD group included 54 families. Twenty-one
of these families had more than one child in the study. The low-risk group included 40
families, with 4 families having more than one child in the study. The unequal group size of
the current study reflects a higher number of offspring born to the COD parents as compared
to the non-affected parents. A summary of all demographic variables for high-risk children
and their low-risk peers is presented in Table 1. The two groups did not differ in sex, age,
race, handedness or parental level of education. Only 5 children in the high-risk group and 1
in the low-risk group were taking psychotropic medication at the time of assessment.

More detailed information about the recruitment procedure for the larger longitudinal study
has been published elsewhere (see Forbes et al., 2006b). Briefly, the COD parents were
recruited by: (1) re-contacting individuals who had participated in past research studies as
mood-disordered children, (2) advertising in outpatient psychiatric clinics and related
medical settings, and (3) advertising in the community. Low-risk participants were recruited
by re-contacting individuals who had participated in past research studies as
psychologically-well children, using a geographically suitable Cole directory, and by
advertising in a Women and Infants center. All parents were evaluated via the Interview
Schedule for Children and Adolescents (ISCA, for those recruited during childhood), or the
Structured Clinical Interview for DSM-IV (SCID; for those recruited during adulthood).
Although the Program Project included a small sample of parents with diagnosis of Bipolar
Disorder, our analysis included only children of parents with a history of unipolar
depression (MDD or Dysthymia). All of these parents had 15t episode onset prior to the age
of 15.

Symptoms—Internalizing behavior problems in the children were measured with the
Child Behavior Checklist (CBCL) for 4-18 year-olds, a parent-completed questionnaire with
well-established psychometric proprieties (Achenbach, 1991). This questionnaire was
completed by one parent at the time of the laboratory visit (see procedures below). For high-
risk children, the questionnaire was most often completed by the parent with a history of
depression. A parent rated the child on items describing the child's behavior within the
previous 2 months. The CBCL yields two broad dimensions of behavior, namely:
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internalizing problems (anxiety, depression, and withdrawal) and externalizing problems
(aggressive and destructive behaviors). Although our main interest was to examine EEG
asymmetry and life stress as they relate to internalizing symptoms, we included a secondary
analysis with externalizing symptoms to examine whether our proposed effects were specific
to internalizing symptoms.

Stressful life events—Stressful life events were obtained during a fully structured
clinical interview with the parent via the Intake General Information Sheet (IGIS). The IGIS
is an interview-based questionnaire covering family demographics and health history,
development, psychosocial history, and a range of stressful life events. For each item, the
clinician asked the parent whether the child experienced the event within the past year or
more than a year prior to the interview. The present article considers exposure to 24 stressful
events (e.g., psychiatric or alcohol related hospitalization of the parent, parental separation
or divorce, loss of home, victim of sexual abuse, etc.). For our analysis, a life-time (any time
prior to the assessment) sum of all events was created with a possible range of 0 to 24. This
stressful life events interview has been found to have good criterion validity, as it
differentiates between depressed pediatric outpatients and school based controls (Mayer et
al., 2009).

Handedness—-Participant's handedness was determined with a child version of the 11-
item Edinburgh Handedness Inventory (Oldfield, 1971). We used a score of -50 to identify
strong left-handed participants. Only 5 strong left handed participants were identified (3.7%
of the sample) and these kids were included in the analyses.

Children completed a laboratory session consisting of a series of affect-inducing tasks (see
Forbes et al., 2006b). The children first completed resting EEG recordings involving six 30-
second segments. During this phase, the children alternated between looking at a picture of
an interesting toy and keeping their eyes closed. The picture of the toy was used in order to
keep the child's attention focused on a fixed point. Child participants were then presented
with 4 video clips, varying in length from 57 to 189 seconds, selected from popular child-
appropriate films (e.g., Happy: Wizard of Oz, Sad: Lion King) in counter-balanced order.
These video clips were chosen after being rated for emotional content by 25 same-age peers
aged 3 to 7 (mean 4.6 years) on a scale of 1 to 3 to indicate how much the clip made them
feel the target emotion (1 = not at all, 3 = a lot). The means for the clips used were 2.77 and
2.0 for happy and sad clips, respectively. Each clip was preceded by a brief description of
the clip using a pre-recorded voice. In this study we focused analyses on profiles of frontal
EEG asymmetry during the sad and happy clip.

EEG Recording and Quantification—For a detailed review of EEG recording and
reduction procedures please see Vuga et al. (2008). Resting EEG data were obtained during
three 30-second periods with eyes open and three 30-second periods with eyes closed. These
periods occurred in alternating order starting with eyes open. No difference in asymmetry
scores between the eyes closed and eyes open condition were observed. EEG data were then
obtained during the four film clips. EEG was recorded using 14 (12 homologous) electrodes
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placed in a stretch-lycra electrode cap (Electrocap, Eaton, OH) positioned according to the
International 10-20 System (American Electroencephalographic Society, 1994).
Specifically, EEG was recorded from mid-frontal (F3/F4), lateral frontal (F7/F8), central
(C3/C4), posterior temporal (T7/T8), parietal (P3/P4), and occipital (01/02) scalp regions.
Electrode impedances were required to be below 5 k2 with pairs of homologous sites within
0.5 kQ of each other. The bioamplifier was set for band-pass filtering with half-power cut-
off frequencies of 0.01 and 100 Hz. Artifacts were removed using an automated routine that
excluded periods above a 180 pV threshold. This procedure was verified against a manual
review in 44 participants. Intra-class correlations of EEG alpha power between the two
methods ranged from .94 to 1. Artifact free EEG data were then re-referenced to a common
average reference. Participants had sufficient artifact-free data (above 70% for all
conditions) and therefore no subjects were excluded due to excessive artifacts. The segments
were not weighed based on the level of artifact free data. Fourier analyses were applied to all
epochs (30 second for baseline and variable for film conditions) using 1-s artifact-free
Hanning-windowed data with 50% overlap in each epoch. Power spectral density (uV2/Hz)
were computed for the alpha, theta, and beta band. Due to differences in power distribution
in young children, different alpha bands were used for different age groups to account for
age-specific spectral alpha activities based on their age dependent peak frequencies (see
Vuga et al., 2008; Marshall, Bar-Haim, & Fox, 2002). Specifically, in accordance with
power distribution in preschool children (Coan & Allen, 2004; Marshall et al., 2002), alpha
corresponded to 6.5 to 10.5 Hz in 3 to 5 year-olds. We also shifted the alpha band by 1 Hz
from preschool children to school-age children based on the difference in their age-
dependent peak frequencies (8 Hz in preschool children; Niedermeyer, 1999). Therefore,
alpha corresponded to 7.5 to 11.5 Hz in 6 to 9 year-olds. These alpha band definitions have
been used in previous research by Forbes et al. (2006b) and Vuga et al. (2008). We also used
similar shifts for theta (3.0 to 5.5 Hz in 5 year-olds, 4 to 6.5 Hz in 6 to 9 year-olds) and beta
(11-16.5in 5 year-olds, 12 — 17.5 in 6 to 9 year olds) in computing power and asymmetry
at these bands. Figure 1 plots the natural log-transformed power scores for the alpha, theta,
and beta frequency bands at each electrode both at rest and during the sad film clip. Natural
log-transformed alpha power values in the present study are consistent with existing
research of alpha power in children (e.g., Jones et al., 2000).

Asymmetry scores were derived from the difference of natural log-transformed power scores
(Gasser, Bacher, & Mocks, 1982) for the right minus the left sites (e.g., InF8 — InF7)
(Davidson et al., 2000) for all homologous electrodes. Hypotheses focused on asymmetry
indices in the alpha band given that higher alpha power reflects lower brain activity
(Davidson, Ekman, Saron, Senulis, & Friesen, 1990). Accordingly, positive alpha
asymmetry scores indicate greater relative left than right activity. Also in line with existing
research, hypotheses focused on mid-frontal (F3/F4) and lateral-frontal (F7/F8) regions
because these regions have been consistently associated with stress, affect, and depression
(Coan & Allen, 2004; Lewis, Weekes, & Wang, 2007; Tops et al., 2005). Exploratory
analyses were conducted for non-frontal asymmetry indices in the alpha band, as well as
both frontal and non-frontal asymmetry indices in the theta and beta bands, to determine
whether any observed results were specific to the frontal alpha asymmetry indices.
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Data Analysis—Mixed random effects models (SAS PROC MIXED with ML estimation)
were used to examine the effects of risk status, asymmetry, stressful life events, and the two-
and three- way interactions between these terms as predictors of internalizing problems.
Separate models were conducted for each condition (baseline, happy film clips, sad film
clips) and each frontal asymmetry index (F7/F8, F3/F4). Since the COD and non-affected
groups included a number of families with siblings (21 and 4, respectively), we entered
Family as a random effect into all models. All models that used frontal asymmetry during
the happy or sad clip as predictors also included the corresponding resting frontal
asymmetry index as a control. Interaction effects were examined by comparing models with
decreasing levels of parsimony using a hierarchical framework; namely models containing:
Model 1: main effects; Model 2: main effects and two way interactions; and Model 3: main
effects, 2-way, and 3- way interactions. We examined changes in model fit using the Akaike
Information Criterion (AIC) and the Bayesian Information Criterion (BIC) after the addition
of the 2- and 3- way interactions before we conducted post-hoc analyses. A decrease in the
AIC and BIC in nested models of increasing complexity (more parameters) is interpreted as
indicative of an improvement in model fit (Bozdogan, 1987; Pan, 2001). Therefore, we
examined the nature of the interactions only when a model showed improvement in fit,
based on at least one of these fit indices. Interpretations of significant higher order
interactions were conducted in models that included all lower order interactions. Significant
asymmetry effects were followed by an individual hemisphere analysis based on a revised
residualized power approach (Allen, Coan, & Nazarian, 2004). To test the specificity of
EEG main effects and interactions to the both the frontal asymmetry indices and the alpha
frequency band, we performed exploratory analyses by replacing the asymmetry variables in
the “best fit” model identified above for the same task with 1) asymmetry indices for alpha
power for non-frontal electrodes and 2) asymmetry indices for theta and beta frequency
bands.

Descriptive Analyses

Stressful life events—The high-risk group experienced significantly more stressful life
events than the low-risk group (high-risk Mean = 7.17, SD = 3.64 vs. control Mean = 4.31,
SD = 2.29), t(126) = 5.58, p < .01. Among the high-risk group, 75% of the offspring (N =
68) had been exposed to 5 or more stressful life events. In contrast, among the low-risk
peers, only 34% of the sample (N =15) experienced 5 or more life events. Stressful life
events were associated with parental levels of education (r = -.22, p = .01) and age (r = .36,
p < .01), but were not associated with sex, t(130) = .38, p = .70.

Frontal alpha EEG asymmetry—Table 2 presents the unadjusted correlations of frontal
alpha EEG asymmetry, stressful life events, child's age, child's handedness, and parental
levels of education. Parental education was associated with a tendency towards greater
relative left mid-frontal activation during all conditions (baseline, happy, sad), and greater
relative left lateral-frontal activation during the sad condition. The child's age, sex, race,
handedness, and whether the child was taking psychotropic medications at the time of the
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assessment were not associated with frontal EEG asymmetry in any of the testing
conditions.

Table 3 presents the means, standard deviations, and effect sizes of mid and lateral-frontal
EEG asymmetry in our target sites for the high-risk and low-risk participants. A series of
mixed effects models were conducted to examine the differences in frontal EEG asymmetry
between the high-risk and low-risk participants. High-risk participants displayed greater
relative right lateral-frontal activation (F7/F8) compared to the low-risk children during the
happy (Cohen's d = -.47) and sad (d = -.50) film clips. No group difference in lateral-frontal
asymmetry was noted during the resting condition, or for the mid-frontal asymmetry index
(F3/F4) at rest or during any of the film clips.

Associations with Internalizing Symptoms: Stressful Events and Risk Status

Results of a hierarchical mixed effects models indicated that stressful life events predicted
higher levels of internalizing symptoms, b=1.12, t(35) = 4.17, p = 0.002. Risk status also
predicted internalizing symptoms, b= 6.89, t(92) = 3.43, p = 0.009, with high-risk children
having significantly higher internalizing symptoms than their peers (high-risk M = 55.74, SD
=11.12; low-risk M = 45.56, SD = 8.37; d = 1.04) . There was no interaction between
stressful life events and risk status in predicting internalizing symptoms (main effects model
AIC 958.6 vs. main effects plus interaction model AIC 960.5).

Associations with Internalizing Symptoms: Frontal Alpha EEG Asymmetry

All hierarchical mixed effects models presented below include both left and right handed
children. However, we also replicated these models using strongly right handed children
only (Edinburgh Handedness Inventory cut off = 50) and observed identical overall results.
Consistent with the results reported above, risk status and stressful life events were
significant predictors of internalizing symptoms in all models. Although these variables
were included in all models, below we only describe results for the main affects of
asymmetry and related interactions.

Mid-frontal (F3/F4) EEG asymmetry as a predictor of internalizing symptoms—
Table 4 presents the results of all hierarchical models exploring the association between
mid-frontal asymmetry, risk status, and stressful life events as predictors of internalizing
symptoms. Mid-frontal asymmetry was not associated with internalizing symptoms
regardless of clip condition. Mid-frontal asymmetry did not interact with stressful life events
and/or risk status in any of the clip conditions.

Lateral-frontal (F7/F8) EEG asymmetry as a predictor of internalizing
symptoms—Table 5 presents the results of all hierarchical models exploring the
association between lateral-frontal alpha asymmetry, risk status, and stressful life events as
predictors of internalizing symptoms.

Resting lateral-frontal EEG asymmetry: The main effects model suggested that lateral-
frontal asymmetry at rest was not associated with internalizing symptoms. A model with the
2-way interactions showed improvement in model fit (main effects model AIC 931.7 vs.
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two-level interaction model AIC 930.1). However, the interaction between lateral-frontal
asymmetry at rest and stressful life events was not significant, b = 1.02, t(30)=-.41, p = .68,
and the interaction between lateral-frontal asymmetry at rest and risk status only approached
significance, b = -29, t(30) = -1.79, p = .08. The 3-way interaction model also resulted in an
improvement of the model fit (AIC = 929.2). However, the lateral-frontal asymmetry by
stressful life events by risk status only approached significance, b = -10, t(18)=-1.81, p=.09.

L ateral-frontal EEG asymmetry during the happy film: The main effects model showed
no association between lateral-frontal asymmetry during the happy film and internalizing
symptoms while controlling for lateral-frontal asymmetry at rest. A model with the 2-way
interactions showed no improvement in model fit (main effects model AIC 717.8 vs. two-
way interaction model AIC 717.9), indicating no 2-way interactions. The 3-way interaction
model resulted in an improvement of the model fit (AIC = 716.7). However, the lateral-
frontal asymmetry during the happy film x stressful life events x risk status interaction only
approached significance, b = -10.03, F(1,18) = 3.29, p = .08.

Lateral-frontal EEG asymmetry during the sad film: The main effects model suggested
that, while controlling for lateral-frontal asymmetry at rest, lateral-frontal asymmetry during
the sad film was not associated with internalizing symptoms. A model with the 2-way
interactions showed improvement in model fit (main effects model AIC 708 vs. two-way
interaction model AIC 702.7). The interaction between lateral-frontal asymmetry during the
sad film and stressful life events was significant, b = -5.71, F(1,18)=9.50, p = .006,
indicating that lateral-frontal asymmetry scores during the sad film moderated the effect of
stressful life events on internalizing symptoms. Specifically, the effects of stressful life
events on internalizing symptoms decreased as relative left-lateral frontal activation scores
increased (i.e., moving towards greater left than right lateral frontal activation). However, a
significant 3-way interaction model (AIC = 699.5) suggested that this effect was further
moderated by risk status, b = -11.49, F(1,17) = 5.43, p = .03. Specifically, the previously
observed interaction between lateral frontal asymmetry scores and stressful life events was
significant for the high-risk group, b = -8.29, t(17) = -3.93, p = .001, but not for the low-risk
participants, b = 3.18, t(17) = 0.78, p = .46.

Due to the significant 3-way interaction, we conducted a standard post-hoc analysis of the
lateral frontal asymmetry moderation effect by dichotomizing the moderator (asymmetry)
scores (see Baron & Kenny, 1986). To this end, we divided the lateral frontal asymmetry
scores into those with greater left than right lateral frontal activation and those with greater
right than left lateral frontal activation. We then repeated the original models separately by
the two levels of the moderator and conducted post-hoc slope contrasts predicting
internalizing symptoms from life stressors for high-risk children displaying either greater
left than right activation or greater right than left activation. Increasing numbers of stressful
life events was associated with increasing internalizing symptoms for high-risk children with
greater right than left lateral frontal activation (slope=1.39), t(16) = 3.51, p = .003, but not
for high-risk children with greater left than right lateral frontal activation (slope=-0.23),
t(16) = -.32, p = .75. Figure 2 presents the association between stressful life events and
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internalizing symptoms for high-risk children displaying both levels of the dichotomized
asymmetry scores.

Analyses of individual hemispherefor lateral frontal alpha power: In line with existing
research (Coan & Allen, 2004; Thibodeau et al., 2006), our primary predictions involved
relative alpha activity in the left as compared to the right hemisphere, and, thus, we
computed asymmetry indices for all homologous sites. The asymmetry index controls for
individual differences in skull thickness and volume conduction, which could produce
differences in alpha power. A question of interest, however, concerns the contributions of
each hemisphere to a significant asymmetry score. Accordingly, we conducted a series of
individual hemisphere analyses for the lateral frontal electrodes (F7 and F8) to explore
whether the lateral frontal asymmetry effect was due to the direct contribution of a specific
hemisphere (e.g., high activation of the left-lateral region as opposed to low activation of the
right-lateral region). To this end, we regressed internalizing symptoms on whole head alpha
power (natural log-transformed alpha power at all recording sites) and saved the
unstandardized residuals (see Allen et al., 2004). We then replicated the original hierarchical
models separately for each hemisphere site predicting the unstandardized residuals. For
example, the left hemisphere models included risk status, stressful life events, natural log-
transformed alpha power of the lateral frontal region (F7), and the 2- and 3-way interactions
between these factors as predictors of the unstandardized residuals. None of the main effects
for either F7 alpha power or F8 alpha power, or their 2- and 3-way interactions with stressful
life events and/or risk status were significant, suggesting that it is the relative relationship
between the left and right lateral frontal activity (i.e., the lateral frontal asymmetry index), as
opposed to alpha activity at any specific electrode, that interacts with risk status and stressful
life events to predict internalizing symptoms.

Analysis of non-frontal alpha asymmetry indices and Analyses of theta and beta
asymmetry indices. In line with existing research (Coan & Allen, 2004; Thibodeau et al.,
2006), our predictions focused on frontal EEG asymmetry in the alpha range. An important
question of interest is whether the observed effect is unique to the alpha range and to the
frontal region. To this end, we examined the stress-by-risk-status-by-asymmetry interaction
predicting internalizing symptoms for the non-frontal asymmetry indices for alpha power
(T7/T8, C3/C4, P3/P4, 01/02). We also examined the stress-by-risk-status-by-asymmetry
interaction predicting internalizing symptoms for the mid and lateral frontal asymmetry
indices for the theta and beta frequency bands, as well as for the non frontal asymmetry
indices for theta and beta power (T7/T8, C3/C4, P3/P4, 01/02).

Stress and risk status did not interact with the lateral frontal asymmetry scores (F7/F8) in the
theta F(1,17)=0.02, p >.10 or beta F(1,17)= 0.31, p > .10 bands; temporal asymmetry
scores (T7/T8) in the theta F(1,17)= 0.19, p >.10, alpha F(1,18)=0.01, p > .10, or beta
F(1,1)= 0.00, p > .10 bands; central asymmetry scores (C3/C4) in the theta F(1,17)=0.01, p
> .10, alpha F(1,17)= 0.05, p > .10, or beta F(1,17)= 0.00, p > .10; parietal asymmetry
scores (P3/P4) in the theta F(1,17)= 0.29, p > .10, alpha F(1,17)= 1.01, p > .10, or beta
F(1,17)= 1.46, p > .10; or occipital asymmetry scores (01/02) in the theta F(1,17)= 0.00, p
> .10, alpha F(1,17)= 0.43, p > .10, or beta F(1,17)= 2.35, p > .10 bands. Figure 3 presents
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the asymmetry scores for all regions and EEG bands among children categorized based on
their risk status, internalizing symptoms, and stress exposure.

Discussion

In the current study we examined the relation among frontal alpha EEG asymmetry,
internalizing problems, and life stressors in children at familial-risk for depression and their
low-risk peers. We hypothesized that high-risk children would have higher levels of life
stress, internalizing problems, greater relative right frontal EEG activity, and that frontal
EEG asymmetry would moderate the effects of life stress on internalizing problems. The
results partially support our hypotheses. As expected, and consistent with previous studies
(Adrian & Hammen, 1993), we found that high-risk children experienced greater numbers of
stressful life events and more internalizing problems than their low-risk peers, which has
been proposed as one potential mechanism for the intergenerational transmission of
depression risk (Goodman & Gotlib, 1999). We further found that high-risk children had
significantly greater relative right-lateral frontal EEG activation than the low-risk children,
but only during the happy and sad films. Specifically, high-risk children displayed greater
relative right-lateral frontal EEG activation during both films while the low-risk group
displayed greater relative left-lateral frontal EEG activation during both films. Furthermore,
our results suggest that lateral frontal asymmetry scores may moderate the effects of
exposure to stressful life events in the high-risk children; such that greater relative left-
lateral frontal activation could mitigate the effects of stressful events on internalizing
symptoms.

This is the first study to show differences in frontal alpha EEG asymmetry between
elementary school-aged high-risk children and their low-risk peers while watching
emotionally evocative films. This extends the findings of a large number of studies using
infants of currently depressed mothers (Dawson et al., 1997; Field, Pickens, Fox, &
Nawrocki, 1995a; Jones et al., 2009, 2000; Jones, Field, Davalos, & Pickens, 1997a),
suggesting that this effect may be developmentally stable and represents a possible
vulnerability. This effect was observed in the happy and sad films but not in the baseline
condition. This film specific effect is consistent with the capability model proposed by
Coan, Allen, & McKnight (2006), suggesting that frontal asymmetry during emotionally
salient events is a more robust predictor of an individual's capabilities in approach/
withdrawal motivation. However, our findings are contrary to other studies with children of
depressed parents who reported differences in frontal asymmetry at rest (Dawson et al.,
1997; Field et al., 1995a; Jones et al., 2009, 2000, 1997a). The discrepancy may be due to
methodological and age differences between the studies. All but one of previous studies
used infants of currently depressed mothers and included a resting condition that may not be
equivalent to the resting condition used in our study. For example, in Jones et al. (2009),
infants were shown their favorite toy to keep them sitting quietly with their eyes opened.
The only non-infant study (Tomarken, Dichter, Garber, & Simien, 2004) included only
adolescents, which may differ from our sample on key related variables (e.g., number and
severity of depressive symptoms).
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The difference in frontal EEG asymmetry between the high and low risk participants was
specific to the lateral frontal region (F7/F8). Consistent with this finding, greater relative
right-lateral frontal, but not mid-frontal, EEG activity has been associated with higher
negative emotionality in adults (Jacobs & Snyder, 1996) and with stronger cortisol responses
and fear expressions among infants during a stranger paradigm (Buss et al., 2003). However,
other studies with adults have linked mid frontal, but not lateral frontal, asymmetry scores to
constructs associated with affective style and emotion regulation, such as the Behavioral
Activation/ Inhibition System (Coan & Allen, 2003) and recovery (startle magnitude) after
exposure to negatively valenced pictures (Jackson et al., 2003). These inconsistencies may
be due to a number of differences between past studies (e.g., age, sample characteristics,
experimental conditions, outcomes), and highlight the need for additional examinations of
the role of mid versus lateral frontal EEG asymmetry in the development of depression
among at-risk individuals.

In addition, high-risk participants displayed a stable pattern of greater relative right-lateral
frontal EEG activation during all conditions (see Table 3). In contrast, the low-risk
participants displayed a marked shift from minimal asymmetry during the baseline to greater
relative left-lateral frontal activation during the happy and sad films. Therefore, there was no
apparent difference in frontal asymmetry patterns between the two emotion films in either
group, which is contrary to some, but not all, previous examinations of EEG responses to
emotion films (e.g., Davidson & Fox, 1982; Davidson et al., 1990; Reeves, Lang, Thorson,
& Rothschild, 1989). Given that the films were all selected from popular children's films, it
is possible that among the low-risk kids, all films elicited an approach-oriented state as
reflected in the shift towards greater relative left-lateral frontal activation. In contrast, the at-
risk group showed no change in frontal asymmetry to the films, possibly reflecting a blunted
affective response to these stimuli. This would be in line with recent studies showing that
children at familial-risk for depression have reduced positive affect than their low-risk peers
during play activities (Olino et al., 2011)

Frontal alpha EEG asymmetry during a sad film moderated the effects of stress in the high-
risk group, who were also exposed to a significantly higher number of stressful events than
their low-risk peers. Specifically, as frontal asymmetry moved towards greater relative left
frontal activation, the association between stressful life events and internalizing symptoms
decreased. Post-hoc analyses of the moderating effect suggests a protective function of
greater left than right frontal EEG activation rather than a risk imposed by greater right than
left frontal activation. Specifically, we found that those high-risk children who had greater
right than left frontal activation displayed the same relationship between life stress and
internalizing symptoms observed in their low-risk peers: greater life stressors were
associated with higher internalizing symptoms. In contrast, high-risk children with greater
left than right frontal activation showed no association between stressful life events and
internalizing symptoms.

Moreover, while the interaction of frontal asymmetry and stressful life events was observed
only during the sad film, similar patterns were noted for the resting condition and the happy
film, although not at the statistically significant level. This suggests that our findings may
not be specific to responses to sadness. Instead, since it is likely that both films elicited
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approach-related affect in the low-risk group, our results suggest that it is the general ability
for positive affect and approach motivation, as reflected in greater relative left frontal
activation during the films, that protects at-risk children from the effects of stressful events.

The moderating effect of frontal EEG asymmetry on life stress is in line with theories of
affective styles and motivation. Davidson and colleagues have argued that individuals with
greater relative right frontal activation have an affective style characterized by more
dispositional negative affect and more intense responses to negative affective challenges
(see Davidson, 1998). In contrast, greater relative left frontal activation is associated with
positive emotional expressions in response to emotionally evocative films of different
valence (Allen, Harmon-Jones, & Cavender, 2001). Therefore, greater relative left frontal
activation may also reflect a high capacity to experience pleasure (i.e., hedonic capacity),
which serves a key function in emotion regulation (see Kovacs & Lopez-Duran, 2010). That
is, youngsters with high hedonic capacity and approach motivation may tend to deploy more
effective regulatory mechanisms in response to stressful events than their peers. For
example, in a separate study with the current sample, high-risk children who had greater
relative right frontal activation compared to their low-risk peers, were less likely to engage
in proactive regulatory behaviors (e.g., distraction), and more likely to wait passively and
focus on the aversive stimuli during a laboratory stress task (Silk, Shaw, Skuban, Oland, &
Kovacs, 2006).

There is also evidence, albeit equivocal (see Lewis et al., 2007), that greater relative right
frontal activation modulates the neuroendocrine response to stressors (Buss et al., 2003;
Kalin et al., 1998; Tops et al., 2005), and such endocrine response has been implicated in the
development of internalizing problems and depression (for a review see Lopez-Duran,
Kovacs, & George, 2009a; Lopez-Duran, Vazquez, Felt, & Olson, 2009b). Therefore, it is
possible that among high-risk children, greater relative left frontal activation facilitates a
blunted endocrine respond to high levels of stress, which may prevent the development of
internalizing symptoms by reducing the subjective experience of stress (see Smagin,
Heinrichs, & Dunn, 2001), limiting the consolidation of stress related memories (see
Buchanan & Lovallo, 2001), or limiting exposure to high and chronic amounts of corticoids
(see Lopez-Duran et al., 2009b).

Notably, we did not find an interaction between stress and risk status predicting internalizing
symptoms at non-frontal sites even though previous investigators have noted asymmetry
differences in non-frontal sites between depressed and non-depressed individuals. For
example, several studies have observed greater relative left parietal activation in depressed
individuals compared to controls (see Reid, Duke, & Allen, 1998). Likewise, Bruder et al.,
(2005) found that adult offspring of depressed parents had greater relative left activation in
medial posterior sites. Activation in right posterior sites has been involved in the processing
of emotional stimuli (Moratti, Rubio, Campo, Keil, & Ortiz, 2008) and thus hypoactivity in
these sites, as reflected in greater relative left posterior activation, could result in low
responsivity to positive as well as negative stimuli (Kovacs & Lopez-Duran, 2010).
However, it is possible that while asymmetry in posterior sites may contribute to depression
by reducing affective range, such asymmetry may not be directly involved in the regulation
of responses to stressful events. This is consistent with findings suggesting that frontal
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regions play a key role in modulating physiological responses to stress. The frontal cortex
has direct reciprocal neural projections to the amygdala (Afifi & Bergman, 1998). In
animals, damage to the frontal cortex results in an over-activation of the amygdala,
suggesting that the frontal cortex serves an inhibitory function on the stress response (e.g.,
Gewirtz, Falls, & DAVIS, 1997; Morgan, Romanski, & Ledoux, 1993). Likewise, individual
variability in frontal but not posterior activation appears to modulate the hypothalamic-
pituitary-adrenal axis responses to stress (Buss et al., 2003; Kalin et al., 1998). Therefore,
our results highlight the potential role of lateral frontal regions in mitigating the negative
effects of exposure to high levels of stress in high-risk children.

The results of this paper should be considered in light of some limitations. Internalizing
symptoms, as well as life stressors, were reported by parents, which raises the possibility of
informant bias and shared variance. However, we observed effects only for the internalizing
but not for the externalizing problems (results not shown), which provides some support for
the specificity and validity of these findings. In addition, recent investigations have shown
the value and validity of parental report as compared to non-parental third party reports (see
Kerr, Lunkenheimer, & Olson, 2007). Second, each life stressor was coded as having or not
having occurred, so that multiple occurrences of the same event had the same influence as a
single occurrence of the event. This may have limited the differences between the samples in
life stress exposure. Third, all variables were assessed concurrently which limits our ability
to conclusively establish the directionality of the results. For example, it is plausible that
internalizing symptoms moderated the effect of life stress on asymmetry scores. Fourth, we
did not have measures of actual affective responses to the films (e.g., facial expressions) and
thus our hypothesized links to affective style are purely based on the observed EEG patterns.
Finally, our sad film did not produce the expected asymmetry pattern in the low-risk group,
or the expected change from baseline for both groups. This limits our ability to conclude
whether the moderating effect of frontal asymmetry was unique to a specific affective style.

In conclusion, to our knowledge this is the first study to show that affective style, as indexed
by frontal asymmetry, can moderate the effects of life stressors on the development of
internalizing symptoms among children at high-risk for depression. We showed that a
pattern of frontal EEG asymmetry associated with approach-related motivation may dampen
the harmful effects of stress exposure. The results contribute to our understanding of the
mechanisms of risk among children at familial-risk for depression and the role of brain
electrical asymmetry in the responses to stressful events.
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. RESTING

SAD CLIP

Figure 1.
Natural Log power in the theta, alpha, and beta ranges for the resting and sad film in all

electrode locations for all children. Y axis refers to natural log power. X axis includes theta,
alpha, and beta bands. Error bands extend 1 standard deviation from each mean.
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Internalizing scores by number of life events for high-risk children with greater left than
right (“Left Frontal”) versus greater right than left (“Right Frontal”) lateral frontal (F7/F8)
activation during a sad clip.
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Figure 3.
EEG asymmetry profiles across scalp regions and EEG band in participant subgroups while

watching a sad film. Lines connect mean asymmetry in adjacent bands from the natural log
power spectrum in the same electrode pair and subgroup, error bars extend +/-2 standard
errors from each mean. The horizontal reference is at zero asymmetry for each subgroup.
Positive values indicate greater left than right activation. The dashed circle highlights the
only significant observed risk status-by-asymmetry-by-life event interaction predicting
internalizing symptoms after adjusting for baseline asymmetry. This effect can be seen in
the F7/F8 alpha asymmetry where the topmost subgroup (at-risk children with high
internalizing scores with high life stress) tend to display greater relative right-lateral frontal
activity, in contrast to the middle subgroup (at-risk children with low internalizing scores
with high life stress) whose mean asymmetry is near zero. This three way interaction was
not significant in any of the other electrode pairs or frequency bands.
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