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ABSTRACT

Background: Daughters of depressed mothers are at increased risk for developing a depressive disorder.
We know relatively little, however, about the specific factors that contribute to this elevated risk. The
present study investigated the effects of familial risk for depression and the 5-HTTLPR and COMT
Val158Met polymorphisms, which have been associated with risk for depression, on biases in
endorsement of and memory for positive and negative adjectives.

Methods: Following a negative mood induction, 60 girls between the ages of 10 and 14 who had
recurrent depressed mothers (high risk for depression) and 91 age-matched daughters of never-
disordered mothers (low risk for depression) completed a Self-Referent Encoding Task in which they
decided whether negative and positive adjectives described them. Following the task they were asked to
recall as many of the adjectives as they could.

Results: Despite the absence of significant group differences in endorsement of positive or negative
adjectives, high-risk girls with the COMT Val158Met Val/Val polymorphism recalled more positive (but
not negative) words that they had endorsed than did high-risk girls who were homozygous for the
Met allele. COMT was not associated with recall of valenced adjectives in low-risk girls. Across risk
groups, 5-HTTLPR polymorphism was not associated with recall of valenced adjectives.

Limitations: Even with over 150 participants, there were relatively small numbers in some of the cells of
this study, limiting its statistical power.

Conclusions: These results suggest that assessing the interaction of familial risk status and COMT

polymorphism is important in understanding the development of depressive disorders.

© 2014 Elsevier B.V. All rights reserved.

1. Children at risk for depression: memory biases, self-
schemas, and genotypic variation

Children of depressed parents are three to five times more
likely to develop Major Depressive Disorder (MDD) during adoles-
cence than are children with no family history of psychopathology
(Hammen, 2009). Although environmental, psychological, and
biological factors have been implicated as playing a role in this
increased risk for the development of depression, the precise
mechanisms are likely to be complex and multidimensional and
are not yet fully understood.
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Beck's cognitive model of depression (Beck et al., 1979) posits
that persons who are vulnerable to experience a depressive
episode are characterized by a negative self-schema. This schema
is hypothesized to be activated by adverse environmental factors
and to lead to negatively biased distortions of the self, world, and
future that increase the risk for depression (Beck et al., 1979).
Investigators have found that depressed participants are charac-
terized by biased recall of emotional material (see Gotlib and
Joormann, 2010 for a review). Moreover, recall of negative infor-
mation is significantly stronger in depressed adults if the informa-
tion is self-relevant (Banos et al., 2001). Similarly, pre-adolescent
depressed children recalled significantly fewer positive self-
referential adjectives than did their never-depressed counterparts,
but similar numbers of negative self-referential adjectives, doc-
umenting memory biases in depressed children for emotional
stimuli (Timbremont and Braet, 2004).

Researchers have found that offspring of depressed parents also
exhibit less positive self-schemas and biased cognitive processes
(Jaenicke et al., 1987; Taylor and Ingram, 1999). Compared to
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offspring of never-depressed parents, children of depressed par-
ents reported higher levels of self-criticism, and lower levels of
self-worth (Garber and Robinson, 1997). Children of depressed
mothers also had a more depressotypic attributional style than did
children of never-depressed mothers. Girls with no personal
history of psychopathology whose biological mothers had experi-
enced recurrent depressive episodes have been found to attend
selectively to negative information (Joormann et al, 2007).
Although we do not know precisely why children of depressed
parents manifest these cognitive biases, researchers have found
that exposure to maternal depression is associated with elevated
levels of morning cortisol in their offspring (Halligan et al., 2004)
and increased subjective stress (Jaenicke et al., 1987). This stress
may contribute to the development of negative cognitive biases in
the offspring through environmental factors such as the children's
direct experience of stress, through learned coping strategies, or
through cognitive biases modeled by their mothers (Goodman and
Gotlib, 1999).

Evidence also indicates that biological influences are important
in understanding risk for depression (Hammen, 2009). In this
context, researchers are examining associations between cognitive
indices of vulnerability for the development of depression
and specific candidate genes (Hariri et al., 2002; Hayden et al.,
2008). In a landmark study. Caspi et al. (2003) found that
individuals who were homozygous for the short allele of the
5-HTTLPR gene developed depression more frequently when
exposed to stressful life events than did those without this
genotype.”” To investigate whether the Caspi et al. findings could
be explained by differences in cognitive processing style as a
function of 5-HTTLPR genotype, Hayden et al. (2008) studied self-
referential information processing in a community sample of
young children. Consistent with the Caspi et al. findings, Hayden
et al. found that, when primed with a negative mood induction,
children homozygous for the 5-HTTLPR short allele exhibited
significantly stronger processing of negative information.

Based on guidelines for genetic association studies in complex
disease (Campbell and Rudan, 2002), the COMT Val158Met poly-
morphism has high “biological plausibility” and is a promising
candidate through which to examine the effects of genes on
cognitive indices for depression. COMT Val158Met polymorphism
has been found to be associated with depression and to play a
critical role in the regulation of pre-frontal dopamine (DA) activity
(Massat et al., 2005; Tunbridge et al., 2004), a region that has been
implicated in endorsement of and memory for self-referential
information (Fossati et al., 2004).

Val158Met is a single nucleotide polymorphism (SNP; G—A
transition at codon 158) of the catechol-O-methyltransferase
(COMT) gene located on chromosome 22q11.2.The COMT SNP
encodes activity of COMT, a key enzyme in the metabolism of DA
and is a primary regulator of synaptic levels of DA in the prefrontal
cortex (Gogos et al, 1998). A substitution of valine (Val) by
methionine (Met) at codon 158 of the COMT gene affects the
activity level of the COMT enzyme. The alleles are posited to be co-
dominant, given that heterozygous individuals have enzyme
activity that is halfway between their homozygous counterparts
(Weinshilboum et al., 1999). Compared with the Val allele of this

4 The Caspi et al. (2003) results have been replicated by some subsequent
studies, however several failures to replicate have also been published (Zammit and
Owen, 2006). Most recently a meta-analysis concluded that no evidence that the
serotonin transporter genotype alone or in interaction with stressful life events is
associated with an elevated risk of depression (Risch et al., 2009).

5 A critical issue in assessing the significance of associations with phenotypic
measures is the likelihood of type I errors. The approach taken in this study was to
select and analyze a single candidate functional polymorphism, chosen for its
biological effect, in the context of a target phenotype that is likely to be affected by
this polymorphism.

polymorphism, the Met allele has been associated with reduced
activity of the COMT enzyme and, therefore, higher DA levels in
the prefrontal cortex (Chen et al., 2004). Compared with indivi-
duals with one or two Met alleles, persons with the homozygous
Val/Val SNP have three to four times higher enzyme activity and
increased DA catabolism (Chen et al., 2004). Consequently, persons
homozygous for the Val allele have significantly lower synaptic DA
levels following neurotransmitter release, ultimately reducing
dopaminergic stimulation of the post-synaptic neuron and result-
ing in weaker prefrontal activation (Winterer et al., 2006). Impor-
tantly, in fMRI studies of self-referential processing, greater
activation in the prefrontal cortex has been associated with both
endorsement of and memory for positive self-relevant information
(Fossati et al., 2004).

As a consequence of these differences in the availability of
dopamine, investigators have documented distinct behavioral
phenotypes for Val and Met carriers. The increased dopamine
availability in the post-synaptic neuron that characterizes Met
carriers, compared with homozygous COMT Val carriers, is asso-
ciated with advantages in cognitive processing (Heinz and Smolka,
2006). Importantly, however, Smolka et al. (2005) found that Met
carriers also exhibit difficulties in affective processing. For exam-
ple, compared with homozygous Val carriers, homozygous Met
carriers perform better on tests of working memory and attention,
but are less efficient in their processing negative affective stimuli
(Stein et al., 2006). Indeed, the COMT vall58met genotype
explained a significant proportion of the variance in BOLD
response to unpleasant stimuli. These investigators found that
increased prefrontal activation to negative stimuli in participants
with one or two Met alleles contributed to the observed lower
emotional resilience against negative mood states (Smolka et al.,
2005). This increased activation, combined with the increased
dopamine release in prefrontal regions associated with stress
(Berridge, 2004), means that the load limit of systems concerned
with emotional and cognitive behavior control will be reached
earlier in Met carriers than in Val carriers, contributing to the
lowered resilience of Met carriers against negative mood states
(Smolka et al., 2005). Further evidence demonstrates that Val
carriers are more efficient than are Met carriers in dopaminergic
neurotransmission under conditions of stress and, therefore, have
better working memory under stress than when they are not
stressed (Mattay et al., 2003). Indeed under conditions of stress,
Val carriers have been found to exhibit better performance on
tasks assessing working memory than do Met carriers (Mattay
et al.,, 2003).

The purpose of the present study is to examine the relation
between two candidate genes — 5-HTTLPR and COMT, and cogni-
tive biases that have been implicated as risk factors for the
development of depression. The first aim was to examine whether
the COMT Val158Met polymorphism had differential effects on
biases in memory for valenced self-referential information in
daughters at risk for depression compared to low-risk daughters.
While prior studies have investigated the effects of risk status on
memory for valenced information (Taylor and Ingram, 1999), or
the relation of COMT genotype and memory (Heinz and Smolka,
2006; Mattay et al., 2003; Smolka et al., 2005), this is the first
study to investigate the interactive effects of the COMT poly-
morphism and risk status on memory for self-referential informa-
tion. Although speculative, we anticipated that COMT genotype
would have differential effects on memory for valenced self-
referential information in high vs. low risk girls. We based this
hypothesis on research indicating that (1) COMT genotype is
associated with depression (Massat et al., 2005); (2) COMT
genotype controls dopamine availability in the region of the brain
associated with endorsement of and memory for positive self-
relevant information (Fossati et al., 2004); and (3) affective
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processing varies as a function of COMT genotype and stress
exposure (Mattay et al., 2003). Given concerns in the field regard-
ing replications of genetic studies (Duncan and Keller, 2011), the
second aim of this study was to attempt to replicate Hayden et al.
(2009) findings that children homozygous for the short allele of
the 5-HTTLPR polymorphism are characterized by significantly
stronger processing of negative information than are children with
at least one long allele.

2. Methods
2.1. Participants

Participants were 151 girls between the ages of 9 and 14
(M=12.0, SD=1.5) with no current or past history of Axis I
disorders included in the Diagnostic and Statistical Manual (DSM)
of Mental Disorders, 4th edition (DSM-IV; American Psychiatric
Association, 2000). Ninety-one of the girls had biological mothers
with no current or past DSM-IV Axis I disorder, and 60 girls had
biological mothers who had experienced at least two major
depressive episodes during their daughter's lifetime. Participants
were recruited through advertisements in various local media
(e.g., Craigslist).

2.2. Assessment of depression and risk

The diagnostic status of daughters was assessed by trained
interviewers administering the Schedule for Affective Disorders
and Schizophrenia for School-Age Children-Present and Lifetime
version (K-SADS-PL; Kaufman et al., 2000) separately to the
daughters and to their mothers. The Structured Clinical Interview
for the DSM-IV (SCID; First et al., 1996) was administered to the
mothers. To assess inter-rater reliability, an independent
rater evaluated 30% of the SCID and K-SAD-PL interviews by
randomly selecting audiotapes of equal numbers of high-risk and
low-risk pairs. In all cases these diagnoses matched the original
interviewer.

Daughters met eligibility for the high-risk group if (1) they did
not meet criteria for any past or current DSM-IV Axis-I disorder
according to both the parent and child K-SADS-PL; (2) their
mothers met DSM-IV criteria for at least two distinct episodes of
MDD since the birth of their daughters but did not currently meet
criteria for MDD; and (3) their mothers did not meet criteria for
Bipolar I or II or current substance use or dependence disorders;
and had not experienced any psychotic symptoms. Daughters met
eligibility for the low-risk group if (1) they did not meet criteria for
any past or current DSM-IV Axis-I disorder; and (2) their mothers
did not meet criteria for any current or past DSM-IV Axis-I
disorders. Mothers and daughters were excluded if either had
experienced severe head trauma or diagnoses of learning
disabilities.

2.3. Measures

To assess pubertal status, girls completed the five Tanner stages
of maturity (Morris and Udry, 1980). This measure was found to be
significantly correlated with physicians' ratings (Rudolph, 2008).

To assess severity of depressive symptoms, girls completed the
10-item version of the Children's Depression Inventory (CDI-S;
Kovacs, 1992). Internal consistency for the CDI-S in this sample
was a=0.76.

To assess impact of the mood induction, we asked the partici-
pants to rate their mood before and after the induction on a
visual analog scale (very sad=1, very happy=5; Taylor and
Ingram, 1999).

Finally, we administered the vocabulary section of the verbal
subtest of the Wechsler Intelligence Scale for Children-IV (WISC-
IV; Wechsler, 2003) to the girls. This test assesses knowledge of
word meanings and language development.

2.4. Mood inductions

Taylor and Ingram (1999) found that memory biases were
evident only when a negative mood state was induced, suggesting
the presence of cognitive biases that are activated by negative
affect. In the present study, participants were shown one of three
randomly assigned 5- to 7-min film clips before completing the
SRET in order to induce a negative mood. The clips from Stepmom
(Columbus et al., 1998), My Girl (Zeiff, 1991), and Dead Poet's
Society (Weir, 1989) all portray adolescents experiencing the loss of
a loved one. Following the film clip, participants were instructed to
think for two minutes about how they would feel if they
experienced the situation in the film clip. No significant differ-
ences in self-reported mood state were found between or within
groups.

2.5. SRET and incidental recall task

The SRET consisted of a set of 40 adjectives, half of which were
negative and half of which were positive. The adjectives were
selected from previous studies of information processing in
depression (e.g. Gotlib et al., 2004).

When completing the SRET, participants were seated at a
computer and were instructed to focus on a cross in the middle
of the screen. For each trial, the words “Describes me?” replaced
the cross for 500 ms, followed by a 250-ms pause, after which one
of the stimulus words was presented. Participants indicated
whether the displayed word described them. After the task,
participants were asked to recall as many words as possible
from the task. We used the proportion of endorsed positive
and negative adjectives that were recalled to assess biases in
memory.

2.6. Genetic data

DNA was analyzed using saliva collected with the Oragene
Kit (DNA Genotek, Inc. Ottawa, Ontario, Canada). DNA extracted
by this method permits genotyping with a high success rate
(Rylander-Rudqvist et al., 2006).

DNA was amplified with the primers 5'-CCA GGT CTG ACA ACG
GGT CA-3’ and 5'-CTC ATC ACC ATC GAG ATC AA-3’ to genotype the
target COMT Val158Met polymorphism. Next, the 109-bp frag-
ment was digested with Nlalll. The resulting digested bands were
detected with ethidium bromide staining after gel electrophoresis
(4% agarose).

2.7. Procedure

In the first session after mothers provided informed consent
and daughters provided assent, both completed clinical inter-
views, self-report measures, and the WISC-IV vocabulary scale.
Within one week, daughters completed a second session, which
included a baseline mood measurement, followed by the mood
induction, a second mood assessment, the SRET and incidental
recall task.



L.D. Asarnow et al. / Journal of Affective Disorders 159 (2014) 66-72 69
Table 1
Demographic and clinical characteristics of participants in the COMT and familial risk groups.
Met/Met Val/Met Val/Val
High-risk Low-risk High-risk Low-risk High-risk Low-risk
Number of girls 8 10 39 49 13 32
Age M (SD) 10.71 (1.50) 12.30 (.68) 12.28 (1.61) 11.88 (1.56) 12.11 (1.71) 11.80 (1.71)
Pubertal status M (SD) 2.81 (1.19) 3.22(1.28) 3.42 (1.04) 3.07 (0.99) 3.18 (1.17) 3.05 (0.96)
CDI-S M (SD) 3.29 (1.80) .90 (.99) 217 (2.42) 1.26 (1.51) 3.60 (1.58) 1.20 (1.56)
WISC M (SD) 49.29 (9.18) 55.80 (5.39) 51.19 (6.78) 47.09 (8.73) 50.20 (9.76) 48.64 (9.00)
Mood change M (SD) —1.57 (79) -1.9(1.1) —1.33(1.14) —1.43 (1.08) —1.0 (.85) -1.77 (1.12)
Ethnicity (% caucasian) 55.6 80 80.5 78.4 46.2 57.6

Note: CDI-S=Children's Depression Inventory — Short Form; WISC-IV=Wechsler Intelligence Scale for Children-IV; M=mean; SD=standard deviation.

Table 2
Demographic and clinical characteristics of participants in the 5-HTTLPR poly-
morphism groups.

Long/long Long/short Short/short
Number of girls 22 69 19
Age M (SD) 11.86 (1.45) 12.63 (1.60) 11.93 (1.25)
Pubertal Status M (SD) 2.70 (1.09) 3.20 (1.03) 2.85 (1.0)
CDI-S M (SD) 1.48 (1.66) 1.72 (217) 1.05 (1.68)
WISC M (SD) 45.95 (9.91) 50.00 (8.34) 5047 (6.4)
Mood change M (SD) —1.43 (.98) —1.47 (1.03) —1.22 (.94)
Ethnicity (% Caucasian) 54.6 72.5 73.7

Note: CDI-S=Children's Depression Inventory - Short Form; WISC-IV=Wechsler
Intelligence Scale for Children-IV; M=mean; SD=standard deviation

3. Results

3.1. Participant characteristics

Demographic and clinical characteristics, categorized by risk
group and COMT polymorphism, are presented in Table 1. A chi-
square analysis conducted on race/ethnicity and COMT poly-
morphism yielded a significant effect, »*(5, N=157)=11.31,
p <.05. Therefore, we included race/ethnicity as a covariate in
subsequent analyses. A series of two-way analyses of variance
(ANOVAs; risk group [low-risk, high-risk] x COMT group [Val/Val,
Val/Met, Met/Met]) yielded no significant main effects of risk
group or COMT group for age, pubertal status, or vocabulary scores
(Fs < 2.7, ns). As indicated above, there was a main effect of risk
group for CDI-S scores, F(1,145)=14.05, p < .05, and CDI-S scores
were used as a covariate for subsequent analyses. There were no
significant interactions of risk group and COMT group for any of
the variables (Fs < 0.71, ps > .05). There were no significant differ-
ences between the low- and high-risk girls or among the three
COMT groups in changes in mood following the mood induction;
there was also no significant interaction of risk group and COMT
group (all Fs < 3.09, ps >.05).

Demographic and clinical characteristics, categorized by
5-HTTLPR, are presented in Table 2. A chi-square analysis con-
ducted on race/ethnicity yielded a non-significant effect, (2,
N=110)=2.735, p > .05. A series of one-way analyses of variance
(ANOVAs) yielded no significant effects of 5-HTTLPR polymorph-
ism for age, pubertal status, CDI-S, or vocabulary scores (Fs < 2.3,
ns).

3.2. SRET recall

A two-way (risk group by COMT group) MANCOVA, covarying
race/ethnicity and CDI-S scores, conducted on the proportion of
endorsed positive and negative adjectives recalled by participants
did not yield significant main effects of risk group or COMT group
(both Fs<.91, ps>.05); however, it did yield a significant

interaction of risk group and COMT group, F(4,278)=2.58, p < .05,
npz =.04.

To examine this interaction, we conducted separate two-way
(risk group by COMT group) ANCOVAs, covarying race/ethnicity
and CDI-S scores, on recall of positive and negative endorsed
adjectives. The analysis of recall of negative endorsed adjectives
did not yield significant main effects or interactions, all Fs < .17,
ps > .05. In contrast, the analysis of recall of positive endorsed
adjectives yielded a significant interaction of risk group and COMT
group, F(2,145)=4.29, p < .05, npz =.06. To probe this interaction,
we first conducted two separate one-way ANCOVAs, covarying
race/ethnicity and CDI-S scores, examining the effect of COMT
genotype on recall of endorsed positive adjectives, within the low-
risk and within the high-risk groups. These analyses yielded a
significant main effect of COMT group in the high-risk group,
F(2,57)=3.27, p< .05 npz =.1, but not in the low-risk group, F(2,
88)=1.07, p > .05, r]p2=.02. Fisher's least significant difference
(LSD) tests indicated that in the high-risk group, homozygous Met
participants recalled a significantly lower proportion of positive
endorsed adjectives (M=0.36, SD=0.16) than did the homozygous
Val participants (M=0.59, SD=0.28), and a marginally lower
proportion of positive endorsed adjectives than did the Val/Met
participants (M=0.51, SD=0.18; see Fig. 1). Second, using t-tests,
we examined differences between low- and high-risk girls in the
proportion of positive endorsed adjectives recalled within each of
the Met/Met, Val/Met, and Val/Val groups. Low- and high-risk girls
differed within the Met/Met group: high-risk girls had signifi-
cantly poorer recall of positive endorsed adjectives than did low-
risk girls, t(16)=2.61, p <.05, d=1.23; there were no differences
between risk groups within the Val/Met or the Val/Val groups in
the proportion of positive endorsed adjectives recalled.

A one-way (5-HTTLPR group) multivariate analysis of covar-
iance (MANCOVA) was conducted to examine differences in
proportion of endorsed positive and negative adjectives recalled
by participants across the three 5-HTTLPR polymorphisms. This
analysis did not yield a significant effect of 5-HTTLPR polymorph-
ism, F(2,104)=.445, p > .05, 5,2 = .01. In order to try to replicate
Hayden et al. (2008) results, we also conducted separate one-way
analyses of covariance (ANCOVAs) on the proportion of endorsed
positive, F(2,105)=0.81, p > .05, npz =.015 (see Fig. 2a) and nega-
tive adjectives, F(2,105)=.159, p > .05, npz =.003(see Fig. 2b)
recalled by participants across the three 5-HTTLPR polymorph-
isms; both of these analyses yielded non-significant results.®

5 To investigate whether risk status interacted with 5-HTTLPR polymorphism,
we also conducted a two-way (risk group by 5-HTTLPR polymorphism) MANCOVA,
covarying for CDI-S scores, on the proportion of endorsed positive and negative
adjectives recalled by participants did not yield significant main effects of risk
group or 5-HTTLPR (both Fs<.91, ps >.05); and did not yield a significant
interaction of risk group and 5-HTTLPR polymorphism, F(4,278)=2.58, p <05,
npz =.04.
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4. Discussion and conclusion

The present study was designed to examine memory biases in
girls at familial and genetic risk for depression. We did find that
girls with both a family history of depression and two COMT
Met alleles recalled a lower proportion of positive endorsed
adjectives than did high-risk girls with two COMT Val alleles and
low-risk girls with two COMT Met alleles. These findings suggest
that girls who are homozygous Met carriers and are at familial risk
for depression have a less positive self-schema than do girls in the
other risk/gene groups. In addition, high-risk girls who are homo-
zygous Val carriers recalled a higher proportion of positive
endorsed adjectives than did high-risk girls who are homozygous
Met carriers, raising the possibility that this SNP is a marker of
resilience in high-risk girls. We did not replicate Hayden et al.
(2003) findings regarding 5-HTTLPR and the processing of
valenced self-referential information.

The present findings regarding COMT and processing of posi-
tive self-referential information provide partial support for Stein et
al. (2006) worrier-warrior model. Stein et al. noted that the
Met allele has been associated with better memory and attentional
functioning than the Val allele, but also with increased anxiety
(worrier). In contrast, the Val allele is associated with poorer
memory and attention but decreased anxiety and better emotion
regulatory responses (warrior). Under conditions of increased
negative affect, these cognitive patterns are reversed, so that
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Met-allele carriers perform more poorly on cognitive tasks than
do Val-allele carriers. In the present study, in the processing of
positive self-referential information, the high-risk girls exhibited a
pattern of behavior consistent with what would be expected under
conditions of negative affect; in contrast, the low-risk girls
exhibited behavior that, according to Stein et al. hypothesis, would
be expected in the absence of negative affect. As noted earlier,
there were no significant differences between or within groups in
self-reported mood state, indicating that the effect of COMT on
levels of positive information processing in the high-risk girls is
not merely a reflection of mood state. There is evidence indicating,
however, that compared with low-risk girls, high-risk girls experi-
ence decreased positive affect and increased cortisol reactivity
following a stressor (Waugh et al., 2012), as higher basal morning
cortisol (Halligan et al., 2004; Mannie et al.,, 2007). Moreover,
high-risk girls respond to negative mood inductions with stronger
activation of regions involved in the experience of sadness and
with more ventrolateral PFC activation (a region whose dopamine
production is controlled by COMT enzyme activity; Joormann et
al., 2012). In sum, although low- and high risk girls in the present
study did not differ in measures of mood, they may have different
experiences of stress and negative affect: the high-risk girls'
exposure to the mood induction may lead to increased cortisol
reactivity and stronger activation of neural regions involved in the
experience of sadness, possibly kindling negative schemas and
offering an explanation for the finding that high risk girls exhib-
ited a pattern of behavior consistent with what would be expected
under conditions of negative affect while the low-risk girls
exhibited behavior that would be expected in the absence of
negative affect.

Conversely, in the processing of negative self-referential infor-
mation, Stein's worrier—-warrior model was not supported. No
significant differences were found in the processing of negative
self-referential information when grouped by COMT polymorph-
ism or risk group. The pattern of findings for the processing of
negative information processing was similar to the positive self-
referential information-processing pattern described above, but
group differences did not reach statistical significance. It is
important to note that 71% of the participants in this study
endorsed three or fewer negative words, which likely contributed
to lack of significant effects for this variable.

Although we did not find an association between 5-HTTLPR
and the processing of valenced self-referential information, we
should note that our sample differed in important respects from
Hayden et al. (2003) sample. Whereas Hayden et al. studied a
community sample of boys and girls between the ages of 6 and 8,
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Fig. 2. Mean recall of positively valenced (2a) and negatively valenced (2b) endorsed words by 5-HTTLPR polymorphism. Bars are 95% confidence interval.
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we examined girls between 9 and 14 years of age who were
comprehensively screened for the absence of current or past
psychiatric disorders. It is possible that a study with a sample
more similar to that studied by Hayden et al. would yield findings
consistent with theirs.

We should note three limitations of this study. First, even with
over 150 participants, there were relatively small numbers in some
of the cells of this study, limiting its statistical power. Never-
theless, we did obtain statistically significant results with effect
sizes that were consistent with our hypotheses. Moreover, the
observed power to detect interaction effects was f=.76. Given
current concerns regarding novel candidate gene-environment
interactions with small samples and type I error (Duncan and
Keller, 2011), it is important that the present findings be replicated
with a larger sample. Second, the cell sizes were unequal and
differed in mean age, which may have affected our results. Third,
although our sample was ethnically heterogeneous, the relatively
small size does not permit a reliable examination of whether the
obtained pattern of findings was influenced by ethnicity; this will
be an important question for future research to address.

Despite these limitations, the present findings suggest that
individuals with a history of maternal depression who are at
elevated risk for developing mood disorders but are not yet
disordered are characterized by differential biases in their memory
for self-relevant information dependent on their COMT genotype.
These findings point to the possibility of developing a more
personalized approach to intervention for, or prevention of,
depression. Girls with the combined vulnerability of familial risk
and homozygosity for the COMT Met allele may respond particu-
larly well to interventions that focus on decreasing anxiety levels
and that target dopamine transmission via COMT enzyme produc-
tion. The results of the present study suggest that assessing the
interaction of familial risk status and COMT polymorphism is
important in understanding risk for depressive disorders.
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