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Abstract Although parents and children are thought to
influence one another’s affect and behavior, few studies
have examined the direction of effects from children to
parents, particularly with respect to parental psychopathol-
ogy. We tested the hypothesis that children’s affective
characteristics are associated with the course of mothers’
depressive symptoms. Children’s affect expression was
observed during a series of mother—child interaction tasks,
and children’s resting frontal electroencephalogram (EEG)
asymmetry was assessed in a psychophysiology laboratory.
Mothers’ depressive symptoms were assessed at two time
points, approximately one year apart, at the mother—child
interaction visits. Depressive symptoms increased over time
for mothers with a history of childhood-onset depression
whose children exhibited right frontal EEG asymmetry.
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Depressive symptoms were associated with high child
negative affect at both time points for mothers whose
children exhibited right frontal EEG asymmetry. Cross-
lagged models with a subset of participants provided some
evidence of both parent-to-child and child-to-parent direc-
tions of effects. Findings suggest that akin to other
interpersonal stressors, children’s affective characteristics
may contribute to maternal depressive symptoms.
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Investigations of families with a depressed parent have
primarily focused on the effect of parental depression on child
outcomes (Beardslee et al. 1998; Downey and Coyne 1990)
and difficulties in interpersonal functioning (Cummings
and Davies 1994). It is widely acknowledged that child
characteristics can influence child development by eliciting
specific parental behavior, which in turn influences subse-
quent child behavior (Bell and Harper 1977; Grusec and
Lytton 1988; Scarr and McCartney 1983). In addition,
because affect can be regulated by others as well as oneself,
children can also influence parents’ behavior by serving as
regulators of their parents’ affect (Cole et al. 2004; Eisenberg
and Spinrad 2004). However, very few studies have
examined whether child attributes are associated with the
course of parental psychopathology. The current study
sought to advance our understanding of child effects in
relation to parental psychopathology by investigating the
longitudinal effects of children’s affective attributes in
relation to maternal depressive symptomatology.

The transactional perspective emphasizes the reciprocal
interplay of parent and child influences on outcomes over
time (Bell and Harper 1977; Field 1994; Grusec and Lytton
1988; Sameroff and Chandler 1975). Bell’s (1968) seminal
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paper argued that many “parent effects” findings in the
socialization literature could be re-interpreted as supporting
“child effects” on parents’ behavior. Over the past two
decades, greater emphasis has been paid to reciprocal
influences in outcomes such as early child psychopathology
(Eisenberg et al. 2001; Sanson et al. 1991). Indeed, the field
of affect regulation has addressed the importance of
viewing affect as regulated by others (e.g., Cole et al.
2004).

Child effects on parental depression are hypothesized
to occur because depression appears to be highly
influenced by the interpersonal context (Hammen 2003).
From an evolutionary perspective, the basis of depressed
mood is interpersonal, with increases in depressed mood
postulated to follow changes in social functioning (Allen
and Badcock 2003). From a stressful life events perspec-
tive, interpersonal stressors contribute importantly to the
onset and maintenance of depression in women in
particular (Hammen 2003). Depressive episodes are likely
to occur in conjunction with events such as family conflict
and strained parent—child interactions (Hammen 2003),
and interpersonal stress has been found to mediate
changes in women’s depressive symptoms over time
(Davila et al. 1995). These findings suggest that the
quality of the mother—child relationship is a potential
influence on the course of maternal depressive symptoms.

One domain of children’s behavior may be particularly
salient in relation to the course of maternal depressive
symptoms: Children’s affective characteristics, including
the expression and regulation of positive and negative
affect. Symptoms of maternal depression may be particu-
larly sensitive to individual differences in children’s affect
regulation because depression is considered to involve
fundamental affect regulation difficulties (Gross and Mufioz
1995). Indeed, disruption of affect is thought to be a
common and important feature in families of depressed
individuals (Sheeber et al. 2001; Silk et al. 2006). While
typical mothers might become affectively dysregulated in
response to their children’s negative affect, mothers with
depression might be especially vulnerable, experiencing
longer and more intense negative affect in response to the
expression of child negative affect. This vulnerability to
affective dysregulation in mothers with depression could
occur as a result of tendencies toward high trait levels of
negative affect (Kendler et al. 1993); genetic predisposition
to affective reactivity (Caspi et al. 2003); physiological
characteristics, including greater response to negative
affective stimuli in brain regions such as the amygdala
(Surguladze et al. 2005); or cognitive processes such as
rumination about negative affect (Nolen-Hoeksema 2000)
and beliefs of low parenting self-efficacy (Teti and Gelfand
1991). Furthermore, the impact of children’s dysregulated
affect expression on mothers’ mood may be cumulative,
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with mothers becoming increasingly sensitized to its
presence over time.

Affect regulation in mothers and children may be
especially compromised when mothers have a history of
childhood-onset depression (COD). This subtype of depres-
sion tends to be chronic, severe, and familial (Harrington
et al. 1990; Kovacs et al. 1997; Kovacs et al. 1984b;
Newman et al. 1996; Weissman et al. 1999). Furthermore,
COD is associated with impairments in the development of
affect regulation and social relationship skills (Goodyer et al.
1997; Kovacs and Goldston 1991). These impairments may
create vulnerability to interpersonal stressors in adulthood,
which may then trigger future depressive episodes. Mothers
with a history of COD are especially likely to develop
parent—child interaction patterns characterized by high levels
of negative affect, low levels of positive affect, and mutually
dysregulated affect (Shaw et al. 2006).

The risk for depressive symptoms in the context of a
challenging mother—child relationship may not be a static
risk, as children’s affective characteristics could predict
change in mothers’ symptoms over time. Interactions with a
troublesome child could exert a mounting pressure on
mothers—just as enduring a high-conflict marriage, dan-
gerous neighborhood, or interpersonally antagonistic work
atmosphere could—and mothers’ symptoms could increase
with exposure to this pressure. Mothers’ symptoms may be
especially vulnerable during periods of their children’s
development in which affect regulation skills are typically
developing. The preschool and early school-age periods are
worthy of focus because they are periods at which cognitive
and affective skills supporting affect regulation generally
improve (Kopp 1982; Posner and Rothbart 1998). If children
in this age range show only modest competence or little
progress in regulating affect, their mothers’ depressive
symptoms may be maintained or even exacerbated.

In considering the pathways by which children’s
affective characteristics may increase or contribute to
mothers’ depressive symptoms, we focus on affective
behavior and affective physiology. In the behavioral
domain, there are several possible mechanisms by which
children’s affective characteristics can contribute to moth-
ers’ depressive symptoms. Children’s affective characteristics
may elicit increases in mothers’ affective distress through
reinforcement and punishment (Patterson 1982). A child who
exhibits high rates of negative affect could serve as a
negative reinforcer for her mother’s sadness, social with-
drawal, and helplessness (Shaw et al. in press; Shaw et al.
2000), and depressed mothers’ dysphoric affect can
effectively suppress their children’s aggressive behavior
(Hops et al. 1987). Also, based on models of affect
regulation that emphasize the role of others in regulating
affect expression (Cole et al. 2004; Eisenberg and Spinrad
2004), children high in negative affect or low in positive
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affect may be less likely to contribute adaptively to
mothers’” own affect regulation. Although little research
has been conducted on the role of children in helping to
regulate parents’ emotions, reciprocal effects have been
found in research involving adult-adult (Gottman 1998;
Levenson et al. 1994) and parent—child relationships (Cole
et al. 2003). For example, when children experience and
express intense or persistent negative affect, they may be
less able to help their parent regulate affect through means
such as distracting, offering comfort, and expressing
positive affect.

Both behavioral and physiological components of child
affectivity could be associated with mothers’ depressive
symptoms. As noted above, behavioral components, espe-
cially children’s behavior during mother—child interactions,
provide a window into children’s typical behavior in the
family context. But physiological components offer another
perspective that may provide additional, complementary
information on affective tendencies. Although physiologi-
cal components are valuable for investigating children’s
affective characteristics, they have rarely been examined in
relation to maternal affective symptoms.

Resting frontal electroencephalogram (EEG) asymmetry
is an especially promising index of physiologically based
affective tendencies. Frontal EEG asymmetry reflects
underlying disposition to approach or withdraw from
appealing or aversive stimuli (Davidson et al. 2000a; Fox
1991). Left frontal EEG asymmetry is thought to index
approach-related dispositional tendencies, while right front-
al EEG asymmetry is thought to index withdrawal-related
tendencies (Davidson 2004; Fox 1994). Right frontal EEG
asymmetry is hypothesized to be a risk factor for depression
(Davidson 1994; Tomarken and Keener 1998) and has been
observed in children who are behaviorally inhibited or shy
(e.g., Fox et al. 2001).

In addition to its association with depression, children’
right frontal EEG asymmetry at rest is thought to influence
behaviors such as expression of fear and anxiety, active
withdrawal from challenges, social withdrawal, and failure
to pursue rewarding experiences (Fox 1994). Generally,
right frontal EEG asymmetry is conceptualized as reflecting
children’s tendencies to pull themselves away from sit-
uations involving threat. These tendencies could contribute
to mother—child interactions that mothers experience as
aversive or unrewarding. If negative affect between mothers
and children becomes mutually expressed, leading to
reciprocal negative affect and interpersonal withdrawal,
mothers might be more likely to maintain depressive
symptoms such as persistent low mood, helplessness,
worthlessness, and hopelessness. Right frontal EEG asym-
metry in children could thus predict mothers’ depression
over time via its behavioral manifestations. In addition,
right frontal EEG asymmetry in children could capture

aspects of children’s affectivity that are independent of
those measured in typical laboratory paradigms of affective
behavior and, thus, could predict mothers’ symptoms in
combination with other forms of child negative affectivity.
Accordingly, we hypothesized that children’s right frontal
EEG asymmetry, possibly in combination with factors such
as maternal history of depression and children’s expressions
of affect during mother—child interaction, would be associ-
ated with mothers’ depressive symptoms.

Goals of the Current Study

The current study applied a child effects perspective (Bell
1968) to the longitudinal course of mothers’ depressive
symptoms. Specifically, we examined associations between
behavioral and physiological markers of children’s affect
and the course of mothers’ depressive symptoms over one
year. Some of the mothers in the sample had a history of
COD, while others had no history of serious psychopathol-
ogy. We predicted that both behavioral and physiological
markers of children’s affect would be associated with
mothers’ depressive symptoms over time. Our hypothesis
was that mothers of children who exhibit high negative
affect, right frontal EEG asymmetry, or a combination of
the two would exhibit higher overall depressive symptoms
than mothers whose children exhibit lower levels of these
markers. In addition, we examined whether mothers’
history of COD interacted with children’s affective charac-
teristics (i.e., high negative affect or right frontal EEG
asymmetry) to predict mothers’ depressive symptoms
overall or change in symptoms over time. Finally, we
conducted exploratory cross-lagged models to consider
whether child effects were a plausible explanation of
observed relations between children’s affective character-
istics and mothers’ depressive symptoms.

Method
Participants

Participants were 74 children and their mothers from 61
families who were participating in a longitudinal program
project on affect regulation in families with a parent history
of COD. Of the 74 children, 44 had a maternal history of
COD. All offspring in the COD group in the target age
range were assessed (31 families total, with a range of 1-4
children per family); as a result, nine families contributed
more than one child. One child per control family was
assessed. The effect of including multiple siblings from
some families in the COD group was accounted for
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statistically by using random effects modeling to control for
shared variance among siblings. A total of 40 dyads had
child frontal EEG asymmetry data from both time points;
60 had child affective behavior data from both time points;
and 34 families had both types of data from both time
points.

Families were recruited either through prior research
studies or community advertisements. A subgroup of the
COD mothers (n=17) had participated in a longitudinal,
naturalistic follow-up study of COD during childhood
(Kovacs et al. 1984a). The remaining mothers in the COD
group (n=14) were recruited from the community during
adulthood. Mothers in both COD subgroups had docu-
mented histories of childhood-onset mood disorders. Moth-
ers in the two COD subgroups did not differ in depressive
symptoms at either time point or in lifetime comorbid
disorders. In the control group, families (n=30) were
recruited by accessing individuals who had participated in
studies during their childhood or adolescence as “normal
controls,” soliciting participation using the Cole directory
of households in neighborhoods comparable in socioeco-
nomic status to the COD group, and advertising in the
general community or through special community pro-
grams. For adults in the control group, criteria for
participation in the program project included a lifetime
history free of major psychiatric disorder. All adult
participants were required to be free of major systemic
medical disorders.

Families in the current study were selected from the
larger program project sample if five criteria were met: (1)
the adult participant was a woman with children; (2)
children were in the age range of 3-9 years; (3) children
had been assessed in both the psychophysiology study and
the mother—child interaction study; (4) children had
complete resting EEG data from the psychophysiology
assessment; and (5) mothers had completed symptom
questionnaires in the mother—child interaction study at the
initial assessment and again one year after the child’s
participation in the psychophysiology and mother—child
interaction studies. The age range of 3-9 years was selected
because of the increasing acquisition of affect regulation
skills during this period and the inclusion of this age range
in similar studies (e.g., Cole 1986). For program project
families with children age 3-9 years who completed the
mother—child interaction study at time 1, 63% of children
returned for another assessment one year later. Of those,
76% also completed the psychophysiology study at time 1.

As shown in Table 1, children of mothers in the COD
and control groups did not differ in age, ethnicity, or
handedness, although the control group contained a greater
proportion of European—American children than did the
COD group (X*>=4.01, p<0.05). Mothers in the COD and
control groups did not differ in education level, with 80%
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Table 1 Characteristics of the children in the sample, by maternal
history of depression

Control (n=30) COD (n=44)
Child age (years) 5.09 (1.55) 5.06 (1.77)
Child gender (female, %) 43 43
Child ethnicity
European—American (%) 60 36
African—American (%) 27 32
Latino (%) 0 5
Asian—American (%) 3 0
Mixed® (%) 10 27
Child affect expression 0.17 (0.65) —0.12 (1.18)

Child frontal EEG —0.0034 (0.1307)  —0.0122 (0.1128)

asymmetry
Mothers’ depressive symptoms
Time 1 3.34 (3.36) 14.63 (8.49)
Time 2 3.07 (4.08) 15.05 (10.37)
Mothers’ anxiety symptoms ~ 23.47 (3.17) 32.36 (8.96)

Values are mean (SD) or percentages. Data for affect expression are
factor scores from principal components analysis. Negative frontal
asymmetry scores reflect right frontal asymmetry, and positive scores
reflect left frontal asymmetry. Anxiety symptoms were measured at
time 1.

COD Maternal history of childhood-onset depression.

 Primarily mixed European—American and African—-American.

in the control group and 92% in the COD group having at
least a high school diploma. Mothers in the control group
were older than mothers in the COD group (M=30.57, SD=
5.67 and M=26.71, SD=3.54, respectively), but because
mother’s age was unrelated to the variables of interest, it
was not included in analyses.

Diagnosis

Mothers’ history of depression was determined through the
administration of structured clinical interviews and a review of
childhood psychiatric records. All mothers in the COD group
had extensive clinical or research records supporting the
presence of operational DSM-III, DSM-III-R, or DSM-IV
diagnoses (American Psychiatric Association 1980, 1987,
1994) of either depression (major depressive and/or dysthy-
mic disorder) by age 14 (n=22), or bipolar spectrum disorder
(bipolar I, bipolar II, or cyclothymic disorder) by age 17
(n=9). In addition, all COD participants’ diagnoses were
confirmed through current administration of the Structured
Clinical Interview for DSM-IV (SCID; First et al. 1995). The
results reported below did not differ when families with
early-onset bipolar spectrum disorders were excluded. The
subgroup of mothers who had participated in a longitudinal,
naturalistic follow-up study of COD was evaluated during
childhood using the Interview Schedule for Children and
Adolescents (Sherrill and Kovacs 2000). During adulthood,
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this subgroup was evaluated using the SCID. The subgroup
containing the remaining mothers in the COD group was
diagnosed with COD based on psychiatric and/or research
documentation dating from childhood. In addition, this
subgroup was administered the SCID at the time of entry
into the study to confirm the presence of childhood mood
disorder and to assess current disorders.

Design, Procedure, and Data Quantification

Laboratory Visits At both time points, participants visited
two laboratories: a psychophysiology laboratory, in which
child resting EEG was recorded; and a parent—child
interaction laboratory, in which mother—child interaction
was observed. Participants completed affect-eliciting tasks
in both laboratories. The visits to the two laboratories
occurred within 2 months of each other for 88% of the
participants, with 6 months as the greatest lag between the
visits. After the physiology assessment, children were
administered an 11-item behavioral version of the Edin-
burgh Handedness Inventory (Oldfield 1971) adapted for
children. During the mother—child interaction assessments,
mothers completed questionnaires about their current
depressive and anxiety symptoms. At time 2, approximately
one year later, the psychophysiology and mother—child
behavior assessments were repeated.

Children's Affective Behavior Mothers and children en-
gaged in a series of 4-5 tasks lasting 25 min designed to
elicit (1) both positive and negative affect in children and
(2) comparable levels of affect for children varying in
developmental status. For example, at age 3, tasks involved
a dinosaur puzzle; Etch-a-Sketch (fine-motor drawing
board), stack-n-pop (motor and balance), and toss-a-cross
(gross motor and hand-eye coordination) games; and
exposure to a wiggle ball (a ball with flashing lights that
emits shrill sounds). At age 5, tasks included “Hungry
Hungry Hippos” (a competitive game involving fine motor
skills and speed), Marble Works (a building task using
marbles), a naming game (e.g., name things that fly), a
shape sorter task, and a tractor treader (a large wheel that
turns when a child crawls while inside it). At least one task
within each group was selected to provide a provocative or
frightening element (e.g., wiggle ball at age 3). Because the
tasks were designed to elicit similar amounts of positive
and negative affect across the age range of children in the
study, we did not expect to find age effects on behavior.
Children’s affective behavior was subsequently coded from
videotapes. The following behaviors were coded within 10-s
intervals: positive affect, negative affect, disruptiveness, task
involvement, and task uninvolvement. Additionally, coders
rated the following behaviors on four-point global scales after
viewing all tasks: positivity toward mother, negative affect

toward mother, involvement with tasks, involvement with
mother, appropriate affect, inhibition, and sociability. All
coders were blind to the group status of participants. Kappas
for coder reliability ranged between 0.59-0.76, with a mean of
0.65. These levels are consistent with established reliability
expectations for observational codes (Mitchell 1979).
Behavioral data were reduced using principal compo-
nents analysis with varimax rotation, which resulted in a
two-factor solution. The two factors that emerged explained
53% of the variance and corresponded to task engagement
and affect expression." The affect expression factor
explained 16.5% of the variance (eigenvalue=1.97, internal
consistency alpha=0.60) and involved low negative affect
(loading=-0.60), low negative affect toward mother
(—0.47), high positive affect toward mother (0.67), high
sociability (0.79), and high appropriate affect (0.73). Based
on our hypotheses and the literature on children at risk for
depression, we included the affect expression factor in
hypothesis tests. At low levels, this factor represents
frequent expression of negative affect; at high levels, the
factor represents frequent expression of positive affect.
Because the factor includes sociability and appropriate
affect, high levels are likely to reflect the suitability of
affect expression for the social context. The inclusion of
both negative affect and positive affect in this empirically
derived factor is consistent with research indicating that the
balance of positive and negative affect is related to human
flourishing, which represents optimal mental health
(Fredrickson and Losada 2005), and that positive and
negative affect are somewhat related (e.g., Watson 2000).

Frontal EEG Asymmetry Children’s EEG was recorded
during six 30-s resting segments, during which children sat
quietly and alternately looked at a small model spaceship
and closed their eyes. EEG was recorded with an electrode
cap (Electro-Cap International) placed according to stan-
dard landmarks. The following sites were included for
children: mid-frontal (F3, F4), lateral frontal (F7, FS),
central (C3, C4), anterior temporal (T7, T8), mid-parietal
(P3, P4), and occipital (O1, 02).

On-line recordings were referenced to the vertex (Cz),
then re-referenced to a whole-head average. The signal was
amplified with a gain of 5,000 and bandpass filtered at 1—
100 Hz. Data were digitized on-line at a sampling rate of
512 Hz per channel. Electrode impedances were below 5 kQ,
and impedances for homologous sites were within 0.5 kQ.
Vertical and horizontal electrooculogram (EOG) data were

"' We have previously used the term affect regulation for this factor
because we conceptualize it as a proxy, in some ways, for appropriate
affect regulation in a social context. Upon reconsideration of the
construct captured by this combination of behaviors in this behavioral
paradigm, we have decided that affect expression is a more appropriate
term.
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used to identify and manually remove eye movement
artifact. Artifact rejection was conducted by two trained
coders who were blind to group status. Coders visually
inspected data from EOG and EEG channels for the entire
resting period and manually removed data from epochs that
included blinks, eye movements, or motor activity. EOG was
recorded using tin cup electrodes; vertical EOG electrodes
were placed on the suborbital and supraorbital areas around
the right eye, and horizontal EOG electrodes were placed on
the left and right outer canthi.

The EEG signal was quantified with discrete Fourier
transformation (DFT) using a Hanning window 1-s wide
and with 50% overlap. Prior to DFT computation, the mean
voltage was subtracted from each data point to eliminate
any influence of DC offset. Power (in units of picowatt—
Ohms or squared microvolts) was computed for 1-Hz
frequency bins for frequencies between 1 and 30 Hz. The
frequency range of interest was the alpha band, which is
putatively inversely related to brain activation (Pfurtscheller
et al. 1996). Based on an examination of each participant’s
EEG activity in single-Hz bins, as well as previous develop-
mental findings (Marshall et al. 2002), the alpha range was
defined as 7-10 Hz for 3- to 5-year-olds and 8-11 Hz for 6-
to 9-year-olds. Alpha power values (in picowatt-Ohms or
squared microvolts) for each electrode site were weighted by
the number of artifact-free epochs in each segment and
averaged across segments. Average values were subjected to
a natural-logarithm transformation to normalize distributions
(Gasser et al. 1982). Following a widely used approach
(Davidson et al. 2000b), asymmetry scores were computed
as the difference of transformed power scores for midfrontal
leads (InF4-InF3). Positive scores reflect greater relative left
frontal activity, and negative scores reflect greater relative
right frontal activity.

Mothers’ Symptoms Mothers’ current depressive and anxiety
symptoms were measured using the Beck Depression
Inventory (BDI; Beck et al. 1988a) and the Beck Anxiety
Inventory (BAIL Beck et al. 1988b), respectively. These
questionnaires are reliable and valid self-report measures of
depressive and anxiety symptoms. Each questionnaire con-
tains 21 items, with four possible responses per item. Internal
consistency for the entire set of items was high for both the
BDI and the BAI (Cronbach’s a=0.92 for each).

Data Analysis

Hypotheses were tested using repeated measures random
effects models, which allow modeling of within-family
similarity (across siblings) and within-mother similarity
(across time) and which have important advantages over
traditional models that assume independence of cases.
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Random effects models adjust the degrees of freedom for
each factor to accommodate the presence of both fixed and
random factors in the model.

Mothers’ level of depressive symptoms was the depen-
dent variable. COD group, child frontal EEG asymmetry,
and child affect expression were fixed effects. Family and
mother were random effects. The family effect could be
modeled only for the COD group, since siblings were
present in this group but not the control group. Time was a
within-subjects factor. Rather than consider time 1 depressive
symptoms an independent variable and time 2 depressive
symptoms the dependent variable, we included time as an
independent variable in a repeated-measures analysis. We
could then test whether depressive symptoms changed with
time and whether the relation between child characteristics
and maternal depression varied with time (i.e., time interacted
with other fixed effects). The compound symmetry covariance
structure was used.

We computed a random effects model with only main
effects, then a full model with both main and interaction
effects. As the emphasis of the full-model analyses was on
factors related to change in mothers’ symptoms, hypothesis
testing was focused on two- and three-way interactions that
included time (e.g., time X COD X frontal EEG asymmetry).

Level of anxiety symptoms at time 1 was included as a
covariate, allowing us to examine an index of maternal
depression that is somewhat “pure” and independent of
anxiety. Because depressive symptoms and anxious symp-
toms tend to be strongly correlated (»=0.78, p<0.001 in
this sample), this represents a conservative approach.
However, results were generally similar when anxiety
symptoms were left out of the model.

Significant interaction effects were examined two ways.
In our primary approach, we graphed means and conducted
post hoc tests using traditional methods. For graphs, groups
for continuous variables were created by selecting cases
that were at least 1 SD below and above the mean (e.g.,
high and low affect expression) and plotting the mean level
of maternal depressive symptoms, with a separate line for
each group, at each level of the interacting variable. The
resulting groups were small, often with fewer than 10 cases
each. Groups were then included in random effects
regressions to elucidate the nature of interaction effects.
Secondarily, to further specify the contributions to interac-
tion effects, we used an adaptation of the Johnson—Neyman
technique as described by Preacher, Bauer, and Curran
(Bauer and Curran 2005; Preacher et al. 2006) to plot
regions of significance and confidence bands for interaction
effects. In this more precise approach, regions of signifi-
cance indicate the high and low values of the moderator
variable at which the relation of the focal predictor and the
dependent variable (displayed as a simple slope) becomes
significant. Confidence bands are continuously plotted
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confidence intervals that correspond to conditional values
of the moderator.

Finally, in an attempt to examine whether findings might
reflect a direction of effects from children to mothers (in
addition to effects from mothers to children), we conducted
exploratory cross-lagged path analysis models using data
from both time points. Because only a subset of cases had
child data from both time points (e.g., 40 for frontal EEG
asymmetry), limiting our power to detect effects with large
models, we conducted separate models for child frontal
EEG asymmetry and child affect expression, with the child
variable and maternal depressive symptoms included at
both time points. Within each model, child and mother
effects were estimated simultaneously, accounting for the
autoregressive relations between child and mother measures
at two time points and the relations with COD group.

Preliminary Findings

Preliminary random effects regression models examined the
effects of child age, gender, ethnicity, or family SES on
child physiology, child affect expression, and mothers’
symptoms of depression. None of these characteristics was
related to the variables of interest. In addition, results of the
full model for depressive symptoms did not differ when we
included ethnicity (defined as European—American or non-
European—American), when left-handed participants were
removed from EEG-related analyses, or when child age was
included as a covariate. Thus, these variables were
subsequently excluded from the main analyses. Further-
more, the pattern of findings did not differ when models
were computed with child age as a factor or when siblings
were excluded from the analyses. Models with significant
frontal EEG asymmetry effects were re-computed with
parietal rather than frontal asymmetry, confirming that
effects were specific to the frontal region.

Bivariate correlation analyses indicated that age, maternal
history of COD, child affect expression, and child frontal
EEG asymmetry were uncorrelated (rs=—0.01 to 0.14, ps>
0.14; Spearman’s rho=0.01 to 0.07, ps>0.10 for correla-
tions with COD group). Maternal history of COD was
moderately correlated with depressive symptoms and anx-
iety symptoms (Spearman’s tho=0.60 p<0.001, Spearman’s
rho=0.55, p<0.001, respectively), and depressive symptoms
and anxiety symptoms were strongly correlated with each
other (r=0.78, p<0.001). In addition, the correlation
between continuous indices of affect expression and frontal
EEG asymmetry indicated that they were fairly independent
of one another (r=0.12, p=0.17). Finally, comparisons of
children of mothers with a history of COD and children of
control mothers revealed no difference in frontal EEG
asymmetry or affective behavior.

Table 2 Results of random effects regression models for mothers’
depressive symptoms

Variable df F

Main effects model
Time 1, 70.00 0.53
COD group 1,61.06 13.33**
Affect expression 1, 108.38 0.58
Frontal asymmetry 1, 10691 0.75
Anxiety symptoms (covariate) 1, 88.53  15.83%x*

Full model
Time 1, 63.70 0.67
COD group 1, 59.96 9.88**
Affect expression 1,59.85 0.14
Frontal asymmetry 1,93.44 0.01
Anxiety symptoms (covariate) 1, 81.58 25.81**
Time X COD group 1,63.79 0.01
Time X Affect expression 1, 62.48 0.22
Time X Frontal asymmetry 1, 6452 6.02%
Time X COD group X Affect expression 2,61.90 0.57
Time X COD group X Frontal asymmetry 2,77.02 3.85%

Time X Affect expression X Frontal asymmetry 2, 80.09 6.07**

COD group Presence or absence of childhood-onset depression in the
mother, frontal asymmetry balance of child EEG alpha power at left
and right midfrontal sites, affect expression child behavior during
mother—child interaction. Degrees of freedom were adjusted for each
predictor variable as part of the random effects regression procedure.
*p<0.05

**p<0.005.

Results

As indicated in Table 2, the main effects model indicated an
effect for COD group (17=0.19), with higher depressive
symptoms in mothers with a history of COD than in mothers
with no history of psychopathology (M=14.83, SD=9.36
for COD; M=3.21, SD=3.69 for control). The main effect
for time was not significant, indicating that for the sample as
a whole, mothers’ depressive symptoms did not tend to
increase or decrease from time 1 to time 2. The main effects
for frontal EEG asymmetry and affect expression were also
nonsignificant in the main effects model.

As indicated in Table 2, the full model (including
interaction effects) for maternal depressive symptoms
indicated a significant COD group main effect (1°=0.14)
qualified by a time X COD group X frontal EEG
asymmetry interaction (7°=0.09). The time X frontal EEG
asymmetry interaction was significant (17=0.08), as was
the time X frontal EEG asymmetry X affect expression
interaction (7°=0.13).

Time X COD Group X Frontal EEG Asymmetry Interaction

The pattern of the three-way interaction involving time X
COD group X frontal EEG asymmetry for maternal
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depressive symptoms is depicted in Fig. la. To examine
this interaction, the sample was split by COD group, and
random effects regression models were conducted for each
group. The time X frontal EEG asymmetry interaction was
significant within the COD group, F(1, 41.92)=9.21, p<
0.005, but not within the control group. Random effects
regression models within the COD group at each time point
indicated that at time 1 only, child frontal EEG asymmetry
was associated with maternal depressive symptoms, F(I,
39)=5.78, p<0.05. In other words, depressive symptoms at
time 1 were higher for mothers with a history of COD
whose children had left frontal EEG asymmetry.
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time1 time2
—&— control + left frontal —#— control + right frontal
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—&— high affect expression + left frontal —®— high affect expression + right frontal

—=— |ow affect expression + right frontal

Fig. 1 Illustrations of three-way interactions for the influence of child
affective characteristics on mothers’ depressive symptoms. The time X
group X frontal asymmetry (a) and time X affect expression X frontal
asymmetry (b) interactions are depicted. Groups for affect expression
and frontal asymmetry were created by selecting cases that were at
least 1 SD below or above the sample mean. At high levels, the affect
expression variable reflects high positive affect, high sociability, high
appropriate affect, low negative affect, and low negative affect toward
mother. COD Maternal history of childhood-onset depression. Left
frontal Greater relative left frontal brain activity in child; right frontal
Greater relative right frontal brain activity in child
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To examine whether, as suggested in Fig. 1a, depressive
symptoms increased with time in the group of mothers with
a history of COD and a child with right frontal EEG
asymmetry, random effects regression models were com-
puted to examine the main effect of time within groups that
were created with combinations of maternal history of COD
and child frontal EEG asymmetry. For frontal EEG
asymmetry, the sample was split into right and left frontal
groups based on cases at least 1 SD below or above the
mean, respectively. The time effect was significant for the
group with a maternal history of COD and child right frontal
EEG asymmetry, F(1, 21.71)=10.44, p<0.005, and mar-
ginally significant for the group with a maternal history of
COD and child left frontal EEG asymmetry, F(1, 17.78)=
3.67, p=0.07. That is, in mothers with a history of COD,
depressive symptoms tended to increase in those whose
children had right frontal asymmetry and tended to decrease
in those whose children had left frontal asymmetry.

Secondary probing of interactions using the technique
proposed by Preacher et al. (2006) yielded generally similar
findings to traditional methods. COD group was considered
the focal predictor variable and frontal EEG asymmetry the
moderator variable. At time 1, the slope of maternal
depressive symptoms regressed on COD group was
significant for frontal EEG asymmetry values <—0.028
and >0.177 (see Fig. 2a). As both of these values fall within
the range of frontal EEG asymmetry scores, the relation
between mothers’ history of COD and depressive symptoms
was significant for women whose children had extreme right
frontal EEG asymmetry (i.e., higher depressive symptoms)
or extreme left frontal EEG asymmetry (i.e., lower depres-
sive symptoms). As would be expected, the confidence band
around this regression line was wider at more extreme
asymmetry values (Bauer and Curran 2005). There was no
region of significance for this interaction at time 2.

Time X Affect Expression X Frontal EEG Asymmetry
Interaction

The three-way interaction involving time X affect expression
X frontal EEG asymmetry for maternal depressive symptoms
is depicted in Fig. 1b. To examine this interaction, the
sample was first split into right and left frontal EEG
asymmetry groups as described above, and random effects
regression models were computed for each frontal EEG
asymmetry group. In the right frontal EEG asymmetry
group, there was a significant main effect for affect
expression, F(1, 5.8)=8.11, p<0.05. For mothers whose
children had right frontal EEG asymmetry, children’s low
affect expression—which reflects high negative affect and
low positive affect—was associated with high depressive
symptoms. Correlation analyses within the right frontal
EEG asymmetry group for each time point were conducted
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Fig. 2 Tllustration of regions of significance and confidence bands for
the time X COD group X frontal asymmetry (a) and time X affect
expression X frontal asymmetry (b) interactions. In both graphs, frontal
EEG asymmetry is considered the moderator variable (depicted on x-
axis), and the regression of maternal depressive symptoms on a
maternal COD group or b child affect expression is plotted as a simple
slope. Dotted lines indicate regions of significance: Values above the
upper limit and below the lower limit are values of frontal EEG
asymmetry for which the relation between maternal depressive
symptoms and the focal predictor (either COD group or child affect
expression) is considered significant. Confidence bands are continuous-
ly plotted confidence intervals for the relation of maternal depressive
symptoms and the focal predictor at values of frontal EEG asymmetry.
COD Maternal history of childhood-onset depression

to examine this effect further. Child affect expression was
strongly and negatively correlated with maternal depressive
symptoms at both time 1 (»=-0.82, p<0.05) and time 2 (r=
—0.71, p=0.05), indicating also that children’s expression of
negative affect was associated with maternal depression.
These correlations correspond to large effect sizes, with
Cohen’s d=2.85 and 2.01, respectively. Thus, the combi-
nation of affect expression and child right frontal EEG
asymmetry was related to high maternal depressive symp-
toms at both time points.

In the left frontal EEG asymmetry group, there was a
significant time X affect expression effect for depressive
symptoms, F(1, 6.38)=8.85, p<0.05. Although Fig. 1b
appears to indicate that this interaction effect was due to
higher depressive symptoms at time 1 in mothers of
children with left frontal EEG asymmetry and low affect
expression (i.e., high negative and low positive affect) than
in mothers of children with left frontal EEG asymmetry and
high affect expression (i.e., high positive and low negative
affect), the affect expression factor was not significant in
random effects models computed after the sample was split
by time.

A set of random effects regression models examined
whether mothers’ depressive symptoms changed with time
based on the combination of affect expression and frontal
EEG asymmetry. The sample was split by frontal asymme-
try and affect expression based on cases at least 1 SD above
and below the mean, and time was the predictor in the
regression models. Results indicated that depressive symp-
toms did not increase with time for any combination of
child affect expression and frontal EEG asymmetry.

Finally, based on Fig. 1b, a related random effects
regression model was conducted to examine whether
symptoms were higher at both time points in mothers whose
children exhibited right frontal asymmetry and low affect
expression (i.e., high negative and low positive affect) than
in mothers whose children had other combinations of frontal
asymmetry and affect expression. This model indicated a
marginally significant effect, F(1, 13.55)=3.63, p=0.08.

As with the other three-way interaction, additional
probing of this interaction using the technique proposed
by Preacher et al. (2006) yielded generally similar findings
to probing using traditional methods. Child affect expres-
sion behavior was considered the focal predictor variable
and frontal EEG asymmetry the moderator variable. At time
1, the slope of maternal depressive symptoms regressed on
child affect expression was significant for frontal EEG
asymmetry values <—0.0697 and >0.259 (see Fig. 2b). As
only the lower value falls within the range of frontal EEG
asymmetry scores, the relation between child affect expres-
sion and maternal depressive symptoms was significant
only for women whose children had extreme right frontal
EEG asymmetry. That is, depressive symptoms were higher
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in mothers whose children had extreme right frontal EEG
asymmetry and expressed high-frequency negative affect/
low-frequency positive affect. As would be expected, the
confidence band around this regression line was wider at
more extreme values of frontal EEG asymmetry (Bauer and
Curran 2005). There was no region of significance for this
interaction at time 2.

Cross-Lagged Models of Child Effects on Mothers’
Depression

To examine whether the main findings described above
could reflect a direction of effects from children to mothers,
we conducted additional cross-lagged models for the subset
of participants who had data for child affective character-
istics and mothers’ depressive symptoms at both time
points. The model for child frontal EEG asymmetry
indicated a marginally significant effect from child to
mother (B=-10.87, SE=6.47, $5=-0.13, p<0.10), and the
models for child frontal EEG asymmetry and child affect
expression behavior both indicated a direction of effects
from mother to child (B=0.004, SE=0.002, 3=0.35, p=
0.05; B=0.30, SE=0.02, 3=0.26 and p<0.10, respectively).
Figure 3 provides an example of the structure of each cross-
lagged model. Despite limited power to detect effects (i.e.,
n=34 for all variables at both time points), these models
provided some evidence for both parent-to-child and child-
to-parent directions of effects.

Discussion

This study contributes to the understanding of the associ-
ation of child factors with parents’ psychopathology by
testing hypotheses about the relation of children’s behav-
ioral and physiological affective characteristics to mothers’
depressive symptoms. By including a subgroup of parents

Child

with a history of childhood-onset mood disorder, the study
also examined whether women’s history of depression
moderates the relation between child affective character-
istics and mothers’ recurring depressive symptoms.

Children’s negative affect expression and frontal EEG
asymmetry, considered together and in conjunction with
maternal history of COD, were associated with severity and
persistence of maternal depressive symptoms. Symptoms
tended to increase with time in mothers with a history of
COD whose children exhibited right frontal EEG asymme-
try. Despite this longitudinal finding based on traditional
interaction probing, the relation between COD, frontal EEG
asymmetry, and depressive symptoms was more notable at
time 1 than at time 2. In mothers whose children exhibited
right frontal EEG asymmetry and expressed higher-fre-
quency negative affect/lower-frequency positive affect,
symptoms were high at both time points. For this subgroup,
the association between child characteristics and maternal
depressive symptoms was quite strong. Exploratory cross-
lagged models indicated some preliminary support for the
interpretation that the association between child affective
characteristics and mother depression could be partly
attributed to child effects on mothers, in addition to
corroborating previous research documenting maternal
effects on children’s subsequent affective characteristics.
These results are consistent with a transactional perspective
(Sameroff and Chandler 1975), suggesting that children’s
negative affect and mothers’ depressive symptoms could
exert mutual influence, with each potentially serving to
exacerbate the presence of the other.

We obtained some surprising results about change in
mothers’ symptoms over approximately one year. First, we
had predicted that mothers’ history of COD, in combination
with either child negative affect or child right frontal EEG
asymmetry, would be related to mothers’ depressive
symptoms at both time points. Instead, we found that the
combination of maternal COD and child right frontal EEG

Child

Characteristics T1

Mother Depressive

Characteristics T2

Mother Depressive

Symptoms T1

Mother history of
COD

Fig. 3 Example of a cross-lagged model for the relation between
a child affective characteristic and maternal depressive symptoms
at time 1 (71) and time 2 (72). Path a reflects child effects on
mother, and path b reflects mother effects on child. In the actual
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Symptoms T2

analyses, two separate models were estimated. Both models
contained the same maternal variables. In one model child frontal
EEG asymmetry was included, and in the other child affect
expression was included
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asymmetry was associated with an increase in mothers’
depressive symptoms. Second, in the case of affective
behavior and frontal EEG asymmetry, we found that
mothers whose children exhibited both high negative
affect/low positive affect and right frontal EEG asymmetry
had high depressive symptoms at both time points. In
general, we interpret these findings as indicating that, in
combination, child right frontal asymmetry and affect
expression are associated with maternal depressive symp-
toms. In the case of mother history of COD and child
frontal EEG asymmetry, there could be an exacerbation of
maternal depressive symptoms over time. For instance,
mothers’ history of COD could exert an influence on their
mood and behavior over time, creating vulnerability to
increased symptoms in the context of the typical affective
style of children with right frontal EEG asymmetry. In the
case of the combination of child right frontal EEG
asymmetry and high rates of child negative affect, the
presence of these two factors together could play a role in
high, stable maternal symptoms. Ideally, we would follow
the course of all of these factors—maternal depression, child
frontal EEG asymmetry, and child affective behavior—
over a period of years before drawing firm conclusions about
our interpretation of the current data.

We note, however, that while a newer and more precise
technique for probing interactions generally produced
results consistent with traditional techniques, it also led to
different results regarding the relation of mother and child
variables at the two time points. For example, while both
techniques indicated that relations among mother and child
variables were stronger at time 1 than at time 2, the newer
technique indicated that the combination of child affective
expression and child frontal EEG asymmetry was related to
maternal depressive symptoms only at time 1. An interpre-
tation of this finding is that the child factors we have
examined may not create stable risks for mothers or play a
critical role in symptom changes.

Given that we found that mothers’ depressive symptoms
were related to (1) the interaction of maternal history of
COD and child frontal EEG asymmetry and (2) the
interaction of child affective expression and child frontal
EEG asymmetry, we propose that the mechanism for both
patterns of interaction is the mother—child relationship.
Several factors may account for the association of child
affective characteristics and maternal depressive symptoms
across time.These include the stability of mothers’ interper-
sonal functioning, the development of affect regulation in
children, and the mutual influence of children’s and mothers’
affective style. For instance, the combination of right frontal
EEG asymmetry and expression of negative affect by
children could result in withdrawn, threat-sensitive behavior
in children and may contribute to a mother—child relationship
that is characterized by consistently high, dysregulated

negative affect or interpersonal disengagement. Alternative-
ly, from another perspective on laterality in brain function,
the attentional process of monitoring is localized in right
prefrontal areas (Stuss and Alexander 2007). As a result,
right frontal EEG asymmetry in children could also be
associated with vigilance. This vigilance could include a
focus on mothers’ mood and behavior, so that when
combined with negative affective reactivity, it could
contribute to mothers’ depressive symptoms.

Of course, mothers do not respond to children’s patterns
of brain activity per se, but mothers could be sensitive to
the types of behavior that are associated with the
motivational and affective characteristics indexed by right
frontal EEG asymmetry. Additionally, given that frontal
asymmetry and affective behavior were uncorrelated and
therefore likely to represent fairly independent constructs, it
appears that frontal EEG asymmetry represents elements of
affective behavior that were not captured by our behavior
observations. The authors of a study reporting that frontal
EEG asymmetry and child affect interacted to predict child
social behavior reached similar conclusions (Henderson
et al. 2001). Right frontal EEG asymmetry is thought to
predispose children to a style of affect regulation involving
withdrawal from aversive or threatening stimuli, fearful-
ness, and negative affect (Fox 1994). Thus, frontal EEG
asymmetry may be more relevant to threatening contexts
than our measure of child affective behavior. Perhaps under
conditions involving both response to perceived threat
(indexed by frontal EEG asymmetry) and children’s
tendency to display high negative affect and low positive
affect during interactions with their mothers (indexed by
our behavioral measure), mothers’ depressive symptoms are
especially sensitive to child affect. To elucidate the many
aspects of children’s affect that could play a role in
mothers’ depression, it will be important for future studies
to include more complex measures of behavior and to use
converging methods such as resting EEG, observation of
the mother—child relationship over time, the observation of
behavior in natural environments, and diary or experience
sampling measures of affect.

We do not interpret these findings as indicating a
detrimental, direct effect of frontal EEG asymmetry in a
single child—as one of possibly many important family
members in a woman’s social network—on maternal
depression. Rather, we view these findings as suggesting
an association of greater relative right frontal brain activity
(and its accompanying behaviors) with maternal symptoms.
This association is not likely to be unique to one child,
could be shared by other children in a family, and could be
shaped by other important interpersonal and affective
factors. Furthermore, frontal EEG asymmetry itself was
not associated with maternal depression as a main effect: It
was only related in combination with either mother history
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of depression or child affect expression. Thus, a child’s
right frontal EEG asymmetry could be a potent variable in
the larger constellation of social and affective factors that
contribute to maternal depression.

To some extent, our results support claims that greater
relative right frontal brain activity is an affective character-
istic associated (in this case, indirectly) with depressed
mood. In contrast to previous studies, however, the current
study examined change in mothers’ depressive symptoms
in relation not to their own frontal EEG asymmetry, but to
their children’s frontal EEG asymmetry. The mechanisms
for the relation between children’s frontal EEG asymmetry
and mothers’ depression are likely to involve children’s
affect-related behavior and its effects on the quality of the
mother—child relationship. From a traditional perspective,
children of depressed mothers could have inherited a
tendency toward right frontal EEG asymmetry along with
a vulnerability to depression. Even so, from a child effects
perspective, frontal EEG asymmetry may impact mothers’
mood or symptoms. The style of affect regulation indexed
by right frontal EEG asymmetry may be especially
troubling to mothers with a history of depression because
these mothers may be sensitive to social rejection, biased
toward thinking of themselves as ineffective parents, and
prone to withdraw from social contact (Hammen et al.
1990; Lyons-Ruth et al. 2002). For example, if a child with
right frontal EEG asymmetry withdraws physically in
response to a socially ambiguous event (e.g., a mother’s
expression of frustration), a mother prone to depression
might interpret that behavior as evidence that her child does
not love her, that she is incompetent as a parent, or that it is
better for her to avoid interacting with her child.

Because psychopathology in families is determined by a
multiplicity of factors and processes (Dickstein et al. 1998;
Seifer et al. 1996), it is valuable to take a multifactor,
multimethod approach to investigating family members’
influences on parent psychopathology. For example, we
found in a related study that children’s depressive and
anxiety problems were associated with affect expression
only in combination with frontal EEG asymmetry (Forbes
et al. 2006). In the current study, children’s frontal EEG
asymmetry and behavior did not contribute to mothers’
symptoms when considered in isolation. When considered
in combination with each other, with time, and with
maternal history of depression, however, both were found
to be important factors.

Our findings raise many questions about possible child
effects on parent psychopathology. First, how might
relations among children’s frontal EEG asymmetry, child-
ren’s affect expression, and parents’ depressive symptoms
represent a shared genetic diathesis toward depression?
Second, how might children’s affective behaviors in other
interpersonal contexts, such as sibling or peer play,
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influence parent psychopathology? Third, are other types
of parent psychopathology comparably sensitive to child-
ren’s affective characteristics? Additional studies are also
needed to explore family process factors that may mediate
the relation between child characteristics and parent
depressive symptoms. Longitudinal and genetically in-
formed designs will be essential, as will studies focusing
on fathers and other caregivers.

Certainly, it is possible that our findings reflect maternal
influence on child affective characteristics rather than child
effects on maternal functioning. Our methods and our
sample size do not allow us to disentangle these sources of
influence definitively. However, cross-lagged models in-
volving both time points indicated some support for child
effects on mothers’ symptoms and the more heavily
documented association from mothers to children. Our
findings are also consistent with the child effects view
insofar as a transactional perspective on developmental
psychopathology allows for bidirectional influence within
parent—child dyads. Incorporating a more experimental
design into future studies of families at risk for affective
disorders could provide opportunities for testing hypotheses
about the direction of effects in maternal depression. For
instance, in a study of the effects of child behavior on adults’
distress, child confederates were trained to behave defiantly
during interactions with adults (Pelham et al. 1997).

Although we were able to address an understudied topic
within the area of adult depression, our study has several
limitations. Our sample was fairly small, the developmental
range of the children included was broad, and we focused
on a particular subtype of depression. Because we assessed
children whose ages ranged from 3 to 9 years, we adapted
our methods developmentally, and this resulted in the use of
two definitions of alpha EEG activity and the inclusion of
different sets of toys for the mother—child interaction task.
Idiosyncrasies of the sample include the recruitment of
families from multiple sources and the inclusion of multiple
children in COD families. In addition, although the study
focused on a subtype of maternal depression, the COD
group included diverse types of depression. As a result of
these limitations, findings may not be generalizable to
populations with adult-onset depression, other affective
disorders, or other childhood-onset disorders. At the very
least, future research should address these questions in
parents with other subtypes of depression. Also, we focused
our investigation on child effects on mothers’ symptoms,
rather than on other important caregivers. Finally, we
focused on children’s affect as a source of variability in
mothers’ symptoms, but other domains such as children’s
academic functioning, antisocial behavior (i.e., problems
with school and the law), and cognitive ability may be
equally important factors that could predict mothers’
symptoms.
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Despite these limitations, the current study represents an
initial step toward understanding how child attributes may
be associated with parents’ ongoing adjustment. The find-
ings contribute to the child effects literature by indicating
that children’s affective characteristics may be one of several
contributors to parents’ depressive symptoms over time.
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