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Abstract
Background—There is decreased serotonergic function in impulsive aggression and borderline
personality disorder (BPD), and genetic association studies suggest a role of serotonergic genes in
impulsive aggression and BPD. Only one study has analyzed the association between the tryptophan-
hydroxylase 2 (TPH2) gene and BPD. A TPH2 “risk” haplotype has been described that is associated
with anxiety, depression and suicidal behavior.
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Methods—We assessed the relationship between the previously identified “risk” haplotype at the
TPH2 locus and BPD diagnosis, impulsive aggression, affective lability, and suicidal/parasuicidal
behaviors, in a well-characterized clinical sample of 103 healthy controls (HCs) and 251 patients
with personality disorders (109 with BPD). A logistic regression including measures of depression,
affective lability and aggression scores in predicting “risk” haplotype was conducted.

Results—The prevalence of the “risk” haplotype was significantly higher in patients with BPD
compared to HCs. Those with the “risk” haplotype have higher aggression and affect lability scores
and more suicidal/parasuicidal behaviors than those without it. In the logistic regression model, affect
lability was the only significant predictor and it correctly classified 83.1% of the subjects as “risk”
or “non-risk” haplotype carriers.

Conclusions—We found an association between the previously described TPH2 “risk” haplotype
and BPD diagnosis, affective lability, suicidal/parasuicidal behavior, and aggression scores.
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Introduction
Borderline personality disorder (BPD) is a complex and serious mental disorder characterized
by emotional dysregulation and aggressive behavior (New et al., 2007). Impulsive aggression
and affective dysregulation/instability are core traits of BPD (McGlashan et al., 2005; Siever
et al., 2002; Skodol et al., 2002), and contribute substantially to the morbidity and mortality
associated with BPD. Impulsive aggression can manifest in a variety of behaviors, including
destruction of property, assault, domestic violence, self-injurious and suicidal behavior, or
substance abuse (New et al., 1998).

Impulsive aggression has consistently been associated with measures of reduced central
serotonergic activity, such as decreased cerebrospinal fluid (CSF) 5-hydroxyindoleacetic acid
(5-HIAA) (Coccaro et al., 1990a; Lidberg et al., 2000; Linnoila et al., 1989; Linnoila et al.,
1994; Roy et al., 1988; Stanley et al., 2000; Virkkunen et al., 1994), decreased platelet serotonin
content (Goveas et al., 2004), and decreased hormone responses to serotonergic agonists
(Coccaro et al., 1990a; Coccaro et al., 1996; Coccaro et al., 1990c; Coccaro et al., 1997a;
Coccaro et al., 1995; Coccaro et al., 1997b; Coccaro et al., 1989; New et al., 2004b; O’Keane
et al., 1992; Reist et al., 1996; Sher et al., 2003); tryptophan depletion enhanced and tryptophan
augmentation decreased laboratory-provoked aggression in healthy women (Marsh et al.,
2002). Moreover, aggressive children with a blunted prolactin response to fenfluramine were
more likely to have relatives with aggression than those with a normal responses (Halperin et
al., 2003). Furthermore, among personality disordered (PD) patients, a reduction in
serotonergic function measured by reduced prolactin response to fenfluramine appears to be
specifically associated with impulsive aggression but not with other personality traits or
depression (Coccaro et al., 1989; Paris et al., 2004). In summary, the link between decreased
serotonergic function and impulsive aggression across psychiatric diagnoses is one of the most
robust findings in biological psychiatry, consistently replicated and supported by a broad range
of studies, including metabolite, endocrine challenge, peripheral marker, genetic and brain
imaging studies (New et al., 1998; Siever, 2008). In addition, selective serotonin reuptake
inhibitors appear to improve anger and mood instability in non-depressed BPD patients
(Coccaro et al., 1990b; Cornelius et al., 1991; New et al., 2004a; New et al., 2008; Rinne et
al., 2002).

While early theories predominantly ascribed an environmental etiology, growing evidence
demonstrates a genetic vulnerability for BPD (Kendler et al., 2008; Siever et al., 2002).
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Evidence for this includes the tendency for BPD to run in families (Loranger et al., 1982; White
et al., 2003) and its higher prevalence among biological than among adoptive relatives of BPD
patients (New et al., 2008; Pally, 2002). More importantly, twin studies of BPD show
substantial heritability scores of 0.65–0.76 (Coolidge et al., 2001; Ji et al., 2006; Torgersen et
al., 2000), and the heritability of core dimensions of BPD such as affective instability or
impulsive aggression may be more robustly heritable than the diagnosis itself (Siever et al.,
2002).

Evidence of decreased serotonergic function in impulsive aggression and BPD along with the
evidence for heritability (New et al., 2008; Siever, 2008) led to candidate gene association
studies of genes involved in serotonin functioning for this disorder. Although the relationship
between impulsive aggression and decreased serotonergic function extends beyond BPD, BPD
is prototypic diagnosis for severe affective lability and impulsive aggression, and so
serotonergic genes are appropriate candidate genes for both BPD diagnosis and impulsive
aggression. Genetic association studies suggest a role of serotonergic genes, such as the
serotonin transporter gene (5-HTT) (Lyons-Ruth et al., 2007; Ni et al., 2006b), the monoamine
oxidase A gene (MAO-A) (Ni et al., 2007), or the 5-HT2C gene (Ni et al., 2008) in BPD; other
serotonergic genes, such as the 5-HT2A, seem to be associated with personality traits, but not
with the diagnosis of BPD (New et al., 2008; Ni et al., 2006a).

The tryptophan-hydroxylase 2 (TPH2) gene, which codes for the first enzyme in serotonin
synthesis in the brain (Walther et al., 2003), is of particular interest because altered serotonin
synthesis has been reported in BPD (Leyton et al., 2001). Surprisingly, only one study (Ni et
al., 2009) has analyzed the association between TPH2 single nucleotide polymorphism (SNP)
alleles and genotype variants and BPD, finding that the TPH2 and 5-HT2C genes and their
interactions are associated with BPD (Ni et al., 2009). The TPH2 gene has also been associated
with early-onset obsessive-compulsive disorder (Mossner et al., 2006), attention-deficit/
hyperactivity disorder (Sheehan et al., 2005; Walitza et al., 2005), autism (Coon et al., 2005),
major depression (Zhou et al., 2005; Zill et al., 2004a), and suicide (Lopez de Lara et al.,
2007; Zhou et al., 2005; Zill et al., 2004b).

Using 15 SNPs spanning a 106-kb TPH2 region, Zhou and colleagues (Zhou et al., 2005)
identified a “risk” haplotype associated with anxiety, depression, and suicidal behavior, and
moderately predictive of lower CSF 5-HIAA concentrations in a Finnish white sample. By
using haplotype analysis, they (Zhou et al., 2005) attempted to overcome the shortcomings of
single marker analyses in case-control studies, which often yield inconsistent results (Zaboli
et al., 2006). Haplotype analysis provides more power than single locus analysis in gene-
disease, case-control association studies since it avoids the need to analyze the association
between the target variable and many individual SNPs (Clark, 2004). The haplotype approach
also takes into account the linkage phase (ignored by most SNP association tests) assessing
the interaction of two SNPs and addresses the fact that the SNPs are not independent. There is
an intrinsic dependency of one SNP with another due to the history of their entry into the
population (Clark, 2004). Thus, the focus of genetic studies is currently shifting towards the
use of haplotypes (Clark, 2004). The goal of the present study was to replicate Zhou’s findings
by assessing the relationship between the previously identified “risk” haplotype (Zhou et al.,
2005) at the TPH2 locus and impulsive aggression, affect lability, suicidal and parasuicidal
behavior and BPD diagnosis in a well-characterized clinical sample of controls and patients
with PDs. Since trauma appears to play a role in the genesis of BPD, and gene-environment
interactions have been shown to induce enduring biological changes in animal and human
studies (Goodman et al., 2004; Pally, 2002), we also explored the influence of trauma on the
relationship between TPH2 variants, BPD, and impulsive aggression.
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We tested the following hypotheses: 1) the “risk” haplotype will be significantly more common
among BPD patients than among controls; 2) those individuals carrying the “risk” haplotype,
regardless of diagnosis, will score higher on measures of impulsive aggression and affect
lability; 3) trauma will increase the likelihood of having a diagnosis of BPD among those with
the “risk” haplotype; 4) trauma will amplify the difference between aggression scores among
those carrying the “risk” haplotype compared to those not carrying it; 5) those carrying the
“risk” haplotype will have higher rates of suicidal and parasuicidal behaviors than those
carrying the “non-risk” haplotype.

Materials and Methods
Participants

Participants (healthy controls [HC], patients with BPD, and with other PDs [OPD]) were
recruited by advertisements in local newspapers, the internet and from referrals from mental
health professionals. All subjects were assessed by an experienced psychologist for Axis I
diagnosis using the Structured Clinical Interview for DSM-IV (First et al., 1995;), and for Axis
II diagnoses using the Structured Interview for DSM-IV PDs (Pfohl et al., 1997). Consensus
diagnoses were reached and interrater reliability for BPD diagnosis was 0.81. Participants were
excluded for a substance abuse or dependence disorder within the last 6 months, for present or
past bipolar I disorder, schizophrenia, schizoaffective disorder, organic mental syndromes,
head trauma, neurological disease or significant medical illness likely to affect the central
nervous system. Those with active suicidal ideation or currently taking psychotropic
medication were also excluded. Healthy controls were excluded if they had any current or past
personal Axis I or II disorder or a first degree family history of significant Axis I disorders
(except social phobia, specific phobia, past substance use disorder and adjustment disorder).
The investigation was carried out in accordance with the latest version of the Declaration of
Helsinki. All participants signed informed consent forms after the nature of the study had been
fully explained in accordance with the Institutional Review Boards at Mount Sinai Medical
Center and/or the James J. Peters VAMC.

The full data set (N=354) included 103 HC and 251 subjects with one or more PD (135 females,
219 males). Of the subjects with one or more PDs, 109 met criteria for BPD. Table 1 shows
the distribution of self-reported ethnicities.

The European white subsample (53 females and 70 males, 38 HC and 85 PD patients, 38 with
BPD, see Table 1) was accurately confirmed by a European ancestry informative marker (AIM)
score at or above 0.5. This total is smaller than the sample of self-reported whites of European
origin due to differences between self-reported and AIM-score determined ethnicity and
missing AIM scores for several subjects. We did not analyze patients and/or controls from
other ancestry informative marker groups separately due to small sample sizes, but we did
analyze data from the full sample.

Genotyping
Twenty- two tag SNPs designed to capture maximum haplotype information were selected for
the TPH2 gene, which was one of the 130 candidate genes genotyped on a custom-designed
Illumina 1536 SNP array, including 186 ancestry informative SNP markers (Hodgkinson et
al., 2008). The selection of the tag SNPs were based on HapMap project Genotype data for the
African Yoruban population since Africans generally present greatest haplotype diversity.
Genotyping was carried out following Illumina GoldenGate assay protocols and the arrays
were imaged on an Illumina Beadstation GX500. Details of the data analysis and quality
controls have been described previously (Hodgkinson et al., 2008). Zhou et al. (Zhou et al.,
2005) identified a “risk” haplotype in their Finnish sample. A corresponding haplotype was
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identified in our sample including four of the 22 TPH2 SNPs in the addiction array (Hodgkinson
et al., 2008). Mediated by the haplotypes from similar HapMap populations with many other
SNP makers, a haplotype GGTG in chromosome forward strand with SNP markers rs2171363,
rs1386491, rs6582078, and rs1352250 was found to be the corresponding previously identified
“risk” haplotype (Zhou et al., 2005).

The number of participants genotyped successfully varied by SNP; 285 of the 354 total
participants, and all 123 of the accurately confirmed European white participants were
genotyped successfully on the four SNPs identified in the haplotype and therefore were
included in haplotype analyses.

Measures
The primary measure of aggression was a composite of two self-report instruments assessing
trait aggression: the Buss Durkee Hostility Inventory (BDHI) (Buss et al., 1957) and the Buss
Perry Aggression Questionnaire (BPAQ) (Buss et al., 1992). The total scores were standardized
and converted to T scores, and a mean score was calculated (tBUSS). A secondary state measure
of aggression was used, the Overt Aggression Scale-Modified (OAS-M) (Sorgi et al., 1991);
an aggregated mean aggression score from two OAS-M ratings gathered at different time points
was used. Rates of lifetime suicidal and parasuicidal behaviors were measured with the
Schedule for Affective Disorders and Schizophrenia (SADS) (Endicott et al., 1978) and the
Parasuicide History Interview-2 (PHI-2) (Linehan et al., 1983).

In addition to aggression, affect lability, using the Affect Lability Scale (ALS) (Harvey et al.,
1989), and depression, using the Beck Depression Inventory (BDI) (Beck et al., 1961) were
measured.

Trauma was analyzed both as categorical and continuous variables using the Childhood Trauma
Questionnaire 28-item Short Form (CTQ) (Bernstein et al., 2003). The categorical variable
was derived using cutoffs for four of the five subscales: emotional abuse (≥30), physical abuse
(≥12), sexual abuse (≥9), and physical neglect (≥12) (Bernstein et al., 2003). The fifth subscale,
emotional neglect, was not used since there is no established cutoff for this subscale. If an
individual met any of the four cutoff scores, he/she was included in the “trauma” group; if the
individual did not meet any of the four cutoff scores, he/she was included in the “no trauma”
group. The continuous trauma variable was total CTQ score.

Statistical Analyses
Primary analyses focused on the European white subsample because the evidence for an a priori
“risk” haplotype in TPH2 was reported in a Finnish white sample (Zhou et al., 2005). Since
the haplotype was described in a Caucasian sample, we could not assume that it would be
distributed similarly among individuals from other races. In Zhou et al.’s study, significant
interpopulation differences in allele frequencies were observed for most markers. Zhou et al.
found different frequencies for the yin haplotype, 212121, across populations from different
races. Those carrying one or two copies of the “risk” haplotype (GGTG) were categorized in
the “risk” haplotype group; those not carrying a copy of this haplotype comprised the “non-
risk” haplotype group.

The prevalence of BPD diagnosis among those carrying the “risk” haplotype (GGTG) was
compared to those carrying the “non-risk” haplotype (non-GGTG) using chi-square tests. There
were not enough subjects in each cell to run a statistical test for a 2 × 2 × 2 table (BPD, HC;
“risk”; “non-risk” haplotype; trauma, non-trauma). However, the effect of the presence or
absence of trauma on the prevalence of BPD in those carrying the “risk” haplotype was
examined with a chi-square test. Independent samples t-tests were used to compare aggression
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(tBUSS) and affect lability (ALS) scores and the rate of suicidal/parasuicidal behaviors among
those with and without the “risk” haplotype. A factorial ANOVA was used to analyze the effect
of trauma on aggression scores among carriers of the “risk” and “non-risk” haplotypes. A
secondary analysis using stepwise logistic regression was used to investigate the predictive
importance of aggression compared to affective lability and depression on the presence of the
risk haplotype.

Follow-up analyses for all the SNPs explored, including the four individual “risk” alleles within
the “risk” haplotype were conducted comparing scores on the OAS-M and tBUSS across
genotypes in the European white subsample. 17 of the 18 individual TPH2 SNPs outside the
“risk” haplotype were included since one of them failed to yield enough data.

We do not have AIM scores on all 354 subjects so we cannot confirm the proportions of ethnic
groups; however, for the 288 subjects with AIM scores, the distributions of these scores did
not differ significantly across patients and HC. Therefore, given the suggested genetic
homogeneity in our full sample, we ran these additional analyses on all subjects (including all
ethnic groups) and present the findings as exploratory.

Results
European white subsample

Haplotype Analysis—Our primary finding is that the prevalence of the “risk” haplotype
(Zhou et al., 2005) was significantly higher in patients with a BPD diagnosis (89.5%) compared
to HCs (71.1%) (χ2=4.07, df=1, p<0.05).

In addition, those with the “risk” haplotype have higher aggression (mean=57.0, standard
deviation [SD]=17.8) than those without the “risk” haplotype (mean=47.6, SD=20.5) (tBUSS,
t=−1.95, df= 106, p=0.05). Those with the “risk” haplotype (mean=1.1, SD=0.6) also score
higher on measures of affective lability than those without the “risk” haplotype (mean=0.6,
SD=0.6) (ALS, t=−2.77, df=105, p<0.01). See Table 2. A logistic regression including
measures of depression, affective lability and tBUSS scores in predicting “risk” haplotype was
conducted. Overall model accounts for between 10.0 and 16.8% of the variance (χ2 =8.78,
df=1, p<0.01). Affect lability was the only significant predictor (Wald’s statistic=6.49, df=1,
p=0.01), and it correctly classified 83.1% of the subjects as “risk” or “non-risk” haplotype
carriers. Finally, those carrying the “risk” haplotype had significantly more suicidal/
parasuicidal behaviors and significantly higher depression (BDI) scores than those not carrying
the “risk” haplotype (Table 2).

We also examined the association between the risk haplotype, aggression (tBUSS), and affect
lability (ALS) scores among healthy controls, but we found no significant differences in
aggression and affect lability among controls carrying the risk haplotype compared with those
not carrying it.

The examination of the interaction of trauma and haplotype in predicting BPD diagnosis and
symptoms of aggression was limited by the presence of only three individuals with the “non-
risk” haplotype and a trauma history (HC=2, BPD=1). Therefore, we will not include the trauma
analyses in the present paper.

Exploratory Analysis of Individual SNPs—Three of the four individual “risk” alleles
from the “risk” haplotype are also significantly associated with a diagnosis of BPD. The
statistics for rs2171363 and rs6582078 are identical to those of the “risk” haplotype because
all subjects within the European white subsample who carry any of these “risk” alleles also
carry the entire “risk” haplotype. The rs1352250 allele was also significantly associated with
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BPD diagnosis (χ2=4.55, df=1, p<0.05); within the BPDs, 92.1% have the “risk” allele while
7.9% have the “non-risk” allele. Within the HCs, 73.7% have the “risk” allele while 26.3%
have the “non-risk” allele.

Exploratory Analysis of Full Sample Uncorrected for Ethnic Differences
Analyses of the “risk” haplotype were negative; no significant differences for prevalence of
risk haplotype across diagnosis (BPD or HC), for mean aggression, or for mean rates of suicide/
parasuidal behavior were found.

Twenty-one of the 22 TPH2 SNPs genotyped in our sample yielded enough data to be analyzed.
No significant differences for BPD diagnosis or tBUSS by genotype were found. However,
we found a significant difference by genotypes on the OAS-M aggression score for seven of
the 21 individual TPH2 SNPs.

Discussion
Hypothesis 1: The “risk” haplotype will be significantly more common among BPD patients
than among controls

Ours is the first study to show an association between the previously described TPH2 “risk”
haplotype (Zhou et al., 2005) and BPD diagnosis. The well-identified haplotype in the TPH2
gene (Zhou et al., 2005) previously associated with depression, suicide attempts and decreased
CSF concentrations of 5-HIAA, was significantly more common among BPD patients than
among controls in the European white subsample. This finding supports a role for this gene in
the risk for BPD.

Surprisingly, the TPH-2 gene has not yet been the subject of extensive research in BPD. Only
one study (Ni et al., 2009) has analyzed the association between TPH2 SNP alleles and
genotype variants and BPD, and found an association between BPD diagnosis and TPH2 allele
variants, compared to HC. Of note, SNP variants in the TPH2 gene and its 5′ upstream region
have been reported to be associated with major depression (Zill et al., 2004a), and suicide
(Lopez de Lara et al., 2007; Zhou et al., 2005; Zill et al., 2004b), which are commonly
associated with BPD (Oldham, 2006). Moreover, in rodent studies it has been reported that the
C1473G SNP of the TPH2 gene was associated with brain TPH activity and aggressive
behavior (Kulikov et al., 2005), which is one of the core symptoms of BPD (Siever, 2008).

Hypothesis 2: Those carrying the “risk” haplotype will score higher on measures of
aggression and affect lability than those carrying the “non-risk” haplotype

Our findings support this hypothesis, showing that those carrying the “risk” haplotype scored
higher on aggression than those without the “risk” haplotype in the European white subsample.
This is consistent with rodent studies showing that the C1473G SNP of the TPH2 gene is
associated with brain TPH2 activity and aggressive behavior (Kulikov et al., 2005). Only one
human study has analyzed the relation between TPH2 SNP variants and aggression (Oades et
al., 2008), reporting an association between the TPH2 rs6582071 SNP and impulsive
aggression in ADHD patients. However, other authors have found that TPH2 SNP variants
were associated with suicide (Lopez de Lara et al., 2007; Zhou et al., 2005; Zill et al.,
2004b), which is a form of self-directed aggression (Siever, 2008). Those with the “risk”
haplotype also scored higher on affect lability than those without the “risk” haplotype. This is
consistent with prior findings of increased affective instability associated with polymorphisms
affecting serotonergic function in other populations including an association between the s
allele of the 5-HTT gene in women with bulimia (Steiger et al., 2005), and perhaps in
association with affective instability in anxiety disorders, violent suicidal behavior, seasonal
affective disorder and rapid cycling (Rousseva et al., 2003).
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Hypothesis 3: Trauma will increase the likelihood of having a diagnosis of BPD among those
with the “risk” haplotype and Hypothesis 4: Trauma will amplify the difference between
aggression scores among those carrying the “risk” haplotype compared to those not
carrying it

We were not able to perform a statistical test of a gene by environment interaction, since we
had only very few subjects with the “non-risk” haplotype who had had a history of trauma.

Hypothesis 5: Those carrying the “risk” haplotype will have higher rates of suicidal/
parasuicidal behaviors than those carrying the “non-risk” haplotype

The rates of suicidal/parasuicidal behaviors were significantly higher among those carrying
the “risk” haplotype compared to those carrying the “non-risk” haplotype in the European white
subsample. This is a replication of prior findings of an association between the “risk” haplotype
and suicide attempts (Zhou et al., 2005) and between SNP variants of TPH2 and suicide (Lopez
de Lara et al., 2007; Zill et al., 2004b). However, other studies have not found an association
between variants of the TPH2 gene and suicidal behaviors in bipolar disorder (De Luca et al.,
2004), and schizophrenia (De Luca et al., 2005).

Secondary Specificity Analyses
In a logistic regression, affect lability was the only significant predictor of haplotype (correctly
classifying 83.1% of subjects). Thus, it is possible that other phenotypic manifestations of the
“risk” haplotype, including impulsive aggression and depression, may be mediated by affective
lability. Impulsive aggression may be driven by the component of affect lability encompassing
increased reactivity to environmental stimuli (Gurvits et al., 2000). This finding supports the
specificity of the haplotype for the core dimension of BPD, affective lability; impulsive
aggression and affect lability are very closely related in BPD (ALS score correlated strongly
with tBUSS, r=0.77, p<0.001). ALS score also correlated significantly with other symptoms
of BPD, including depression (BDI, r=0.71, p<0.001), impulsivity (tBIS, r=0.21, p<0.05), and
anger (STAXI State, r= 0.45, p<.0001, and STAXI Trait, r= 0.61, p<0.001).

The results in the full sample, while supportive at least in part of the results in the European
white subsample, should be interpreted with caution given that the full sample includes several
different ethnic groups. However, for the 288 subjects with available AIM scores, the
distributions of these scores did not differ significantly across patients and HC. These results
suggest that other SNPs outside the “risk” haplotype may be of interest for future studies.

Strengths
This study has several strengths. We used a well-characterized clinical sample. The haplotype
is well-defined, and the ethnicity was defined by European ancestry informative markers. This
study replicates and extends the finding of Zhou and colleagues that the “risk” haplotype
(previously associated with suicide attempts) is associated with suicidal behavior in BPD but
also the BPD diagnosis itself and other core symptoms of BPD, building on the already strong
association between serotonergic genes, reduced serotonin function and impulsive aggression.

Limitations
The findings should be interpreted in light of several limitations. First, results are based on a
European white sample, and may not be generalizable to other populations. Second, Zhou et
al. (Zhou et al., 2005) acknowledged that they did not know whether any of the SNPs included
in the haplotype were functional. Third, a complex illness such as BPD likely involves multiple
genes related to brain organization and development (thus far not widely explored) and other
neurotransmitter systems, such as the cholinergic system, which appears to mediate affective
instability (New et al., 2008; Silverman et al., 1991) and were not analyzed in the present report.
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In fact, the serotonergic abnormalities in BPD appear to be specifically associated with
affective instability but not with other symptoms (Coccaro et al., 1989). Finally, our sample
size is large for a clinical sample of well-characterized PD subjects, but is relatively small for
genetic association studies.

Conclusion
In summary, the major findings of this study are an association between the previously
described TPH2 “risk” haplotype and BPD diagnosis, affective instability, suicidal/
parasuicidal behavior, and aggression scores.

It has been suggested that the genetic basis may be stronger for dimensions of BPD than for
the diagnosis itself (Siever et al., 2002). According to this model, BPD is conceptualized as a
PD resulting from the interaction of these underlying traits, which may represent heritable
endophenotypes that increase the likelihood of developing BPD (Siever et al., 2002). The
present study supports the heritability of BPD and BPD traits of impulsive aggression.

The results of the present study require replication in other samples, preferably of different
origin, and studies on the role of these SNPs will be required to evaluate the functional
consequences on brain and behavior. Further research is needed to shed light on the complex
interplay of genetic and environmental factors in BPD.
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Table 1

Demographic Characteristics of the Sample: The whole sample and the European white subsample

All subjects Female Male Total

N (% across races) N (% across races) N (% across races)

Race (self report)

European white 66 (48,9) 116 (53,0) 182 (51,4)

Black 33 (24,4) 48 (21,9) 81 (22,9)

Hispanic 19 (14,1) 40 (18,3) 59 (16,7)

Asian 14 (10,4) 15 (6,8) 29 (8,2)

Mixed 2 (1,5) 0 (0,0) 2 (0,6)

Indian 1 (0,7) 0 (0,0) 1 (0,3)

Total 135 (100.0) 219 (100.0) 354 (100.0)

Mean (SD) Mean (SD) Mean (SD)

Age 32.7 (10.5) 35.2 (10.5) 34.2 (10.5)

N (% across races) N (% across races) N (% across races)

Race (European ancestry informative marker
[AIM] score)

European white 53 (39.3) 70 (32.0) 123 (34.7)

Mean (SD) Mean (SD) Mean (SD)

Age 39.8 (12.3) 43.1 (9.9) 41.7 (11.1)

European white subsample N (%) N (%) N (%)

HC 22 (57.9) 16 (42.1) 38 (100)

BPD 19 (50.0) 19 (50.0) 38 (100)

Other PDs 12 (25.5) 35 (74.5) 47 (100)

Total 53 (43.1) 70 (56.9) 123 (100)
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