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Abstract

Both environmental (e.g. interpersonal traumatization during childhood and adolescence) and genetic
factors may contribute to the development of Borderline Personality Disorder (BPD). Twin studies
assessing borderline personality symptoms/features in the general population indicate that genetic
factors underlying these symptoms/features are shared in part with the personality traits of the Five
Factor Model (FFM) of personality — the “Big Five".

In the present study, the genetic overlap of BPD with the Big Five -Openness to Experience,
Conscientiousness, Extraversion, Agreeableness and Neuroticism- was assessed. Linkage disequilibrium
score regression was used to calculate genetic correlations between a genome-wide association study
(GWAS) in central European populations on BPD (N = 2,543) and GWAS on the “Big Five” (N = 76,551-
122,886, Neuroticism N = 390,278). Significant positive genetic correlations were found between BPD and
the traits Neuroticism (rg=.34, p=6.3*107°) and Openness (rg=.24, p=.036), but not between BPD and the
other personality traits (all |rg|<.14, all p>.30). A cluster and item-level analysis showed positive
correlations with the Neuroticism clusters “Depressed Affect” and “Worry”, and with a broad range of
Neuroticism items (N = 348,219 — 376,352).

The observed associations indicate a partially shared genetic background of BPD and the personality
traits Neuroticism and Openness. Larger GWAS of BPD and the “Big Five” are needed to further explore
the role of personality traits in the etiology of this disorder.

Introduction

Borderline Personality Disorder (BPD) is a complex psychiatric disorder characterized by affective
instability, identity disturbance and interpersonal difficulties, and it is associated with high rates of self-
injury and suicidal behaviors (Association 2013; Soloff and Chiappetta 2019). It has been proposed that
variants of normal personality traits contribute to the presentation of personality disorders (Costa Jr and
McCrae 1990; Trull and Widiger 2013; Widiger and Costa Jr 2013). This is also reflected in the
introduction of the alternative DSM-5 model for personality disorders, i.e. that personality disorders are
characterized by impairments in personality functioning and pathological personality traits and is also
represented in the current concept of the ICD-11. The alternative DSM-5 model includes the domains of
negative affectivity, detachment, psychoticism, antagonism, and disinhibition, which are variants of the
five domains of the Big Five or the Five Factor Model (FFM) of personality (APA, 2013). The specific
personality disorder diagnoses that can be derived from this model include antisocial, avoidant,
borderline, narcissistic, obsessive-compulsive, and schizotypal personality disorders (Association 2013).
The Big Five -Openness to Experience (hereafter Openness), Conscientiousness, Extraversion,
Agreeableness and Neuroticism- each with six subdimensions or facets (McCrae et al. 1998) can be
measured with instruments like the Revised NEO Personality Inventory (NEO-PI-R, Costa Jr and McCrae
1992). In the case of BPD, Lynam & Widiger (2001) proposed a combination of high scores in specific
Neuroticism and Openness facets and low scores in Agreeableness and Consciousness facets to
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distinguish those with BPD from others. This proposal has been confirmed in further studies (Samuel and
Widiger 2008).

Twin studies show that the expression of the “Big Five” personality traits is substantially influenced by
genetic factors, with heritability estimates of 40-60% for different traits (Bouchard Jr and McGue 2003;
Vukasovié and Bratko 2015). Genetic factors also influence the risk for BPD: twin and family studies
estimate the heritability to be around 46% (Skoglund et al. 2021) or 69% (Torgersen et al. 2000),
indicating that besides well-established environmental risk factors such as early trauma or abuse (Bohus
et al. in press; Lieb et al. 2004), the genetic background of an individual modulates their risk to develop
BPD (Leichsenring et al. 2011). Moreover, twin studies indicate that the genetic factors underlying
personality disorders and the Big Five personality traits are substantially shared (Czajkowski et al. 2018;
Kendler, Myers, and Reichborn-Kjennerud 2011; Distel et al. 2009) primarily indicating positive genetic
correlations with Neuroticism, and negative genetic correlations with Agreeableness and
Conscientiousness. More studies to investigate the overlap between the genetic factors influencing
personality traits and those increasing the risk for personality disorders, including BPD, are needed (Nia et
al. 2018; Streit et al. 2020).

To further investigate the genetic overlap between personality traits and personality disorders observed in
twin studies, data from genome-wide association studies (GWAS) can be used. GWAS systematically
investigate the genetic underpinnings of a disorder or trait, by investigating the association of several
million single nucleotide polymorphisms (SNPs)—common variations of one single nucleotide in the
genetic code—with the phenotype of interest. The largest GWAS meta-analysis to date examining all Big
Five personality traits (Lo et al. 2017; N = 76,551-122,886), identified SNPs associated with Neuroticism,
Consciousness, and Extraversion after rigid correction for multiple testing (! = 5*1078). More importantly,
it showed a significant SNP-based heritability—the variance explained by the entirety of the investigated
SNPs for all five personality traits (8.5% — 18%). A genetic principal component analysis showed the Big
Five traits of Neuroticism and Openness to cluster with the genetics underlying several psychiatric
disorders including affective disorders and Schizophrenia (SCZ) (Lo et al. 2017). A larger GWAS meta-
analysis for Neuroticism including data from the UK Biobank (UKB) published shortly after (Nagel,
Jansen, et al. 2018; N = 449,484) identified 136 independent associated genetic loci. Detailed analyses in
the UK-Biobank subset (N = 348,219-376,352) where the 12-item Neuroticism scale of the EPQ-R (Eysenck,
Eysenck, and Barrett 1985) was applied, found evidence for substantial genetic heterogeneity within the
scale of Neuroticism (in heritability and genetic association with other phenotypes) (Nagel, Watanabe, et
al. 2018). The authors identified two genetically distinguishable clusters of 4 items each, which were
labeled “Depressed Affect” and “Worry”. Those clusters showed distinct genetic correlational patterns
with other GWAS, notably also of mental disorders (Nagel, Jansen, et al. 2018; Nagel, Watanabe, et al.
2018), indicating that (genetic) analysis of personality traits should not be limited to the sum-score level.

Witt et al. (2017) performed the first BPD case-control GWAS, comparing 998 patients with a diagnosis of
BPD to 1,545 controls. They did not observe associations on the level of single variants at the genome-
wide significance level, but demonstrated that BPD has positive genetic correlations with Major
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Depressive Disorder (MDD), Bipolar Disorder (BD) and SCZ using linkage disequilibrium (LD) score
regression. So far, molecular genetic approaches have not been used to investigate the association of
BPD with the Big Five.

Our aim was to test whether the genetic variants associated with the risk of developing BPD are partially
shared with the genetic variants associated with the Big Five personality dimensions. Therefore, we
tested the genetic correlation of the BPD-GWAS by Witt et al. (2017) with the Big Five GWAS by Lo et al.
(2017) except for Neuroticism, where we used the larger GWAS from Nagel et al. (Nagel, Watanabe, et al.
2018). To explore the association of BPD with Neuroticism in a more detail, cluster and item-based
genetic correlations were calculated for Neuroticism (Nagel, Jansen, et al. 2018; Nagel, Watanabe, et al.
2018).

Methods

We applied LD score regression (Bulik-Sullivan et al. 2015), a method that incorporates information on
the LD structure to estimate SNP-heritability and genetic correlations. LD score regression was carried out
using a free intercept, and the 1000 Genomes data set served as a reference panel for underlying LD
structure (Genomes Project Consortium 2010). An overview of the used GWAS statistics can be found in
Table 1.

In a first step, the genetic correlations from GWAS results using the BPD-GWAS (Witt et al. 2017) (N =
2,545) and the Big Five were calculated. For the Big Five the data from Lo et al. (2017; N = 76,551—
122,886) was used, with the exception of Neuroticism, for which the larger meta-analysis by Nagel et al.
was used (Nagel, Watanabe, et al. 2018; N = 390,278 excluding data from 23andMe Inc.).

In a second step, to assess genetic correlations of BPD with Neuroticism clusters and items, we analyzed
the genetic correlation of BPD (Witt et al. 2017) with the respective GWAS summary statistics from Nagel
et al. based on the UKB (Nagel, Jansen, et al. 2018; Nagel, Watanabe, et al. 2018; N = 348,219 - 376,352;
UKB item codes 1920-2030).

Bonferroni corrected alpha levels were applied to the respective tests (BPD and BIG-5: a=0.0033 (0.05/15
tested correlations; BPD and Neuroticism clusters/items a=0.0036 (0.05/14 tested correlations).
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Table 1
Overview of GWAS summary statistics analyzed

Phenotype Total N Sample Reference See
Borderline Personality 2545 GBGC (Witt et al. 2017) Figure 1,
Disorder Fig. 2
Openness 76,581 23andMeand (Lo etal.2017) Figure 1
GPC
Conscientiousness 76,551
Extraversion 122,886
Agreeableness 76,551
Neuroticism
Sum score 390,278 UKB and GPC (Nagel, Jansen, et al. Figure 1
2018)
Sum score UKB 380,506 UKB (Nagel, Watanabe, etal.  Figure 2
2018)
Clusters 348,219 - UKB (Nagel, Jansen, et al. Figure 2
357,957 2018)
Single items 366,726 - UKB (Nagel, Watanabe, et al.  Figure 2
376,352 2018)

Note: GBGC = German Borderline Genomics Consortium, GPC = Genetics of Personality Consortium,
UKB = UK Biobank

Results

As shown in Figure 1, significant positive genetic correlations were observed between Agreeableness,
Conscientiousness, Extraversion and Openness, with the exception of a negative correlation of
Conscientiousness with Openness. Neuroticism was negatively correlated with the other personality traits
of the Big Five. The correlational patterns correspond largely to those reported in Lo et al. (2017), even
when using the larger Neuroticism GWAS meta-analysis by Nagel et al. (2018).

For BPD, the LD-score regression SNP-heritability estimate was 50.3% (95% Cl = 17,9%-85,3%) on the
liability scale for a population prevalence of 3% (Ellison et al. 2018; Jgrgensen et al. 2013). BPD showed
a statistically significant positive genetic correlation with Neuroticism (rg=.34, p=6.3*10"°) and nominally
significant correlation with Openness (rg=.24, p=0.036) (see Figure 1 and Table 2). No significant genetic
correlations were observed with the other Big Five traits.

— Figure 1 about here -
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Table 2
Genetic correlations of Borderline Personality Disorder with Big Five personality traits

Big Five Trait g se z p
Agreeableness 0.14 0.14 1.03 0.30
Conscientiousness -0.05 0.11 -0.41 0.68
Extraversion 0.02 0.10 0.22 0.83
Neuroticism* 0.34** 0.08 4.00 6.3%107°
Openness 0.24* 0.11 2.09 0.04

Note * p < 0.05, ** p < 0.0033 (0.05/15 tested correlations), *based on (Nagel, Watanabe, et al. 2018),
the other BIG-5 personality traits were based on (Lo et al. 2017)

— Figure 2 about here -

Both the “Depressed Affect” cluster (rg = .35, p = 1.5*1074), and the “Worry” cluster (rg = .28, p=1.7*1073)
were significantly associated with BPD. On a single item-level, some degree of heterogeneity of the
genetic correlation of BPD with Neuroticism was observed. While all observed genetic correlations were
positive, the correlations ranged from 0.10 to 0.45. With items from the “Depressed Affect” cluster, BPD
showed the strongest associations with the items “mood swings” and “miserableness”. From the “Worry”
cluster, only the correlation with “tense / ‘highly strung” was significant after correction for multiple
testing. From the items not assigned to either of the clusters, “sensitivity / hurt feelings” showed the
strongest correlation with BPD (see Figure 2).

Discussion

The present study is the first to use molecular genetic data to investigate shared genetic factors between
diagnosed BPD and the Big Five personality traits, showing a genetic correlation of BPD with the trait
Neuroticism and a suggestive correlation with Openness. These results provide biological evidence that
partially supports the concept that associates variants of normal personality traits and the presence of
BPD. Specifically, it supports the description of BPD as high levels of neuroticism and openness, although
the original proposal includes also low levels of agreeableness and conscientiousness (Lynam & Widiger,
2001).

The observed genetic correlation of BPD and Neuroticism is in line with findings from twin and family
studies, showing a positive genetic overlap of Neuroticism and Borderline Personality Features (Distel et
al. 2009), a continuous measure of borderline personality assessed with the Personality Assessment
Inventory—Borderline Features scale (PAI-BOR) which can be used in the general population (Morey 1991)
or BPD DSM-IV Criterion counts (Czajkowski et al. 2018). A polygenic risk score summarizing the genetic
risk burden for Borderline Personality Features (Lubke et al. 2014) was associated with Neuroticism
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(smallest p=5.43*1077) in a target sample of >100,000 subjects from the general population (Gale et al.
2016), supporting a genetic relation between both phenotypes.

Phenotypic studies implicate that Neuroticism increases risk for most psychiatric disorders (Caspi et al.
2014; Lahey 2009; Ormel et al. 2013). It is likely that a genetic disposition to Neuroticism also contributes
to genetic correlations between many psychiatric disorders (Anttila et al. 2018) and the observed
comorbidities (Grant et al. 2008). With respect to depression, strong genetic correlations of Neuroticism
with both depressive symptoms in the general population as well as with clinical MDD have been
observed (Lo et al. 2017; Wray et al. 2018). As a broad genetic risk factor, Neuroticism might link BPD to
other (comorbid) psychiatric conditions as well as other personality disorders (Krueger 2005). Supporting
this, a twin study showed that the finding of a genetic association between Borderline Personality
Features and substance use disorders, is attributable to variation in personality factors, especially
Neuroticism (Few et al. 2014).

Neuroticism comprises facets which are characteristic clinical features of BPD personality, such as
emotional lability, anxiousness, angry hostility, depressiveness, and vulnerability (e.g. Trull and Widiger
2013). In the present study, BPD showed similar correlations with both tested Neuroticism clusters, with
slightly a higher correlation for “Depressed Affect”. In the item-based analysis, all 12 items showed a
positive correlation with BPD, with nominal significance for 10, and significance after Bonferroni
correction for four of the 12 items. The results indicate that a rather broad range of aspects of
Neuroticism contributes to BPD, similar to depression and anxiety, and distinct from disorders such as
schizophrenia, anorexia nervosa or attention deficit hyperactivity disorder, which show primarily
association with one of the two clusters (Nagel, Watanabe, et al. 2018). Notably, the most strongly
correlated item was “mood swings” which has previously been used as a measure of mood instability
(Ward et al. 2020), a core symptom of BPD (Koenigsberg 2010). “Mood swings” has shown extensive
genetic overlap with a range of mental disorders, with the strongest positive correlations being reported
for depression, anxiety, ADHD and PTSD (Ward et al. 2020; Hindley et al. 2021). Future research should
further investigate how single items, and specific clusters of these features contribute to different
psychiatric disorders (Mottus et al. 2020).

Less is known about the genetic correlation of Openness with BPD and other psychiatric disorders,
although high level of Openness to feelings and to actions have been proposed to characterize BPD
(Lynam and Widiger 2001). In twin studies, Openness for Experience showed a moderate genetic
correlation with DSM-IV Criterion counts for BPD (r=.24) (Czajkowski et al. 2018) but no evidence for a
genetic correlation with Borderline Personality Features (Distel et al. 2009). Using a molecular genetic
approach, we observed a nominally significant genetic correlation (rg=.24). These disparities may be
attributable to the different instruments used in the studies, or to the fact that the present results are
based on a sample of patients fulfilling the diagnosis of BPD (Witt et al. 2017), and not on normal
variation observed in Borderline Personality Features in unaffected subjects. It is unclear however, if this
might entail differences in statistical power, or in the underlying genetic architecture.
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While Openness is generally considered a beneficial personality trait, in high levels and in combination
with other traits it might be disadvantageous and increase the risk for certain psychiatric disorders (Trull
2012). The present results suggest that increased Openness and BPD might be influenced by overlapping
genetic factors. Openness has for example been associated with aspects of risk-taking including
substance use (Booth-Kewley and Vickers Jr 1994; Nicholson et al. 2005), and increased risk-taking is a
characteristic feature of BPD which contributes strongly to the impairment experienced by affected
patients and their relatives. Furthermore, both Openness (Largi et al. 2005) and BPD (Slotema et al. 2012)
are associated with hallucinations; shared genetic variants associated might underlie these associations.
Openness has been shown to be genetically associated to other psychiatric disorders such as BD and
SCZ (Lo et al. 2017), and BPD and SCZ share a sizable fraction of genetic risk factors (Witt et al. 2017).
Still, compared to Neuroticism, Openness has been less strongly linked with BPD, and while all facets of
Neuroticism are related to the BPD phenotype, only Openness to feelings and actions do (Trull 2012). In
regard to the association of BPD with other Big Five traits, there are inconsistencies with previous studies:
the results of twin studies (Czajkowski et al. 2018; Distel et al. 2009) and clinical observations (Trull
2012) indicate a negative association of Borderline Personality with Agreeableness and
Conscientiousness, whereas we observe genetic correlations close to zero.

There are some limitations to the study: First, while BPD showed genetic correlations with two of the Big
Five, the effects and the statistical significance of the results are limited in the case of Openness, where
the association did not survive correction for multiple testing. Larger samples are needed to confirm and
expand the observed associations: despite being the largest available samples for the phenotypes, the
samples for the Big Five and especially, the BPD GWAS are limited in size. Increased sample sizes will be
able to provide more reliable estimates of the underlying genetic risk variants. The sample of BPD is
drastically smaller compared to those of other psychiatric disorders such as MDD (Howard et al. 2019),
BD (Mullins et al. 2021) and SCZ (Ripke et al. 2020). Clinicians and researchers in the field of BPD should
work together to facilitate the generation of larger BPD case-control samples for genetic studies. Second,
we assessed genetic correlations to assess shared genetic overlap. However, more complex genetic
overlap, with a mix of agonistic and antagonistic shared effects can remain undetected by this approach,
as it has been shown e.g. for bipolar disorder and cognition (Smeland et al. 2020). Third, different
personality inventories were used in the different studies to assess the personality traits. However, high
genetic correlations were reported for the personality traits between the samples (Lo et al. 2017; Nagel,
Jansen, et al. 2018; all rg > .83). Fourth, the available samples were all from European ancestry, which
limits the transferability of the results to other populations. Fourth, the GWAS by Lo et al. (Lo et al. 2017)
investigated sum scores of personality domains, but did not investigate the respective facets. While our
cluster and item-based analyses for Neuroticism indicate specific contributions of personality
clusters/facets, no item-based data was available to us for the other Big Five traits. Future genetic studies
of BPD and the Big Five and should assess the Big Five and their facets in more detail.

The present study shows the applicability of molecular genetic approaches to investigating the extent to
which common genetic factors underlie personality traits and BPD. Future research should extend the

present analysis, by leveraging data from large and well characterized samples. Besides detailed
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analyses of the underlying personality facets, future research should investigate functional domains
involved in BPD and the Big Five, as formulated in the Research Domain Criteria (RDoC) approach (Insel
2014). The present study investigated genetic associations of BPD with the Big Five. It should be noted
that environmental factors such as early or recent trauma and chronic stress, which are highly important
contributors to BPD (Bohus et al. in press; Lieb et al. 2004; Zimmerman and Choi-Kain 2009), influence
the development of personality not only in early age, but also throughout the entire lifetime (Briley and
Tucker-Drob 2017). Identifying and assessing the relevant aspects of environmental exposure suspected
to modify biological pathways is a major challenge, especially when the pathways are thought to link
normal variation in personality traits to personality disorders. Future studies integrating environmental
aspects in as much detail and as reliably as possible will be able to further address the interplay of
environmental and genetic factors in the analyses (e.g. Colodro-Conde et al. 2018; Coleman et al. 2020).

In summary, the present study gives the first molecular genetic insight into the shared genetic factors
underlying BPD and normal variation in the Big Five personality traits and supports the relationship of
BPD and Neuroticism. Future studies may extend this approach to the specific underlying genetic variants
and other psychiatric conditions, thereby helping to further elucidate the relationship between
psychopathology and normal variability of human personality.

Declarations

Funding and Disclosure

This work was supported by grant ROTMH118281 and by the German Federal Ministry of Education and
Research (BMBF) through ERA-NET NEURON, “SynSchiz - Linking synaptic dysfunction to disease
mechanisms in schizophrenia - a multilevel investigation” [01EW1810 to MR], through ERA-NET NEURON
“Impact of Early life MetaBolic and psychosocial strEss on susceptibility to mental Disorders; from
converging epigenetic signatures to novel targets for therapeutic intervention” [01TEW1904 to MR], and the
Research Council of Norway (229129, 213837, 223273).

The authors have nothing to disclose.

Author Contributions

Planned the investigation: FS, SHW, MR, OAA, MB, CS

Acquired data: TM, CS, ND, BS, AH, IG, AM, DR, KL, SR, CS, MB, FS, SHW, JF, MR
Developed the analysis plan: FS, SHW, MR, GH, OAA, SA, SR

Performed statistical analyses: FS, SA, EP, MJ, JF, OS, SR,

Reviewed the literature for the paper. FS, SHW, MR, OAA, LCC, GH, LS, LZ, LCC

Drafted the manuscript. FS, SHW, MR, JCF, LCC
Page 10/18



All authors contributed, revised, and edited the final manuscript critically. All authors agreed to the
publication of the final version of the manuscript.

Acknowledgement

We would like to thank all research participants. We thank all research participants and employees of
23andMe for making this work possible.

References

1.

10.

11.

Anttila, Verneri, Brendan Bulik-Sullivan, Hilary K Finucane, Raymond K Walters, Jose Bras, Laramie
Duncan, Valentina Escott-Price, Guido J Falcone, Padhraig Gormley, and Rainer Malik. 2018.
'Analysis of shared heritability in common disorders of the brain', Science, 360.

. Association, American Psychiatric. 2013. Diagnostic and statistical manual of mental disorders

(DSM-5®) (American Psychiatric Pub).

. Bohus, M., J. Stoffers-Winterling, C. Sharp, Krause-Utz A., C. Schmabhl, and K. Lieb. in press.

'‘Borderline Personality Disorder'.

. Booth-Kewley, Stephanie, and Ross R Vickers Jr. 1994. 'Associations between major domains of

personality and health behavior', Journal of personality, 62: 281-98.

. Bouchard Jr, Thomas J, and Matt McGue. 2003. '‘Genetic and environmental influences on human

psychological differences', Journal of neurobiology, 54: 4—45.

. Briley, Daniel A, and Elliot M Tucker-Drob. 2017. 'Comparing the developmental genetics of cognition

and personality over the life span’, Journal of personality, 85: 51-64.

. Bulik-Sullivan, Brendan K, Po-Ru Loh, Hilary K Finucane, Stephan Ripke, Jian Yang, Nick Patterson,

Mark J Daly, Alkes L Price, and Benjamin M Neale. 2015. 'LD Score regression distinguishes
confounding from polygenicity in genome-wide association studies', Nature genetics, 47: 291-95.

. Caspi, Avshalom, Renate M Houts, Daniel W Belsky, Sidra J Goldman-Mellor, HonaLee Harrington,

Salomon Israel, Madeline H Meier, Sandhya Ramrakha, Idan Shalev, and Richie Poulton. 2014. 'The p
factor: one general psychopathology factor in the structure of psychiatric disorders?', Clinical
psychological science, 2: 119-37.

. Coleman, Jonathan RI, Wouter J Peyrot, Kirstin L Purves, Katrina AS Davis, Christopher Rayner, Shing

Wan Choi, Christopher Hiibel, Héléna A Gaspar, Carol Kan, and Sandra Van der Auwera. 2020.
'‘Genome-wide gene-environment analyses of major depressive disorder and reported lifetime
traumatic experiences in UK Biobank', Molecular psychiatry, 25: 1430—-46.

Colodro-Conde, Lucia, B Couvy-Duchesne, Gu Zhu, William L Coventry, Enda M Byrne, Scott Gordon,
Margaret J Wright, Grant W Montgomery, Pamela AF Madden, and S Ripke. 2018. 'A direct test of the
diathesis—stress model for depression’, Molecular psychiatry, 23: 1590-96.

Costa Jr, Paul T, and Robert R McCrae. 1990. 'Personality disorders and the five-factor model of
personality', Journal of personality disorders, 4: 362-71.

Page 11/18



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

———.1992. 'Revised NEO personality inventory (NEO-PI-R) and NEO five-factor (NEO-FFI) inventory
professional manual', Odessa, FI: PAR.

Czajkowski, Nikolai, Steven H Aggen, Robert F Krueger, Kenneth S Kendler, Michael C Neale, Gun
Peggy Knudsen, Nathan A Gillespie, Espen Rgysamb, Kristian Tambs, and Ted Reichborn-Kjennerud.
2018. 'A twin study of normative personality and DSM-IV personality disorder criterion counts:
evidence for separate genetic influences', American Journal of Psychiatry, 175: 649-56.

Distel, Marijn A, Timothy J Trull, Gonneke Willemsen, Jacqueline M Vink, Catherine A Derom, Michael
Lynskey, Nicholas G Martin, and Dorret | Boomsma. 2009. ‘'The five-factor model of personality and
borderline personality disorder: a genetic analysis of comorbidity', Biological psychiatry, 66: 1131-
38.

Ellison, William D, Lia K Rosenstein, Theresa A Morgan, and Mark Zimmerman. 2018. '‘Community
and clinical epidemiology of borderline personality disorder', Psychiatric Clinics, 41: 561-73.

Eysenck, Sybil BG, Hans J Eysenck, and Paul Barrett. 1985. 'A revised version of the psychoticism
scale', Personality and Individual Differences, 6: 21-29.

Few, Lauren R, Julia D Grant, Timothy J Trull, Dixie J Statham, Nicholas G Martin, Michael T Lynskey,
and Arpana Agrawal. 2014. 'Genetic variation in personality traits explains genetic overlap between
borderline personality features and substance use disorders', Addiction, 109: 2118-27.

Gale, Catharine R, Saskia P Hagenaars, Gail Davies, W David Hill, David CM Liewald, Breda Cullen,
BW Penninx, DI Boomsma, Jill Pell, and Andrew M Mclintosh. 2016. 'Pleiotropy between neuroticism
and physical and mental health: findings from 108 038 men and women in UK Biobank,
Translational psychiatry, 6: €791-e91.

Genomes Project Consortium. 2010. 'A map of human genome variation from population-scale
sequencing’, Nature, 467: 1061.

Grant, Bridget F, S Patricia Chou, Risé B Goldstein, Boji Huang, Frederick S Stinson, Tulshi D Saha,
Sharon M Smith, Deborah A Dawson, Attila J Pulay, and Roger P Pickering. 2008. 'Prevalence,
correlates, disability, and comorbidity of DSM-IV borderline personality disorder: results from the
Wave 2 National Epidemiologic Survey on Alcohol and Related Conditions', The Journal of clinical
psychiatry, 69: 533.

Hindley, Guy, Kevin S O'Connell, Zillur Rahman, Oleksandr Frei, Shahram Bahrami, Alexey A Shadrin,
Margrethe Collier Hoegh, Weigiu Cheng, Naz Karadag, and Aihua Lin. 2021. 'Genome-wide
association analysis reveals extensive genetic overlap between mood instability and psychiatric
disorders but divergent patterns of genetic effects', MedRxiv.

Howard, David M, Mark J Adams, Toni-Kim Clarke, Jonathan D Hafferty, Jude Gibson, Masoud
Shirali, Jonathan RI Coleman, Saskia P Hagenaars, Joey Ward, and Eleanor M Wigmore. 2019.
'‘Genome-wide meta-analysis of depression identifies 102 independent variants and highlights the
importance of the prefrontal brain regions', Nature neuroscience, 22: 343—52.

Insel, Thomas R. 2014. 'The NIMH research domain criteria (RDoC) project: precision medicine for
psychiatry', American Journal of Psychiatry, 171: 395-97.

Page 12/18



24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

. Jorgensen, CR, C Freund, R Baye, H Jordet, D Andersen, and M Kjglbye. 2013. '‘Outcome of
mentalization-based and supportive psychotherapy in patients with borderline personality disorder: a
randomized trial', Acta Psychiatrica Scandinavica, 127: 305-17.

Kendler, KS, J Myers, and T Reichborn-Kjennerud. 2011. 'Borderline personality disorder traits and
their relationship with dimensions of normative personality: A web-based cohort and twin study’,
Acta Psychiatrica Scandinavica, 123: 349—-59.

Koenigsberg, Harold W. 2010. 'Affective instability: toward an integration of neuroscience and
psychological perspectives', Journal of personality disorders, 24: 60—82.

Krueger, Robert F. 2005. 'Continuity of Axes | and Il: Toward a unified model of personality,
personality disorders, and clinical disorders', Journal of personality disorders, 19: 233-61.

Lahey, Benjamin B. 2009. 'Public health significance of neuroticism', American Psychologist, 64: 241.

Largi, Frank, Filip DeFruyt, Jim van Os, André Aleman, and Martial Van der Linden. 2005.
'Associations between hallucinations and personality structure in a non-clinical sample: comparison
between young and elderly samples', Personality and Individual Differences, 39: 189-200.

Leichsenring, Falk, Eric Leibing, Johannes Kruse, Antonia S New, and Frank Leweke. 2011. '‘Borderline
personality disorder, The Lancet, 377: 74—-84.

Lieb, Klaus, Mary C Zanarini, Christian Schmahl, Marsha M Linehan, and Martin Bohus. 2004.
'‘Borderline personality disorder', The Lancet, 364: 453-61.

Lo, Min-Tzu, David A Hinds, Joyce Y Tung, Carol Franz, Chun-Chieh Fan, Yunpeng Wang, Olav B
Smeland, Andrew Schork, Dominic Holland, and Karolina Kauppi. 2017. 'Genome-wide analyses for
personality traits identify six genomic loci and show correlations with psychiatric disorders', Nature
genetics, 49: 152-56.

Lubke, GH, Charles Laurin, Najaf Amin, Jouke Jan Hottenga, GAHM Willemsen, Gerard van
Grootheest, Abdel Abdellaoui, LC Karssen, BA Oostra, and CM Van Duijn. 2014. 'Genome-wide
analyses of borderline personality features', Molecular psychiatry, 19: 923-29.

Lynam, Donald R, and Thomas A Widiger. 2001. 'Using the five-factor model to represent the DSM-IV
personality disorders: an expert consensus approach’, Journal of abnormal psychology, 110: 401.

McCrae, Robert R, Paul T Costa Jr, Gregorio H Del Pilar, Jean-Pierre Rolland, and Wayne D Parker.
1998. 'Cross-cultural assessment of the five-factor model: The Revised NEO Personality Inventory’,
Journal of Cross-Cultural Psychology, 29: 171-88.

Morey, L. C.. 1991. Personality assessment inventory (Odessa, FL: Psychological Assessment
Resources).

Mbttus, René, Dustin Wood, David M Condon, Mitja D Back, Anna Baumert, Giulio Costantini, Sacha
Epskamp, Samuel Greiff, Wendy Johnson, and Aaron Lukaszewski. 2020. 'Descriptive, predictive and
explanatory personality research: Different goals, different approaches, but a shared need to move
beyond the Big Few traits', European Journal of Personality, 34: 1175-201.

Mullins, Niamh, Andreas J Forstner, Kevin S O'Connell, Brandon Coombes, Jonathan Rl Coleman,

Zhen Qiao, Thomas D Als, Tim B Bigdeli, Sigrid Bgrte, and Julien Bryois. 2021. '‘Genome-wide
Page 13/18



39

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

association study of more than 40,000 bipolar disorder cases provides new insights into the
underlying biology', Nature genetics: 1-13.

. Nagel, Mats, Philip R Jansen, Sven Stringer, Kyoko Watanabe, Christiaan A De Leeuw, Julien Bryois,

Jeanne E Savage, Anke R Hammerschlag, Nathan G Skene, and Ana B Mufioz-Manchado. 2018.
‘Meta-analysis of genome-wide association studies for neuroticism in 449,484 individuals identifies
novel genetic loci and pathways', Nature genetics, 50: 920—-27.

Nagel, Mats, Kyoko Watanabe, Sven Stringer, Danielle Posthuma, and Sophie Van Der Sluis. 2018.
'ltem-level analyses reveal genetic heterogeneity in neuroticism', Nature communications, 9: 1-10.

Nia, Anahita Bassir, Matthew C Eveleth, Jonathan M Gabbay, Yonis J Hassan, Bosi Zhang, and M
Mercedes Perez-Rodriguez. 2018. 'Past, present, and future of genetic research in borderline
personality disorder', Current opinion in psychology, 21: 60-68.

Nicholson, Nigel, Emma Soane, Mark Fenton-O'Creevy, and Paul Willman. 2005. 'Personality and
domain-specific risk taking', Journal of Risk Research, 8: 157-76.

Ormel, Johan, Bertus F Jeronimus, Roman Kotov, Harriétte Riese, Elisabeth H Bos, Benjamin Hankin,
Judith GM Rosmalen, and Albertine J Oldehinkel. 2013. 'Neuroticism and common mental disorders:
Meaning and utility of a complex relationship', Clinical psychology review, 33: 686-97.

Ripke, Stephan, James TR Walters, Michael C O'Donovan, and Schizophrenia Working Group of the
Psychiatric Genomics Consortium. 2020. 'Mapping genomic loci prioritises genes and implicates
synaptic biology in schizophrenia', MedRxiv.

Samuel, Douglas B, and Thomas A Widiger. 2008. 'A meta-analytic review of the relationships
between the five-factor model and DSM-IV-TR personality disorders: A facet level analysis', Clinical
psychology review, 28: 1326-42.

Skoglund, Charlotte, Annika Tiger, Christian Riick, Predrag Petrovic, Philip Asherson, Clara Hellner,
David Mataix-Cols, and Ralf Kuja-Halkola. 2021. 'Familial risk and heritability of diagnosed
borderline personality disorder: a register study of the Swedish population’, Molecular psychiatry, 26:
999-1008.

Slotema, Christina W, Kirstin Daalman, Jan Dirk Blom, Kelly M Diederen, Hans W Hoek, and IEC
Sommer. 2012. '‘Auditory verbal hallucinations in patients with borderline personality disorder are
similar to those in schizophrenia', Psychological medicine, 42: 1873.

Smeland, Olav B, Shahram Bahrami, Oleksandr Frei, Alexey Shadrin, Kevin O'Connell, Jeanne Savage,
Kyoko Watanabe, Florian Krull, Francesco Bettella, and Nils Eiel Steen. 2020. '‘Genome-wide analysis
reveals extensive genetic overlap between schizophrenia, bipolar disorder, and intelligence,
Molecular psychiatry, 25: 844—53.

Soloff, Paul H, and Laurel Chiappetta. 2019. '10-year outcome of suicidal behavior in borderline
personality disorder', Journal of personality disorders, 33: 82—100.

Streit, Fabian, Lucia Colodro-Conde, Alisha SM Hall, and Stephanie H Witt. 2020. 'Genomics of
borderline personality disorder. in, Personalized psychiatry (Elsevier).

Page 14/18



51.

52.

53.

54.

55.

56.

57.

58.

59.

Torgersen, Svenn, Sissel Lygren, Per Anders @ien, Ingunn Skre, Sidsel Onstad, Jack Edvardsen,
Kristian Tambs, and Einar Kringlen. 2000. 'A twin study of personality disorders', Comprehensive
Psychiatry, 41: 416—25.

Trull, Timothy J. 2012. 'The Five-Factor Model of Personality Disorder and DSM-5', Journal of
personality, 80: 1697-720.

Trull, Timothy J, and Thomas A Widiger. 2013. 'Dimensional models of personality: the five-factor
model and the DSM-5', Dialogues in clinical neuroscience, 15: 135.

Vukasovi¢, Tena, and Denis Bratko. 2015. 'Heritability of personality: A meta-analysis of behavior
genetic studies', Psychological bulletin, 141: 769.

Ward, Joey, Elizabeth M Tunbridge, Cynthia Sandor, Laura M Lyall, Amy Ferguson, Rona J
Strawbridge, Donald M Lyall, Breda Cullen, Nicholas Graham, and Keira JA Johnston. 2020. 'The
genomic basis of mood instability: identification of 46 loci in 363,705 UK Biobank participants,
genetic correlation with psychiatric disorders, and association with gene expression and function,
Molecular psychiatry, 25: 3091-99.

Widiger, Thomas A, and Paul T Costa Jr. 2013. Personality disorders and the five-factor model of
personality (American Psychological Association).

Witt, Stephanie H, F Streit, M Jungkunz, J Frank, S Awasthi, CS Reinbold, J Treutlein, F Degenhardt,
AJ Forstner, and S Heilmann-Heimbach. 2017. 'Genome-wide association study of borderline
personality disorder reveals genetic overlap with bipolar disorder, major depression and
schizophrenia', Translational psychiatry, 7: e1155-e55.

Wray, Naomi R, Stephan Ripke, Manuel Mattheisen, Maciej Trzaskowski, Enda M Byrne, Abdel
Abdellaoui, Mark J Adams, Esben Agerbo, Tracy M Air, and Till MF Andlauer. 2018. 'Genome-wide
association analyses identify 44 risk variants and refine the genetic architecture of major depression,
Nature genetics, 50: 668—-81.

Zimmerman, Daniel J, and Lois Wonsun Choi-Kain. 2009. 'The hypothalamic-pituitary-adrenal axis in
borderline personality disorder: a review', Harvard review of psychiatry, 17: 167—-83.

Figures

Page 15/18



BPD
AGR
CON
EXT
NEU
OPN

0.5
1. Borderline

Personality Disorder 0.14 -0.05 0.4
0.3

2. Agreeableness
0.2
3. Conscientousness - 0.1
- 0
4. Extraversion oy

5. Neuroticism

6. Openness 0.08 -0.18**

Figure 1

Genetic correlations between Borderline Personality Disorder and the Big Five personality traits Note: Red
fields indicate negative and blue fields indicate positive genetic correlations. * p < 0.05, ** p < 0.0033
(0.05/15 tested correlations). Neuroticism was based on Nagel et al. (Nagel, Jansen, et al. 2018), the
other BIG-5 personality traits were based on Lo et al. (2017).
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Figure 2

Genetic correlations between Borderline Personality Disorder with clusters and single items of the EPQ-R
Neuroticism scale Notes. Colors indicate membership to genetic clusters: red = “Depressed Affect”, green
= “Worry”, dark grey = not assigned to a cluster. All data is based on the UK Biobank data sample (Nagel,
Jansen, et al. 2018; Nagel, Watanabe, et al. 2018). Within each cluster category, items are sorted by their
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genetic correlation with BPD; + p < 0.05, * p < 0.0036 (0.05/14 tested correlations). 95% Cl = 95%
confidence interval; EPQ-R = Eysenck Personality Questionnaire Revised
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