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This study provides the first genetic association examination of borderline personality disorder
(BPD) traits in children and adolescents (ages 9-15) using two independent samples of youth
recruited from the general community. We tested the a priori hypothesis that the serotonin
transporter promoter gene (5-HTTLPR) would relate specifically to BPD traits in youth. This
association was hypothesized based on prior genetic association research with BPD adults
and theory positing that emotion dysregulation may be a core risk process contributing to BPD.
Youth provided DNA via buccal cells. Both youth and a parent completed self-report measures
assessing youth's BPD traits and depressive symptoms. Results from both Study 1 (N = 242)
and an independent replication sample of Study 2 (N = 144) showed that carriers of the short
allele of 5-HTTLPR exhibited the highest levels of BPD traits. This relation was observed even
after controlling for the substantial co-occurrence between BPD traits and depressive symptoms.
This specific association between 5-HTTLPR and BPD traits among youth supports previous
genetic associations with adults diagnosed with BPD and provides preliminary support for a
developmental extension of etiological risk for BPD among youth.

Keywords: youth, borderline personality disorder, molecular genetics, serotonin

INTRODUCTION

Borderline personality disorder (BPD) is a severe and persistent
psychopathological disorder characterized by unstable and intense
interpersonal relationships, impulsive behavior, and extreme dys-
regulated mood and emotion, among other traits, leading to marked
difficulty with cognitive, emotional, and behavioral functioning
(American Psychiatric Association, 2000). Most of the research with
BPD has been conducted with adult samples. Adults with BPD
experience significant impairment, engage in frequent parasuicidal
and suicidal behaviors, and have substance use problems (e.g., Silk
et al., 1995; Skodol et al., 2002a,b; Welch and Linehan, 2002; Yen
et al., 2004). Of the available research with youth, prospective
longitudinal research with children and adolescents (ages 9-18),
recruited from the general community, shows that dimensionally
assessed BPD traits predict many subsequent negative outcomes,
maladjustment, and impairment later in adulthood. Specifically,
BPD traits assessed in youth predict future diagnosis of BPD in
adulthood (Winograd et al., 2008), as well as other forms of mal-
adjustment, including eating and weight problems (Johnson et al.,
2006a), a greater likelihood of developing Axis I disorders (Johnson
et al., 2006b), lower life satisfaction (Winograd et al., 2008), and
diminished quality of life (Chen et al., 2006).

Such developmental epidemiological data clearly highlight the
need for additional research investigating etiological risk factors and
processes that may contribute to BPD in youth. However, relatively
little research has examined risks to BPD in youth (Cicchetti and
Crick,2009). Although BPD cannot be diagnosed before adulthood
(Al-Alem and Omar, 2008), it is important to examine theoretically

based developmental precursors of BPD during childhood and ado-
lescence (Crick et al., 2007) that may influence later development
of BPD. The main purpose of this study was to conduct the first
candidate gene association study of BPD traits in youth in order
to provide initial, preliminary data on molecular genetic risks to
BPD among children and adolescence.

Recently, Crowell et al. (2009) articulated a developmentally
sensitive biosocial model that delineated potential precursors to
BPD among youth that may contribute to BPD over time (see also
Putnam and Silk, 2005). This model proposes various develop-
mental processes that begin in childhood and become ingrained
as patterns become increasingly persistent, compound over time,
and eventually lead to BPD in adulthood. A central component
of this model and other BPD theories is that at-risk individuals
have a genetically mediated predisposition for emotion dysregula-
tion, which leads to greater sensitivity to emotional stimuli, trou-
ble regulating these increased emotions, and difficulty returning
to a neutral emotional state. Given these theoretical models, we
examined polymorphisms in the promoter region of the serotonin
transporter gene (5-HTTLPR) as a putative specific genetic risk that
is hypothesized to underlie emotion dysregulation.

5-HTTLPR is one promising candidate gene to examine in
association with BPD traits because of its link with several core
symptoms and features of BPD, including emotional dysregulation
and lability, stress reactivity, and impulsivity (e.g., Frankle et al,,
2005; Hoefgen et al., 2005; Putnam and Silk, 2005; Gotlib et al,,
2008; Beauchaine et al., 2009; Caspi et al., 2010). The variant site of
the serotonin transporter gene is commonly known as 5-HTTLPR.

www.frontiersin.org

March 2011 | Volume 2 | Article 6 | 1


http://www.frontiersin.org/
http://www.frontiersin.org/child_and_neurodevelopmental_psychiatry/archive
http://www.frontiersin.org/Psychiatry/editorialboard
http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org/Psychiatry/about
http://admin.frontiersin.org/child_and_neurodevelopmental_psychiatry/10.3389/fpsyt.2011.00006/abstract
http://admin.frontiersin.org/child_and_neurodevelopmental_psychiatry/10.3389/fpsyt.2011.00006/abstract
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=14207&d=2&sname=BenjaminHankin&name=Medicine
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=18987&d=1&sname=AndreaBarrocas&name=Science
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=19103&d=0&sname=JessicaJenness&name=all people
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=19104&d=0&sname=CarolineOppenheimer&name=all people
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=15386&d=1&sname=LisaBadanes&name=Science
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=19105&d=0&sname=JohnAbela&name=all people
http://www.frontiersin.org/Community/WhosWhoDetails.aspx?UID=19106&d=0&sname=AndrewSmolen&name=all people

Hankin et al.

5-HTTLPR and borderline personality disorder traits in youth

Variants of 5-HTTLPR are the long allele (1), consisting of 16 copies
of an approximately 22 base pair (bp) repeat unit, and a short allele
comprised of 14 copies. (s), The sallele is associated with decreased
transcriptional efficiency leading to reduced reuptake of serotonin
in the pre-synaptic neuron (Lesch et al., 1996; Canli and Lesch,
2007). One or two copies of the s allele have been associated with
a BPD diagnosis in adults (Ni et al., 2006; Lis et al., 2007) as well
as BPD features among adults, such as emotional lability (Frankle
etal.,2005; Hoefgen et al., 2005) and greater sensitivity to emotional
stimuli (Beevers et al., 2009a,b; Caspi et al., 2010). For example,
5-HTTLPR is associated with amygdala activation in response to
emotional faces (Hariri et al., 2005), and BPD adults exhibit dys-
regulated amygdala activity (Donegan et al., 2003; Ebner-Priemer
et al., 2005). Additionally, research with women diagnosed with
BPD found that serotonin receptor binding (SHT [sub]2A) was
dysregulated in the hippocampus, and this association was inde-
pendent of other factors that frequently co-occur with BPD (e.g.,
depressed mood, impulsivity, aggression, suicidality, and child abuse;
Soloff et al., 2007). Still, despite such positive evidence suggestive
of an association between 5-HTTLPR and many aspects of BPD, it
also worth noting that meta analysis shows no consistent associa-
tion between 5-HTTLPR and secondary aspects of BPD, such as
depressed mood or broad negative affect (Anguelova et al., 2003).

No research, to our knowledge, has investigated association
between any candidate gene and BPD traits among youth. The
lack of research investigating molecular genetic associations with
BPD traits among youth and the equivocal associations with BPD
features in adult samples (e.g., no association between 5-HTTLPR
and depression; positive associations with emotional lability and
reactivity) motivated the present research. The main purpose of this
study was to examine whether 5-HTTLPR was associated with BPD
traits specifically in youth. In addition to assessing BPD traits, we
also examined the discriminant validity of this hypothesized associa-
tion. Specifically, we measured depressive symptoms, which have not
shown reliable associations with 5-HTTLPR, to examine whether
BPD traits are associated with 5-HTTLPR specifically, as opposed to
depressive symptoms that frequently co-occur with BPD. The goal
of this secondary hypothesis was to investigate whether we could
“explain away” the expected association between 5-HTTLPR and
BPD traits by controlling for the overlap with depressive symptoms.

In summary and in response to the paucity of research on devel-
opmental antecedents to BPD traits (Crick et al., 2005; Cicchetti and
Crick,2009), this study examined the main hypothesis that borderline
personality traits in youth would relate specifically to the short allele
of 5-HTTLPR, which has been linked to emotion dysregulation, a
hypothesized core process underlying BPD. Finally, given well-known
lack of replication and inconsistent findings in molecular genetic asso-
ciation studies, we included an independent replication sample to
investigate whether our a priori hypothesized association between
BPD traits and 5-HTTLPR in youth was maintained and replicated.

STUDY 1

METHODS

Participants and procedures

Children and adolescents were recruited by letters mailed to families
with a child in 3rd, 6th, or 9th grades of public schools from a met-
ropolitan area in the Mountain West. Approximately 2,000 families

had a child in 3rd, 6th, or 9th grade in a participating school district,
and therefore were eligible to receive letters. The short invitation let-
ter 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. Of the brief introductory letters sent by the school dis-
tricts, 337 families were counted as contacted as a parent responded
to the letter and called the laboratory for more information. The
337 contacted parents called the laboratory and responded to a brief
phone screen that established that both the parent and child were
fluent in English, and the child did not carry an autism spectrum or
psychotic disorder and had an IQ > 70. Of the 337 initially contacted
families, 252 (74%) qualified as a study participant as they met criteria
and arrived at the laboratory for the assessment. The remaining 85
(26%) are considered non-participants for the following reasons: 3
(1%) were excluded due to child with autism spectrum disorder or
non-English speaking family, 12 (3%) declined after learning about
the study’s requirements, 49 (14%) were scheduled but did not arrive
for assessment, and 21 (6%) were never reached to schedule an assess-
ment. In sum, the present study has a participation rate of 74%. Our
participation rate is above the 70% rate recommended by epidemi-
ologists for having a representative sample of the target population
(Tolonen, 2005; Tolonen et al.,2005) and is comparable to that found
in previous community-based, general samples of youth psychopa-
thology (e.g., 61% in Lewinsohn et al., 1993).

Participants were 252 youth ranging in age from 9 to 15
(M=11.4,SD =2.27). Table 1 shows descriptive statistics for the
sample. The present sample, drawn from the general community of
youth attending public schools, was representative of the broader
population of the geographical area from which the sample was
drawn, in terms of demographic characteristics, socioeconomic
status, ethnicity, and race.

Parents provided informed written consent for their participa-
tion and for their child; youth provided written assent. Both the
parent and child completed a battery of questionnaires about the
child, and youth DNA was collected via saliva. The Institutional
Review Board approved all procedures. Youth and parents were
reimbursed for participation.

Measures
Borderline personality disorder traits. The Children in Community
Self-Report (CIC-SR; Crawford et al.,2005) was used to measure BPD
traits in youth. The CIC-SR was based on and written to assess DSM-
II-R symptoms and features of personality disorders. We used the 17
items from the BPD sub-scale from the CIC-SR to assess BPD symp-
toms. There are few reliable and valid methods available for assessing
personality disorder traits in youth (Crick et al., 2007). We chose the
CIC-SR to assess BPD traits in our sample of youth recruited from
the general community because Cohen and colleagues’ longitudinal
Children in the Community study, comprised of a general commu-
nity sample, has shown this measure to have strong reliability and
validity (e.g., Crawford et al., 2005; Winograd et al., 2008).
Borderline personality disorder symptoms are measured using
a 1-4 Likert scale, and items are summed together to provide a
dimensional measure in which higher scores indicate greater
severity of BPD features. Example items assessing BPD symptoms
include “I become frantic when I think someone I care about might
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Table 1 | Descriptive statistics for samples 1 and 2.

Variable Study 1 (N=242) Study 2 (N=144)
Sex 57% qirls 57% girls
GRADE
3rd 31% 28%
6th 41% 26%
9th 28% 46%
ETHNICITY
Latino 19% 10%
Non-Latino 81% 90%
RACE
Caucasian 68% 67%
African-American 22% 13%
Asian/Pacific Islander 3% 17%
Other/mixed race 7% 3%
SOCIOECONOMIC STATUS
Parental income
Mdn $70,000 $40,000
Range $10,000-200,000 $3,000-285,000
Free/reduced lunch 24% 26%
PARENT INFORMATION
% Mothers 87 100
Married 73% 52%
Single M% 16%
Divorced/separated 15% 32%
Widowed 1% 0%
YOUTHS’ BPD TRAITS - YOUTH REPORT
o 0.90 0.89
M (SD) 28.95(9.77) 2787 (7.66)
YOUTHS’ BPD TRAITS - PARENT REPORT
o 0.95 0.87
M (SD) 25.39 (11.3) 24.44 (9.2)
CDI -YOUTH REPORT
o 0.85 0.84
M (SD) 6.87 (56.0) 5.97 (4.02)
CDI - PARENT REPORT
o 0.83 0.83
M (SD) 5.69 (5.69) 5.47 (5.80)

leave” and “I often feel empty inside.” In addition to the youth
reporting on their own personality disorder traits with the CIC-SR,
we also modified slightly some of the wording of items to create a
parent-report version on youths’ personality disorder traits (i.e.,
the CIC-PR) to enable multiple informants of BPD traits in youth.
The CIC-SR items were rewritten so that parents could answer the
questions about their children (e.g., “My child complains of feel-
ing empty inside.”). Table 1 shows descriptive statistics. There was
little missing data (99% complete for SR; 98% complete for PR).

Depressive symptoms

The Children’s Depression Inventory (CDI; Kovacs, 1985) assessed
youths” depressive symptoms. Both the child (CDI-C) and par-
ent (CDI-P) reported on the child’s level of depressive symptoms
to enable multiple informants. CDI-C and CDI-P scores were

moderately correlated (r=0.34 p<0.001), so they were standard-
ized and averaged together to form an overall depressive symp-
toms score. The CDI has good reliability and validity (Klein et al.,
2005). Table 1 shows descriptive statistics, which are comparable
to published norms (Kovacs, 1985) and prior research with general
community samples (Petersen et al., 1993).

Genotyping
Children provided buccal cells for DNA collection via Oragene” kits
from DNA Genotek (Ottawa, ON, Canada) and genomic DNA was
collected and isolated using standard salting out and solvent precipi-
tation methods. The 5-HTTLPR alleles were assayed (Anchordoquy
et al., 2003) and modified by using primers reported by Hu et al.
(2005). Thers25531 SNP genotypes (L, vs.L ) were obtained by incu-
bating the PCR products with Mspl (Wendland et al., 2006). Samples
were analyzed on an ABI PRISM"® 3130x] Sequencer. There was high
success rate (98% of samples) for DNA extraction and genotyping. For
the tri-allelic analyses, three groups of participants were formed based
on their genotyping: children homozygous for the lower expressing S
or L alleles, those heterozygous, and those homozygous for the higher
expressing L, allele. For traditional biallelic analyses, trichotomous
groups of SS, SL, and LL genotypes were formed.

5-HTTLPR polymorphisms were in Hardy—Weinberg equilib-
rium. Genotype frequencies for traditional 5-HTTLPR were 33%
L/L, 45% S/L, and 22% S/S. Genotype frequencies for tri-allelic
5-HTTLPR were 21% L, homozygotes, 46% heterozygotes, and
33% homozygotes for S/L . Neither 5-HTTLPR genotype nor allelic
frequencies varied significantly by race (highest x* < 1.37).

RESULTS
Youth and parent reports of youths’ BPD traits were correlated
r=0.55, p < 0.001. Independent #-tests showed a slight, but sig-
nificant, sex difference for youth-reported BPD (t=1.98, p = 0.05;
girls’ M =30.11, SD = 9.83; boys’ M = 28.08, SD = 9.33) but no sex
difference for parent-reported BPD (¢=0.63, p=0.52). Likewise, a
one-way ANOVA revealed no significant grade differences for either
youth-reported (F = 0.72, p = 0.49) or parent-reported (F = 0.97,
p=0.38) BPD traits and no sex X grade interaction for either inform-
ant. There were no race or ethnicity differences in BPD traits and
no higher order interactions (sex or grade) involving race/ethnicity.

Study 1 had 95% power to detect an association of moderate effect
size, which is what was obtained in a prior case—control study with
adults (Ni et al., 2006). ANOVA was used to examine mean differ-
ences between youths’ BPD trait scores and association with genotype
(5-HTTLPR). We conducted analyses in two ways with youth with
complete data on both BPD traits and 5>-HTTLPR (i.e., N = 242).
First, we examined youths’ BPD scores separately as reported by youth
and parent. Second, we standardized and averaged together youth and
parent reports to form an overall composite BPD trait score. Both
approaches provided the same significance and pattern of results.
Given the moderate overlap between parent- and youth-reported
scores for youths’ BPD traits and the similar pattern of results when
analyzed separately, we report only those analyses when parent- and
youth-reported traits were combined together for parsimony.

We conducted an omnibus one-way ANOVA with all fixed fac-
tors (grade, sex, genotype) included to examine possible higher
order interactions and main effects in one analysis. None of the
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higher order interactions was significant: 3 (grade) X 2 (sex) X 3
(5-HTTLPR biallelic genotype) ANOVA, F(4,222) = 1.34, p=0.25;
2 (sex) x3 (5-HTTLPR), F(2,234) =1.27,p=0.28; and 3 (grade) x 3
(5-HTTLPR), F(4, 233) = 1.88, p = 0.11. However and consistent
with a priori prediction, youths’ BPD traits differed as a function
of 5-HTTLPR, F(2, 239) = 4.33, p = 0.01. This significant genetic
association is shown in Table 2 for both youth- and parent-reported
BPD traits in the child. Planned follow-up analyses showed that
youth carrying one or two copies of the short allele of 5-HTTLPR
exhibited the highest levels of BPD traits, whereas L/L youth had
relatively lower BPD traits. The same pattern of results was obtained
when tri-allelic 5-HTTLPR was examined.

No significant differences were observed for depressive symp-
toms as a function of 5-HTTLPR: F(2, 239) = 0.56, p = 0.55. Last,
ANCOVA was used to examine whether the 5-HTTLPR differ-
ences for BPD traits were maintained after controlling for the
influence of depressive symptoms. Youths’ BPD traits continued
to differ as a function of 5>-HTTLPR, F(2, 238) = 4.04, p = 0.02,
even after controlling for CDI. Also as expected, youths’ depres-
sive symptoms were significantly associated with BPD symptoms,
F(1,238) = 31.90, p< 0.001.

STUDY 2

METHODS

Participants and procedures

The same procedures and exclusion criteria described for Study 1
were used in Study 2. Briefly, approximately 1,000 families had a
child in 3rd, 6th, or 9th grade in participating school districts from
East Coast metropolitan areas and, therefore, were eligible to receive
letters. Of the brief introductory letters sent by the school districts,
202 families were counted as contacted because a parent responded
to the letter and called the laboratory for more information. Of
the 202 initially contacted families, 148 (73%) qualified as a study
participant as they met criteria and arrived at the laboratory for
the first assessment. The remaining 54 (27%) are considered non-
participants for the following reasons: 1 was excluded due to child
with autism spectrum disorder; 10 (4%) declined after learning
about the study’s requirements, 36 (18%) were scheduled but did not
arrive for assessment, and 7 (4%) were never reached to schedule an
assessment. In sum, the present study has a participation rate of 73%.

Table 2 | 5-HTTLPR differences for youth-reported and parent-reported
borderline personality disorder traits among youth.

Genotype groups

SS (n=51) SL (n=110) LL (n=81)
STUDY 1
BPD traits — youth report 32.56 (10.3)? 30.22(8.99)F  24.91(9.88)°
BPD traits — parent report 28.63 (14.7) 2758 (9.62) 24.97 (9.75)°

SS (n=39) SL (n=69) LL (n=36)
STUDY 2
BPD traits — youth report 29.02 (7.95)° 2787 (6.4)° 23.13(778)°
BPD traits — parent report 26.32 (9.7) 25.58 (8.9)° 21.56 (9.73)

Means and SDs (in brackets) for borderline personality disorder trait scores.
Groups with different superscripts differed significantly at p < 0.05.

Participants were 148 youth ranging in age from 9 to 15
(M =11.4,SD =2.27). Table 1 shows descriptive statistics for the
sample. The composition of this sample, in terms of ethnicity, race,
gender, and socioeconomic status, is comparable to that of the com-
munity and school districts from which the sample was recruited.

Parents provided informed written consent for their participa-
tion and for their child; youth provided written assent. Both the
parent and child completed a battery of questionnaires about the
child, and youth DNA was collected via saliva. The Institutional
Review Board approved all procedures. Youth and parents were
reimbursed for participation.

Measures
The same measures were used in Study 2 as described in Study 1.
Table 1 shows descriptive statistics for the measures. There was very
little missing data (99% complete for both child and parent reports).
Genotyping was performed the same as in Study 1. There was high
success rate (98.6% of samples) for DNA extraction and genotyping.
5-HTTLPR polymorphisms were in Hardy—Weinberg equilib-
rium. Genotype frequencies for traditional 5-HTTLPR were 25%
L/L, 48% S/L, and 27% S/S. Genotype frequencies for tri-allelic
5-HTTLPR were 13% L, homozygotes, 49% heterozygotes, and
38% homozygotes for S/L .. Neither 5>-HTTLPR genotype nor allelic
frequencies varied significantly by race (highest x> < 1.28).

RESULTS

Youth and parent reports of youths’ BPD traits were correlated
r=0.52, p<0.001.Independent ¢-tests showed no sex difference for
either youth-reported BPD (¢=1.36, p=0.17) or parent-reported
BPD (¢=0.89, p = 0.48). Likewise, a one-way ANOVA revealed no
significant grade differences for either youth-reported (F = 0.35,
p=0.71) or parent-reported (F= 0.48, p=0.46) BPD traits and no
sex X grade interaction for either informant. There were no race or
ethnicity differences in BPD traits and no higher order interactions
(sex or grade) involving race/ethnicity.

As with Study 1, ANOVA was used to examine mean differences
between youths’ BPD trait scores and association with genotype
(5-HTTLPR). Analyses were conducted with youth with complete
data on both BPD traits and 5-HTTLPR (i.e., N = 144), and we
present analyses when parent- and youth-reported traits were com-
bined together for parsimony. Based on the effect size from Study 1,
there was 80% power to detect a significant main effect association
with the sample size of Study 2.

No higher order interactions were significant from the omni-
bus one-way ANOVA with all factors included: 3 (grade) x 2
(sex) X 3 (5-HTTLPR biallelic genotype) ANOVA, F(4,116) = 0.92,
p=0.43;2 (sex) x 3 (5-HTTLPR), F(2, 138) = 0.53, p = 0.58; and
3 (grade) x 3 (5-HTTLPR), F(4, 135) = 0.355, p = 0.85. However
and consistent with results from Study 1, youths’ BPD traits dif-
fered as a function of 5-HTTLPR, F(2, 144) = 4.97, p = 0.008.
This significant genetic association is shown in the lower por-
tion of Table 2 for both youth- and parent-reported BPD traits
in the child. As with results from Study 1, youth carrying one or
two copies of the short allele of 5-HTTLPR exhibited the highest
levels of BPD traits, whereas L/L youth had relatively lower BPD
traits. The same pattern of results was obtained when tri-allelic
5-HTTLPR was examined.
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Last and consistent with results from Study 1, no significant
differences were observed for depressive symptoms as a function
of 5-HTTLPR: F(2,142) = 1.04, p=0.35. Analyses using ANCOVA
showed that the 5-HTTLPR differences for BPD traits were main-
tained after controlling for the influence of depressive symptoms.
Youths’ BPD traits continued to differ as a function of 5-HTTLPR,
F(2,141) = 4.34, p = 0.01, even after controlling for CDI. Also as
expected, youths’ depressive symptoms were significantly associated
with BPD symptoms, F(1, 141) = 40.36, p < 0.001.

DISCUSSION

This study provided the first investigation of the link between
5-HTTLPR and BPD traits in youth. Prior research with adults
showed a significant association between BPD and 5-HTTLPR.
Results showed that youth carrying one or two copies of the sallele
of 5-HTTLPR exhibited higher levels of BPD traits as reported
by both youth and parent as informants. Moreover, discriminant
validity analyses showed that 5-HTTLPR was associated specifically
with BPD traits but not with depressive symptoms that are often
overlapping with BPD traits. Finally, these results were maintained
in an independent replication sample. These findings suggest that
a specific association between the short allele of 5-HTTLPR and
BPD traits is present in youth as well as adults.

Findings from both youth samples are consistent with prior
research with adults and are novel in that they extend this genetic
association to children and adolescents. This was the first molecular
genetic association study of BPD traits in youth. Previous research
has established moderate heritability (e.g., Distel et al., 2009) and
specific molecular genetic association, especially with 5-HTTLPR,
in adults (e.g., Ni et al., 2006; Lis et al., 2007; see New et al., 2008;
Reichborn-Kjennerud, 2008, for reviews). Findings from this study
extend this work downward to children and adolescents. The con-
fidence in this genetic association is enhanced because it has been
observed in research using different samples, methods, and ages,
including adults diagnosed with BPD as well as the present study
with two independent samples with dimensional BPD traits in youth.

Developmental psychopathology models of BPD emphasize that
emotion dysregulation may be a core psychopathological process
conferring risk to BPD across the lifespan (Putnam and Silk, 2005;
Beauchaine et al., 2009; Crowell et al., 2009). Prior genetic research
suggests that 5-HTTLPR may be associated with emotional dysregu-
lation and stress reactivity more specifically (e.g., Gotlib et al., 2008;
Caspietal.,2010) as opposed to depressive symptoms and negative
affect more broadly (e.g., Anguelova et al., 2003). The findings from
both samples showing that 5-HTTLPR was associated with BPD
traits in youth, but not with depressive symptoms, is consistent
with these suggestions and past research (Goodman et al., 2010).

Certain strengths of the study enhance confidence in the findings.
First, this study was the first to use both parents and youths as inform-
ants of BPD traits among youth. Doing so is important because
it minimizes the possibility of substantial informant bias that may
account for the pattern of findings. In addition, concordance between
parent and youth report for youths’ personality disorder traits was
the same as or better than expected based on studies of agreement
among informants for other emotional and behavioral problems
(e.g.,Achenbachetal., 1987; Cole etal., 1997). As this is the first study
to use parent report of their children’s personality disorder traits, the

initial reliability and validity data suggest that other research can use
multiple informants, including parent report, to advance knowledge
on youths’ personality disorder traits. Second, by utilizing a sample
of youth and parents recruited from the general community, this
study may have provided a stronger and more accurate test of the
association between a candidate gene and BPD traits among youth.
In contrast to psychiatric clinic-based samples, community-based
samples are more likely to be generalizable and less prone to known
problems (e.g., Berkson’s bias) that can skew and distort results (e.g.,
Cohen and Cohen, 1984; Goodman et al., 1997). Last, an independ-
ent sample replicated the association between 5>-HTTLPR and BPD
traits. Both samples were adequately powered to detect significant
main effect genetic associations, based on power analysis with effect
sizes suggested by the available adult research. This suggests that the
findings are not spurious or obtained by chance.

Despite some strengths, limitations should also be noted. First,
this study design was cross-sectional. Although the preponderance
of genetic association research employs cross-sectional designs to
establish basic associations, future research with multiple waves of
prospective follow-up data would be beneficial. Second, a self-report
questionnaire of BPD symptoms was used. This provided a dimen-
sional assessment of the severity of BPD features. Although the ques-
tionnaire we used has shown strong reliability and validity in previous
longitudinal research and we used both youth and parent informants,
the measure does not enable a diagnosis of BPD to be made. It would
be helpful for future research to use clinical interview ratings or other
objective indices of BPD (cf., Crick et al., 2005). Third, we used a
candidate gene approach and examined one specific gene. Although
chosen a prioribased on prior research with adults (e.g., Nietal., 2006;
New etal.,2008; Reichborn-Kjennerud, 2008) and relevant theory (e.g.,
Putnam and Silk, 2005; Beauchaine et al., 2009; Crowell et al., 2009),
future genetic investigations could expand the scope of inquiry through
the use of other candidate genes linked with emotional dysregulation
and BPD (e.g., Tadi¢ etal., 2008; Ni et al., 2009; Wagner et al., 2010) or
genome wide association approaches. Finally, the sample sizes of both
independent studies were small to moderate for genetic association
research. Although both studies were adequately powered to detect the
a priorihypothesized main effect between BPD traits and 5-HTTLPR
based on the prior adult findings, future research could benefit from
larger sample size and additional genetic ascertainment.

In summary, this study establishes initial, albeit preliminary,
support among a community, non-referred sample of youth for a
developmental downward extension of previous research with adults
diagnosed with BPD demonstrating an association between BPD
traits and 5-HTTLPR. By showing this genetic association in youth, a
valuable first step has been taken toward initiating additional devel-
opmentally sensitive research on BPD, as recommended by Cicchetti
and Crick (2009). The present research provides preliminary and
promising evidence that BPD traits can be investigated during child-
hood and adolescence, an important period for studying genetically
mediated processes prior to BPD diagnosis in adulthood.
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