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Abstract

Background—Maternal depressive symptoms are a strong predictor of increases in depressive
symptoms in offspring, yet knowledge of individual differences that may moderate the association
between youth and maternal symptoms is still relatively scant. Youth genetic susceptibility to
maternal depressive symptoms in particular is a nearly unexplored area of research.

Methods—This study used a multiwave prospective design and lagged hierarchical linear
modeling analyses to examine whether youth 5-HTTLPR genotype moderated the longitudinal
association between mother and youth depressive symptoms in a community sample (N = 241
youth). Maternal and youth symptoms were assessed every 3 months over 1 year (five waves of
data).

Results—Youth 5-HTTLPR interacted with idiographic elevations in maternal depressive
symptoms (elevations relative to mothers’ average level of symptoms) to predict prospective
increases in youth symptoms 3 months later. Youth with the SS genotype experienced greatest
increases in depressive symptoms when exposed to elevations in maternal symptoms. Youth 5-
HTTLPR did not interact with maternal nomothetic elevations in depressive symptoms (severity
of symptoms compared to the sample as a whole).

Conclusion—These findings advance knowledge on genetic susceptibility for intergenerational
transmission of depression between mothers and their children.
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INTRODUCTION

It is well documented that rates of depression among children with depressed mothers are
significantly higher compared to other children.[X] Children of depressed parents,
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particularly mothers, are three to four times more likely to develop depression than children
of nondepressed parents.[?] Maternal depression predicts early onset depression and greater
depression chronicity among youth.[3]

There are likely multiple processes through which risk for depression is transmitted from
mothers to children.[4] For example, youth may directly inherit risk for depression, or
experience prenatal exposure to environments associated with maternal depression that may
increase vulnerability to child depression. In addition to more biologically based
mechanisms, researchers have also considered social mechanisms in the intergenerational
transmission of depression. Interpersonal theorists have long since noted the effects of
depressed individuals on each other.[5] Consistent with these theories, researchers have
posited that exposure to depressed mothers’ affect, behavior, and cognitions may influence
offspring’s vulnerability to depression.[*] Empirical studies show that clinical depression
among youth occurs in proximity to maternal episodes of depression, (€] and elevations in
maternal depressive symptoms are temporally associated with elevations in child depressive
symptoms.[7-9]

Taken together, theory and research suggest that youth are especially at risk for increases in
depressive symptoms during periods of exposure to elevations in maternal symptoms. Yet,
not all youth experience depressive symptoms when exposed to increases in their mother’s
depressive symptoms. It is therefore important to examine potential moderating variables of
the association between mother and child depressive symptoms to identify factors that may
influence youth vulnerability to maternal depression.

To date, research investigating moderators of the association between maternal depression
and the development of youth depression is scant. There is some evidence that youth
emotion regulation,[1%] cognitive vulnerability,[”- 8 and coping skills ] interact with
maternal depressive symptoms or clinical levels of depression to predict increases in youth
depressive symptoms. In addition to these psychosocial factors, recent studies demonstrating
genetic sensitivity to the environment suggest that child genotype may be another important
vulnerability factor that moderates the effects of maternal depression.[12] The majority of
research investigating the role of molecular genetics within a Gene x Environment (G x E)
model in the etiology of depression has focused on a polymorphism of the serotonin
transporter gene (5-HTTLPR). Evidence suggests that variations in 5-HTTLPR influence
individual differences in sensitivity to the environment, including stress and rearing
environments.[13-15] Therefore, it is likely that youth carrying the short (S) allele of 5-
HTTLPR (i.e., allele associated with greater sensitivity to the environment) experience
greater increases in depressive symptoms when exposed to elevations in maternal
symptoms.

However, youth genetic susceptibility to maternal depressive symptoms, as an important
aspect of the environment within a G x E framework, is a virtually unexplored area of
research. Therefore, the main objective of the current study was to investigate whether youth
genotype, specifically 5-HTTLPR, enhances risk to increases in depressive symptoms in
response to maternal depressive symptoms.

ROLE OF 5-HTTLPR IN SENSITIVITY TO ENVIRONMENT

Accumulating evidence suggests that 5-HTTLPR influences sensitivity, or reactivity, to the
environment.[24] The S allele of this gene is associated with decreased transcriptional
efficiency and reduced serotonin uptake compared to the long (L) allele.l16] A variety of
studies show that the S allele in particular is linked to heightened sensitivity.[14 17 18] For
example, among adults, the S allele is associated with greater negative affect in response to
stress, and greater negative subjective appraisals of stressful events.[19: 201 Among youth,
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studies have shown that girls carrying the S allele of 5-HTTLPR exhibit elevated cortisol in
response to a laboratory stressor,[21] and young children with the S allele exhibit greater
observed negative emotionality provoked by stressful tasks.[22] Finally, neuroimaging
studies of both adults and youth show exaggerated and faster amygdala activation in
response to threat-related stimuli among S carriers compared to L carriers.[23-25]

5-HTTLPR risk alleles are also linked to poor social-emotional functioning in response to
negative parenting behaviors.[15: 26. 271 However, only one study to our knowledge has
specifically investigated whether 5-HTTLPR moderates the temporal association between
mother and youth depressive symptoms.[®] This study provides preliminary evidence for this
hypothesized effect; however, only concurrent associations between mother and youth
depressive symptoms were examined over time, so the temporal direction of effects between
maternal and youth depressive symptoms, as moderated by 5-HTTLPR, is unknown.

CURRENT STUDY

We sought to contribute to knowledge of the etiology of depression among youth by
investigating whether youths’ genetic vulnerability moderates the longitudinal association
between maternal depressive symptoms and their children’s later depressive symptoms. This
study focused on offspring of mothers in particular, given that maternal depression is more
strongly associated than paternal depression with offspring depression.[28]

We incorporated a multiwave design and assessed the prospective association between
mother and youth depressive symptoms every 3 months over the course of 1 year (five
waves of data). The study design and methodology allowed for more precision and power
when examining youth genetic susceptibility to intergenerational transmission of depressive
symptoms that would not be possible with cross-sectional or two time-point designs.[2°]
Additionally, and in contrast to prior multiwave studies that investigated only concurrent
associations between mother and youth depressive symptoms, we investigated the temporal
direction of these effects, and moderation by youths’ genotype, by explicitly testing whether
youth would exhibit prospective increases following earlier exposure to elevations in
maternal depressive symptoms.

Finally, the multiwave design of our study allowed for use of an idiographic approach to
assessing maternal depressive symptoms, in contrast to a nomothetic approach.[3°]
Idiographically assessed maternal symptoms are conceptualized as deviations relative to a
mother’s average level of depressive symptoms over the 1-year period, regardless of the
mother’s rank-order position in the sample (i.e., within-person levels). The nomothetic
approach is used when the severity of maternal depressive symptoms is assessed in
comparison to the sample as a whole (i.e., between-person levels/rank order of level of
stressors). Given that the 5-HTTLPR S allele is associated with increased sensitivity to the
environment, it is likely that youth with a greater number of S alleles are particularly
susceptible to deviations in their mothers’ typical level of symptoms (i.e., idiographic
increases), above and beyond the level of severity of symptoms (nomothetic levels).
Consistent with this hypothesis, Hankin et al.[3% only found support for a 5-HTTLPR x
environment interaction predicting youth depressive symptoms when they used an
idiographic approach to assess youth exposure to environmental stressors,[3% but not when
they used a nomothetic approach that measured the rank order of stressors in comparison to
the sample as a whole. Therefore, an idiographic G x E approach is likely a particularly
meaningful and exacting method of conceptualizing and testing hypotheses.

We hypothesized that 5-HTTLPR in youth would moderate the effects of maternal
depressive symptoms predicting later increases in youth depressive symptoms. Specifically
and based on an additive genetic model, we hypothesized that youth carrying the S allele,
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especially those who are homozygous (SS genotype), would experience the greatest
prospective increases in depressive symptoms following exposure to their mothers’
idiographic elevations in depressive symptoms.

METHOD

PARTICIPANTS

Children and adolescents were recruited by brief information letters sent home directly by
participating school districts to families with a child in third, sixth, and ninth grades of
public schools. The short letter stated that we were conducting a study on social and
emotional development in children and adolescents and requested that interested participants
call the laboratory to receive more detailed information on the study.

Two hundred sixty-two youth and their mothers agreed to participate in the study and were
able to complete all baseline measures. Of these, 241 families completed one or more
additional follow-up visits, providing sufficient data to be included in analyses. Youth
ranged in age from 9 to 15 (M= 12.14, SD = 2.43). The sample was approximately evenly
divided by sex (43% boys, 57% girls) and grade (30% third grade, 35% sixth grade, 35%
ninth grade). The present sample was drawn from the general community of youth attending
public schools, and was representative of both the broader population of the particular
geographical area and school districts from which the sample was drawn. Ethnicity was as
follows: Caucasian, 66%; African American, 7%; Latino, 8%; Asian/Pacific Islander, 4%;
Other/Mixed ethnicity and race, 15%. Of the mothers, 72% were married, 11% were single,
14% were divorced, 2% were separated, and 1% was widowed. The median annual family
income was $75,000 and 21% of the youth received free/reduced lunch at school.

PROCEDURES

The mother and youth visited the laboratory for the baseline assessment. Mothers provided
informed written consent for their participation and for their child; youth provided written
assent. The initial baseline assessment consisted of a battery of questionnaires completed by
youth and mothers about the child and collection of youth DNA via saliva. Regular follow-
up assessments were conducted every 3 months over a 1-year period (five waves of data) to
assess mother and child depressive symptoms. The Institutional Review Board approved all
procedures. Youth and mothers were reimbursed for participation at baseline and each
follow-up.

MEASURES

Youth Depressive Symptoms—The Children’s Depression Inventory (CDI)[3] js a 27-
item self-report questionnaire designed to assess youth depressive symptoms. Each item is
rated on a scale from 0 to 2, with the total score ranging from 0 to 54. Higher scores indicate
greater depressive symptoms. The CDI has been shown to have good reliability (test-retest
and internal consistency) and good convergent validity in youth.[32: 331 The CDI was
administered to youth at all five assessments, and internal consistency (o) in this sample was
above .80 at all waves.

Maternal Depressive Symptoms—The Beck Depression Inventory (BDI)[34] is a 21-
item self-report questionnaire designed to assess adult depressive symptoms. Each item is
rated on a scale from O to 3, with the total score ranging from 0 to 63. Higher scores indicate
greater depressive symptoms. The BDI has been shown to be a reliable and valid measure of
depressive symptoms.[3°] The BDI was administered to mothers at all five assessments, and
internal consistency was above a = .85 across all waves.
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Genotyping—At baseline, children provided buccal cells for DNA collection via
Oragene® kits from DNA Genotek (Ottawa, Ontario, Canada), and genomic DNA was
collected and isolated using standard salting out and solvent precipitation methods. The 5-
HTTLPR alleles were assayed[36] and modified by using primers reported by Hu et al.[37]
Samples were analyzed on an ABI PRISM (Applied Biosystems, Foster City, CA) 3130xI|
Sequencer. We used a biallelic approach to create three groups consisting of SS, SL, and LL
genotypes. Prior G x E research has found no differences in results between biallelic and
triallelic methods for genotyping 5-HTTLPR.[3]

STATISTICAL APPROACH

RESULTS

The primary hypotheses were evaluated using hierarchical mixed effects modeling[38] in
which observations were nested within persons. At level 1, CDI scores (at Time T) were
modeled as a function of an intercept, lagged CDI (CDI at time T-1) to control for levels of
symptoms at the prior time point, and lagged maternal BDI (BDI at time T-1). Maternal BDI
was also person-centered so that within-person (i.e., idiographic) fluctuations in depressive
symptoms were analyzed. The intercept and the effect of BDI at level 1 were in turn
predicted at level 2 by youth 5-HTTLPR genotype. We also entered between-person BDI
scores (reflecting mothers” average BDI levels over the course of the study), youth gender,
and youth ethnicity at level 2 to control for these variables. Youth ethnicity was controlled
for to address potential concerns about population stratification.[3%] Restricted maximum
likelihood estimation was used.

Means and standard deviations for youth and mother depressive symptoms at each time
point are reported in Table 1. The average idiographic change for the BDI was .17 (SD =
4.90). At baseline, bivariate correlations revealed significant associations between mother
and youth depressive symptoms (/=.18, £< .01), but no significant associations between 5-
HTTLPR genotype and youth symptoms (r= .07, P=.26) or maternal symptoms (r= -.03,
P=.63). A Pearson Chi-square test indicated that 5-HTTLPR allelic distributions did not
significantly vary by ethnicity/race, X2 (8) = 15.05, A= .06.

YOUTH 5-HTTLPR x MOTHERS’ DEPRESSIVE SYMPTOMS PREDICTS PROSPECTIVE
YOUTH SYMPTOMS

Analyses revealed that youth 5-HTTLPR significantly interacted with within-person
idiographic BDI scores to predict prospective increases in CDI, 6=0.11, P< .05 (see Table
2). Follow-up analyses showed that for youth exposed to high levels of idiographic
elevations in maternal depressive symptoms, there was a significant association between 5-
HTTLPR genotype and youth depressive symptoms, such that the S allele was associated
with greater CDI scores (6= 0.91, £<.05). For youth exposed to low levels of idiographic
elevations in maternal symptoms, there was no association between 5-HTTLPR genotype
and youth depressive symptoms (6=-0.12, P=.77).

The significant 5-HTTLPR x ideographically ascertained BDI interaction is shown in Figure
1 with BDI depicted at 1 SD above and below the mean for idiographic levels of maternal
depressive symptoms.

Analyses were repeated for only the Caucasian youth in our sample to address any
remaining concerns about population stratification. Results showed that the 5-HTTLPR still
significantly interacted with idiographic increases in maternal depressive symptoms to
predict youth symptoms for this subsample (6= 0.10, £< .05).
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Given that our sample consisted of three cohorts of youth, we examined whether grade
moderated findings. However, the interaction of grade x child 5-HTTLPR x idiographic
maternal BDI increases was not significant (6=-0.01, P=.49).

Finally, we ran analyses using a nomothetic approach in which the rank order of maternal
symptoms was assessed. To do this, we left maternal depressive symptoms uncentered in
analyses. Consistent with our hypothesis and prior studies, results showed that the 5-
HTTLPR x nomothetic maternal BDI levels were not significant (6= 0.03, P=.22).

DISCUSSION

Exposure to maternal depression is a powerful predictor of youth depression, yet relatively
little is known about individual differences that may enhance youths’ vulnerability to
depressive symptoms after experiencing increases in their mothers’ depressive symptoms.
We hypothesized that certain measured child genes, especially 5-HTTLPR that has been
shown to confer susceptibility to individuals’ environments, would interact with idiographic
levels of maternal depressive symptoms to predict prospective increases in youth depressive
symptoms. Results from the current study show that 5-HTTLPR moderates the effects of
idiographic levels of maternal depressive symptoms on later elevations in youth depressive
symptoms. Specifically, results showed that within-person increases in maternal depressive
symptoms (i.e., idiographic increases) longitudinally predicted increases in youth depressive
symptoms, especially among those youth with the SS genotype, and that this effect was
observed even after controlling for mothers’ average level of depressive symptoms over the
one-year course of the study. However, the severity of maternal depressive symptoms (i.e.,
nomothetic levels) did not interact with youth 5-HTTLPR genotype to predict depressive
symptoms.

Results from this study contribute to knowledge on the intergenerational transmission of
depression. These findings are consistent with a growing body of research demonstrating the
temporal association between mother and child depression.[8-°1 Prior multiwave studies
examining associations between mother and youth depressive symptoms have examined
only concurrent associations, 8 9 including those using an idiographic approach.l’] Thus,
the direction of effects were unclear based on prior studies, and could not clarify whether
maternal depressive symptoms are an antecedent, concomitant, or consequence of child
depressive symptoms. Findings from this study in which lagged analyses were used, provide
strong evidence that maternal depressive symptoms precede increases in child symptoms,
and likely contribute to prospective increases in youth symptoms, even after controlling for
youths’ prior symptoms and average levels of mothers’ symptoms. In other words, findings
suggest that youth exposed to idiographic increases in their mothers’ depressive symptoms
are indeed at an increased risk for later experiencing elevated depressive symptoms
themselves, especially when youth are genetically susceptible.

Although we found evidence supporting that maternal depressive symptoms are a precursor
to child symptoms, findings from this study do not exclude alternative ways in which mother
and child symptoms may be associated with each other. For example, maternal symptoms
may also be contemporaneously associated with youth symptoms in response to external
stressors, such as economic hardships, or marital conflict.[40: 411 The association between
mother and child symptoms may also be bidirectional. Just as youth may be distressed in
response to mothers’ behaviors associated with their depressive symptoms, mothers may
also be distressed about their child’s internalizing symptoms.[41] It will be important for
future work to investigate bidirectional and transactional associations between maternal and
child depressive symptoms, and to examine how youth 5-HTTLPR genotype may moderate
such potential transactional processes.
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Results also extend prior findings on youth vulnerability factors for the intergenerational
transmission of depression. Prior studies have found evidence that child traits and
characteristics (e.g., cognitive vulnerability, emotion regulation skills)[”: 8 101 interact with
maternal depressive symptoms to predict youth symptoms. Our findings suggest that some
youth may also be genetically more vulnerable to elevations in their mothers’ depressive
symptoms. Findings are in line with research showing that 5-HTTLPR is associated with
increased sensitivity to the environment, including sensitivity to parenting behaviors,[15: 27]
as well as maternal depressive symptoms.[°]

The exact mechanisms through which 5-HTTLPR may confer risk for depression among
youth exposed to idiographic elevations in mothers’ depression are still unclear. Theory and
research suggest that 5-HTTLPR may be associated with increased sensitivity to the
environment because it underlies the trait of negative emotionality,[24] which influences
regulation of emotional information.[42] In particular, studies show that 5-HTTLPR is
associated with atypical processing of emotional cues, such as attention biases to facial
displays of emotion.[43] Depressed mothers likely exhibit elevated negative affect through
verbal and nonverbal cues,[44 431 and youth with the SS genotype may be more likely to
over attend to this negative emotional information. This hypothesis is supported by recent
evidence showing that youth 5-HTTLPR interacts with exposure to maternal depression to
predict biased processing of affective faces.[6] Additionally, elevated maternal depressive
symptoms are generally associated with problematic parenting behaviors, and SS youth may
be more sensitive to parenting characterized by greater maternal irritability, criticism, and
withdrawal.[44 47 Future research will benefit from investigations of ways in which 5-
HTTLPR may contribute to emotional processing biases and other mechanisms for
susceptibility to intergenerational transmission of depression.

Confidence in the study’s findings is strengthened by the more rigorous multiwave study
design used to test hypotheses that allowed for more statistical power.[48] Also, the
multiwave design enabled an idiographic perspective and analytic approach, which is not
possible in only cross-sectional or two time-point studies.

In addition to these strengths, the study has some limitations that can be the focus of future
research. Only depressive symptoms, rather than clinical diagnoses of depression, were
assessed in this study. Moreover, the depressive symptom scores for both mothers and youth
fell mostly within the normal range. That is, youth average scores on the CDI were below
the cutoff for clinical depression (raw score of 20),131] and maternal average scores on the
BDI were in the minimal range (raw score of 0-13) and consistent with nondepressed
populations.[34] It is therefore unclear whether our findings generalize to clinically
depressed populations. Future research is needed to examine whether the processes
described in this study contribute to the intergenerational transmission of clinical depression.
Additionally, our study focused on mothers given evidence showing larger effects for
maternal depression on offspring compared to paternal depression.[28] However, less is
known about the effects of fathers’ depression on offspring. It will be important to
investigate whether parent gender influences the intergenerational transmission of
depression, especially for genetically vulnerable youth.

Our study is also limited by a relatively small sample size, which may have limited power to
detect accurate G x E effects.[591 However, the majority of prior G x E studied have used
cross-sectional designs for which larger sample sizes may be necessary to achieve adequate
power, whereas multiwave designs increase statistical power.[48] Furthermore, reviews have
suggested that the likelihood of detecting the 5-HTTLPR x environment interaction in
depression is associated with stronger, more psychometrically sound assessments of the
environment.[®1] Therefore, our study advances knowledge by using a novel conceptual
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approach that examines idiographic increases in maternal depressive symptoms, and a
multiwave, longitudinal design. The rigorous assessment of the environment and use of
repeated measures likely improved chances of detecting a G x E effect and addressed
limitations of prior 5-HTTLPR x environment studies. However, future research is needed
to test whether findings from this study are replicated in larger sample sizes.

Finally, this study examined the moderation effect of a single candidate gene. However,
genes do not work in isolation.[52] Future studies are needed to test the possibility that the 5-
HTTLPR may work in concert with other genes, such as others associated with the
serotonergic system, to moderate the effect of maternal depression on offspring depression.
Recently, pathway-based approaches have been developed which examine whether a group
of related genes are associated with a trait of interest.[3] These approaches have promising
applications for G x E studies, and may be a more powerful method for assessing genetic
effects than those that examine a single genetic marker.
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Figure 1.

Interaction between 5-HTTLPR and idiographic elevations in maternal depressive symptoms
predicting youth depressive symptoms 3months later over time. S, short 5-HTTLPR allele;
L, long 5-HTTLPR allele; CDI, Children’s Depression Inventory; BDI, Beck Depression
Inventory.
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TABLE 2
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5-HTTLPR x maternal depressive symptoms predicting prospective increases in youth depressive symptoms 3
months later over five waves (1 year)

Predictor b SE t df
Fixed effects
Level 1
Lagged CDI 008 004  9p* 957
Lagged within-person BDI 0.01 0.12 0.06 957
Level 2
5-HTTLPR 0.40 0.34 118 236
Between-person BDI 0.16 005 337 236
5-HTTLPR x lagged within-person BDI 0.12 0.04 297% 957
Between-person BDI x lagged within-person BDI -0.003 0.004 -0.83 957

Variance components

Intercept

10.227%*

BDI, Beck Depression Inventory; CDI, Children’s Depression Inventory.

*
P
*:

Aok

<.05;

ok
P<.01;

*
P<.001.
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